2134357 ADAPTI VE SI GNAL VEI GHTI NG SYSTEM The present invention rel ates
generally to signal conditioning systens and nore particularly to adaptive
signal transm ssion systens utilizing conpansion tech- niques. 5 _ -
Al t hough mpdy audi o and vi deo conponents now avail abl e contribute .

negligible noise and distortion, a few conponents, notably Fmtgigﬁﬂ 5,
reception channels, digital channels, and audi o and video tap %?f

pl ayback channels, can contribute veryt no- 10 ti ceabl e noi se when used as
part of an audio or video reproduction system This problemcan arise, for
exanpl e, because any recording or transmtting channel has a limted
dynani ¢ range. Mre spdDAPTINE SICYAEr WEIGHTINGNSYSAEMr ansnit- 15 ting
channel exhibits a maxi mum signal |evel and a m ninum noi se | evel between

whi ch one can t s i ‘gnal. wi.t hou S| inati.on_in the form
of distortion d?egoggésg?%eq&%ﬁﬁ%ﬁ?ﬁ&%ﬁ#?%ﬁgw#%ﬁ%ggg;%ghé %ﬁ Hﬁél S :
typi cal ly |conditioningt Bystemsn@in®moreipanticulanyyatoaafaptiven of  (~
frequency. sﬂ%ﬁafhéﬂﬂﬁkmﬁgﬁw f!.?étt wﬂiwfngoesaﬁpéusfﬁoastmnet'.C

tape, as |qaéqe case of audi o and video recordi ngs, of space, as is the

case with r*d¥e8nd TV broadcasting. Thus, for exanple, where the width of

fi' chars(;el sucg ﬂﬁ;hgﬁéht ?&hypl’a‘&\!ii‘&%dd[\ﬂidé’@ié@:hpéhléhﬁsCﬁﬁﬁetFe tape is
L Led Lo ROSELYbAR. BohhE 0ER, o SRR el £ BRG BEBECRTILAL L T o
commer ci al |y few components, notably FM broadcast, reception
channels,'digital channels, and audio and video
‘tapes and playback channels, can contribute very no-
10 ticeable noise when used as par:-of an audio or video
reproduction system. This problem can arise, for
example, because any recotding or transmitting channel
has a limited dynamic range.
More specifically, every recording or transmit-
15 ting channel exhibits a maximum signal level and a '
minimum noise level between which one can transmit a
signal without excessive contamination in the form of
distortion or noise. The dynamic width or window of
the channel is typically limited with the channel
20 width varying as a function of frequency. The channel _
— medium may take various forms such as magnetic tape, (
as in the case of audio and video recordings, or
space, as is the case with radio and TV broadcasting.
Thus, for example, where the width of a channel such
25 as that provided in a typical audio cassette tape is
limited to 55dB within the spectral region where most
program information resides and one wishes to record a
100dB dynamic range program, a typical commercially
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- 2- avallable si ngl e band conpan5|on systen1can be used tGo conpress the
progranllnfOrnatlon signal when recording it on the tape so that a
substantial portion of the signal information is recorded bel ow t he maxi num
5  signal level of the channel and .above the mini num noi se | evel of the
channel . This ¢an be done for exanple, by conpressing the signal at a 2:1
conpresﬁlon ratio for the entire spectrum The conpressed progran1|s t hen
expanded in a conplenentary 10 manner at a 1:2 expansion ratio to're tore
the signal to its original formw thout a_§ustant|al | oss of dynanic réége.
The basi c approach of conpressing the entife information or program signal
with a fixed conpression 15 ratio wthin a single band, however, has sone
di sad- vantages.. For exanple where the programsignal is in the audio
range, when the conpre na [ 2xpanded upon pl ayback and the sonic
signal s are pro- ggéﬂiﬁggﬁ BgiﬁegﬁéésCPWPP€§ﬁ8ﬁséYP§thEa€x ol diad
pr egr anms$i gnal , theohpnaaseahedpsbgngmlihfarhheﬁenseﬂgﬂaargmahsr@no&h&ng

basi s of both anpl#&ugg @Hg Esseuggegﬁéss fﬁggg IQggltgqu§%®_on gbgth of

a recordi ng channel "such~as an o C
frequency, one wil$ighad nnﬁprmnsipopiguresorﬂsgrbelgs thecmaxtimpy of t he

maxi mum si gnag r909i93519189elh8ft€38 ?hﬁnﬁuzshﬁﬁthﬁbbé Eh@tth&ﬁM&h t he

m ddl e fre- quencies;whil ow end of go spectrum

ro
(e.g., beglnnlng a?°$ﬁ§u@e89 gg gPaFPPﬁgelo -%his can be
example, by compressing the signal at a 2:1

] compression ratio for the entire spectrum. The
' compressed program is then expanded in a complementary '
10 manner at a 1:2 expansion ratio to restore the signal
to its original form without a sustantial loss of
dynamic range.
The basic approach of compressing the entire
- information or program signal with a fixed compression-
15  ratio within a single band, however, has some disad-
vanteges.. For example, where the program signal is in

ne for

the audio range, when the compressed signal is
expanded upon playback and the sonic signals are pro—
duced by audio speakers in response-to the expanded
20 program signal, the human ear distinguishes these
sonic signals on the basis of both amplitude and fre-~
quency. If one plots the dynamic width of a recording
channeél such as an audio cassette. tape, as a function
of frequency, one will find that the top curve, repre-
- 25 = sentative of the maximum signal recordable on the
tape, is substantially flat through the middle fre-
quencies while dropping off at the low end of the
spectrum (e.g., beginning at about 50Hz anc¢ falling -



- off, at | ower freqUehcies) and dramatical |y dropping off ‘at the high end of
~the spectrum (e.g., beginning at about 2KHz). Further, for typical audio

tapds{ the noise |level (the bottomcurve) begins to increase at 5 some”
relatively high frequency. The conclusion of this spectral analysis.is

~that the window (i.e., the difference between the nini mum noi se | evel and
t he maxi mum signal level) will differ throughout the spectrum(i.e., is

frequency:dependent). For exanple, 10 - for typical audio tapes, the

channel provides a dyna- mc range.w ndow of 55dB at 400Hz while only 25dB
at 15KHz. Thus, when recording a 100 dB range program signal on the tape at
~a conpression ratio of 2:1 the information at 400Hz can be recorded because
of the 15 55dB wi ndow at that frequency. Fbwever, a substantial anount of

I nf or mat | . 1 d be Lost in the hi r e _at 15KHz since only
Lae AR ot tifuueeleR) cafd ok BafifRLly] AEBRRRhAG oyet onn i ch
ut|I|zeaiﬂﬁa&uthb]hrghwnnﬁsoﬁnthatspechrumgmetge,Zbeglenunge spectrunkj
therefor op u S in dull .
~sound upon%%%%l l'e %%‘\?véé F Qg?iﬁﬁﬂ Qﬂrﬁgﬁugég lttggd to fall

bel ow t ino¥as skevebottheshotton cnrae))hbﬂqims heninnsmsssatbreatm ng'

Varg ous M@&f@éx‘t@yf Righ BFEuBAEYOSCHnkOcBKELARTBA! Bese di sadvant ages. -
One commerci al | a}ﬁﬁg;%gn1knomm gs t he (é B sys en1operates on
n

t he assufipt® P ?ﬁﬁa i bhat; the "%Pgﬁgl Ergyf s in-the 20Hz-
- 4- 800k f BenpeEned bétweamlahelgnﬁimumndothet1eﬂémraaa|ane

maximum'signal level) will differ thréughoﬁt the S
spectrum (i.e., is frequency dependent). For example, -/

10 for typical audio tapes, the channel provides a dyna- '
mic range window of 554B at 400Hz while only 254B at
15KHz. Thus, when recording a 100 dB range program
signal on the tape at a compression ratio of 2:1 the
information at 400Hz can be recorded because of the

15 _SSdB'window at that frequency. However, a substantial
amount of information would be lost in the high fre-
quehcy range at 15KHz since only a 25dB window is pro-
vided. 'Audio tape cassette single band systems which
utilize a fixed 2:1 compression ratio through the

20 entire spectrum therefore sometimes chop off strong

| high frequencies resulting in dull sound upon
playback, while low signals at high frequencies tend
to fall below the noise floor resulting in a phenome-
‘non known as "breathing®". Various approaches héve

25 been proposed to overcome these disadvantages.
One commercially-available system known as the
Dolby B system operates on the assumption that most
information (i.e., signal energyj is in the ZOHz-'



tends to fall off above 800HZ. Accordi ngly, this.system provides a high
frequency . boost between 400Hz and 1200Hz. The anount of bo6st varies
dependi'ng on 5 the level of the input signal with a maxi num| GdB boost "
typi cal’l y being provided. Thus, during conpression if the ﬁBXIﬁUﬁ]SIﬂna|
level transmitted or recorded at high frequenC|es is mnus | GdB, wit

mexi muni boost” the | evel is brought down to minus 10 20dB. At high
frequenci es, however, the high fre- quency portion of the program signal
can exceed the naxinunrsignal | evel of ttie4recordi ng channel of the tape so
t hat high frequency saturation occurs resulting in dull l|istening sound
upon pl ayback. In 15 order to renedy this problemit is necessary to
bring nore of the high frequency .infornmation bel ow the maxi mum signal |evel

so that nore of th@ooméOfangato@ntsenabaibesegﬁaﬂ, BRde¢RAL thf&rhﬁ%ubhs in
a sacrifice in av

frequenci es to gai %a|§&%Y€3¥¥ ?EgngﬁﬂYe haﬁﬁg1hlﬁﬁcPFg&ﬂgg¥y tBi§e. Thus,
;he Dol by B a%sfgnsgsgemdpso???gsaadyhgh1greﬁngaqynboesse?etwbéﬂB4aDHhQPh
froquenc es. 25 Sh8'}200. ' ihE ShofRe 8BS 008k GXREFR:aRBAARIAG RY,
David E. B ac-’Kmer thel tpvozbn@fmbgampubsgmnailvé:p anmayipumg 104873 and

January 23, 1979 ($6$Qtpg§§ﬂ&§19§'BSiﬁ§5b986§dEE th@naéesaukia§8'9nee)
-5- systens are describ ecod |ng le al ddrin

ncodi n
transmi ssion or r TPRF pFSi gﬁrfﬁgthe gaximum signa transmxt ed
. or recorded at high frequencies is minus 10dB, with

' ¥J ' maximum boost the level is brought down to minus )
10 20dB. At high'ftequencies,;however,'the-high fre~-
quency portion of the program signal can exceed the
maximum signal level of the recording channel of the
tape so that high frequency saturation occurs
resulting in dull listening sound upon playback. In
15 order to remedy this problem it is necessary to
bring more of the high frequency information below
the maximum signal level so that more of the infor-
mation can be recorded. However, this results in a
sacrifice in available dynamic rangé in the mid-~
20 range of frequencies to gain'an equivalent amount in
s - the high fréquency range. Thus, the Dolby B system
' provides only a dynamic range increase of 104B at
high frequenc1es while providing little or no change
W ' in dynamic range at low frequencies. "OUMPISAsASiLd
<oz 25 In U.S. Patents Nos. 4101849 and 4136314 issued
. to David E. Blackmef and C. Rene Jaegar, respec-
tively on July 18, 1978 and January 23, 1979 (both
patents being assigned to the present assignee),

)



encodi ng, the program signal is. conpressed with high frequency preenphasis.
~~During decoding, the signal 5 i s expanded and deenphasized in a
conpl ementary manner. As described in these patents and as used herein, the
term '|§ eenphasi s neans the alteration of the magnitude of select frequency
~~conmponents of an electrical signal with respect to the nagnitude 10 of
others, to reduce noise in subsequent points in the system The alteration
can be in a negative sense wherein the magnitude of the select frequency
“conmponents are suppressed, or tie Jlteration can be in a positive sense
wherein the magnitude of the 15 sel ect frequency conponents i s enhanced.
Simlarly, the term"deenphasis neans the alteration of the select
frequency conponents of the encoded signal in either a negative or positive
sense in aysm&ﬂsaame-dasqtﬁhﬁﬂmfodren&ddingrﬁndwdgﬁmﬂdngignal is altered

In t e al.s tion of the ratio
of t he eng(riag}gl %‘%q'r%y% ﬁé:é)ﬂ*‘{ e‘%fueén%;g%or ons %’fn ?%e program si gnal ,
is utu||zeocpdlmantmue1ﬂnpgnnnua19ﬁakn&pmnompznﬁgméswstbfhpgb- f er abl ¥ he
hi gh freq%g&x‘ gheliphdil £ OB P decddiiy, Klid NgiGARPI essi on. n'a
simlar a

tary manner. the I nf’ormati on S|gn | s~ deenphasi zed by a
si m Par céﬁtFﬁP@ﬂiﬁﬂma [defPRhaHIZED L0 R CORRESPERLIEY or pl ayback of the

program smandler .’ Dalsb\descr ibed ifegilndse qsatemtls dbdkas uséd -6- The use of
- a control h% %’1%' (1?:“ e drmas"pa}:ee%q'}ésog" means the alteratlon
- of the magnitude of select frequency comporients of
an electrical signal with respect to thg'magpitude' : .'LJ
10 of other., to reduce noise in subsequent points in
the system. The alteration can bé in.afnegative -
sense whe:ein the magnitude of the select frequency
components areisuppressed,;or the alteration can be
- in a positive sense wherein the mégnitude_bf'the'
15 select frequency components is énhanced. ISimilarly,
the term "deemphasis” means the alteration of the
select ftequency-components of the encoded signal in’
either a negative or positive sense in a complemen-
tary manner in which the original signal is altered.
20 In the patented system, a control signal, as a func-
tion of the ratio of the energy in the high and low :
frequency portions of the program signal, is utilized
to control the amount of signal preemﬁhasis of pre~
ferably the high frequency portion of the program
25 signal during compression. In a similar, complemen-
tary manner the information signal is deemphasized by
‘a similar control signal during expansion upon recep-
tion or plar-back of the program signal. _ ' 2

"’Doibj" ’'s a fzeﬁiaterul Trade Mark.,



of the ratio of’ the signal energy in the hlgh and | ow frequency portlons of
t he progran15|gnal has t he advant age that preenphasis is controlled

i ndependently 5 of the level setting requirenents between the encoding -
and decodi ng systens. However, such a system does not al ways make the nngﬂ
effici'ent~use of a transm ssion or recordi ng channel whose dynam c range is:
frequency dependent. For exanple, a |low | evel program signal 10 havi ng. '
nost of its energy.in the high frequency region will be selected as a
program signal close to saturation, since=tBe=ratio of high to | ow signa
energy will be large and thus the control signal generated will be of a
type providing greater negative 15 preenphasis than is necessary.
Further, the use of an adaptive weighting filter, such as shown in U S

Patents Nos. 4101849 a“dTﬁé3§§é4ofda€éoBQEoE9%Q§%§1'h%r&%b@hahh% Eupeadny
response pf the recordi

|
maxi mum 20  signal © Feﬁag HBE&éZngtgéhg ﬁ@a ggg@’ﬁgng it Eré%mgegaﬂtﬂ°"
i ][10[ ﬁasi ng fr tequenCﬁreQuEheyhpgbtﬁbﬂsule:ﬁcy:heegmgraint signalghasr &heobj ect
0 e resen I nven a
codve:rores'ze, "ot BhetoRtef T 1E RerE BT ety
an o JeC (0] e r e | | r
decodi ng syst ens. ’ a?a7ae§BGEH§rﬁngEﬁE OfaBQ%vQEGSQGEh'%V%QE%%& 5els? nke

nore efficient use anne vin freque
-always make the most eff1c1ent use of a transmission
k'j or recording channel whose dynamic range is frequency

~ dependent. For example; a low level program signal
10 bhaving most of its energy in the high frequency '
region will be selected as a program signal close to
_saturation; since the ratio of high to low signal
energy will be large and_thus'the control signal _
generated will be of a type providing greater negative
15 preemphasis than is necessary. Further, the use of an
édaptive-weighting filter, such as shown in U.S. |
Patents Nos. 4101849 and 4136314, does not necessarily
match the frequency response of the recording or
t;ahsmission channel, especially where the_maximdm
20 signal level decreases and the noise floor increases
' with 1ncreasing frequency in the high frequency
_tegion.
It is a general object of the p:esent invention to
substantially reduce or overcome the above-noted
25 disadvantages of the prior art. '
More specifically, it is an ob:ect of the ptesent
invention to provide improved signal encoding and
decoding systems. . '

1
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. dependent variabl e wi ndow when .recording or transmitting in that channel. 5
...And anot her object of the present inventionis to appr oxi mate as closely as

" . possible the peak signal level recorded or transmtted in a

- frequency-dependent variable wi ndow of a recording or transm ssion channel
~Wth that of the maxi num signal |evel of the recording 10 or transmtting
_chamnhel so that it can be recorded or transmitted just bel ow the ‘maxi num
signal level curve. Yet another opject of the present invention is to keep

l ow signal levels recorded or tTafhsfitted above the noise floor of the
channel . 15 - Still another object of the present invention is to
provi de ducking of the |low frequency portions at peak signal |evels so as-
to closely match the maxi mum signal |evels of the channel. And yet another
~obj ect of theanntnemtobjwehtobnthe poesent pnuendiéodudisi kg alakehe hi gh

frequenc f¥$? eagfs nal t tch the maxi num
S|ggal 3h6#§(# eﬁ%%gnne gﬁ a chﬁﬁgé? ﬁavggg ?ngkgﬁﬁkﬁegﬁlgh freque\py

portlontﬁeﬂ %ﬁfﬂﬁﬂr+%ht@swéﬁdﬂg WBeﬁDF8°9F6569y°Hatch the mni mum nol'se *
1 evel of ﬁ{ghéﬁattpm@ﬂnﬁlghaheeﬁaaﬂdlother obj ects of the present invention.
are provided an |W§roved ad k 8 htin %sten1for use in
tramsmitting ANRERSE HPIeGHAP Ehe 5eﬁFm§eggyﬁPgé8 bdFdfCdt h - along a -
signal[ﬁﬁﬂproxﬂmatsyaseniosebylasspbsbiblenthsspéakpsagdadn t he signa

D b nOn TR "eddPadd! Ge | PPRABAEEEGE §R°aPEEbLAUNRL-blPeRlRRY | Cal ST gnal

wthin a |rs
variable window of a recording or transmission channel

with that of the maximum signal level of the recording - {_}

10 or transmitting channel so that it can be recorded or |

transmitted just below the maximum signal level curve.

Yet another object of the present invention is to
keep low signal levels recorded or transmitted above -
the noise floor of the channel. ' .

15 " Still another object of the present invention is
to provide ducking of the low frequency portions at
peak signal levels so as to closely match the maximum
signal levels of the channel. _ _

And yet another object of the present invention is

20 to provide ducking of the high frequency portions at
peak signal levels so as to closely match the maximum
signal level of the channel and to provide boosting of
the high frequency portion of'low signal levels so as
to more closely match the minimum noise level of the

25 channel. ' ' _ '
| These and other objects of the present invention
are provided by an improved adaptive signal weighting

-

system for use in transmitting an electrical signal of 2



5 region within the preselected bandwi dth. This gain varies in response
to and>g§ a function of a first control signal. Means are provided for
generating the first control signal in response to and in accordance with
the signal ‘energy of the electrical signal 10 substantially within at

| east a part of the first select spectral region. The system al so i nad gdes
gai n cdntrol nmeans disposed in the signal path and coupled to the filter’
means for varying the signal gain inpressed on said electrical signa
substantially 15 throughout the predeterm ned bandw dth, the signal gain
varying in response to and as a functi or @& -a second control signal, and
nmeans for generating the second control signal in response to the signal
energy of the electrical signal substantially within at | east 20 a part
of the select spectral region. O her objects of the invention will in part

be obvious and wi bl g8 0l AR St LlongTMi® 4 13HENL I RCCOMHAD! Y

conpri ses the appargtus possessing the constructl.on, ] on of
el enents 25  andS¥SteRySABRr igesy fildemmaang dispagad rinthe, gignal

followi ng detail egadhs oS waty ingd thiee gaIwP EnPr ddR P itHd igdt tforMueh
wil |l be indicated hn t he appended .cl ai.ns. . 23 -9- For fuller

under st andi ng of tR& & 1&‘?& &iBoals within: a, 3 iSRPCYRAkr ence
shoul d be ha8 to tegibal withia dhienpreseletted bandwizdtdn | mrhoie i on

W th the accompanylngodr gy @@%ﬁ@ﬂ@%e@% and as a function of a first
) control signal. Means are provided for generating the
o first control signal in response to and in accordance
| with the signal energy of the electrical signal
10 substantially within at least a part of the first
| 'seleet spectral region. The system also includes gain'
control means disposed in the signal path and eoupled_-
to the filter means for varying the signal gain
. impressed on said electrical signal.substantially
‘15  throughout the predetermined bandwidth, the signal
gain varying in response to and as a function of a
second control signal,'and_means for generating the
second control signal in response to the signal energy
of the electrical signal substantially within at least
20 a part of the select spectral region.

Other objects of the invention will in part be
obvious and will in'part appear hereinafter. The
invention accordingly comprises the apparatus
possessing the construction, combination of elements

25 and atrangement of parts which are exemplified in the i
following detailed disclosure, and the scope of the
application of which will be indicated in the appended
claims. |

1)



5. ° Fig. 1 is a sinplified graphical representation of the frequency
... response of a typical cassette tape recordi ng channel (one-third octave, _,
- constant-Q analysis); Fig 2 is a sinplified graphical representation of 10
- the variable frequency response of a prior art noise reduction system Fig.
;25.5 a sinplified graphical representation of a typical signal recording in
_ e channel depicted in Fig. 1 illustrating two prior art approaches to
- noise 15 ' reduction; Fig. 4 is a block diagramof the preferred enbodi-.
ment of the signal encoding.system@t the present invention, Fig. 5is a
bl'ock di agram of the preferred enbodi- 20 ment of the signal decoding
- system of the present invention; Fig. 6 is a partial block and parti al
schematic diagram of a portion of the preferred enbodi nent of the encoding

system of the te jAVENt | O . . Fi is,a partial block and
partial schema iO?S%Pafdirl;irﬁigfdﬁ;éerSf%r?aqlnrf%gg%g'%?go'ﬁg%?rgaiﬂaof t he encodi ng
or decodi ngbigstsmefoithe presentmdmrentipns refereacei shovldckeand parpi al

scherat i ¢ nagdit80NE Told Wid Abi1idl dUKLAISEFofTQRbRRE Of the =

decodi ng system of, the ,present” i nvention; Fi a sinplitied graphical

r epr esent aFPBReSE iR Wity Hhe poconRraneing 3@3’(@@&@:@%@: preferred 5

hi gh §requencypiguell iscemsianpldfidd fragitienl tdplesdntdtfonlei S @ )

Stmplified, geam e n ey (ebpbntd Uk ¥ typical cassette tape
recording channel (one-third octave, constant-Q
analysis); : _ - T ': SR

Fig 2 is a simplified graphical representation of

10 the variable'frequency response of a prior art noise
reduction system; : .
 FPig. 3 is a simplified graphical representation of
a typical signal :ecording_ih the channel depicted in
Fig. 1 illustrating two prior art approaches to noise
15 reduction; - o o |

Fig. 4 is a block diagram of the'preferred embodi-
ment of the signal encoding system of the present |
invention; . B '

Fig. 5 is a block diagram of the preferred embodi-

20 ment of the signal decoding system of the present -
ianvention; = :

Fig. 6 is a partial block and partial schematic
diagram of a portion of the preferred embodiment of
the encoding system of the present invention;

25 Fig. 7 is a partial block and partial schematic .
diagram of the remaining portion of each of the - '
encoding or decoding systems of Figs. 6 and 8;

Fig. 8 is a partial block and partial schematic



the frequency ' response in 10dB/div. of the preferred | ow frequency | evel
shaping filter shown in Fig. 7; and Fig. 11 is a sinplified graphical
representation 10 of the frequency response of the preferred variable
filter used in the encoding systemshown in Fig. 4. Referring to the

drawi ngs, wherein like nunerals refer to sinmilar parts, Fig. 1 illustrates .

why a {ypi-_cél recording or transmtting channel has limted 15 éyﬁanic
range. ~More particularly, Fig. 1 illustrajgs, by way of exanple, t [

frequency response of an audi o cassette tape. As in any recording or _
transmtting channel, the latter is defined by a maxi num signal |evel curve
A, which defines the peak signal |evel at 20 each frequency. |If the

litud f | f - ' h ' ' |
Fevel . "satur at i on” LAfEa® of ¥ FOLGLGT ok Sphe BYEEEERed EnBRAL UL 68N
distorted. As shovhe (dgeceding (gyeten \of - the| present gnweatﬁgnfsignal

I%\éel wr\éesl }Nn_i gh }‘Q' IFgy. H@ 1hs:c@vg{:ﬁfgyeﬂeae§r$psiemapeg£e39hleamoéoblz)

Qurve B def nes { e BPURITEY (FRTBRRRE ofn oL SOB(EbyS 3k < ERE PEaBEE Lot ch

usually gradu@ |y hidlh frédduencyClewskspraemphasis hf brgennshowat i40Pkg. ang

et eases WL I T PO g M L8R s LENEL e8] SUSRRISE PhokeRBhLRLORTEs

on playback. Thus,the frequency wesponse® jmcbedBlédive ofit thei pyeférred low

origi- nal signal, ¢nGbdd fedél SiRaping "PiPLOS" SMOWAYER! Fig. 7; and

| Fig. 11 is a simplified graphical representation

10 of the frequency respbnse of the preferred variable

‘ filter used in the encoding system shown in Fig. 4.

Referring to the drawings, wherein like numerals

refer to similar parts, Fig. 1 illustrates why a typi-
cal recordihg or trahsmitting channel has limited

15 dynamic range. More particularly, Fig. 1 illustrates,
by way of example, the frequency response of an audio
_cassette tape. As'in any recording or transmitting
channel, the latter is defined by a maximum signal-

-

level curve A, which defines the_pea&lsignal level at
20 each frequency. If the amplitude of any portion of
the program signal exceeds the maximum signal level,
saturation ocqurs and'the portion will be "chopped
off" i.e., distorted. As shown, cassette tapes typi-
cally have a maximum signal level curves which fall at
25 low frequencies (below about 20Hz Eo'SOHz) and gra-
.dually decline at high frequencies (beginning at about
3KHz). Curve B defines the noise spectrum level of a
typical cassette tape, which usually gradually

¥)



trandmitted or recorded in-the<channel nust be within the wi ndow provi ded

* _ between the naxi num signal |evel and the noise spectrum or nust be

modi fied prior to 10 recordation or ‘transmission so as to fall within i he
wi ndow. It should be noted t-hat the wi ndow actually decreases at hi-gher
-fp&uuencies. For typical cassette tapes for exanple, a-25dB wi ndow is

provi ded at 15KHz, |ess than half that of the 55dB w ndow at 400Hz. 15

The basic prior art approach for processing a signal prior to transmitting
or recording the signal in a dynanild range |linited nmedium such as a
cassette tape, is to 'conpress™ the signal. This approach essentially
reduces higher |evels of the program 20 signal so that it wll fall bel ew
t he maxi num signal |evel, and enhances |ow | evel s of the program signal so
that it w ihcteasaboia skeengithcbepdaning latv A00H ahd | indirsdsds desired,

Le® OPmer S3ReR PEOGLERLY, 9 Ahy! B1bASITIIMTY BB Hilg A 20000 M o0 1S

25 th essron™ SO0 as'to ori gi nal S|gpal

toits or|§¥ﬂe§1d§ﬂ&#i09r§ﬁ59w cusvebP mriddefinldg bedow rhhegmaisef the” .

original segngbr*TAHA. thére®erd 139 be NREY %nagh dhnadyd ange - -
12 - grogranl It woul d be necessary . to Sﬁverely ress the progran15|gnal

when ecorﬂfnﬁ“?twbﬁhﬁscﬁgsgfﬁéefaﬁetbﬁ Yo 0f hihe .
characterlﬁa1081gﬁaELgthé dyhaﬁieln@belhahd 1hb @&m@b&ﬁﬂSﬂgdéﬂIO is 5
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the w1ndow provided between the maximum signal level =
~ and the noise spectrum, or must be modified prior to '1\J
10 recordation or transrission so as to fall within the
window. It should be noted that the w1ndow actually
decreases at higher frequenc1es. For typical cassette
tapes for example, a 25dB window is provided at 15KHz, .
less than half that of the 55dB window at 400Hz.
15 | The basio prior art approach for processihg a
signal prior to transmitting or recording the signal
in a'dynamic range'limited'medium, such as a cassette
tape, is to compress" the signal. This approach
eésentially reduces higher levels of the program
20 signal so that 1t w111 fall below the maximum signal
level,'and enhances low levels of the program signal o k,)
so that it will lie above the noise spectrum level.
When playback is dosired, theicompressed program .
signal in the medium is expanded; a process which is
25 the complement of "compression" so as to restore the
| original signal to its originai_dynamic range, thereby
preserving the.integrity of the’origioal signal.
Thus, if one wished to record a 1004B dynamic range



wi.ndow), but 'a substantial anmpunt of information is-l-ost in the high -
frequency range (since only a 25dB.10 - window i s provided wthin this-zb
range)” ~ Wien t he signal is expanded during playback, the-1oss of high
frequency ienformation results in a rather=dl2l=sound, while | ow | evel
signals_at high frequencies tend to fall below the noise floor resulting in
what is 15 referred to in the art as "breathing”". It should be noted.
that using a single band conpressor which provi- des a conpression ratio

greater than 2.1, thegrap) ek | Goltd W%&&é@s?ﬁfi‘%ﬁ%&éei?&'%ﬂﬁ%ss

variations in spectral™levels encountered 1 n typl musli c eech
signals. Some sortthf RYRG%3IM| Signal Mhen recordbaRihsOfeh| CR8SREED t he

signal within the chimnedf enslowypécadiihiEing tWé i ShsrappeppsbesshaFe been
proposed to preenpﬁgflz }he si gn q%iyﬁ ége,hl h,fre- queng
portion.of program®si%m _dLHsr% W"eg? , gg %ﬁegiﬁ%hﬁﬁ}% F% a
conpl engnt ary stannart flhi zedanche gigiakqeemcye ppréserved atempdogram si gnal
ncor por ated 1 1t nd Sk es "tiete i Hlihan FEngkrSr PREDBFRakEn 15,
Dol by Laborat ori es refdigsed Frarfi)dR oyhem ccomppressed ofwithiastbepssad t hat
nost progran1infonuﬁddérgfngﬁité)gd L6 OF% PPER SN € g@?fﬁy?ﬁﬂgtgogn gfalls
of f above. 800Hz. Accordi'ngly, 5 t he system boosts signhal energ et ween
400Hz and 1200Hz, thRStanburthehimbGreARneY neaREe t helnee PnLY RafSaPth a
maxi mum boost 1@ | GihdowW N providedtwitierh i thidersng®) | f i whleqr epds of
F'g' ? wher e signal is expanded during playback, the loss of high
~ frequcacy information results in a rather dull sound,
while low level signals at high frequencies tend to
fall below the noise fioor resulting in what is
15 referred to in the art as "breathing®. It should be
‘'noted that using a single béndﬂcompfesso; which provi-
des a compression ratio greater than 2:1, the problem
is not overcome because of the large variations in
spectral levels encountered in typical music/speech
20 'signals. Some sort of spectral compression is_néeded
as well to keep the signal within the channel window.
Aécordingly, various approaches have been proposed
- to preemphasize the signal by modifying the high fre-
- quency portion of program Signal during compression,

25 and deemphasize in a éomplementary manner this same
high f:equency portion of the program signal during
expansion when playing back the Signal. |

Ohe_such approach is incorporated in the Dolby B



-the' frequency response Of.the'prior art systemvaries 10 bet ween curve C

...and D dependi ng upon the level of the input signal, the level at which the

maxi curve Clevels off is at 1200Hz. However, for a typical programif

~ one p s the peak nusic spectrumtogether with the | B maxi num 15 -
...boost, it mght |ook sonething |like curve E showmn in Fig. 3. As shown, some
of the high frequency portion of the program woul d exceed the maxi mm
signal |evel of the tape, shown by curve Ain Fig. 3, thus resulting in
saturation. Those high frequency har= 20 -tions extending above the
maxi mum signal level will be lost as indicated by the shaded area F. Using
the Dolby B systemit is therefore necessary to reduce the input |evel suech
as indicated by curve Gso as to avoid saturation and preserve the high

f requency sym:em(’;ﬁ contmemﬁiéil{y r@émmoﬂt&a msps SEaboglaﬁbgﬁgs}‘ e Lgost
i npu

Pﬁcgfﬁgw\g&g §a‘?1 lﬁp or;igsc °s'ga7'§f{ t?%%%???l%% F%ﬁBa?ﬁ“’BQEf'ﬁPI t8agnal | evel to
obt ai n mos_1.:49rq9t@m ddt‘fomnatﬁnn btmsdsumthbehbghoﬁrsgpeoﬁy-ranﬁe ofl‘ t]tle *
signal. T f nt channel o

thg casse?‘ltazzelt ipe d'ﬁ;ég di;p vleélg%ér)\a AT g I?\% n&%‘éﬁ?@ﬁﬂ Yand 5 _
descPhi bed the @Et%tm#&l]ﬂm BNL LB AM tyeen| 4@0@zoand| ng what is -
bel i eved hoobez w@mmww&gﬂt d@&&é’ﬁtﬂﬂm%yt?&e%e nfe@&ehe' ess, - under

sone circunstances, .al so does not al ways na cient use of the
recor di ng s3pnal, wsha SRXipm&AoostOf 10aB.  This is

illustrated in the simplified graphs of Fig. 2 where o
'the frequency re5ponse.of the prior art system varies N

10 between curve C and D depending upon the level of the
input signal, the level at which the maximum curve C
levels off is at 120032. _ |

~ However, for a typical program xf one plots the -
peak music spectrum together thh the 10d4B maxlmum

15 boost, it might ook something like curve E shown in

: Fxg. 3. As shown, some of the ‘high frequency portion
of the program would exceed the maximum signal level
of the tape, shown by curve A in Fig. 3, thus
resulting in saturation. Those high frequency por-

20 tions extending above the maximum signal level will be
lost as indicated by the shaded area F. Using the
Dolby B system it is therefore necessary to reduce the
input level such as indicated by curve G so as to
‘avoid saturation and preserve the high frequency por-

25 tions dur1ng the encoding process. It therefore is
necessary to reduce the input level 104B in order to
obtain the 10dB hoost. In otherwords, it is necessary
to sacrifice 10dB in overall signal level to obtain

-



10 exanple t he signal energy of a program signal mght resenble the
curve H shown in Fig. 3, wherein nost of the signal energy is in the higher
frequency range, e.g., above 800Hz. Since the control signal for

control ling the amount of -preenphasis is preferably 15 derived froma
ratio of the signal energy in the higher frequency range wth respect 28 .
the signal energy in the |ower frequency range the control signal wll
indicate to the systemthat the programsignal |levels are close to
saturation when in-fact it is not. 20 “TH#& ~=the high frequency portion of
the signal is reduced resulting in the high frequency portion of the signal
being closer to the noise floor B. In accordance with the preferred

enbodi ment of the present invention an inproved adaptive signal 25 -

wei ghting system rthepﬂ.MBdmmwmr boostadiithe thighi ixeduapienangs gl
energy ldUI’I ng the gghpp‘%lprowrh(‘iessgsa§n id,lté?*f[ |<9_r1a qg‘ \.{Hegrbé rlﬁ’?#?}cé' si gnal

ener gy ¥r esent, asi zing the enco in a
conpl ement ary manﬁtlﬁnéﬁ @hmaln@fmﬁgebmssm ARy fical | y,

the present Inventionmie ligapt 5@ RligHM! Vet dnexilg Mydidi Uowhigdn al ter

I n a conpl engntary manner the nal_"ener transmtted or
r(raLcorded sigral i HefREL &h"l"rz’q n(?)?tr%q%ﬁ%-o%ﬁr‘}dat Q@ﬁaﬂr&‘ le

utilized to senseptboxauglgalwhatterigy Ueﬂ.ﬂd%@d”lltgh e eqlbmn;err aegicodinig tdrd

program signal t %% uppress) or peak'

(boost) the'high Fggﬁen§y tein ﬁ%ﬁ? sp.gﬁh durlng t he encoding,

process and circumstances, also does not always make efficient use
—/ of the recording or transmission channel. For -

10 example, the signal energy of a program sidnal might
resemble the curve H shown in Fig. 3, wherein most of
the s1gna1 energy is in the higher frequency range,
e.g., above 800Hz. Since the control signal for

_ controlling the amount of preemphasis_is'preferably

15 derived from a ratio of the signal energy in the

- higher frequency range with respect to 'the signal
energy in the lower frequency range the control signal
will indicate to the system that the'program signal
‘levels are close to saturation when in fact it is not.

20 Thus, the high frequency portion of the signal is -

L/f reduced resulting in the high frequency portion of the
signal being closer to the noise floor B.
In accordance with the preferred embodiment of the

- present invention an improved adaptive signal '

25 weighting system is provided by preemphasizing the
high frequency signal energy during the encoding pro-
cess as a function of high frequency'signal energy
present, and deemphasizing the encoded signal in a



in‘a conplenentary fashion during the decoding pro- cess. Referring to the
drawi ngs and in particular Figs. 4 and 5, the respective encodi ng and

.

- decodi ng systens 15 shown are designed to nmake better use of the channel

over .which the programis recorded or transmtted, and in particular, to-
nnrzikrosely mat ch the expected peak signal . levels of the transmtted or
recorded signal with the maximum signal |evel of a frequency-dependent 20
vari abl e height channel w ndow during the encoding of a program signal in

‘that channel. The encodi ng systed&Pof Fig. 4 includes input terminal 10 for
~receiving the input programsignal Ein which is to be recorded or

transmtted. The encoding systemgenerally includes 25 adaptive signal-
weighting filters, designated at 12 for preferably providing preenphasis of
a high feemplemenyarpgnannet dherpeeptionsognduriing plgbadrynt of

) _ . . . . : o d .
B on Trequedir € PHEE ERaBLyr Bnd) BPBReRE 1 hensut, nEd LR Shown (3

Fig. 5 «=tomplementaryckiagkingt 6iltensf whiphoualtergia @onpl enentary ™
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during reception or Pplaybac ers 1 are preferably used

i th gaitransrittedyer eecerdedespgnalyény thenpigbsifrgqmencyxpanding in a

~conpl errexrag)crdnnarme%:éiseiaeegﬁeahandrsnﬁeﬁdzéhg%l. Sefidll et e encodi ng

' ' 1 ) he conpressi on and expansi on are each
and. decosdi_gnrgafreonergy igets:ﬁe h;'l._g_h Ere uency region ol% the

program signal to instruct these.filters to dip or S
- duck (suppress) or peak (boost) the high frequency RN
10 ~r.gion of the siénal'dufing the encoding process and
in a complementary fashion during the decoding pro-
cess. ' . - '
Referring to the drawings and in particuiar Figs.
4 and 5, the respective encoding and decoding systems
15 shown are designed to make better use of the channel
over"which the program ié_recorded or transmitted, and -
in particular, to more closely match the expected peak
signal levels of the transmitted or recorded signal
. with the maximum signal level of a frequency-dependent
+20 variable height channel window during the encoding of —
a program signal in that channel. The encoding system k_)
of Fig. 4 includes input terminal 10 for receiving the
input program signal Ein which is to be recorded or
transmitted. The encoding system generally'includes
25 . adaptive signal weighting filters, designated at 12
for preferably providing preemphasis of a high fre-.
quency region of the program signal Ein. The amount
of preemphasis is a function of the signal energy



acconplished as a function of the signal energy of at |east one spectral
part'of-the transmtted signal. Accordingly, filter 12 can be used with a.
conpreSsor, generally indicated at 14, to forma conpressor system 15
(see Fig. 4) for encoding the programsignal Ein, prior to transm ssion: oh}
recordi ng, and preenphasi zing the signal energy in at | east one spectral '
region of the programsignal. Sinmilarly, the filter 12A is used with an
expander, generally indicated at 14A to form 20 an expansi on system (g
Fig. 5) for decodi ng and deenphasi zi ng the encoded signal Ei, applied to
the systeminput term nal | QA upon receprlén or playback. The system of
Fig. 4 conprises an input buffer and band pass filter 20 for Iimting the
bandw dt h of the 25 program signal transmtted through the encoding
system GCenerally, the bandwidth is selected so that all of the program

i nformatjon mﬁll béeteenediined bhghugheqheneycpdthgofythenprﬁbeamutput of

fidter 20 - &fq% ?a?fﬂé'SQcBQihgdng@H@hEﬁbﬁh” ?§9°fstgiﬁgagﬁs

cont r ol nDduIe 24. rov con erm na
connected to recelwetaaghingcﬁﬁltet t23nfpr asouégengbedcnapéenentery
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region of the signal transmtted {hroygh 20.1n response to and as a
function of the coh®PBF EegRipal 1PRcd anﬂoﬁFFSPtPQPnPHa912¥ba?ﬁe out put
of nodule 24 is applierhéofibpetst tenandl 138 arevpeesekablyl usedlWwith28.

Generally, filter &§1 cgﬁérgfeﬂoéulggcgogagggpectively compressing and
W expanding in a complementary manner the program and
' encoded sxgnals ‘during the encoding and decoding pro—
10 cess. The compression and expansion are each .
accomplished as a function of the signal energy of at
~least one spectral part of the transmitted signal. |
_Accordingly, filter 12 can be used with a compressor,
generally indicated at 14, to form a compressor system
- 15 ,'(see Fig. 4) for encoding the program signal Ein,
prior to transmission or recording, and preemphas1zing
the signal energy in at least one spectral region of
the program signal. Similarly, the filter 12A is used
with an expander, generally indicated at 14A to form
20 an expansion system (see Fig. 5) for decoding and -
deemphasizing the encoded signal Ei, applied to the
system input terminal 10A upon reception or playback.
The system of Fig. 4 comprises an input buffer and
band pass filter 20 for limiting the bandwidth of the
25 program sighal transmitted through the encoding
system. Generally, the bandwidth is selected so that
all of the program information will be transmitted
through the encoding system. The output of £ilter 20



wiith the present invention to preenphasize the high: frequency spectral
regi on of the conpressed signal transmtted fromthe output of nodule 24.
The anount of preenphasis is in response to and as a function of 15 t he
sp&iral energy contained in a high frequency por- tion of the signal. The
output of filter 28 is coupled to the systemoutput termnal 34 for

"-prOV|d|ng t he encoded signat Eout, and is coupled to the feed- back circuit

of the system 20 The feedback circuit provi des the two control
signals to the gain control medu¥e-24 and variable filter 28. The feedback.
circuit- detects the anount.of signal energy in two spectral portions of
the transmtted signals. The control signal Z5 applied to the control
termnal 32 of filter 28 is preferably derived fromthe spectral energy

cont ai ned a;s?mfdde&ee&@dﬁw@ EEpRYRAEY 29! kAk_BiW on of the signal

More partic he output of . 'S 18 - snnultaneously
appl i eFWFEHe ?ﬁﬂ&eog a hFR® ¥?Eteﬁuéﬁc?‘P&GédePééﬁpﬁas|s filter 36_and

to the dohtkoDftérmDyal r 26lueosNebeEal tohapbagvei ki gaiad. Filters 36 and 38
oo P ety S PaeR ase L AR IR NR R chReRaTiyl"e olerled
used fcnhqnunﬂn&nripedebtgne@nabscompeehsghhéreqnéneyspecekanreenpha3|s
Lot e Sadsh SR0HA DRFandL {EhogRILERRCehRoBR eltEectbol i 1LOTE! ey
response to and as a functlon of the control signal '
applied to control terminal 26. The output of module L
24 is applled to input terminal 30 of varlable filter o\

10 28. Generally, filter 28 is designed <n ‘accordance
with the present invention to preemphasize the hlgh
frequency spectral region of the compressed signal
transmitted from the output of module 24. The amount
of preemphas1s is in response to and as a function of

15 the spectral energy contained in-a high frequency por-
tion of the signal. The output of filter 28 is
coupled to the system output termlnal 34 for provxdlng
the encoded signal Eout, and is coupled to the feed-
back circuit of the system.

20 The feedback circuit provides the two control
signals to the gain control module 24 and variable - K_j
filter 28. The feedback circuit - detects
the amount of signal energy'in two epectral portions
of the transmitted signals. The control'signal

25 applied to the control terminal 32 of filter 28 is
preferably derived from the spectral energy contained
in the detected high frequency spectral'portion of the
signal. More particularly, the output of filter 28 is



while the | owfrequency | evel shaping filter is a bandpass filter designed
to pass nost of the signal energy between about 50 Hz and 5 KHz, where npst
of the-programinformation resides. The filters 36 and 15 38, however,
can be designed to transmt other band- pass regions. For exanple, f||ter§2
36 and 38 can have frequency characteristic curves which are substan-
tiallythe inverse of one another so that signal energy w thin the band
defined by filter 20 and not 20 transmtted through one of the filters 36
and 38 will be transmitted through the otherngone of the filters 36 and 38.
‘The output of filters 36 and 38 are coupled to the input of respective

| evel detectors 40 and 42. The 25 | atter each provide a DC output signal
as a function of the signal energy sensed at its input. The DC'out- put
signal can be, for exa

| e nctlo .of. t he RNS a ra peak_ val ues
of the signal energ pﬁgﬁgﬁeous Y f?p ieg, &S AP AR éﬁ% %éh;%f &t ection
t echni dues bei ng pr gzencyd Levelu preempbasiiisp fiti 1dfe re S drd/d:lo ddteecitnput} £
and 42 is a neasure,o h r l4i enghe
transmtted signal mn?ﬁ& %tkgﬁg ncy }%qgleﬁggﬁ?eﬁbQQﬁfﬁ#ﬁgﬁiesggkt|ve f.qk
provi ding the input a8fgR8l arespseferably, each bandpaas 4 liers dafigned

rel ativel y high f requepsgsermegnetemeautsa Al dnedly def eGP Isplbtea be
used to instruct or _control t arl | ter y _connecti,n the out put
of 10 detector 40%€8208frro 'F EW'B? |qaﬁﬂ1QX? dﬁ? ééé)
| evel detector 42 iprocesedhgdahdlo signals, the high frequency level
L/i preemphasis filter 36 is_a band pass filter designed
to pass most of the signal energy between about 2KHz
10 and 10KHz, where most of the channel noise Yesides,
while the low frequency level shaping filter is a_
bandpass filter designed to pass most of the signal
energy between about 50 Hz and 5 KHz, where most of _
. the program information resides. The filters 36 and
15 38, however, can be designed. to transmit other band-
pass regidns. For example, filters 36 and 38 can have
frequency characteristic curves which are substan-
tially the inverse of one another so that signal
energy within the band defined by filter 20 and not
20 transmitted through one of the filters 36 and 38 will
2 be transmitted through the other one of the fllters 36
and 38.
~ The output of filters 36 and 38 are coupled to the
input of respective level detectors 40 and 42. The
25 latter each provide a DC output signal as a function
of the signal energy sensed at its input. The DC out-
put signal can be, for example, a function of the RMS,
average or peak values of the signal energy instan-



the.control termnal 26 of the gain control nodule 24, so as to provide
conpression of substantially the entire bandw dth of the si gnal
by filter 15 20 based on the signal energy within the | ow frequency band
detected by | ow« 3equency filter 38. The decoding system of Fig.
general ly includes the same el enents as the encoding systemof -Fig. 4,

nodi fi ed and rearranged to the extent necessary so as 20

trans

-5

frequency wei ghting function substan- tially the conplenment of the
wei ghting function of the_encodTnb systemof Fig. 4. Thus, the system
input termnal | OA is adapted to receive the encoded signal Ei
connected to the input term nal of input 25 buffer and bandpass filter

20A.

The latter is substantially identical to filter 20 of Fig.

and i s

4.

mtted .

to provide a

The

out put oftdrddwsly(sensed prwmbth cRMS odetpotibar teohhigtdsobedagi able filter
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20

25

level detector 40 can be used to instruct or control
-the variable filter 28 by connecting_the_output of
detector 40 to control terminal 32 of filtet 28.
The output of level detector 42 is connected to
~ the control terminal 26 of the gain control module 24,
so as to provide compression of substantially the
"entire bandwidth of the signsl_transmitted by filter
20 based on the signal energy within the low frequency
band detected by low frequency filter 38.
The decoding system of Fig. 5 generally includes
the same elements as the encoding system'of Fig. 4,
modified snd rearranged-to the extent necessary so as
to provide a frequency weighting function substan-

tially the complement of the weighting funct1on of the'

encodlng.system of Fig. 4. Thus, the system input
terminal 10A is adapted to receive the encoded signal
Ei and is connected to the input terminal of input
buffer and bandpass filter 20A. The latter is
substantially identical to filter 20 of Fig. 4. The
output of filter 20A is connected to input terminal
30A of variable filter 28A. The output of filter 28A



teristics to the corresponding filters 36 and 38 of the encoder. The

out puts of filters 36A and 38A are respectively connected to the inputs of
detectoers 40A 15 and 42A. . The output of detector 40A is coupled tgthe
control terfinal 32A of variable filter 28A. The out- put of detector 40A
thus provides the control signal for controlling the gain inpressed on the
hi gh frie- quency portion of the signal transmtted through 20 filter 28A
so as to provide the desired deenphasis during the decoding process. This
deenphasis is the conpl enent of the anmoumnt 20 -pr eenphasi s during the
encodi ng process. The output of detector 42A is coupled to the control
term nal 26A of gain control 25 nodul e 24A. The output of the detector
42A theref.ore provides the control signal for controlling the signal gain

i npressed on-the dgemRkasi [ [ on
A Rl d 8 nd LAY SRAURL I SENELY GuRensl

during the decodi ng pro-
encoderi.and decodeMmofpdiee Al Whide thedptren hafkskhs RIERYE Fupled to
detail with respecithied dutfut Getminddl B4 SE tHe deddditld Yeysedgrfong to

10 8 system DU o S P AR M NS Ll Srati el
functions to Buffeappldtedmtionhiie tcmmjmﬂl teknfirrah g hﬂk em;d 6% guoe tpmoor of
Pt he s oVABe g M s AL B
20Hz and 20Khz. cﬁéqujtqiéagyqugback-circuit of the encoding system
- of Fig. 4. The feedforward circuit is formed by con-
necting -the output of filter 20A to the input of each
10 of the filters 36A and 38A. The latter filters are .
substantially identical in their transmission charac-
teristics to the corresponding filters 36 and 38 of
the encoder. The outputs of filters 36A and 38A are
respectively connected to the inputs of detectors 40A
15 ~and 42A. The output of detector 40A is coupled to the
' control terminal 32A of variable £ilter 28A. The out-
put of detector 40A thus proﬁides the control signal
for controlling the gain impressed on the high fre-
quency portion of the signél transmitted through
20 filter 28A so as to provide the desired deemphasis
2 during the decoding process. This deemphasis is the
| complement of the amuunt of preemphasis during the
encoding process. The output of detector 42A is
- coupled to the control terminal 26A of gain control
< 25 module 24A. The output of the detector 42A therefore
provides the control signal for controlling the signal
gain impressed on the deemphasized signal to provide
the complementary expansion during the decoding pro-

o



‘described and shown in U'S. Patents 4,101,849 and 4,136, 314, al t hough ot her
lters are well-known 15 inthe art. The output of filter 20 is_

such fi

~ connected to capacitor

resi st
nodul e
by 20

contr ol

any type of gain control

ferably

control

or known ana og nmuk tl

l'i ke.

- decj bel

t his pr

100, which in turn is connected in series with

v 102. The latter is connected to input termnal 22 of gain .control

24. Cenerally, nodule 24 conpresses a signal applied at

-a variable gain as a function of the control signal applied to
termnal 26 fromjunctiop 206, shown in Fig. 7. Mdule 24 may be

ci rcurt“for providing conpression-and is pre-

a voltage control amplifier (VCA) of the type 25 described in
~U.S. Patent 3,789,143. It should be appreciated, however, that other

circuits are known for providing variable gain in response to a conmmand or
agsgal . For exanple_ one may use a light - 22 - responsive

resi stance éa\ Be ,]egé edibdd @t&f He WnSOFIENF @ vol tage divi der
|

€rs using al anced SGW\COHdUCtOF parts,

or the;”

esrl’r%‘%P%IQ%d?e‘-%nt"rcﬁ"%r%l##?e‘?e%‘é?’v'é%d?“ to control f
gain irf;@%&@i e el iwieH z-“é@‘@it'tfb ¥ PPl 1608, t Qqorbegpexpressed in
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- i nput gmngnﬂuqﬁuyoqutotbuffer system 1nput terminal 10 from

the remaining portion of the system. Where the
program signal.fs an audio signal bandéass'fiiterf203
is preferably designed to pass all sighal energy bet-
ween about 20Hz and 20Khz. One such filter 1s
described and shown in U.S. Patents 4,101,849 and
4,136,314, although other such filters are well-~known
in the art. The output of filter 20 is connected to
capacitor 100, which in turn is cohnected in series
with resistor 102. .The latter is cohnected to_inpdt
terminal 22 of gain control module 24. Generally,

a 21
I nverting

module 24 compresses a signal applied at its input by"

a variable gain as a function_of the control signal
applied to control terminél_zs from junction 206,
shown in Fig. 7. Module 24 may be any type of gain
control circuit for providing compression and is pre-
ferably a voltage control amplifier (VCA) of the type
described in U.S. Patent 3,789,143. It should be
appreciated, however, that other circuits are known
for providing variable gain in response to a command
or control signal. For example, one may use a light

R 193kl i n decibel s,

¥



| atter: havi-ng its noninverting input-connected to 15 system ground. The
output of amplifier 104 is con- nected through a feedback capacitor 106 and
t hrough a feedback resistor 108 to the inverting input of the anplifier.
The output of anplifier 104-is also con- nected to the input term nal 30:of
the varjable fjlter 20 28. Preferably, variable filter 28 has its input
ter- mnal 30 connected to capacitor 110, which in turn is cqQnnected to3g
resistor 112 and to capacitor 114. Resistor 112 and capacitor 114 are
connect ed together 25 and to resistor <12 = The latter, in turn, is con-
nected to the input termnal 118 of gain control nodule 120. Gain nodul e
120 is preferably identical to the nodule 24 and therefore preferably is a
vol t age -23- control anplifier of the type described in U S. Patent

nurrt)erI 3,789, 114?' reBpdns | g;ﬁ@?tﬂe%i?s&ear{q@e:\%; ﬂ'iteid:@ﬁﬁééi_t swmi7 ids"%ori tcs;b .
control ~signal termn fr ungtJ.on S Ownllkﬂéﬁﬁi q@ escribe
insgreater 5 dBfa St ey r?%;ntderv." GRS O VSRS £y YRR to
provide the sa{m wf;lt;tg@iié.lexrs nsstiing el:alm_jd:lldcb midomiu_ca:qr aartsed or theth
conpression ratio ; | e
signal input at i %guf'tegr%léﬁgﬁ\é%{fgﬁ \IM clotn al nlmg‘ﬁtbs aﬁﬁaﬁlﬁ%n{%égl‘gés
signal energy in &ohicgmtrodgthec@aie timpressechon e nppalsignak cimbl y,
this high frequengyopeirition itd S(Wl@'ﬂ AP eBsd M e O0RKe BydOUgh

u

this can vary. The output of mpdule 120°is connected to the jnverting input
of an anplifier 19% Yheecomtrol #ignyd present at junction 206. The

; VCA thus provides compression in which the output to
~ input levels, in decibels, are related by a substan-

10 tially constant ratio which is lower than unity. In
the preferred embodiment this VCA is set to provide a
2:1 compression ratio. The output of module 24 is
connected to the inverting input of amplifier 104, the
latter having its noninverting input.connected to

15 system ground. The output of amplifier 104 is con-

" nected through a feedback capacitor 106 and through a
feedback resistor 108 to the inverting input of the
amplifier. The output of amplifier 104 -is also con-

_ nected to the input terminal ‘30 of the variable filter
- 20 28. : o
U Preferably, variable filter 28 has its inpﬁt ter-

minal 30 connected to capacitor 110, which in turn is
connected to resistor 112 and to capacitor 114. '
Resistor 112 and capacitor 114 are éonnected_together
4 25 and to resistor ‘116. The latter, in turn, is con-
nected to the input terminal 118 of gain control
module 120. Gain module 120 is preferably identical
to the module 24 and therefore preferably is a voltage



15:- »its noninverting input connected to systemground. Anplifier 122 has

 _it§ out put connected through a feed- back resistor 124 and through a

capacitor 126 to its inverting input. - Anplifier 122 has its output also i
‘connected td'the capacitor 128 and the resistor 130. 20 Capaci tor 128 and

- resistor 130 are in turn connected together and to resistor 132. The

l'atter, in turn, is connected through resistor 134 to the input termnal 30
of the filter. Resistor 132 is al so connected to the inverting input of
anplifier 136, which in turn 25«23Was its noninverting input connected to
system ground. The output of anplifier 136 is connected to its in- verting
i nput through the series connected resistors 138 and 140. A feedback
capacitor 142 is connected 38 - 24 - between the output of anplifier 136
and the j ' Qggg s\ 1 G5i1.540r. rzToTe : The Qutpl anplifier
136 is al Egﬁtggﬁgefcat ?ﬁ%uﬁc%ﬁcﬁ#%lM t%b%s}%—[%?giﬁgeefﬁée latter, in

turn, is BUMRESt 3d 789 143n oTiWseMode ARD treeeikvesinktson between
res!stor é%gggangaguhlxgmmﬂygté%?ﬁgglrgxgﬂfi]ég%%?xi%ly%Cgré?on_betmeen
resistors, qnd. i s connecte capacjtor . ich in turnis
connect edJPAFEIGR 3[ gi_ §?‘6’r""‘13‘2‘ tF&gsy(s%t @rf{) r‘iﬁﬁﬁ)‘&% it pERater 10 i
anpl 6fi er dé8&ills heweinafedrdi r Moduld A 20/ i=prefgedblyrsevato34 for
provi di ng .anc d .si.gn —O Ut Nl t INala i s gonnected to the
i nput ter PEangﬁgﬁ %gg 8 h‘tgh?of‘ge sasci.;g}{dzttag}c’i%cf);%‘s |d'g§iﬂfo$ %41% %‘ééc]bdi ng system
shown in & preferred compression ratio of 2:1. However, as

' 'will be more evident hereinafter, the signal input at

*

input terminal 118 will contain substantially only —

10 signal energy in a high frequency portion of the input
- signal. Preferably, this high frequency portion is
signal energy above about 2000Hz, although this can
'vary. The output of module 120 is connected to the
. inverting'input of an amplifier 122, the latter héving
15 its nonihVert;ng input connected to system ground.
Amplifier 122 has its output connected through a feed-
back resistor 124 and through a capacitor 126 to its’
inverting input. Amplifier 122 has its output also
connected to the capacitor 128 and the resistor 130.
20 Capacitor 128 and resistor 130 are in turn connected

=

together and to resistor 132. The latter, in turn, is \

connected through resistor 134 to the input terminal
30 of the filter. Resistor 132 is also connected to
the inverting input of amplifier 136, which in turn
25 has its noninverting input connected to system ground.
- The output of amplifier 136 is connected to its in-~
 verting input through the series connected resistors
138 and 140. A feedback capacitor 142 is connected : -



15 . In,Fig. 7 input ternminal 160 is connected to the input of high
frequency’[evel preenphasis filter 36 and to the input of the |ow frequency
| evel .Shaping filter 38. More particularly, terminal- 160 i s con- nected to,
capacitor 162 of filter 36. Capacitor 162 20 in turn is connected.t®5
capacitor 164 which, in turn, is connected to the noninverting input of
anplifier 166 and through resistor 168 to system ground.. The out put of
anplifier 166 is connected directly to its inverting input and through

f eedback resistor 170 to 25 t he juncti-or24pr-ovi ded between capacitors 162
and 164. The output of anplifier 166 is al so connected through capacitor
172 to resistor 174. The latter, in turn, is connected to system ground

t hrough capacitor 176 - 25 - and through resistor 178 to the input of

| evel detec- tor ﬂ:@twe@%t%hob dtSdr;reaf ¥ peranl VR dE e CRicScid®r Of

t he typ&.describe Paten particul arly, the -
preferried RVB 5 g gé’r tt?é &'ﬁﬁca&ﬁlﬁﬁoﬂ (’\)%{Jﬁ |€Flre| ated to.
t he i nst ant aneous aﬁtﬁnfzilelrelafs tilme alispn donentied: khradugh scapqnjttdxy 4%

output of filter gerregtis%ﬁ%ullqgge R Eicat‘:‘l:t&d tr}pt dygusué]grh%é%fl

detector is -pre- tector$ hay He ‘use as an
aver agi ng deﬁecto#hépushp€@ﬁﬁﬁ§9§nlﬂ8 toﬂﬁ?ﬁnﬁ%ﬂﬂtiﬁn(hﬁkxﬁﬁn vesistor

connected to resi 3@’ ahd0 inWtCh:e'r'ﬂ\iHarln 113 %‘Qﬂf&tﬂ% iU HaPRfdd-or 182
to systemground. . Resistor 180 is also onnecteq hrough FESIStf 184 to

the wiper arm of FdOBnbESWeeR rEFdsSters %Q"Q ely

connected to posi capacitor 150, which in turn is connected through
N~ resistor 152 to system ground. The output of
10 amplifier 136 is connected directly to system output
terminal 34 for providing the encoded signal Eout.
'This output terminal is connected to the input ter-
minal 160 of the feedback detection path of the
decoding system, shown in Fig. 7. o
15 - In Fig. 7 input terminal 160 is connected to the
~input of high frequency level preemphasis fxlter 36
"and to the input of the low frequency level shaping
. filter 38. More particularly, terminal 160 is con-
" nected to capacitor 162 of filter 36. Capacitor 162
20 in turn is connected to capacitor 164 which, in turn,
i | is connected to the noninverting input of amplifier
166 and through resistor 168 to system ground. The
output of amplifier 166 is connected directly to its
inverting input and-thrbugh feedback resistor 170 to
- 25 the junction provided between capacitors 162 and 164.
' The output of amplifier 166 is also connected through
capacitor 172 to resistor 174. The latter, in turn,
is connected to system ground through capacitor 176



and negative potehtial sour ces. The'Lunctidh 188. forned by resistor- 180,

" tapacitor 182, and resistor 184 is-connected to control termnal 32 of

“nmodul e 120 of the variable filter 28 shown in Fig. 6. 20 ‘The term nal

- 160 is also connected to the |low fre- quency shaping filter 38 by
,hconnectlng the termnal 160 to capacitor 190, which in turn is connected to-
- reS|§30r 192. The latter is connected through capaci- tor 194 to 'system
~ground and through resistor 196 to 25 the input of level detector 42.

Det ector 42 preferably aIthoughrnﬁZﬁecessarily is identical to detector 40
and therefore preferably is an RVS detec- tor of the type described in U S
Pat ent No. -26- 3,789,143, although the tine constants of detectors 40.
and 42 are set dlfferently fromone another so that detector 40 (provided

Wltﬂ ? Losped e cig:‘orm{@ re&%]hel{fzil tga‘?lgf%gviffg S::]Bgﬁcy
h re guen -

s:gnal enerig%s he%\étt%(%t% Tﬁic}gt ecﬁrcﬁ rfy eﬁe‘f%lr‘%%F%‘Fbr 198u
which in ttes of @b#nmddaunigied:dpadl.tmr Pifled NMystem ground_l_ﬁgdI ter
t hrough resi 2 t e oY

S a;groprlga?gP lélgaseglcttraé 6)@5 |\}gdapn nega %éeofr%t'{e%%g@‘%s wel | known in
the aft. TAEtpEGker provi fao Dée Pubputs diogari tlosi caklpcre bat @90, and
resistor 2@3 theCQh%‘t%hQénh%d'so'WNéﬁfé"&pltt@ é’igg}d?ﬁ‘%@of“d% Filg. 6.

It should b recia t the relative si ve t he '
outputs of2 ge?ggt Ppu kogé{n&%sz%i’%% hed 36et By sheuldgbehe adj ust -
appreciated that while an RMS level detector is pre- .

ferred, other detectors may be used, such as an . . ' - \Jj'
10 averaging detector or a peak detector. The output of
detector 40 is connected to resistor 180, which in
turn is connected through capacitor 182 to system
ground. Resistor 180 is also connected through
- resistor 184 to the wiper arm of potentiometer 186,
15 - the Latter.being'appropriately_connected to positive
and negative potential sources. The junction 188 °
formed by resistor 180, capacitor 182, and resistor _
184 is connected to control terminal 32 of module 120
of the variable filter 28 shown in Fig. 6.
20 The terminal 160 is also connected to the low fre- .
quency shaping filter 38 by connecting the terminal . \
160 to capacitor 190, which in turn is connected to
resistor 192. . The latter is connected through capaci-
tor 194 to system ground and through resistor 196 to
25 the input of level detector 42. Detector 42
- preferably although not necessarily is identical to
detector 40 and therefore preferably is an RMS detec- .
tor of the type described in U.S. Patent No.



ments-of potentionmeters 186 and 204 prior to the use of the system- The
preferred decoding systemis shown in Fig. 8 20 I n conbination wth the
detectjon circuit of Fig. 7. Mre particularly, the input termnal | OA
receives the decoded signal Ei. Termnal |OA is connected to the input

t he i nput buffer and bandpass filter 20A, the latter being identical QU
filter 20 of the encodi ng 25 system and shown in Fig. 6. The output of:
bandpass filter 20A is connected to input 30A of variable filter 28A. Since
the same detection path is used.in the de@éei ng systemas in the encoding
systembut is - 27 - used as a feedforward circuit, the output of 20Ais
connected to the input termnal 160 of the detection path of Fig. 7. The

i nput term nal 30A of filter 28A is connected to a capacitor 220.

Capacitor 220, in % 739;mna, aitaaagQCEﬁé Ehmauabn%%aht%foﬁhae&%h@dvﬁ 490n-

ted tor 222 t tor 226. Resistor 226
Ll n i soconnect cd 431 AR ARRuPeSo41EfekBALLY S5om PR PADEDR 53 BRE cal |

to nmodul'es 24 and d@Bectothéfeipodvidedywiem andasiterckdme poasthdt)

ferably is a- volt gEPSREEr@LFEHBL?%kig QF bhﬁekxg%ogei?rEQQQe %18 hofre—

Pat ent No. 3,789,1 exce 'S Séet fovi an5|on'
by an expan- Bion guesey ﬂhﬁoﬁllQﬂghEYemévﬁscsﬁpBeﬂﬁﬁpkéﬂ &hencd@yr $&on

factor provided by, aasayesi QanehEQ?%5 THETBLE B! ofY AetcRbrFig®s 16 and
7. Thus, in the pre- erra system the nD ul e ﬂSg i, set tqQ provide an

expansi on ratio of endecks uFQ 2961ﬁ59r|}§ eokp in turn is connected
through capacitor 200 to system ground and through

resistor 202 to the wiper arm of potentiometer 204.

10 The latter is appropriately biased by positive and
negative voltages as well known in the art. The junc-
tion 206 formed by resistor 198, capacitor 200, and
resistor 202 is connected to control terminal 26 of
module 24 in Fig. 6. It should be appreciated that

15 the relative signal levels of the outputs of detectors
40 and 42 can be acéurately set by setting the adjust-
ments of potenti6meters 186 and 204 prior to the use
of the system. - :

The preferred decoding system is shown in Fig. 8

20 in combination with the detection circuit of Fig. 7.

s More particularly; the input terminal 10A receives the
decoded signal Ei. Terminal 10A is connected to the
input of the input buffer and bandpass filter 20A, the
latter being identical to filter 20 of the encoding

25 system and shown in Fig. 6. The output of bandpass
filter 20A is connected to input 30A of variable

" filter 28A. Since the same detection path is used in
the decoding system as in the encoding system but is

Z;b(.



terninal - 32A connected to receive the output fron1junct|on 188 of the
f eedf orward detection path circuit 20 I dentical to the circuit shown in

~.Fig. 7.- The output of nobdule 230 is connected to the inverting input of~

anplifier 232, the latter having its noninverting input connected ta system
'grouqf* The output of anplifier 232 is connected through a feedback capaci -
b 234 toits I nverting input, through the series connected resistors
236 and 238 to its inverting-input and through capacitor 240 to the
junction formed by resistors 236-a2m 2£38. The output of anplifier 232 is
- 28 - also connected through resistor 242 to the inverting input of )
anplifier 244, the latter having its nonin- verting input connected to
system ground. The inverting input of anplifier 244 is also coupled to 5

t he out pu fid ter é%?%%éygggl as e n; gonpri si ng
resi storstuf%fé1 52‘4482e f and cgia%)%\-‘\i%tghéz éﬁsﬁg &t %.Ptﬂl c%l arly, the
out put of cﬁﬂ‘le@rteﬁ)ﬁéq Sheynpputedterpingh 162t oF—h24éeF9th@0capaC| t

252, whi C?a‘t‘l‘x ldff Piih, coONNeL0id @Uﬂ@rﬂmai03§X569”fi9ter929b1nd The “
junction f,orned betweenresi stor 6 and, capacitor connect ed t hrough

resi stor é$8q99qﬁﬁ$qqnﬁﬂtqrﬁfQQﬁﬁE°5f§% i ?@?ckﬁﬂf ?i@foﬁ?put of
anpl 5f i er t¥h, 45 ComEEkd tmtmigh headierofsthénparnatlel e6a~stors 254 and =

o 7Ll g e i olde PO LA o B8, BUARMRRRT 1S
formed be@®en mls.atmls 225 mckwss. igheonmegtedotoabhei fnput244 is al so
connect edztz*af wmd&ﬂ@'ﬂﬁ. 26fhe latter is identical to modules o
. 24 and 120 of the encoding system and therefore pre- \J
10 ferably is:ajvbltage contrel- amplifier of the type
. described in U.S. Patent No. 3,789,143, except that
the amplifier is set to provide expansion by an expan-
~ sion factor which is the eract complement of the
compression factor provided by module 120 of the
15 compressor system of Figs. 6 and 7. Thus, in the pre-
- ferred system the module 230 is set to provide'an
expansion ratio of 1:2. Module 230 has its control
terminal 32A connected to receive the output from.
junction 188 of the feedforward detection path circuit
20 identical to the circuit shown in Fig. 7. The output
of module 230 is connected to.the inverting input of W
amplifier 232, the latter having its noninverting
input connected to system ground. The outpﬁt of
amplifier 232 is connected through a feedback capaci-
25 tor 234 to its inverting input, through the series
connected resistors 236 and 238 to its inverting input
and through capacitor 240 to the junction formed by
resistors 236 and 238. The output of amplifier 232 is



to resistor 262, which in turn is connected to the 20 junction between
resistor: 226' and the input termnal 228 of nodule 230. The junction fornmed
by the - 6utput of anplifier 244 and the capacitor 260 forms the out- put 4;
the variable filter which is connected to capa- citor 264. The l|atter,

turn is connected to 25 resistor 266. Resistor 266 is connected to input
ter- m+al 22A of the nodule 24A. Mdule 24A is identical to the gain
control nodule 230 and thus preferably is oItage control anplifier of
the type describedin - - 29 - U S. Paten 8 dnber 3,789,143. Mdul e 24A
is set to provide signal expansion in a conplenentary fashion to the signal
conpressi on provided by module 24 in the encoding systemand preferably at
t he sane expansion 5 rati o as provided by nodule 230, an expansion ratio
of 1:2. Mdul e 24AlEascprnpecsedr Shrovghi nesizgarc@42 rtek:tté!@ tieviewtdinigon

206 of the detecti gppRet BEf afnleQiQQCQQUIUQtﬁéSt:I.Q@t%'}O%v'i Tglects fonie
ouf put sef nodul e 24A°i s coqﬁec ed he .invertin ut - Q

i fier 10
268, the latter haVPRELPEs BHlnFBPPPﬁ§e§n§8ts¥ %mh coupd-g gﬁg%en1ground.
The out put of anpl ihvettiﬁa iapaenotcamplilfiergi244cddbadiso cvupled Z:HJ to

output of angpi 1 oFndagutBhny 82 FRRRRE' Aha” Cholr ne Lo Hads) AR snct
term nal 34A for ptoondcoyprﬁeidgccésds&bgsamdﬁo 248y mdni25® tamda capa-~
description of theg QQSEabFQ” MBPEESQQQQEGQaQE de %@gk@gQENPE&m%if%er

program signal Ein 1S app rnput ter
204 is connected through resistor 246 to the capacitor

252, which in turn is connected through 250 to system
10 ground. The junction formed béﬁweenﬂresistor 246 and
capacitor 252 is connected through resistor 248 to the
inverting input of-amplifier 244. The output of |
amplifier 244 is connected through the series con- .
nected resistors 254 and 256 to the inverting input of
15 the amplifier. The output of the amplifier 244 is
also connected through capacitor 258 to the junction
formed between resistors 254 and 256. The output of
amplifier 244 is also connected through capacitor 260
to resistor 262, which in turn is connected to the
_ 20 Jjunction between resistor 226 and the input terminal
o _ 228 of module 230. The junction formed by the output
of amplifier 244 and the capacitor 260 forms the out-
put of the variable filter which is connected to capa-
citor 264. The latter, in turn is connected to
25 resistor 266. Resistor 266 is connected to input ter-
minal 22A of the module 24A. Module 24A is identical
to the gain control module 230 and thus preferably is
a voltage control amplifier of the type described in

St



20 . desired to either transmit or record the signal through a dynan{cally

- limted frequency dependent. channel w ndow such as shown in Fig. 1. Wth

“ gain control nmodul e 24 set to provide signal conpression at a ratio of 2:1
: andlygrjable filter 28 providing 25 preenphasis at a conpression ratio of
- 2:1,"the systemcan be used to record a 100 dB program signal on a cassette
tape having a frequency response sinmlar to the one shown in Fig." 1 w thout
~distortion. The input -30- signal Einis first filtered by filter 20
and then applied to the input ter29mal 22 of the gain control nodule 24.
The entire signal energy within the band- wdth of interest is passed by
filter 20 and is' 5 - conpressed by nodule 24 in response to the control
signal applied fromjunction 206 of Fig. 7. The conpression occurs at a

conpr essigQs.f @t_ait.gwi rﬁin_ibé.r’lf t'i1h.1é|9,ﬂflj'n*inageﬁéedm_nihhefai gsal by rm_dulle 24
Var NG S R A B e enehSoR FakpiBh: a7, 1 70
anpl i fi erthet ajigynalo\capk égs bom| pfoveidédbpnodppei 2d to the variable e
 Funct § on SHECRhe aysen Mdd pRu P 868y T8y SR el BEBRHRIAR.S T, 2
pr ednphadiat i |asPw ided ey deedale 0230 at anoexprgsion ragdoamsunt of d
preenphagi:a W IModifile/ 24n Nid Pryeyohtpdbl WepPmihg1desacked-hi gh frequency
CTET 0 | e, T L 30 Ao b oknd HSRSEe|hpRER Bh,7RRY° the moioe 20
: - decoding system shown in Fig. 7. The output of module o~
~ 24A is connected to the inverting input of amplifier ~
10 268, the latter having its noninverting input con-
nected'to'system ground. The output of amplifier 268
is connected through feedback resistor 270 to its
inverting input and through capacitor 272 to its
inverting input. - The output of amplifier 268 forms
15 the output of the decoding system at terminal 34A for
providing the decoded signal Eo. ] - '
_' Now turning to a description of the operation of
the encoding and decoding systems, a p:ogfam signal
Ein is applied to the-input terminal 10 when it is
20 desired to either transmit or record the signal _
through a dynamically limited frequency dependent - | ;\)
channel window such as shown in Fig. 1. With gain |
control module 24 set to provide signal compression at
_ a ratio of 2:1 and variable filter 28 providing
25 preemphasis at a compression ratio of 2:1, the system
'can be used to record a 100 dB program signal on a
_cassette tape having a frequency response similar to
the one shown in Fig. 1 without distortion. The input v



det ected high frequency energy be high, at or near or above the maxi num
signal, l'evel ‘of the channel, the nodule will actually duck the high
frequency portion of the the signal transmtted through the filter bel ow 25
t he maxi num signal |evel of the channel to insure that the signal stays
within the chapnel |limts defined by the channel wi ndow. The foregoing i
acconpl i shed since | ow frequency information (preferably bel ow about

-31- 800 Hz) is prevented frombeing tragutted to the nodule 120 but
instead is transmtted around it through anplifier 136. |In particular,
only high frequency energy (preferably beginning at about 800 Hz) tends to
5 be transmtted to nodul e 120 due to capacitors 110 and 144. As a

result, nodule 120 | i n_on.the fr ency, of the
signal above the ﬁI@ iﬁé'ﬂ%ﬁj%f‘fs &échf&f@fgg? atg‘gtﬁe%(ﬂﬂ?iza 4a tted to
i nput term nal 11&ppzhelde to rode dnputs tersdingdll 122 HE tHe Idaim cdmatxsqnbct rum
bel ow about 800Hz I n | f nctlo of & signa
provi ded at cont r 31° dtermg"’a4al #fro%%]q'uncstl%@a 'f%tt}’eid?eﬁgﬁ c%ﬂ{’d'g
circuit of Fig. 7width ofprintietestard sagéissed chyalfldd:qzr fsiand dfs t*he hi gh
frequency poisti on Rinpllssdd® By AL DA ArfYeklingt [ I h lcdiitd R 2 L 1O
on

pro- vide the necessar pree hasis. Since the trol S|gnal %Fp led to

control term nal @rﬂR;éGdf £&59m IMngt iane 20 QE Fd@ «o 17 «of

i nformation si gnaboh@wgiurxe%&aﬁ&%u&ft e AP sibaS Yt R ATLER Of

??qughgc Laggggnﬁ% P np %ﬁﬁéss%a”%&Ft %F%T%ﬂ%l ﬂ;iﬁﬂghle 2J1é§réfﬁafngh

in accordance with the level provided at control ter-
10 minal 26 from level detector 42. The compressed
signal is then applied through the amplifier stage
provided by amplifier 104 and applied to the variable
control filter 28. The latter provides an amount of
. preemphasis as a function of the signal energy
15. detected by the high frequency level preemphasis
filter 36 of the detection path of Fig. 7.. The
- amount of preemphasis will vary in such a way'that
when the detected high freéuency energy is low the
_ module will actually boost this energy above the noise
20 floor of the channel. On the other hand, should the
- . detected high frequency energy be high, at or near or
above the maximum signal level of tﬁe'channel, the
module will actually duck the high frequency portion
of the the signal transmitted through the filter below
25 the maximum signal level of the channel to insure that
the signal stays within the channel limits defined by
the channel window. The foregoing is accomplished
since low frequency information (preferably below about



conpression of the high frequency energy is essen- tially added
conpressi on provided by module 24 so that (1) a greater conpress

“in théﬁhlgh 25 frequency region, i.e., 4:1 conpression ratio,

| ow frequency region where a conpression ratio of 2:1 is provide
~the conpression ratio snmoothly varies inbetween these frequency
~ -32- accordance with techniques well known in the art preenphasi
effect of anplifying (or increggng) the high frequency portion
program signals having | ow energy in their high frequency 5 r
whil e attenuating or ducking (or decreasing) the high frequency
a progran1signals havi ng high energy in their high frequency reg

has theg ﬁéfi?ﬁ Bg%éh@gﬂ'ef%ﬁnﬁé% Eggn%%‘é‘éﬁcléoo%e tions

program signals to brin he noise flo
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be appr 4a1§?e %a}eéggtouﬁggﬁlélgaalgﬁé %ggﬁkng S%ﬂied at terninal

160 of e d i on Where requency
separ athighhyffequency moahuocsof hhexﬁiqgn&l abquev&hel pre-to the

i nst ant gy EMorel HreQiehbf SE! ABbuL 800HZ transmitted to
input terminal 118, while similtaneously sllghtly
10 tilting the spectrum below about 800Hz. The gaih'
impressed is a function of the control signal provided -
at control terminal 32 from junction 188 from the
detection circuit of_éig. 7. This provides an addi—
tional compression of the high'frequeney portion of
15 the signal preferably at a ratio of up to 2:1 to pro-
vide the necessary preemphasis. Since the control
signal applied to control terminal 32 is derived from
a high ffequency region of the information signal
transmitted through the encoding system, the amount of
20 high frequency preemphasis is more accurately a func-
tion of the high frequency energy present. This
compression of the high frequency energy is essen-
" tially added to the compression provided by module 24
so that (1) a greater compression occurs in the high
25 frequency region, i.e., 4:1 compression ratio, than in
the low frequency region where a compression ratio of
2:1 is provided, and (2) the compression ratio
smoothly varies inbetween these frequency regions. 1In
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each of the filters 36 and 38 are subsequently pro- vided by the preferred
| evel .détectors 40 and 42. The 25 out put provided by detector 40 is
applied to the junc- tion 188 where it is subsequently provided to control
term nal 32 of the encoding system Simlarly, a DC output of detector 42 °

preferably representative of the - 33 - instantaneous RMS val ue of the
output of .filter 38 is applied to the control termnal 26 of nodule 24. It ~
shoul d be appreciated that by u5|ng a cg itrol signal proportional to the 40
anount of high frequency signal gy, maxi mum use of the dynam c

wi dt h of the chan- nel may be substantlally obt ai ned. Wen decoding the
encoded signal Ei received fromthe transmtting or recordi ng channel, the
decodi ng system functions in a conplenentary nanner to that of 10 t he :
encodi ng syst emaerendrnce ovi et techn bguepceribll kngwrl inothe santiginal form

(Bm. prior to grémbiisidtiss Pd | ekt Yor Ao PREPERY pognal EI upon
recep- ¢#o0on or o} Iayback IS aﬁgile to the input ternmnal 10A. The filter
“infress g §

20A wi Il renove EequUeRE Y\ POF £ 1PR\RE t%&%ﬁ]’éﬁﬂ‘dt h of
t he ‘program si grwdgdmis)rtﬁa\bmqlgl@@péneﬂgy Oui hﬂxenpmlcjmfrté@xhe
variabl e flémer 28A V'arvlwa,lbie ftl__| l:n$ ?a/]fsg‘ies t he eé\co ed. S|gnal
i n a conpl enent a?_?g’f%%%er kf T Eﬁ%‘é %l% p ko 3 &‘El'fl %J F#2S b’h%’odl ng
process. 20 Nbr$hmrhiqiul%n&guen¢w poxhidn coffiencyr @oramn osighalschantaged
G- reavency pert o Bt b St T Rt e B IR fCary
rati o he effect of boostlng low energy high frequency por-
A tions of the program signals to bring these portions
10  above the noise floor of the channel, while ducking
' the high energy high frequency portions signals to .
bring them below the maximum signal level of the chan-
nel. The encoded signal which is compressed and
preemphasized is thus provided at output terminal 34
15 where it can be subsequently transm1tted or recorded
in the frequency dependent channel such as the one
shown in Fig. 1. '
It should be apprec1ated that the output szgnal at
terminal 34 is sensed at terminal 160 of the detection
20 'path where the high and low .frequency regions are
S sepafated by filters 36 and 38. A DC signal equiva-
lent to the instantaneous RMS value on the output of
each of.the filters 36 and 38 are subsequently pro-
vided by the preferred level detectors 40 and 42. The
25 output provided by detector 40 is applied to the junc-
 tion 188 where it is subsequently provided to control
terminal 32 of the encoding system. Similarly, a DC
- output of detector 42 preferably representative of the



- as Lhe conpression ratio of the nodule 120. Thus, in 25 the preferred

'.enbodinent, the high frequency portion of the signal is essentially - s
expanded at a nmaxi mum 1:2 expansion ratio. The amount of gain inpressed on
this portion of the signal varies in accordance with the - 34 - contro

- signgli{applied to the control term nal 32A provided fromjunction 188 of
. the level detection path shown in Fig. 7. The capacitors 220 and 260 wil |
* prevent the | ow frequency portions of the signal from5 being applied to
the input term nal 228 of the nodwd® 230. This | ow frequency signal. energy

is directed through anplifier 244. The output of the filter is applied to
the input term nal 22A of nmodul e 24A, which in turn expands the entire
signal again at a conple- 10 mentary ratio to t'he conpression ratio

provi ded Qhét%t@déﬂd@'nﬁ@%ﬁx@”opftﬂ@eom'aﬁ Bystem 98 £k9. 6. In the
preferred egﬁgdrngﬁé nodul e 24 t hus e ¥ﬁg§€ nal _at the 1:2
|

expansi on e £9 KREBIA 2 2he ehtire spectysum .
of 15 t shoudalWedtdpptiedidtddthats byhuss nd LEICécb@ﬂr@i ér@nspntrol si gnal

applied to_ the t.ermsn fronr uncg, n Fi g. The out put of
‘modul e 24RTPPOESIORA f“rﬁcﬁ% ?f}?{e?% Zé'ée?%e‘?ﬂé %’cﬁ‘b‘?ﬂ‘ 34A where the
out'pbt si grnelrgEzQ maxtﬂumnr erswraﬁ tshegrdynﬁnm Midtvrofi thae | ghappl i ed to

i nput ter g éo é%yg £iRed! should be appreci ated that the
partrcular enco eco |ng systens can be specrfrcallz tarlored to be
ro

~used with a pHheinc e&Od%strhq tenRpdnd signal Ei received
the transmittxng or recording channel, the decoding

system functions in a complementary manner to that of
10 the encodxng system in order to restore .Lne decoded.

;J

signal to its original form (Ein), prior to encoding.
More particularly, the encoded signal Ei upon recep-
" tion or'on_playback is applied to the input terminal

10A. The filter 20A will remove any extraneous noise

15 below or above the bandwidth of the program signal

' before being applied to the input terminal 30A of
variable filter 28A. Variable filter 28A deemphasizes
the encoded signal in a complementary manner to the
preemphasis provided during the encoding process.

20 More particularly, the high frequency portion of the
encoded signal is transmitted to the input terminal

O

228 of the module 230. The high frequency portion of
the signal'is thus expanded at the complementary ratio
as the compression ratio of the module 120. Thus, in
25 the preferred embodiment, the hiéh frequency portion
~of the signal is essentially'expanded at a maximum 1:2
expansion'ratio. The amount of gain impressed on this
portion'of the'signal varies in accordance with the



25 recordi ng channel . Wer e t he systemis designed to be used with a
cassette tape having the type of frequency response showmn in Fig. 1, the .

various ‘resi stors and capacitors referred to in Figs. 6-8 have the _ ~
following - - 35 - values as shown in Table |I. TABLE | El enent - 438
~Value C100 =~ ' | uf 5 R102 S 33K .
Cl106 .- | OOpf R108 : 33K A IO . ' | Onf
R112 - + 2000K 10 Cl14 ' | nf R116
10K R124 - - 142K C126 ' . | oopf C128
330pf 15 . RI130 = 34 - 150Kk R132 22K
R134 200K R138 ' - 2000K R140 10K
20 Cl42 -I'nf Cl44 22uf R146
| ooK R148 | ooK C150 ' - 3.3nf 25 -
R152 N cont;cm<signal applied to the control terminal 32A

3 o provided from junction 188 of the level detection path

shown in FPig. 7. The capacitors 220 and 260 will
_ prevent the low frequency portions of the signal from
5 being applied to the input terminal 228 of the module
+230. This low frequency signal energy is directed
_ through amplifier 244. The output of the filter is
S _ - applied to the input terminal 22A of module 24A, which
 in turn éxgands the entire signal again at a comple-
10 mentary ratio to the compression ratio provided by the
original module 24 of the encoding system of Fig. 6.
In the preferred embodiment module 24A thus expands
the signal at the 1:2 expansion ratio., The gain -
impressed on the signal over the entire spectrum of
15 the bandwidth of interest is thus-a function of the
- ¢control signal applied to the terminal 26A from junc-
- tion 206 of Fig. 7. The output of module 24A is
applied through the amplifier 268 to the output 34A
where the output signal Eo is the restored signal Ein
20 originally applied to input terminal 10 of the
encodlng systen.

It should be appreciated that the particular
encoding and decoding systems can be specifically
tailored to be used with a particular transmitting or

- 25 recording channel. Where the system is designed to be
| used with a cassette tape having the type of frequency
= response shown in Fig. 1, the various resistors and

' capaciﬁcrs referred to in Figs. 6-8 have the followind5



Cl62

* 220K

18K C17
C176. "
Cc182

~ SOK C19
| Onf 15
C200

20

| nf R22
R236

10

15

20

25

- 330pf Cl64
-36- TABLE | (cont.) Elenent

%&% 6.8nf . 5
6. 8nf R178
: O luf 10
0 _ O luf R192
. R196 - 35 -
O luf R202
C220 .
6 10K C234

values as sho%%Kilﬁz%.‘%ble I.

TABLE I

Element
C100
R102
C106
‘R108 -
Cll0
R112
Cl14
R116
R124
C126
Cc128
R130
R132

" R134
R138
R140
Cl142
" Cl44
R146
R148

. €150
R152
C1l62
Cl64
R168

330pf R168
Val ue R170
R174
2. 7K R180
R184 :
8. 2K C194
8. 2K R198
| OOK R204 -

1 Onf R222

| Opf 25
120K

Value
luf
33K
100pf£
33K
-10nf -
2000K
1nf -
10K
142K
100pf
330pf
120K
22K
200K
2000K
10K
inf
22uf
100K
100K
3.3nf
2.7K
330pf
330pf
220K

2. 7K
1K

| 00K R186

1K

SOK
2000K C224

-



c240 330pf R242 . - 142K R246 | 00K

51 -37- TABLE | (cont.) R248 , | OOK R250 2. 7K
c252 - 3.3nf -5 R254 2000K

R256 - . 10K C258 ' | nf C260 : 22uf ..
R262 - 200K 10 - 264 - - luf R266 QU
33K R270 T 33K C272 | oopf 15 | wherein the

prefix R and C designate respectively~3ghe resistor and capicitor to which
the particular nuneral refers to; uf refers to mcrofarads; nf refers to
nanof arads; pf refers to picofarads; and K refers to kilohns. Wth these
particul ar values the fre- 20 quency response of high frequency filter 36
for both the encodi ng system and ecodi systemw || resenble the
response shown in Fig. 9, while t4 #~esponse of | ow frequency
filter 38 for both the encodebememtl decodi ng sysyakieos will resenble the

response: shown in Fig. 10. Tgf7gndules 24 and 24ggwi || not provide any
preenphasi s '

=3
L4

Ccl172 6.8nf
. 5 - R174 2.7K
' Cc176 6.8nf
R178 2.7K
: R180 | 1K
. . : c182 0.luf
10 | R184 100K
R186 . 50K
Cc190 ' 0.1luf
R192 8.2K
. C194 _ 10nf
- ~  R198 - o 1K
C200 0.luf"
R202 : 100K
_ R204 50K
. - R222 2000K
~ 1nf
c224 n
R226 10K
Cc234 ' 100pf
25 : R236 - o 22K
- R238 ' - 120K
C240 330pf

- : R242 142K
' - R246 100K



or deenphasis. However, the nodules 120 and 230 will provide the respective
- preenphasi s and deenphasis in the high frequency band from about 800Hz to
20Khz. 52 - 38 - The preenphasis frequency characteristics of variable
filter 28 of the encoding systemw || provide a slightly variable tilting
‘response up to about 800Hz as shown in Fig. 11. The maxi mum boost provi ded
~during 5 the encoding process will be at a rate of +12dB/octave
(positive indicating anplificatizga) and a maxi num duck or suppression at a
rate of about -6dB/octave (negative indicating attenuation). The deemhasis
frequency characteristics of the variable filter 28A 10 wll provide the
exact conplenent of that provided by filter 28. Thus, during the decodi ng
- process the maxi mum boost ﬁ !! EE Et atrgte .of +6dB/ octave and a maxi nmum
duck will be at a rate of _ —&he present invention thus _
descri bed provi des a IR248 noi se reducti onl@®8odi ng and decoding filter
systemin which the a ve signal weighyispg is acconplished in a manggr
which is a function of e energy levels 1n_the high frequency portion of s
the transnmitting si gnd23% ovi ding. a nore 3e38fate preenphasis to make
betgt er 20 use of thegjggg@nsnitting or reggggkng channel. The -
~control -function of the égsten1providing f8 ression or expansion over the =
entire bandw dth of tH# gnal of interest™Ts derived fromthe ratio of the
energy levels in substcegg al |y one portiobnff. the spectrum 25 so as to
provi de overall bammMégghconpression andgs ¢ '

| R262 200K 2 o
10 ) _ C264 o luf
R266 . 33K
R270 33k
c272 ~100pf
15 - wherein the prefix R and C designate respectively,

the resistor and.capicitor to which the particular
numeral refers to; uf refers to microfarads; nf refers
to nanofarads; pf refers to picofarads; and K refers
to kilohms. With these particular values the fre-

20 quéncy response of high frequency-filter 36 for both
the encoding system and the decoding system will : L
resemble the response shown in Fig. 9, while the '
frequency response of low frequency filter 38
for both the encoding and decoding systems

25 will resemble the response shown in Fig. 10. The
modules 24 and 24A will not provide any preemphasis . .
or deemphasis. However, the modules 120 and 230
will provide the respective preemphasis and deemphasis
in the.high frequency band from about 800Hz to 20Khz.



expan5|on The preenphasi s of the high frequency por- tion of t he S|gn352
provi ged. durlng encoding is pri- marily above 800Hz for recording on audio

cassette - 39 - tape where nost of the noise resides. It should be “
appreci ated that various changes may be made in the encodi ng and decoding
systens shown without departing fromthe scope of the invention. 5 For

exanple whil e the encoding systemof Fig. 4 and the portion shown in Fig.

6 i s di'sclosed as: having the filter 20, gain control nodule 24 and variable
filter 28 connected in seriatim it shom&j*maappreC|ated that the
connection of the nodule 24 and filter 28 can 10 be reversed. S|n1larly,
al t hough the decoding systemof Fig. 5 and the portion shown in Fig. 8.is
di scl osed as having the filter 20A, variable filter 28A and gain control

nodul e 24A CO““Qﬁbeﬁrb@ %b%@'Erddﬁ%1E§‘dﬁhé%ﬁ%é%ﬁ%dﬁ&%“df?VH¥£EKR$W
connected in a rgverse 1 nanner . S W%Y sin Ie system coul d be
£ hg Eysrean gl

byj It tg:sel ect dteredboé &he Gé'&?@é- tthhe sane order
of connection feu.it;he:lﬁﬁ hrta&rlawde nidwing e sponsdl i ubsaﬁdnhmmtch

for connecting the the fil s _36 and 8 t u er-
v Chinar of t A8 S8R A B % dda #Smt mok Al ﬁ@msc%(t’s'?%‘fe £ 48

_the systenﬁlnputheeencndhngn@rpﬁpsshulﬂdpmw1aawaltﬂteﬁoﬁt*iZQB#anwmmn
.decodi ng the inf ﬁb@i&h% i'n@ri@atri‘ﬁ%e' g.giﬁtiéataomstm R i 40 . 25

Since certain other changes may resent invention mnt out
departing fron]pﬁesgpppgsgﬁon at a rate of about -GdB/octave
x*x - {negative indicating attenuation). The deemphasis
-frequency characteristics of the variable filter 28A
10 will provide the exact comple%eﬁt of that prbvided by
'filter 28. Thus, during the'décoding process the
maximum boost will be at a rate of +6dB/octave and a
maximum duck will be at a rate of -12dB/octave.
The present invention thus described provides a
15 noise reduction encoding and-decoding filter system in
which the adaptive signal weighting is accomplished in
a manner which is a function of the energy'levels in
the high frequency portion of the transmitting signal
~providing a more accurate preemphasis to make better
20 use of the transmitting or recording channel. The
K*J control “function of the system providing compression
or expansion over the entire bandwidth of the signal
of interest is derived from the ratio of the energy
levels in substantially one portion of the spectrum
25 so as to provide overall bandwidth compression and
expansion. The preemphasis of the high frequency por-

tion of the signal provided during encoding is pri-
marily above 800Hz for recording on audio cassette



the invéention herein involved, it is intended that all matter contained in

~ t-he above description or shown in - 40 - the acconpanyi ng draw ng, shal
*-be_ing%gpreted in as illustrative and not a limting sense. - 41 -
CLAI : An adaptive signal weighting system including a signal path

far transmtting an electrical information signal of a predeterm ned
bandw dt h through said system said systemfurther conprising: 5° .
filter means disposed in said signal path for varying the gain inpressed an
the portion of said informati on~si¥§nal within a first select spectral
region within said predeterm ned bandwi dth by a first variable gain factor,
said first variable gain factor varying in response to and as a function of
a first control signal; 10 means for generating said first contro
si gnal i ntapepwhetet mogtdofn thec noidencesdides.t he absol ute val ue of the

si gnal ener gyyef Ligl BEO ' QN it CeTeT Tt spectral |
region incl ud?;ggsgtahggagtE gﬁggka%ﬁg]?e?;?zlé\af‘q tr‘{c,yt‘:llsf%st'sact spe%?rngﬁregi on;éai n
control nkendadepdnchenesgrdisggaad deceddng Bystems,shawno said filter

means forwyehghBodepartiagalfrom thie RicopRe GOt fthveHtoldms i on signal
subsfantiglly throyghou aig predet er.m ned andmﬁ_hp,by second vari abl e .
gai n°f act bPE §§Pﬂpigwﬂhij‘§rl bs encoding, 85 %ﬁgd g9 fe@‘ﬁ%nse to-and as
a functi othef partéonnghownt ial Figgn# isadistflosed as hawimgy the generating
;aid secogglgggtﬁaL EEQHaEOBQrEﬂ§H&Gﬂie 24 and Variable filter
' 28 connected in seriatim, it should be appreciated
that the connection of the module 24 and filter 28 can e
10 be reversed. Similarly, although the decoding-system -
of Fig. 5 and the portion shown in Fig.,a is disclosed
as having the filter 20A, variable filter 28A and gain
control module 24A connected in seriatim, the filter .
28A and module 24A can be connected in a réﬁezse -
15 manner. 1In this way a single system could be built to
selectively encode and decode a siénal by providing
the same order of connection for the filter and module
and providing a selection switch for connecting the
inputs of the filters 36 and 38 to (1) the output ter-
20 minal of the system when encoding the information
signal received at the system input terminal and (2) ;‘J
the input terminal of the system when decoding the
information signal received at the-system input ter-
minal. o _ : :
25 '~ Since certain other changes may be made in the
present invention without departing from the scope of
the invention herein involved, it is intended that all
matter contained in the above description or shown in



to and as.a function of the signal- energy of said |nfornat|on si gnal
substantially within a third sel ect spectral region within said
predepernlned bandwi dt h. 25 2. A system according to claiml1, mhereln
sai d-neans -for generating said second control- signal includes nmeans for”,
detecting the signal energy of said information signal bel ow about 5 Kk554
3. A systém according to claiml1, wherein said filter neans 30

includes neans for varying the first variable gain factor inpressed on said
portion of said information signal so thkaggsaid first variable gain factor
varies fromanplification for si gnal s havi ng relatively high energy within
sai d second select spectral region to attenuation for signals having
relatively low energy 35 within said second sel ect spectral region. -
42 - 4. A sysg Q.S n

i ncludes frequenc %}%%??ﬁ?égfxﬁﬁ akans %6r§ﬂg§f g thg?hLE Fgﬁ %F sai d
i nf ormatjon sign lbwﬁhlmtéﬁﬁdamﬂrBOtsélbé@igﬁastﬁanseeglon and for |
generatlng athird signal representative of said 5 portion, and second
gain contrcl neans coupled t.o said frequency discrimnation nmeans for
varying the gain inpressed on said third signal in response to and as a

function of said first control signal. 10 5. A system according to
claim4, wherein said frequency discrimnation means senses signal energy
of said information signal above about 800 Hz. 6. . A system accordi ng

to claimb5, wherein said neans for 15 generating said first contro
signal includes sensor nmeans for sensing the signal energy of said

i nf\a¥mat i on si gnal above about 2 K Hz and neans coupled to said sensor
means for generating said first control signal only in response to and in
accor dance mnth - L



the signal energy of said m,fg,r_ma.u_an—-skgﬁak—a'bove about 2 K Hz. 20 7.
A system according to claim4, wherein m g‘(Qrst and second gai n contr ol

nmeans each conprises a vol taﬁm“m“‘ “ i er : A system
accor di ng to claim7, wherei lifiers |s set for si:gnal
conpr &5i on at substantlal ly the® sarre corrpre55| on ratio. 9. A system
according to claim7, wherein each of said 30 arrpllflers Is set for signal
‘expansion at substantially the same expansion ratio. 10. A system
according to claim1l, wherein safd Treans for generating said first control
signal includes fi rst det ecti ony 3pug Means for detecting said signal energy
of said.information signal wit m"n—sal d second spectral region, and said

means forl-genefatadagtive sigmel waightingesvstams dmelwlingi g saanalncl udes second

det ect i Opalle TS iﬁhsnﬁlﬂtgﬁg idﬂlg?ﬁe't::tﬁiéélgﬂaﬁorﬁélﬁcﬁki&aﬁadfda| nf or i on o i gnal
W I N sal I r sel ec e Ira stem accor n
F ol o e rineR oo B Bt dlon Sl SSietine pald syatam TR B Ch ool udgn

nmeans forcogerieiagd ng a D. C. signal as a function of the correspondi ng signal

ener gy. detect @¢h+olOneans J;%pgseab‘iﬁyééiﬂr%iagﬁﬁ L,,j:;g,.-c,tro\&%ggyagt 11, wher e| n each

said neans for generatin es an ector A
syst em ad®8refingimrsessesd Ay lthevﬂ'FE"Fé‘P"h of j9aldr 1-'Pft°€?‘5“i4§ar%igﬂﬂ%lhﬁa'é§" rreans f or

_varying taheifgtr séle\terspabtfalgaeﬁnhaaim&n Idnid pretlﬂﬂal"xﬁsﬁﬁﬂbﬂrlihuﬁatrd porti Onf of
o SRR Nafthes it PR, Sl St Yo BRB G ofRg T vl rom
second varying in response to and as a function of a first cuntrol signal' _ .
10 means for generating said first control signal in response to ~
and in :accordance wifn the absolute value of the signal energy of said
information signal within a second select spectral region
including at least a gart of said first select spectral region;
gain control means, disposed in said signal path and
15  coupled to said filter means,for varying the signal gain iﬁpressed
‘on said information signal substantially throughout said predetermined -
bandwidth by a second variable gain factor, said second variable
gain factor varying in response to and as a function of a second
control signal; and _
20 means for generating said second control signal in response
to and as a function of the signal energy of said information
signal substantiaslly within a third select spectral region within

said predetermined banduidth.

25 2, A system according to claim 1, wherein said means for
generating said second control signal includes means for detecting
the signal energy of said information signal below about 5 KHz.

3. A system according to claim 1, wherein said filter means.
30 includes means for vérying the first variable gain factor
impressed on said portion of said information signal so that said
first variable gain factor varies from amplification for signals
haviﬁg relatively high energy within said second select spectral
region to attenuatlnn for signals having relatively low energy
35 within said second select spectral region.



sel ect spectral
relati,vely |l ow energy |evels within said second Sel'ect” 20 spectra

region.. 14

ion.. 14. A systemaccording to ] B said first. vari- able
gain factor-varies froma maxi num of HMﬁmlmﬁm - 6dB/ octave. 25 15.-
A system for encoding an electrical ihfo¥mdti on signal of -a predeterm ned
bandwi dth so that said information signa

region to anplification of | ow energy signals having

through. a dynamically-limted, frequency dependent channel having a
narrower dynam cally- 30 limted portisn in a first spectral region
than in at least one other spectral region of said predeterm ned

bandwi t h, sai d systigm compéqs&bagaccbmub f#EaNAm 0 LheEARVEdE Sﬂt@lr'n%faﬁé mati on

signal; a signa

tra 1-on |l ed to sai ut npeans for
S e sei o oal o TRl aeOhe By hac® ReRar e s o P araaig Fortten

44 ~ out put nmehsaicbipfordationssigual ngtihineaits flivtosglecs aspgesragnal

transmiissi on path iRyl \Gkraphidosn] GhIRL LOh=5! ARRLedtaENROde LY 01

system gal n control neans, coup to sal

signal gain i

coupled to

pr e SEEHLBh ang aeqqﬁ'fiosa%at FH Y @ﬁws soupled %Bé’cdaﬁf?r%’ﬁf‘?‘!

t hr oughout sai d preides i Aatied rha%ﬁelwroét&brys@g dh§lgﬁlﬁ|inﬂﬂéﬁﬂﬂadd/éé‘ﬂb’ in
response to and as,a functio
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second vari abl e ga&iontdadq) signadm the portion of -said information signal
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5. A system according to claim 4, wherein said frequency
discrimination means senses 31gna1 energy of said information
signax above about 800 Hz.

6. A system according to claim 5, wherein said means for
generating said first control signal includes sensar means for
sensing the signal energy of said information signal above about
2 K Hz and méans coupled to said sensor means for generating said
first :nhtrbl signsl only in Tespanse to and in accordance with
the signal énargy of said information signal above about 2 K Hz,

7. A system according to claim &, wherein said first and
second gain contrul means each comprises a vnltaue :ontrol
ampllfler.

8. A system according to claim 7, wherein each of said
amplifiers is set for signal compression at substantially the
same compression ratio. ' '

- 9. A system acccrdlng to claim 7, wherein each of said

amp11f1ers is set for signal expan51un at substantially the
same expansion ratio.

10, A system according to claim 1, wherein said means for

generéting said first control signal includes first detection
means for detecting said signal energy of said information signal
within said second spectrasl region, and said means for generating

can be recorded on or transmtted

for varying the

56



said first spectral region so as to preenphasize said portlon W th respect

to the remaining portions of said informatTonm sigmat, sard second varlable
gain ﬁﬁyylng in response to and as a fun control signal
nmeans f'or generating said first control ; ﬂglﬂ m g&EEﬂ e to and as a

- function of the signal energy of said in = substantially

within a second spectral region of said predeterm ned bandw th; and neans

for generating said second control $|gnal only 20 in response to and in

accordance with the signal enerqgy 8 said information signal within a third

spectral regi og,94 s@g?,ghr gg,?%ﬁie%@‘gfqn?gl%y %; H’Wét@g{:ﬂﬂ 'g']; Ieast a part

of said first spectr Jé%stemaccor ng to claim15,
wher ei n sai d né8R<etestiganiais: sigal snerar ofneriso hfasmatiognaignahcl udes neans
for detecting whthid gaidl teDRr g¥leeht SFHcdraNiegigyl.i on signal bel ow about 5K
Hz. 30 17. A system according to claim15, wherein said filter nmeans
includes frequency discrimnation means for detecting said portion of Said )
i nformation si dhal Busstemtdcebtdingi tdichabmill, fwheseirs peid Eitst egd on gngs or 1t
eneratin at P secon
g 45 ’ -Bé&?ﬁpg%%%#%‘?ﬁéﬁﬁgB%%L6ﬁeﬂﬂ%g§§%ﬁaggﬁeguenc ngCFIﬁ]ﬂ&thﬂ
ireans for varyPndr& AEONgdi 38 ianduncdden @f thg gornespendingreiignah engegonse to and «
as a function détesged. first control signal. 5 18. A system according to
claim 17, wherein said first

10 12. A system according to clalm 11, wherein each said means _
for generating a D.C. signal 1nc1udes an RMS detector. | o

13. A system according to claim 1, wherein said filter means
includes means for varying the first variable gain factdr

15  impressed on said portion of said information signal so that
said first variable gain factor varies from attenuation for
signals having relatively high energy levels within said second
select spectral region to amplification of low energy signals
-having relatively low energy levels within said second select

20 spectral region.

14. A system according to claim 13, wherein said first vari-
able gain factor varies from a maximum of + 12dB/cctave :
to -6dB/octave. . _ -
25 | |
15. A system for encoding an electrical information signal
of a predetermined bandwidth so that said ihformatibn signal
can be recorded on or transmltted through a dynamlcally-llmlted,
Irequency dependent channel hav1ng a narrower dynamically-
30 limited portion in a first spectral region than in at least
one other spectral region of said pre-stermined bandwith,said
system comprising: | _
- input means for receiving said information signal;
a signal transmission path, coupled to said input means,
35 - for transm1551ng said 1nformat10n signal recelved at said
input means; '
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is set for signal conpression at subst ane conpression ratio.
20. ‘A system according to claim1l \W%\! onpression 15 ratio
Is 2:1. 21. A systemaccording to c + wherein said neans for
generatlng said first control signal includes first detection means for
detecting said signal energy of said information 20 signal within said
second spectral region and sai d neans- f oréfgenerati ng sai d second control
S|gnal I ncl udes a second det on_means detect.dn id energy
of said information signal W%H# gy c?°t"ﬁi‘“1"{1 5@?5 15"’9?2'5 B%%hg%'%h

system accordi ng to cl ssignall,trahamiesions path for Progiding esdddinformaiipon means
each includes neans forg %ﬁgfciété d@d@gc‘saﬁ' m@sS a function. of the

correspendi ng signal ene tect A system according to
cl.ai m 225 wherei n each sai cB*ﬁﬁa‘FEﬂtFB* mgaRtr SPYRIgd At esidspignal RafoL UEREs an .

RVE detector. 24. A syyeny A6 @ighald ghin Ahpiddséd onnbeicintarmatichi sighal
3y d i nf or mat T on i gnal SGEBTAEL. threhlie, BRI DR RGPt Rl By O
Si gnal s having rel ati v&qidmmabman.gyvarymg in pegponse t¢ @ndl as anfuneitibrt hi rd
spectral region to anplif 'acﬂ?-r‘s‘l?rbd?:ftrél g@@,lmq havi ng relatively | ow energy

and second gain control means each conprises ol tage control amplifier.
10 19. A system accordi ng IOMGINeaCh of said anplifiers

levels in said third spectral regio 25. S stemaccordlngto
claim 24, wherein said gai nt3148F é'@é@%b SH”%lépdt‘?Jor??J(S’nS%ﬂna%aﬂﬁ i #MDER i on
Si 9@ -varies gain control means, for impressing a second variable gain

10 on the portion of said information signal substantially within

said first spectral region so as to preemphzsize said portion
with respect to the -remaining portions of said information
signal, said second variable gain varying in response to and
- as a function of a second control signal
15 | means for generating said first control signal in response
~ to and as a function of the signal energy of said information
signal substantially within a second spectral region of
said prede{érmined bandwith; and
means for generating said second control signal dnly
20 in.response to and in accordance with the signal energy of
said information signal within a third spectral region of
\_ said predetermined bandwidth including at least a part of
' said first spectral region.

25 16. A system according to claim 15, wherein said means for
generating said second control signal includes means for
- detecting the signal energy of said information signal below
about 5K Hz.

30 17. A system according te claim 15, wherein sdid filter
means includes frequency discrimination means for detecting
said portion of said information signal substantially
within said first spectral region and for generating a
third signal representative of said portion, and second

35
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froma maxi mum of + 12dB/octave to - 6dB/octave. 26. A systemfor decoding
an electrical information signal 10 of a predetern ned bandw dth -
previ ously encoded so that said infornati-en—sigrmar—can be recorded on or
ransm tted through a dynamcally-1imted, lﬁent channe

ing a dynamcally-limted narrower port\\mfm‘mm “m[m ectral region .
than in at | east one other spectral region waisd predetermned -
bandw dt h, said system conprising: * _ I nput
means for receiving said informabion stgnal in its encoded form -a signa

transm ssion path coupled to said input neans for transnmitting said
i nformation si @& 30'?2@01 means coyplesl,ito fisdd sfregupncyqdissrimingtignynal

transm ssion paddasf for Paviingi tre Qﬂrdlmﬁe@éarw Sdil ¢S g Ty sighamecoded form
gain control neans dlsggéfd i, N SaH%P tﬂw tg}{or var g the signal gain
i npressed on sHl §°PRG F'B?n a?lﬁ c s?%\ r 1;'; Frﬁ"B ut said )
predet er m ned 2fgnal. bandw dth, said signal gain varying in response té;End
as a funcgion of a first ‘cont rol signal ; filter means, disposed in said
signal path and coupled to said galn control neans, for | mpressing a second,
variabl e gain Hg system 8RcoR0ingite Tlaisr hb wsreingsald Bgst substantial | y .
W thin said flmi ssmﬂtgﬁ!n teeureD meanseath ctMmpridessa Aeltsged portion wth

respect to the ni_n tions of said information signal, said second
ATSPh grpRi e

vari abl e gain ponse to and as a function of a second contro
signal; 35 means for generating said first control signal in response to

and as a iﬂmth)n Of syBfers L8EEYdiRY YoM 14l PR Hher¥iR!ddeh! O said U
amplifiers is set for signal compression at substantially :
the same compressioﬁ ratio. '

20. A system according to claim 19, wherein said compression
15 ratio is 2:1.

'21. A system according to claim 15, wherein said means for
genqrating'ééid first control signal includes_first detection
means for detecting said signal energy of said information
20 signal within said second spectral region and said means
for-generating said second control signal includes a second
detection means for detecting said signal energy of said
information signal within said third spectral region. </

25 22. A system according to claim 21, wherein said first and
- second detection means each includes means for generating
a D.C. signal as a function of the corresponding signal
energy detected.

30 23. A system according to claim 22, wherein each said
means for generating a D.C. signal includes an RMS detector.

24, A system according to claim 15, wherein said filter

means includes means for varying the gain impressed on said
35 portion of said information signal so that said gain varies

from attenuation for signals having relatively high energy

(4]



signal within a second spectral regfeﬁ—e#—sa;d-jnfarnation si gnal ; )
means for generating said second c iq only in response to a I n
reglon

accordance with the signal energy Hmﬁn signal substantially
within a third spectral region of bandw dt h i ncl udi ng at

| east. a part of said first spectral A system according to
cl aim 26, wherein said neans for generating sald second control signal

i ncl udes nmeans for detecting the gigngg energy of said |nfornat|on si gnal’
bel ow about 5 K Hz. 15 28. A's stenlaccordlng to cl wherein. said
filter nmeans includes fleé'qlfér}&ysﬁﬂsﬂﬁrﬁl FPECEEH ARSH0E '?"bta WEAE3YI08 sai d
portion of said infornejfi gfgrRalls Havisg relativedy 1w vénebgyn levels Ln rsatidspect ral

region and for generati signal representative of said
portion, and second gafﬁgﬁgﬁ¥$ﬁﬁr¢kiéggogoupIed to said frequency
di scrimnation means for varying the gain inpressed on said third signal in

responsg to and as a fupcti Ws&%}taﬁ%&oﬂ:ﬂi t&f&lhirﬁ)lzaslmbm 48id gaim®9- A
system according to clai'm 28

ere|n s {St 3n sec ain contro
means each conprises a WPFesRed %ﬁ?%‘blp“EmW ¢t spid dfforma I%gﬂ'@?ﬂ aYIE8i ng
~tQ claim29, wherein eaﬁhmoé mRRiMm36f + 12dBypttdvects ~i | 6dBYettdver Si gnal .
expanS|on at substantially the sane expansion ratio. 31. A system according

to claim30, wherein said expansion ratiois 1 : 2. 35-
26. A system for decoding an electrical information signal

_ 10  of a predetermined bandwidth previously encoded so that
N ' : said information signal can be recorded on or transmitted
| through a dynamically-limited, frequency eependent channel
having a dynamically-limited narrower portion in a first
_ spectral region than in at least one other spectral region
15 of said predetermined baﬁdwidth, said system comprising:
input means for receiving said information signal in
its encoded form;: |
a signal transmission path coupled to sald input
means for transmitting said information signal;
20 . output means coupled to said signal transmission path
for providing said information signal in decoded form;
gain control means disposed in said signal path for
) varying the signal gain impressed on said information
U : signal substantially throughout said predeterhined
' 25  bandwidth, said signal gain varying in response to and as
a function of a first control signal;w
filter means, disposed in said signal path and coupled
to said gain control means, for impressing a second
variable gain on the portion of said information signal
30 substantially within said first spectral region so as to
deemphasize said portion with respect to the remaining
portions of said information signal, said second variable
gain varying in response to and as a function of a second
control signal;'
35



. . 48 32. A system according to claim26, wherein said neans for

generating said first control si gnal includes first deteet+on neans for

detecting said signal energy of said information signal within said second’
spectral region 5 and said nmeans for ﬂmmmﬂu ﬂl‘l Ll.ltcond cont.r ol
signal includes second detection nmeans fo I gnal energy of

said information signal within said third speétrél eglon 10 A
syspem according to cl ai m 32, ﬁrel n said first and second det ect | on means
eacﬁi ncl udes nmeans for generatimfg a™D.C. signal as a function of the

cor respondi ng ' si gnaeansefayy generatingl said firsB4ontrod sipadniracesgatisag t o
cl ai m 33, Wnere aﬁﬁcaps §ahﬁl1 q?&p%gfﬁ{e ?@h%?aédegg%aofmﬂerde%%%di cl udes an

" RVB det ector. stem accor Ilter
eans incl udes Mﬁ% Vfléhlﬂlér Fecandt mec@aah reaamneg%@yldmr@amatzgn portion
~of said informgigpalpismgal so that said gain varies fromattenuation for

I I I idat | t a
part of Said third TG Tk ORueia Sl PR BT Rl IR STL i on 51 gndl o ¢
~havi ng r el ati veiry rbs@mserrtn gnd | s a¢cordanceawiitit lthe digpsicenatgy 25 region.

36. A systemgeg giaﬂm@oﬁaﬁwsapﬁa st {h139 08 O kifessed on sal d

portion of said informtion varl es + 6dB/ octave to *
- 12dB/ oct ave. SRecinal magiamapt SI?éd grgﬁatew%bawlwsuanwjbgt antially as

. her ei nbef ore degcnehsy avpdrt 6f¢fgarigr1q<§s{ Qsp@ﬂﬁ‘a&srédleSt rated in the
acconpanylng drawi ngs. 35
27. A system according to claim 26, wherein said means for AU
~ generating said seCond control signal includes means for -
detectihg the signal energy of said information signal below
about 5 K Hz.
15 - '
28. A system according to claim 26, wherein said filter
- means includes frequency discrimination means for detecting
Said portion 6f'said information signal substantially
within said first spectral region and for generating a
20 third signal representative of said portion, and second
ga;n control means coupled to said frequency discrimination
means for varying the gain impressed on said third signal
in response to and as a function of said first control signal.

25 - 29. A system according to claim 28, wherein said first
and second gain control means each comprlses a voltage control
amplifier.

30. A system according to ciaim 29', wherein each of said -
30 amplifiers is set for signal expansion at substantially
the same ~xpansion ratic.

31. A system according to claim 30, wherein said
expansion ratio is 1 : 2. '
35
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32. A system éccording to claim 26, wherein said means
for generating said first control signal includes first
detection means for detecting said signal energy of

said information signal within said second spectral region
and said means for generating said second control signal
includes second detection means for detecting said signal
energy of said information signal within said third spectral
region. | '

33, A system according to claim 32, wherein said first
and second detection means each includes means for

_ generating a D.C. signal as a function of the corresponding

signal energy detected.

" 34. A system according to claim 33, wherein each said

means for generating a D.C. signal includes an RMS detector.

35. A system according to claim 26, wherein said filter
means includes means for varying the gain impressed on said

_portion of said information signal so that - said.gain varies

from attenuation for information signals having relatively
low energy levels in said at least a part of said third
spectral region to amplificafion of information signals
having relatively high energy levels in said third spectral -
region.

_36. A system according to claim 35, wherein said gain

impressed on said portion of said information signal varies
from a maximum of + 6dB/octave to - 12dB/cctave.

37. An adaptive signal weighting systém substantially as
hereinbefore described with reference to and as
illustrated in the accompanying drawings.




