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The presem apphcatwn concerns television receivers
having signal processing circuitry for decoding stereo signals which
were encoded in accordance with the DBXTM format.

The present application relates to wideband expansion of
stereophonic signals as discussed in United States Patent No. 5,091,957
of Anderson et al.. The teaching of the. '957 patent is expressly
incorporated by reference herein. The '957 patent disclosed a
wideband expander, ‘and recognized that for practical purposes,

satisfactory restoration of an (L-R) audio difference signal companded .

according to the DBX format cam be achieved without spectral
expansion. A decoder according to ‘957 provides -a modified fixed

' deemphasis and wide-band expansion of the received compressed L-R

audic signal, but does not provide spectral expansion. Additionally, it
was further recognized in '957 that the relatively complex RMS
detectors of the DBX system can be replaced with simpler, lower cost
integrating peak detectors.

It is desirable to des&gn and build television receivers
wherein different decoders can be used depending upon model and

~ options.

Briefly, the presem mvenuon concerns an expander circuit
for decoding audio signals which were encoded in accordance with the
BTSC multichannel sound system standard including DBX companding.

A wideband expander circuit is utilized and a2 DBX expander can be

accommodated. The wideband expander circuit is provided with a
signal path having an input LPF (low pass filter), a stereo difference

- signal (I.-R) demodulator, a second LPF, and a voltage controlled

amplifier (VCA), the gain of which is controlled by a contrel signal
derived from the -demodulated difference signal which has been
operated on by a bandpass filter (BPF) and an integrating peak
detector. The output of the VCA is provided to a deemphasis network

before being fed to a decoder matrix for combining with the sum sterec .

signal (L+R) for reconstructing the original L. and R signals. When a DBX
expander is connected, the DBX expander is substituted in place of the
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_ FIGURE 11 shows a b?iock dnagmm of a DBX ‘expander as
known in the prior art. .
10 : FIGURE 2 shows a block dnagmm of a wmdeband expander.
FIGURE 3 show a block diagram of a television receiver
having BTSC multichannel sound capability.
FIGURE 4 shows a block diagram  of a stereophonic
difference signal processor according to aspects of the present
15 invention.
FIGURE §5 is a block diagram showing detaﬂs of the
bandpass filter and switching apparatus of Figure 4.

20 : En the DBX system of anm’e ]1, a ﬁxed deemphasis is
applied to the incoming (L-R) stereo difference signal, by fixed
deemphasis unit 10. A spectral expansion is applied to the
deemphasized audio signal by variable deemphasis unit 12 in response
to a control signal developed by bandpass filter 14 and RMS detector

25 .16. Amplitude expansion is applied to the audio signal by variable gain
element 18 in response to a control signal developed by bandpass filter
20 and RMS detector 22. A fixed deemphasis (i.e., a fixed amount of
low pass filtering) is applied to the expanded audio signal by fixed
deemphasms unit 24 in order to attenuate high frequency products

30 which may have been generated in the expansion process.

FIGURE 2 shows a wideband expander. The umnits of FIGURE

-2 havmg the same numerical designations as corresponding units of the
decoder of FIGURE 1, ‘perform the same function as their counterparts.
The wideband expansion provmed by variable gain element 18 of

35 FIGURE 2 in response to control signals developed by umits 20 and 26,

substantially restores the dynamic range of the original signal.
Discussion of the significant differences between the

arrangements of FIGURES 1 and 2 are stated in the '957 patent. Briefly,

these differences are: 1) that the spectral expansion of the compressed

2.
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i ncl udi ng expander circuit 1s utilized and

a DBX expa@@f@m@ﬁn ll% 3"@’@ a@@m@ﬂ’ede mm@ée% dE@Ehd & pARERIEEMERLI ©Fi S
provi dgd WriBURE 2; 2) -that the rolloff frequency of the .fixed deemphasis

networks was changed to compensate for some of the lost variable
| deemphasis caused by elimination of the spectral expansion elements;
and 3) that the RMS detector 22 was replaced by a much lower cost
and more simply constructed imégrating peak detector 26. |
10 The expanders of FIGURES 1 and 2 have been used in
television receivers known in the prior art. FIGURE 3 shows such a
television receiver having BTSC multichannel television sound {(MTS)
capability. Broadcast television signal are received by an antenna 23
{or coupled to the receiver via a cable television system) and applied to

15 a wner 28 for channel selection. Tuner 28 converts a selected one of a .
plurality of received television signals from its respective broadcast
frequency to a common intermediate frequency (IF). The IF fzequency
television signal is applied to a video and sound IF unit 30 which
produces a -baseband video signal and a frequency modulated (FM)

20 sound carrier. The video and audio signals are separated, and the
video signals are applied to video signal processmg circuitry, (not
shown).

As shown in FIGURE 3, a composite multichanael sound
. audio signal is detected from the FM sound carrier by an FM detector
25 32 and applied to a stereo decoder 34. Stereo deccder 34 provides an

(L+R) stereo sum signal and an (L-R) stereo difference signal. The (L+R)
stereo sum signal is deemphasnzed in a deemphasis unit 36 (i.e., a low
pass filter having the appropriate time constant) and applied, to one
input of a stereo matrixing unit 38 in which the original left (L) and
30 vright (R) stereo signals are reconstructed. The (L-R) stereo difference
signal from stereo decoder unit 34 is applied to expander unit 40.
' Expander unit 40 can correspond to a full DBX expander as shown in
FIGURE 1 or to a wideband expander as shown in FIGURE 2. The
expanded (L-R) stereo difference signal is applied to the other imput of
3 stereo matrix unit 38. The reconstructed left (L) and right (R) stereo
signals are applied to stereo audio amplifier unit 42 for amplification

and ultimate reproduction in a dual speaker unit 43.
FIGURE 4 shows a wideband expander, generally desngnated
44, which according to aspects of the present inventior, can be adapted

-3.



signal path having an input LPF (ThijgheetHas Boes Raplared 54 stereo di fference
si.gnal (L-R) denodul ator, a second (R Rk ! {‘5- tage controlled

anplifier (VCA), the gain of whilch{iisiEclmia ‘fiu‘ by a control si gﬁa(FA 86, 533
derived from the denodul-at edldlfference Si gnal which has been

operated on b o ios AL (P 0 B At sui
bef ore bei ngigmal mmﬂadﬁ@(mqnlmmgmﬂfm fednto thagsystem @icinput tersnisal 46.
el TS CORBARRL! P e GRS O e KBl '5p
low pass fnlter {LPEF) 48,. which is a notc ter avmg its maximum
5 attenuation ‘at a frequency close to but higher than the fifth harmonic
{(5H) of the pilot signal. This filter is used because it is desirabie to
remove any SAP signal from the incoming composite signal since the
'SAP signal can cause interference with the operation of the (L-R)
demodulator. This is because an (L-R) demodulator typically uses a
10 phase-locked loop (PLL) and there is a possibility that the PLL will
falsely lock onto the SH center frequency of the SAP signal if the SH |
signal is of sufficient amplitude.
The present LPF 48 may be of a2 twin-T mpology {not
shown) with the the notch tuned to a frequency higher than SH. In
15 such an arrangement, the SAP signal can be sufficiently attenuated via
-the filter skirt without requiring close tolerance components to
precisely determine the notch frequency. Additionally, placing the
notch above the frequency of interest permits smaller capacitance
- values which are more practical toc integrate and assures that R/C value
2-¢ wvariations will not change the skirt attenuation if a high encugh "Q" is
used. The present LPF 48 may be configured so as to use a portion of
"the twin-T arrangement as part of the feedback loop for an operational
amphﬁer to therehy increase the Q of the circuit.
The output signal from LPF 48 is fed to a switch 50 for
25 switching the input terminal of the (L-R) demodulator 52 between the
output of LPF 48 and input terminal 46. In the excmplary
embodiment, LPF 48 is bypassed when a DBX expander is used. When
a DBX expander is used, a third order SALLEN-KEY LPF (not shown} can
be used for providing sharper skirts at the notch frequency. The
3 0 - operation of switch 50 will be discussed in greater detail below.
' ~ The signal from switch 50 is fed to LPF 53 for deriving the
- sterec sum signal (L+R) which is subsequently fed to matrix 38. The
signal from switch SO is also_provided to demodulator 52 which is a
~ standard demodulator according to the MTS television standard. The
385 output signal from demodulator 52 is fed to the series coupling of LPF
10 and VCA 18, as well as to the series coupling of BPF 20 and
integrating peak detector 26, all of which correspond to similarly
designated members of the wideband expander shown in FIGURE 2.
Integrating peak detector 26 is comprised of am detector 54 and a

<4



2 . deerrpha5|s ".;— d contro] signal, V\/mch provi des the .
wi. deband expansi on, iy flc by a predeterm ned . vol tage, tghg E
i s disabled, and t he [ JIHiilEhed to bypass the input LPF. ﬁEA. 8&%33
Accordl ng to aspects of the present i nvention, the disablenent of the

integrating capacnmr 56 for providing a mtegrated peak detected

control signal at line 58 to VCA 18. The expanded output signal from

VCA 18 is fed to a fixed deemphasis network 24 (see FIGURE 2) which

in turn is fed to a steres matrix 38 for reconstructing the L and R
" signals. |

(77

The members so far described in connection with FIGURE 4
for the (L-R) signal correspond with the wideband - expander discussed
in FIGURE 2, as shown in the ‘957 patent. The wideband expander of
FIGURE -4 provides amplitude expansion for DBX encoded signals with

10 an expander is not a mirror image of the encoder. However, it is
recognized herein that it may be -desirable to use selected portions of
the present expander, e.g., demodulator 52, LPF 10, and VCA 18, when
expansion from a DBX expander is utilized instead of wideband
expansion. In such a 'case, some operations of the present wideband

15 expander would be modified to accommodate the operation of the DBX

expander. - Such circuitry changes are indicated in FIGURE 4 as
illustrative switches IS1, IS2, and IS3. These switches are designated

“as “illustrative” because it is expected that in practice, that such the

alternate connections would be hard wired connections. -

A DBX expander 60 would be wired in place of the
d@aupnasm network 24 and such substitution is shown by switch ISI.
This substitution is made because the DBX expander 60 provides its
own deemphasis and thus, emphasis network 24 is not needed.

In wideband expander 44, BPF 20 and integrating peak
23 detector 26 provide a control, voltage at line 58 to VCA 18 to provide

amplitude expansion of the (L-R) signal. Since DBX expander 60
provides its own amplitude expansion of the signal, the amplitude
expansion provided by the control voltage at line 38 is defeated by
providing a constant predetermined voltage 62 through a resistor 64 to

30 -the output of the integrating peak detector 26 at line 58 by way of
illustrative switch 1S2. In this way, any changes in’ the control voltage
“at line 58 which would be caused by the (L-R) signal processing of BPF
20 and integrating peak detector 26, are “swamped” out by constant
voltage 62. Thus, in this arrangement, VCA 18 provides a constant

35 amplification with the amount of said -amplification being
predetermined by the value of the constant control voltage 62 applied
at line 38.

Ied
=

. As discussed above, switch 50 switches the input signal for
demodulator 52 to bypass LPF 48 when a DBX expander 60 is used. In

-5.



5 BPF actuates the switching of the |nput to bypass the input LPF. : '
BRI EF DESCRI PTI ON OF THE DRAW NGS . : FI GURE - | ShOV\R@Ab|@@J§§3
~diagram’ of a DBX -expander as known in’ the prior art. 1 0
FI GURE 2 shows a bl ock di agram of a w deband expander. '

-ﬁhﬁgﬁghgnm Sounngépqsféagé@%amaea& %&e's%@n@@ r6EC iwiteh 50 ipagifg e
UisAbmEC of theyi bardpatse QP%?OTergegPﬁ %@ﬁoro&ﬁéﬁt an

di agram of¥a e
aspects of ki gen&antwill ot adeatsspyﬁ effect the operation FOOURE sysiesnashicack
diagram sg%vm ng@ngreo asmgnaﬁ generazed by the operation of BPF 20 (and
‘5 integrating detector 26) is rendered imeffectual by voltage source 62
and resistor 64. The frequency selective operation of BPF 20 is
provided by capacitors 2la and 2ib which provide a frequency
' sensitive network, which will be more fully discussed below. In the
exemplary embodiment, capacitor- 21a is cotpled to a reference
1 0 potential such as ground, ‘and is provided with a DC voltage thereacross.
This DC voltage is compared against a reference potential by
comparator 66, which has an output 67 to which the swmh position of
switch 50 is responsive. The DC voltage across capacnor 2la, is of a
value above a threshold reference voltage VREF coupled to the negative

15 terminal of comparator 66. In such an arrangement, SWwitch 50 is
switched for receiving an input signal from LPF 48. If the DC voltage at
line 68 is below VREF, the output of comparator 66 causes switch 50 to
be switched for receiving the input signal from terminal 46, bypassing

. LPF 48. In the exemplary embodiment, the DC voltage across capacitor

20 2la is changed by short circuiting the capacitor 2la to ground by
illustrative switch IS3. However, a resistor can be used having a low
enough value sufficient to change the voltage at line 68 thmugh VREF
from. above VREF to below VREF.

The details of BPF 20 are shown in FIGURE 5. The (L-R)

25 signal derived from the. output of demodulator 52 is provided to unity
amplifiers 70, 72 and in turn is fed to a respective pair of frequency
sensitive low pass filters comprised of resistors 74, 76, and capacitors °
78, 80 to ground for providing low pass filtering. . The output signals
from the low pass filters are fed to respective unity gain amplifiers 82,

30 84 and subsequently to an operational amplifier 86 wherein one of the
fow pass filtered signals is. provided - to the non-imverting input

- terminal and the other low pass filtered signal is provided to the
inverting input terminal. In such a case, when the two sngnals into
amplifier 86 are equal, there is no cutput signal at terminal 88 of

35 amplifier 86. If the signal fed to the inverting terminal has a rolloff at
a lower frequemcy than the signal to the non-inverting terminal, the
subtraction process is reduced past the rolloff frequency and the signal
at the non-inverting terminal will be passed thmugﬁ to terminal 88

o« i




bandpass filter and sw tching apparatus of Figure 4.

DETAI LED DESCRI PTI ON OF THE EMBCODI MENT 2-0° -- ““In the DBXR@@t%,553
of Figure 1, a fixed deerrpha5|s i's appli-ed to the inconming (L-R)
stereo difference signal, f| xed deenphasis unit 10: A

spectr al mngu% roh- &w& mt nal readRRMIBASOEAC rRUSEP &'g%ﬁ%h gy
vari abl e deenphasi s unit to a control signal

by bandpass' it{iiSerV ey %Mmsﬂeﬁe fo‘ts PEO‘Sﬂ dedls. Anplitude expansion is

‘applied to the audi o ki gphe ke m 9l eegbodiment, abeneDIC 1&oltagespensss
2. AT xarraeEn 2R TR b%’s %%%iﬁ%%f%f@m the. ife;, Tl F1 6
is appl$ed amlphfwfe‘?@awmh asdDE s:mmﬂedbm&hw a DC voltage thereat. Thus,
when capacitor 21a is shunted or short circuited to ground through
illustrative switch IS3, the operation of that signal path 92 is defeated,
and consequently, the operation of the bandpass function of BPF 20 is
defeated. The change of the DC voltage at line 68 causes switch 50 to
10 switch between iﬁput signal terminals as discussed above.

This Sheet Has
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deenphasis unit 24 i.n order to attenuate high frequency products 3 0 . 5

whi ch may have been generated in the ‘expansi en process. RZA 86,553
- FI GURE 2 shows a wi deband expander. The units of FI GURE . 2-having the
sanme nunerical designations as correspondi.ng units of the . - decoder of

F GURE 1,cpgpderm the sane function as their counterparts. The
e anea o bon A6l “Seindigk iBbedius kAR ] o °° T O
substantial |y rest ofi¢sert mma(mztngmoimhdmgu gi qugyalsensmve
of Fi GUREE P opi Tof a%eécéﬁaiﬁﬁaﬁﬂéﬁﬁﬁég”éﬁaﬁ?ﬁﬁ@%%% membef 6 WETEC °
di f f eSencfreqaency 13ensitivet hetwprk t hayingx g d3Coyodtagendh @%F@@sed :
'~ comparator means (66) having a threshold voltage and
having an output signal responsive to the ampllitude of the DC
voltage, and
switch means (50) responsive to the output sngnai of the
10 comparator means (66) for switching between at least a first and
~ second terminal. -

2. The apparatus of claim 1 characterized in that the
filter means (20,21a,21b) is a bandpass filter.

15

' 3. The apparatus of claim 1 characterized in that the
switch means (50) is actuatable by shunting the member (21a) of the
frequency sensitive network to chantge the DC voltage through the
threshold voltage. :

20

4, The apparatus of claim 3 characterized in that the
shunting of the member of the frequency sensitive network disables
the spectral filtering of the signal by the filter means.

(A mm BE R
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,DBX audi o signal was found to be not necessary for the reproduction

3
of ' an acceptabl e stereo signal, -dnd-accordi ngly, thé vagicsd! 85 553
deenphasi’s _ S : S . ’
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15
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ABSTRACT

‘An expander circuit for decoding audio signals which
were encoded in accordance with the BTSC multichannel sound
system_standard including DBX companding is presented. A
wideband expander circuit (44) is utilized and a DBX expander can be
accommodated. The wideband expander circuit is provided with a
signal path having an input LPF (low pass filter)(48), a stereo
difference signal (L-R} demodulator (52}, a second LPF (10), and a
voltage conmtrolled amplifier (VCA)(18), the gain of which is -
controlled by a control signal (58) derived from the demodulated
difference signal which has been operated on by a bandpass filter

(BPF} (20) and an integrating peak detector (54,56). The output of

the VCA (18) is provided to a deemphasis network (24) before being
fed to a decoder matrix (38) for combining with the sum stereo
signal (L+R) for reconstructing the original L. and R signals. When a
DBX expander (60) is connected, the DBX expander (60) is substituted
in place of the deemphasis network (24), the VCA control signal (58),
which provides. the wideband expansion, is overridden by a
predetermined voltage, the BPF (20) is disabled, and the input is
switched to bypass the input LPF (48). According to aspects of the
present invention, the disablement of the BPF (20) actuates the
switching of the input to bypass the input LPF (48).

£



unit 12, its associated control path filter 14, and its associated-RVB .. N
detector 16 were conpletely elimnated fromthe arrangenment of 5 FI GURE f

-2, 2) that the rolloff frequency .of the fixed deenphasis net wor ks was -
.changed to conpensate for -sone of the |ost variable deenphasi s caused
by elimnation of the spectral expansion el enents; and 3) that the RVB
detector 22 was replaced by a nuch hﬁ%@i cost and nore sinply .
constructed integrating peak detector '26. 1 0O The expanders of
FIGURES 1 and 2 have feen used in tel evision receivers known in the
prior art. FIGJURE 3 shows such a tel evision receiver having BTSC
mul ti channel tel evision seund (MFS) capability. Broadcast television

tenna 25 . (or coupled to the receiver via a

signal are received by ang
applied to

cabl e television system &g
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15 a,tuner 28 for channel selection. Tuner 28 converts a sel ected one of
&. plurality of received television signal’s from .i{s respective
br oadcast frequency to a common internedi ate.frequency (I1F). The IF
frequency television signal .is applied to a video'and sound IF unit 30
WHi ch produces a baseband video signal and a frequency nodul ated (FM
2 0 sound carrier. The video and a g signals are separated, and the
video signals are applied to video’signal processing circuitry, (not
shown) . As shown in FIGURE 3, a conposite nultichannel.
sound audio signal is detected fromthe FM sound carrier by an FM
detector 2 5 32 and applied to a stereo decoder 34. Stereo decoder 34
provi des an (L+R) stereo sumsignal and an (L-R) stereo difference

signal . The (L+R)

. [,;24.;
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st ereo sun15|gnal i s deenphasi zed in a deenphasis unit 36 (i.e., a |ow
pass filter having the appropriaté- time censtant) and .applied, to one
input of a stereo matrixing unit 38 in which'the origitndl left (L) and 3 0
right (R) stereo signals are reconstructed. The (L-R) stereo difference.
signal from stereo decoder unit 34 is applied to expander unit 40.
Expander unit 40 can correspond to aSjJS'I DBX expander as shown in
FIGURE 1 or to a w deband expander as shown in FIGURE 2. The expanded
(L-R) stereo difference signal is applied to the other input of 3 5 stereo
matrix unit 38. The reconstructed left (L) and right (R) stereo :

"signals are applied to stereo audio anplifier unit 42 for anplification

and ultimte reproduction in a dual speaker unit 43.
FIG RE 4 shows a wi deband expander, generally designated
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44, which according to aspects of the pres;_ént .invention, can be édapt ed
4. so that a DBX expander can be used. A conposite DBX encoded audio
signal including a pilot signal is fed to the systemat input termnal 46.
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The- conposi-t e DBX encoded audi o-signal is.then filtered by an input .
low pass filter (LPF) 48, which is a notchfilter kaving its maxi mum 5
attenuation at a frequency close to but higher than the fifth harnonic
(5H) of the pilot signal. This filter i's used because it is desirable to
renove any SAP signal from the incom,ng conposite signal since.the
SAP signal can cause interference Wi ffthe operation of the (L-R)
denodul ator. - This is because an (L-R) denodul ator typically uses a 10
phase-1 ocked | oop (PLL) and there is a possibility that the PLL wll
falsely lock onto the 5H center frequency of the SAP signal if the 5H
“signal is of sufficient anplitude. s The present LPF 48 may
be of a twin-T topol ogy (nhot %%ommégmnth the the notch tuned to a
frequency higher than 5H. In 5 9
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i 1 5 such an arrangerrent the SAP signal can be sufficiently attepustedesi
8"th EE Of 7o b !lhout requiring close tolerance conponents to

pr etz ‘the notch frequency. Addi tionally, placing the
notjch above the fregyency of .interest pernits smaller capacitance

valjues WHiJi 39% r practlcal to i nnegrate and assures that RRC value 2 0
varji gtions wll % ORIy SIGNAL BoeEs Rcprgh enough "Q' is
used. € presen . may [ onft r gur > a portion of

U

thg twin-T arrangenelt as part of the feedback Ioop for an operational

7

anplifier to thereby |ncrease t Higield adf thee ] The
output signal from I ge{n@daFgln%a&WthBo%ezfnﬁr televisivh! %c@@vé

i nput term pal, of the g Lﬁt of LPE
48 and?in &Ymtger%%@l gcessmg cfrﬁgntrgx qpp@ﬁ%p%mg stereo signals whm

were encoded in accordance with the DBXTM format.

The presem apphcauon relates to wideband 'expansion of

1 0 stereophonic signals as discussed in United States Patent No. 5,091,957

of Anderson et al.. The teaching of the ‘957 patent is expressly

incorporated by reference herein.  The ‘937 patent disclosed a

wideband expander, 'and recognized that for practical purposes,

satisfactory restoration of an (L-R) audio difference signal companded

15 according to the DBX format can be achieved without spectral

expansion. A decoder according to ‘957 provides a modified fixed

.deemphasis and wide-band expansion of the received compressed L-R

audio signal, but does not provide spectral expamsion. Additionally, it

was further recognized in '957 that the relatively complex RMS

20 detectors of the DBX system can be replaced with simpler, lower cost
integrating peak detectors. )

It is desirable to design and build television receivers

wherein different decoders can be used depending upon model and
options.

Briefly, the presem invention concerns an expander circuit
for decoding audio signals which were encoded in accordance with the
BTSC multichannel sound system standard including DBX companding.
A wideband expander circuit is utilized and a DBX expander can be

30 accommodated. The wideband expander circuit is provided with a
signal path having an input LPF (low pass filter), a stereo difference
signal (L-R) demodulator, a second LPE», agd a voltage controlled
amplifier (VCA), mef ‘gain @§ ’w‘hxehr is G@mtmﬂﬂed by a contrel signal
derived from the demodu?ated dnfference signal which bhas been

35 operated on by a bandpass filtexr (BPF) and an integrating peak
detector. The. output of the VCA is provided to a deemphasis network
before being fed to a decoder mat%ﬁ Jor» eembmmg ‘With the sum stereo
signal (L+R) for reconstructing the ongmaﬂ L and R smgmﬂs When a DBX
expander is connected, the DBX gxpander is; su"ﬁsmﬂéﬁ” in place of the
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. enbodi ment, LPF 48 is bypassed when a DBX ¢
DBX expander is used, a third order SALLEN EY@
. be used for providing sharper skirts at theg ot%
operation of switch 50 will be discussed i ¢

The signal fromswitch 50 is fed to F53
sum signal (L+R) which is subsequent y f edlt-o—hattix=38 -
from switch 50 is also provided to denodul ator 52 WhICh is a
‘standard dendderghesisacourdirkg the t NEATSonwiobyisigra, swhitdarproviddie Bie5
out put  si gnalwm@em@eeﬁﬁms@ém 132 overfi&dled Obj h@ %ﬁéwénﬁmaal Ivrwmgiz LJ%E
10 and VCA %Fa‘% ‘Qféai; dt&e serllnes c ﬁcﬁ@@ t% 55; )

i ntegrating eakde @ 2% G 18P \/\HFC correspon 4 S|% PQM
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stereo
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5 BPF actuates the switching of the input to bypass the input LPF.
FEGURE I shaws a bKock dlagram of a DBX expandcr as
known in the prior art.
10

FIGURE 2 shows a block diagram of a wideband expander.

FIGURE 3 show a block diagram of a television receiver
having BTSC multichannel sound capability.

FIGURE 4 shows a block diagram of a stereophonic

difference signal processor according to aspects of

the present
15 invention. ‘

FIGURE 5 is a block diagram showing details of the
bandpass filter and switching apparatus of Figure 4.

DETAILED DESCRIPTION

In the DBX system of Figure l. a fxxed deemphasxs is
applied to the incoming (L-R) stsreo difference signal, by fixed
deemphasis unit 10. A spectral expansion is applied to the
deemphasized audic signal by variable deemphasis unit 12 in response
to a control signal developed by bandpass filter 14 and RMS detector
23 16. Amplitude expansion is applied to the audio signal by variable gain

element 18 in response to a control signal developed by bandpass filter

20 and RMS detector 22. A fixed deemphasis (i.e., a fixed amount of
low pass filtering) is applied to the expanded audio signal by fixed
deemphasis unit 24 in order to attenuate high frequency products
which may have been generated in the expansion process.

FIGURE 2 shows a wideband expander. The units of FIGURE
2 having the same numerical designations as corresponding umits of the
decoder of FIGURE 1; perform the same function as their counterparts.
The  widéband expansion provided by variable gain element 18 of
FIGURE 2 in response to control signals developed by units 20 and 26,
subsiantially restores the dynamic range of the original signal.

Discussion of the significant differences between the

arrangements of FIGURES 1 and 2 are stated in the '957 patent. Briefly,
these differences are:

20

3¢

3§

1) that the spectral expansion of the compressed



| nt egrat'i ng peak detector 26 is conprised dkvi
5 integrating capacitor 56 for providing
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44 (see FI GURE

contr ol si_gnal at line _58 to r“r

DBX audio signal was found to be not necessary for the reproduction of
an acceptable stereo signal, and accordingly, the variable deemphasis
unit 12, its associated control path filter 14, and its associated RMS
detector 16 were completely eliminated from the arrangement of
FIGURE 2; 2) that the rolloff frequency of the -fixed deemphasis
networks was changed to compensate for some of the lost variable
deemphasis caused by climination of the spectral expansion elements;
and 3) that the RMS detector 22 was replaced by a much lower cost
and more simply constructed integrating peak detector 26.

The expanders of FIGURES 1 and 2 have been used in-
television receivers known in the prior art. FIGURE 3 shows such a
television receiver having BTSC muitichannel television sound (MTS)
capability. Broadcast television signal are received by an antenna 2%
(or coupled to the receiver via a cable television system) and applied to
a tuner 28 for channel selection. Tuner 28 converts a selected one of 2

plurality of received television signals from its respective broadcast

frequency to a common intermediate frequency (IF). The IF frequency
television signal is applied to a video and sound IF unit 30 which
produces a baseband video signal and a frequency modulated (FM)
sound carrier. The video and audio signals are separated, and the
video “signals are applied to video signal processing circuitry, (not
shown). .
| As shown in FIGURE 3, 2 composite multichannel sound
audio signal is detected from the FM sound carrier by an FM detector
32 and applied to a sterec decoder 34. Stereo decoder 34 provides an
(L+R}) stereo sum signal and an (L-R) stereo difference signal. The (L+R}
stereo sum signal is deemphasized in a deemphasis unit 36 (i.e., a low
pass filter having the appropriate time constant) and applied, to one
input of a stereo matrixing unit 38 in which the original left (L} and
right (R) stereo signals are reconstructed. The (L-R) stereo difference
signal from stereo decoder unit 34 is applied to. expander unit 40.
Expander unit 40 can correspond to a full DBX expander as shown in
FIGURE 1 or to a wideband expander as shown in FIGURE 2. The
expanded (L-R} stereo difference signal is applied to the other input of
stereo matrix unit 38, The reconstructed left (L) and right (R} stereo
signals are applied to stereo audio amplifier unit 42 for amplification
and ultignate reproduction in a dual speaker unit 43.
FIGURE 4 shows a wideband expander, generzlly designated
44, which according to aspecis of the present invention, can be adapied



“inturnis fed to a stereo matrix 38 for reconstructing the L and R 5

signal s. The nmenbers so far described in connection with
* FIGURE 4 for the (L-R) signal correspond with the w deband expander

di scussed in FIGURE 2, as shown 4n the '957 patent. The w deband

expander of FI GURE 4 provides anplitude expansion for DBX encoded

sHi)gnaI s vm' tso thAl a aDBekpxpdeder samobe aisods r v domepgsitef DB ailwddéraudio
se}Ng\c/tere 4 pd {%ﬁaﬂ mcl &i?n%ogn SP srgr!a?'ﬁ &‘%(Ba;tﬁ' Eeher@jfsmeﬁn ‘jglsth ﬁﬁ tgnj[ﬁéi‘r;?nags& LpE
10, and VCAI%, cqmgwue bB Fh é"ﬁ%& ‘@xﬁﬁ‘ﬂ‘d ‘?ﬁ?c VI AR elPRWMst ead
of wi debandow pasexfiltesi (obPF) I48 swihlicln isage powbndilogre having Stsofmatienypnesent
wi debang 1 feefiraldRdat ¥OHeHubicyRIbdd @8 bt ARgABTONAR S e FiRR ChAhORcOf
t he DBX
(SH) of the pilot signal. This filter is used because it is desirable to
remove any SAP signal from the incoming composite signal since the
SAP signal can cause interference with the operation of the (L-R)
demodulator. This is because an (L.-R) demodulator typically uses a
1'6 phase-locked loop (PLL) and there is a possibility that the PLL will
faisely lock onto the SH center frequency of the SAP signal if the 5H
signal is of sufficient amplitude.
The present LPF 48 may be of a twin-T topology (mot
shown) with the the notch tuned to a frequency higher than SH. In
15 such an arrangement, the SAP signal can be sufficiently attenuated via
the filter skirt without requiring close tolerance components to
precisely determine the notch frequency. Additionally, placing the
notch above the frequency of interest permits smaller capacitance
~ values which are more practical to integrate and assures that R/C value
2 0 wvariations will not change the skirt attenuation if a high enmough "Q" is
used. The present LPF 48 may be Eonﬁgmed so as to use a portion of
the twin-T arrangement as part of the feedback loop for an operational
amplifier to thereby increase the Q of the circuit.
| The output signal from LPF 48 is fed to a switch 50 for
25 switching the input terminal of the (I.-R) demodulator 52 between the
output of LPF 48 and input terminal 46. In the exemplary
embodiment, LPF 48 is bypassed when a DBX expander is used. When
a DBX expander is used, a third order SALLEN-KEY LPF (not shown) can
be used for providing sharper skirts at the notch frequency. The
30 operation of switch 50 will be discussed in greater detail below.
The signal from switch 50 is fed to LPF 53 for deriving the
stereo sum signal (L+R) which is subsequently fed to matrix 38, The
signal from switch 50 is also_provided to demodulator 52 which is 2
standard demodulator according to the MTS television standard. The
35 output signal from demodulator 52 is fed to the series coupling of LPF
i0 and VCA 18, as well as to the series coupling of BPF 20 and
integrating peak detector 26, all of which correspond to similarly
designated members of the wideband expander shown in FIGURE 2.
Integrating peak detector 26 is comprised of an detector 54 and a
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“expander . Such circuitry changes are indicated in FIGURE 4 as
dllustrative switches IS1, 1S2, and 1S3. These switches are designated

"as "illustrative" because it is expected that in practice, that such the
alternate connections would be hard wiged connections. 2 0 _ A
DBX expander 60 would be wired in place of the deenphasi s net wor k

24 and such iatdghiingt | capacitarhdd® Byr sproeidingl.a integréhed pelRt idesbered i s
Tade becaus &dnin DHEngr AANHRL £ §Br%£e§s' "he expfifkdISEIRNCSRAR Moh "5

d
BPF 20 and" I ¥eAyrRt indebeaxa ised deemutgsisoaenri 6 et G URE 3 s

line 58 to \lﬁAmﬂrB isofq orol de stereo awmqkixt B fox peerainetruofinghehe Lk Ringi nal .
Si nce DB%( €ger 60 provi des its own anplitude expansion of the
he “aftp

| fud
signa Y% The members so far described in connectioh with FIGURE 4

for the (L-R) signal correspond with the wideband -expander discussed

in FIGURE 2, as shown in the ‘957 patent. The wideband expander of

FIGURE 4 provides amplitude expansion for DBX encoded signals with

10 an expander is not a mirror image of the encoder. However, it is

recognized herein that it may be desirable to use selected portions of

the present expander, e.g., demodulator 32, LPF 10, and VCA 18, when

expansion from a DBX expander is utilized instead of wideband

expansion. In such a case, some operations of the prescnt wideband

.15 expander would be modified to accommodate the operation of the DBX

expander. Such circuitry changes are indicated in FIGURE 4 as

-illustrative switches IS1, IS2, and IS3. These switches are designated

as “illustrative” because it is expected that in practice, that soch the

alternate connections would - be hard wired connections.

A DBX expander 60 would be wired in place of the

amphasis network 24 and such substitution is shown by switch IS1.

Thns substitution is made because the DBX expander 60 provides its
own decmphasis and thus, emphasis network 24 is not needed.

In wideband expander 44, BPF 20 and integrating peak

25 detector 26 provide a control, voltage at line 58 to VCA 18 to provide

amplitude expansion of the (L-R) signal. Since DBX expander 60

provides its own amplitude expansion of the signal, the amplitude

expansion provided by the control voltage at line 58 is defeated by

providing a constant predetermined voltage 62 through a resistor 64 to

30 the output of the integrating peak detector 26 at line 58 by way of

illustrative ‘switch IS2. In this way, any changes in the control voltage

at line 58 which would be caused by the (I.-R) signal processing of BPF

20 and integrating peak detector 26, are “swamped” out by constant

voltage 62. Thus, in this arrangement, VCA 18 provides a constant

35 amplification with the amount of said - amplification being

predetermined by the value of the constant control voltage 62 applied
at line 38.

(X%}
=

As discussed above, switch 50 switches the input signal for
demodulator 52 10 bypass LPF 48 when a DBX expander 60 is used. In
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10 JUL %96




expansi on provi ded by the control voltage at line 58 is defeated by

provi ding a constant predeterm ned voltage 62 through a resistor 64 to 3 0
the output of the integrating peak det ector 26 at line 58 by way of
illustrative switch 1S2. In this way, agy changes in the control voltage
at line 58 which would be caused by the (L-R) signal processing of BPF

20 and i nt egr athegepmagiadpt entbmdident,atke " switahiag' ofuswitchc Mbtianeffectuated

\ell(r)rlplt ?]Qlecgfl OnTrH\zStthbntdE?éaih réf'%ﬁ”&an éﬁcﬁt?ﬁgﬂatﬁﬁnBPFO@ ant§wketP an
predet er ni ned BYTAMBEMELRf u@ ”?%éd¥W§f% oPPYE UL 6?‘%%%5?33& since
at line 58. any control sxg&mldlmsm amvebeswpmme@ ofi tBREs 2e (and

IESBpluts 3'823615 fghmgmngea&&k&t 056)53s t feriéRed SirdtfectBal dolblpt SeRREEIes2
and resistor 64. The frequency selective operation of BPF 20 is
provided by capacitors 2la and 21b which provide a frequency
sensitive network, which will be more fully discussed below. In the
exemplary embodiment, capacitor 21a is coupled to a reference

1 0 potential such as ground, and is provided with a DC voltage thereacross.
This DC voliage is compared against a reference potential by
comparator 66, which has an output 67 to which the switch position of
switch 30 is respomsive. The DC voltage across capacitor 2la, is of a
value above a threshold reference voltage VREF coupled to the negative

15 terminal of comparator 66. In such an 'arrangement, switch 30 ‘is
switched for receiving an input signal from LPF 48. If the DC voltage at
line 68 is below Vggp, the output of comparator 66 causes switch 30 to
be switched for receiving the input signal from terminal 46, bypassing
LPF 48. In the exemplary embodiment, the DC voltage across capacitor

20 21a is changed by short circuiting the capacitor 2la to ground by
illustrative switch IS3. However, & resistor can be used having a low
enough value sufficient to change the voltage at line 68 through VREF
from above VREF to below VYREF. _

The details of BPF 20 are shown in FIGURE 5. The (L-R)

25 signal derived from the output of demodulator 52 is provided to unity
amplifiers 70, 72 and in turn is fed to a respective pair of frequency
sensitive low pass filters comprised of resistors 74, 76, and capacitors
78, 80 to ground for providing low pass filtering. The output signals
from the low pass filters are fed to respective unity gain amplifiers 82,

30 B84 and sﬁbsequently to an operational amplifier 86 wherein one of the
low pass filtered signals is provided to the non-imverting input
terminal and the other low pass filtered signal is provided to the
inverting input terminal. In such a case, when the two signals into
amplifier 86 are equal, there is no output signal at terminal 88 of

35 amplifier 86. If the signal fed 1o the inverting terminal has a rolloff at
a lower frequency than the signal to the non-inverting terminal, the
subtraction process is reduced past the rolloff frequency and the signal .
at the non-inverting terminal will be passed through. to terminal 88

10 JUL 1996




6" t he exenpl ary enbodi nent, the switching of switch 50 is effectuated
by the defeating of the bandpass operation of BPF 20. Such an

afrangenment will not adversely effect the operation of the system since
any control signal generated by the operation of BPF 20 (and

untif the non-inverting input signal reaches its own rolloff frequency.
In this way a bandpass filter is provided.

In the exemplary embodiment, the DC voltage across
capacitor 21a at line 68 is provided from the the output line 90 of
amplifier 72 which is DC coupled and has a DC voltage thereat. Thus,
when capacitor 2la is shunted or short circuited to ground through
illustrative switch 1S3, the .operation of that signal path 92 is defeated,
and consequently, the operation of the bandpass function of BPF 20 is
defeated. The change of the DC voltage at line 68 causes switch 50 1o
10 switch between input signal terminals as discussed above.

W
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5- integratihg detector 26) is rendered ineffectual by voltage source 62
and resistor 64. The frequency sel ective operation of BPF 20 is
provided by capacitors 2la and 21b which provige—a-frequency
sensitive network, which will be nore fully di scussedob&iiaw. it niphe
exenpl ary enbodi ment, capacitor 2la is coupled tjo a é&fer el ?
potential such as ground, and is providédd with a DCVortTage—t- 0SS.
This DC vol tage...s conpared against a reference potential by
conpar at or 66, Wb ch hqs, a ou(%%yt 67 to which the s%/i%coh posi ti on of
switch 50 is responsive: THACHENE ARPIFMuUS FhATRCEHZed Py 21a, is of a
val ue above a threshol diltef eneanse (3@)21agki Y| eralhdingupl dtequenciiesersgive ve 1
5 _teL mdngl OhetwRITRAFGH Spedifally Ifileey a?@ig{am,aagggmf ?né\émé%éqfﬂ $he
switche 50 ' %r%&géﬁ(éyngs;e%giﬁvgp%h%&n%avu{gorg Iﬁé voltage ﬁner%acms\é? tage at
comparator means {66) having a threshold voltage and
having an output signal respomsive to the amplitude of the DC
voltage, and '
switch means (50) responsive to the output signal of the
10 comparator means (66) for switching between at least a first and
second terminal.

2. The apparatus of claim 1 characterized in that the
filter means (20,21a,21b) is a bandpass filter. '

15 _

3. The apparatus of claim 1 characterized in that the
switch means (50) is actuatable by shunting the member (21a) of the
fréquency sensitive network to change the DC voltage through the
threshold voltage.

20 |

4., The apparatus of claimi 3 characterized in that the
shunting of the member of the frequency senmsitive network disables
the spectral filtering of the signal by the filter means.

—
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line 68 is below V[err], the output of conparator 66 causes switch 50 to
be switched for receiving the input signal fromterm nal 46, bypassing
LPF 48. In the exenplary enbodi nent, the DC voltage across capacitor 2 0
‘21a is changed by short circuiting the gapacitor 2la to ground by

Il lustrative switch | S3. However, a resistor can be used having a | ow
enough val ue sufficient to change the voltage at |ine 68 through V[err]
from above V[err] to bel ow SEEFPCHED SIGNAL PROCESSING TARCHETai | s of BPF 20

are shown in FIGURE 5. The (L-R) 2 5 signal derived fromthe output of

denodul ator. 52 is provided to unity amplifiers 70, 72 and in turnis
fed to a respective pair of frequency sensitive | ow pass filters
conprised of resistors 74, 76, and capacitors 78, 80 to ground for

provi-ding | o REs

3ACTI tering. The output signals

An expander circuit for decoding audio signais which

were encoded in accordance with the BTSC multichannel sound

5 system standard including DBX companding is presented. A
wideband expander' circuit (44) is utilized and a DBX expander can be
accommodated. The wideband expander circuit is provided with a
signal path having an input LPF (low pass filter)(48), a stereo
difference signal (L-R) demodulator (52), a second LPF (10}, and a

10 voltage controlled: amplifier (VCA)(18), the gain of which is
controlied by a control signal (58) derived from the demodulated
difference signal which has been operated on by a bandpass filter
(BPF) (20) and an integrating peak detector (54,56). The output of
the VCA (18) is provided to a deemphasis network (24) before being

15 fed to a decoder matrix (38) for combining with the sum stereo
signal (L+R) for reconstructing the original L and R signals. When a
DBX expander (60) is comnected, the DBX expander (60) is substituted
in place of the deemphasis network (24), the VCA control signal (58),
which provides the wideband expansion, is overridden by a

20 predetermined voltage, the BPF {(20) is disabled, and the input is
switched to bypass the input LPF (48)." According to aspects of the
present invention, the disablement of the BPF (20) actuates the
switching of the input to bypass the input LPF (48).

FIGURE 4




fromthe |l ow pass filters are fed to respective unity gain anplifiers 82,
3 0 84 and subsequently to an operational anplifier 86 wherein one of the
'ow pass filtered signals is provided to the non- i nverting input
term nal and the other low pass filtered signal is provided to the
Inverting input termnal. |In such a case, when the tmo Si gnal s_i-ntq
anplifier 86 are equal, there is no ouiggt signal gt-d AuAahT H |
anplifier 86. |If the signal fed to th nverting i -
a lower frequency than the signal to the non-invertihg ter ,
subtraction process is reduced past the rolloff fré &eﬁH@ﬂxﬁdtﬁw
at the non-inverting termnal wll be passed throudghito term nal
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“until the non-inverting input signal reaches its own rolloff frequency.
In this way a bandpass filter is provided. In the

“exenpl ary enbodi nent, the DC voltage across capacitor 2la at line 68
is provided from the the output line 90 of 5 1 chod=5
coupl ed and has a DC vol tage thereat. Thus,
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when capacitor 21 a is shunted or short circuited to ground through
illustrative switch 1S3, the operation of that signal path 92 is defeated,
and consequently, the operation of the bandpass function of BPF 20 is

def eat ed. The change of the DC voltage at line 68 causes switch 50 to 1 0
swi tch between input signal termnals as di scussed above.
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Swi t chi ng apparatus conpri si ng:

is clainmed is:.
means i ncluding a frequency sensitive network for spectrally
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signal, at |east one nenber of the frequency sensitive network having a DC
vol t age t hereacross; a conparator having an out put signal responsive
to a conparison of the anplitude of the DC voltage and a threshold voltage;
switch means responsive to the output- signal of the conparator neans for
changi ng the DC voltage across the nenber of the.frequenc

y _sepnsitive
net wor K. 2. The apparatus of clai m 1 REPEARETRMENE GUENRr neans
Is a bandpass filter. 5/5 .
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3.

. The apparatus of claim1 wherein the filter nmeans is a baggpas
filter, v

and changi ng the DC.voltage across the nenber of the frequency

sensitive network disables the bandpass filtering characteristic of the

e e g

&

What is claimed is:

k. Switching apparatus comprising:

filter means including a frequency sensitive network for spectrally filtering a
signal, at least one member of the frequency sensitive network having a DC voltage
thereacross;

a comparator having an output signal responsive to a comparison of the amplitude
of the DC voltage and a threshold voltage;

switch means responsive to the output signal of the comparator means for

changing the DC voltage across the member of the frequency sensitive network.

2. The apparatus of claim 1 wherein the filter means is a bandpass

filter. -
3. The apparatus of claim 1 wherein the filter means is a bandpass

filter, and changing the DC voltage across the member of the frequency sensitive network
disables the bandpass filtering characteristic of the filter means.
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