
3 . ' 

_;_·.- ~ ·. < ~ ... !. -~ ::· :'"i"' .................................... 1 
• • • • •• • •• o • •• ·• • r • • ••• .__,_, •·••• .. -.,. • ........ -~ .... -•••""'" ., __ ,.,.,.-..... , • .., .•; 

The present application concerns television receivers 
. 5 having signal processing circuitry for decoding stereo signals which 

were encoded in accordance with the DBXTM format. 

81Cksrot1n!L.2L lb~ Inv£ruiPB 
The present application relates to wideband ex.pansion of 

1 0 stereophonic signals as discu~sed in United States Patent No. 5,091,957 
of Andenon. et aL. The teaching . of the . '957 patent is expressly 
incorporated by reference herein. The '957 patent disc1os·ed a 
wideband expander, ·and recognized that for p~acticai purposes, 
satisfactory restoration of an (L~R). audio difference signal companded · 

l S according to the DBX format can . be achieved without spectral 
expairnsion. A decoder accordling to '957 provides ·a modified fixed 

· deemphasis and wide-band expansion of the received compressedl L-R 

audio signal, but does not provide spectral expansion. · Additio:naHy, it 

was further recognized in '957 that the relatively complex RMS 
2 0 detectors of the DBX system can be replaced with simpler, lower cost 

integra,ting peak detectors. 
It is desirable to design arid build television receivers 

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

2 5 fil.lMMARYQEJllliL~~ 

Briefly, the presctnt invention concerims an expander circuit 
f oir decodling audio signals which were encoded in accordance with the 
BTSC muhichan.nel sound system· standard includ.in.g DBX companding. 

A wideband expander circuit is utilized and a DBX. expander can be 
3 0 accommodated. The wideband expander circuit ·is provided w~th a 

signal path having an input LPF (low pass filter), a stereo difference 
signal _(L-R) demodula_tor, · a second LPF, and a voltage controlled 
amplifier (VCA), the gain of .. which is coimttoUed by a control signal 
derived · from the ·demodulated . difference signal whi_cb. has been 

3 S operated on by a bandpass filter (BPF) and an integrating peat 
detector. The outpu_t of the VCA is provided to a deemphasis network 
oofore being fed to a decoder matrix for combining wi~h the sum stereo 
.sigmd (L+R} for reconstn11cting the original L and R signals. When. a DBX 
expander is com1ectedi9 the DBX expander is st1bstituted in place of the 



... 
de~mph'asis network, the VCA co~tron signan, which provides tlhe 

wid~band expansion, is. overridden by a predetermined voltage. the 

BPF is disabled, and. the input is sw:itchedl to bypass the input LPF. 

According to aspects . of the present invention, the disablement of the 

5 BP.F actuates the· switching of the input to bypass the input LlPF. 

· J!BIBF DESCRJPIION Qf_Tim DRAWINGS 
FIGURE l shows a bfock diagram · of . a DBX expander as 

known in the prior m; 
1 0 FIGURE 2 shows·_ a bloclk: diagram of a wideband expander. 

FIGURE 3 show a block. diagram of a television receiver 

having BTSC multichannel sound capabHhy·. 

FIGURE 4 shows a block· diagram· Qf a stereophonic 

dif{erence signan processor accor~ing . to aspects of . the present 

1 S invention. 
FIGURE S is a block diagram showing details of the 

bairndpass filter and switching apparatus of' Figure 4. . 

lPBIAil .ED DESCRIPTION OF lllE EMBODJ:M!ENT 
2 0 In the DBX system of Figure l, a fixed deemphasis is 

applied to the incoming (L-R) stereo difference s_ignal, by fixed 

deemphasis unit 10. A spectral expansion. · h applied to the 

deemphasizedl audio signal by variable deemphasis 11mit 12 in response 

to a control signal developed by bandpass filter 14 and RMS detector 

l 5 . 16. Amplitude expansion is applied to the audio signai by variable gain 

element 18 in response to a contro~ signal developed by bandpass filter 

20 and! RMS detector 22. A fixed . d~emphasis (i.e., a fixed amount of 

low pass fHtering) is applied to -the expanded audio signal by fixed 
- . 

deemphasis unit 24 in order to attenuate high frequency products · 

3 0 which may have been generated in the expansion process. 

FIGURE 2 shows a widebmd expander. Th~ units of FIGURE 

2 havi~g the same m1~erical designations as corresponding 11mits of the 

decoder of FIGURE 1, · perfor"! the same fmmction as their coumt~rparts .. 

The. wideband expa~sion provided by variabie gain enement 18 of 

3 S FIGURE 2 in response to co:nttol signals develop.ed by units 20 and 26, 

sub~tanda.Uy restores· the dynamic range of the original signaL 

Discussion of the significant differenc~s between the 

arrangements of FIG UR.BS 1 and 2· ue stated in the. '957 patent. Briefly, 

these differences are: 1) that the spectral e~p~sion of the compressed 
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DIBX '2mdio· signal was found to be not necessary for the reproduction of 

sm acceptable stereo signal~ and accordlingly. the variable deemphasis 

mm h 12, its associat~d control path fiilter 14·. and its assocfated RMS 

detector · 16 were · completely eliminated from tlhe arnmgement of 

5 FIGURE 2; 2) ·that the roHoff frequency of the .fixed deemphasis 

networks was changed to compensate for some of the lost variabile 

deemphasis caused by elimination of the spectral expa!rnsion elements; 

:md 3) that the RMS detector 22 was replaced by a ·much lower cost 

1 0 

1 5 

2 0 

30 
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and more simpily constructed integra:ting peak detector 26. 

The expanders of FIGURES 1 and 2 have been used in 

tehwnsion receivers known in the prior art. FIGURE 3 shows such a 

te[evisio111 receiver having BTSC mu.dtkhannel television sound (MTS) 

capability. Broadcast television signal are received .by an antenna 25 

(or coupled to the receiver via a cable television system) and applied to 

a ti:meir 28 for charrmel selection. Tmu~:r 28 converts a selected one of a 

phnralhy of received television signals from its respective broadcast 

freqpiJem~y to a common· intermediate frequency (IF). Tbe IF frequency 

television signal is app.Hed to a vidleo and sound IF ·unnit 30 which 

produces a baseband video signal and a frequency modulated (FM) 

sound carrier. The video and audio signails are separated, and the 

video sigrnab are applied to video signal processing circuiiitry, (not 

shown). 
As shown in FIGURE 3, a composite muiltichanneR sound 

undio signal ns detected from the FM sound carrier by an FM detector 

32 aind appHed to a stereo decoder 34. Sterno decoder 34 provides an 

(LtR) stereo sum signal and an (L-R) stereo difference signaL The (L+R) 

stereo srum signal is deemphasized in a deemphasis unit 36 (i.e., a low 

pass . fiher 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 reconstnncted. The (L-R) stereo difference 

signai from stereo decoder unit 34 is applied to expander unit 40. 

Expander unit 40 can correspond to a fun DBX expander as shown in 

FIGURE R or to a wideband expander ·as shown in FIGURE 2. The 
• 

expanded (L-R) stereo difference signal is applied! to the other input of 

st~rn·o matirix unit 38. The reconstructedl left (L) and right (R) stereo 

sigiru~Js are applied to stereo audio amplifier unit 42 .for amplification 
and uhnmate reproduction in· a dual speaker unit 4~. 

FIGURE 4 shows· a. wideband expander, genera.Hy designated 

44, which according to aspects of t~e present invention, can be adapted 



1i1r·1a ·RCA 86,553 

I 
I 

so that a DBX expander can be used. A composite DBX encoded audio 
sig!rtal including a pilot signal is fed to the system at input terminal 46. 

The composite DBX encoded audio signal is then ~Htered by an input 
low· pass fiher (LPF) 48 •. which is a notch filter having its maximum 

5 auemuuion ·at a· frequency c~ose to but higher than the fifth harmonic 

(5H) of the pHot. signal. This fiher is used because h is desirable to 

remove :my SAP signal fr.om tbc incoming composite signal since the 

SAP signud can ·cause interference with the operation of the (L-R) 
demodulator. This is because an (L~R) demod.ulat_or typically uses a 

1 0 phase~iocked Hoop (PI...L) an~ there is a possibility that the ·PLL wiU 

f abeUy lock onto the SH ~enter frequency ·of the SAP sigmtl if the SH 
sngna[ is of sufficient amplitude. 

The present LPF 48 may be of a twi~= T topology (not 
shown) . with the the notch tuned to a frequency higher than SH. In 

1 S s~ch an arrangement, the SAP signal can be sufficiently attenuated via 

·the filter skirt witho~t requiring close tolerance components to 
precisely determine the notch frequency. AdditionaHy, placing the 
notch above the frequency of interest permits sma.Her capacitance 

values which are more practical to integrate and assures that RIC value 

2 0 varilil!.tfoirns wiU not change the skirt attenuation if a high enough "Q" is 

used. The present LPF 48 may be configured so as to use a portion of 
· the· twin= T arrangement as put <?f the feedback loop for an operatfona[ 

amplifier to thereby increase the Q of the circuit. 
The output signal from LPF 48 is fed to a switch 50 for 

2 5 swhching the input termi~al of the (L-R} demodulator 52 between the 

outpau 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 vised for providing sharper skirts at the notch freque~cy. The 

3 0 · operatlon of switch 50 wiU be discussed in greater detaU below. 
The signal from switch 50 is fed to LPF 53 ·for deriving the 

stereo sum signal (L+R) which is subsequently fed to mattix. 38. The 

signal from switch 50 is also .. provided to demodulator 52 which is ·a 
standard demodu.la.tor according to the MTS television standard. The 

3 S output sigmli from demodluiator 52 is fed to the .series coupling of LPF 

10 and VCA 18, as wen. as to the series ·coupling of BPF 20 and 
int~grating peak detector 26, an of which corresp'?nd 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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integrating capacitor 56 for providing a integrated peak detected 

control signal at Hne 58 to VCA 18.. The expanded output signal from 
VCA U8 is fed to a fixed deemphasis network 24 (see FIGURE 2) which 
in nnrn us fed to a stereo matrix 38 for reconstructing the L and R 

5 signab, 
The members so. far described in connection with ·FIGURE 4 

for the (L-R) signal correspond with the wideband· expa1mder discussed 
in FIGURE 29 as shown in the •957 patent. The wideband expander of 
FIGURE · 4 provides amplitude expansion for DBX e~coded signals with 

1 0 aim expander is not a mirror· image of the encoder. Howevtr. h is 

1rncogrnized herein that it may be ·des;rabfo to use selected portions of 
~he present expander, e.g .• demodulator 52, l.PF 10~ and VCA 18, when 
expanuicm from a DBX expandeir is ·utilized instead of widleband . . 

expansion~ In such a case, some operations of the present wideband 
1 5 expander would be modified to accommodate the operation of the DBX 

expam:iler. · Such circuitry changes are indicated in FIGURE 4 as 
Hh11strative switches ISL IS2, and IS3. These switches aire designated 
as "iH1JAUrative" because it is expected that in practice, that such the 

ahermue connections woulld be hard wired coi::rmections. 
2 0 A DBX expander 60 woudd be wired in place of the 

~iru;is network 24 and such . substitution is shown by switch IS l. 
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 

2 5 detector 26 provide a control. vohage at Hne 58 to VCA 18 to provide 
ampHta.ude expansion of the (L-R) signat Since DBX expander 60 
provides lits own amplitude expansion of the signal, the ampHtude 
expal!_lsion provided by the control vohage at Hne 58 is defeated by 

providing a constant predetermined vohage 62 through a resistor 64 to 
3 0 ·the output of the integrating peak detector 26 at line 58 by way of 

iUu.ustrative switch IS2. In this way, any changes iin the control voRta.ge 

at Hm~ 58 which would .be caused by the (L-R) signal processing of BPF 
20 airndl integrating peak detector 26, are ·"swamped" out by constant 

• 

35 
vohage 62. Thus, in this 
amplification with. the 
pred!~teirmined by the value 
at Ilnne 58. 

arrangement, VCA 18 provides a constant 
amount of said · ·ampHficadon being 
of the constant co~tro[ v·oltage 62 applied 

As discussed above, switch 50 switches the input signal for 
demodulator 52 to bypass LPF 48 when a DBX ·expander 60 is used. In 
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due exemplary embodiment, the switching of switch 50 is effectuated 

!by due d
0

efeating of the bandpass operation · of BPF 20. Such an 

arrangement win not adversely effect the operation of the system· since 

any controR signal generated by the operation of BPF 20 (and 

. 5 integrating detector 26) is rendered. i?-effectual by voltage source 62 

arnd. resistor 64. The frequency selective operation of BPF 20 is 

provided by capacitors 2la and 21b which provide a. frequency 

sensitive network: which wiU be more fuUy discussed below. In the 

exemplary embodiment, capacitor· 21a is couple~ to. a reference 

l 0 potential Saleh as ground, and. is provided with a DC voltage thereacross. 

This DC vohage is compared against a reference potential by 

comparator 66, which has an output 67 to which the switch position of 

switch 50 is respoimsive. The DC voltage across cap~citor 21a, is of a 

vahu~ above a threshold reference voltage VR.EF coupled to the negative 

1 5 terminal of comparator 66. In such an arrangemetu, switch 50 is 

switched for receiving an input· signal from LPF 48. If the DC voltage at 
Hne 68 is befow 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 

2 0 21a is changed by short circuiting the capacitor 2la to ground by 

iHustrative switch IS3. However, a resistor can be used having a low 

el!'nough vahie sufficient to change the voltage at line 68 through V JR E F 

from. above VREF to· below V REF. . . 
The details of BPF 20 are shown in FIGURE 5. The (L-R) 

2 S 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 [ow pass fHtcring .. ·The output signals 

iron:( the low pass filters are fed to respective unity gain ampHfiers 82, 

3 0 84 and subsequently to an operational amplifier 86 wherein one of the 

low pass fihered signals is. provided· to the l!JlOn~inverting 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 sig:nal at termimd . 88 of 

3 S amplifier 8·6. If th~ signal fed to the inverting terminal has a roUoff at 

a lower frequency than the signal to the imon~inverting terminal, the 

subtraction process is reduced past the roHoff frequenc.y and the signal 

at the non-inverting terminal win be passed through to terminal 88 
·----·-----------
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um.ti! the non-inverting input signal reaches its own roHoff frequency. 
In this way a bandpass filter is provided. 

In the exemplary emlbodtiment, the DC voltage across 
capacitor 21 a at Hne 68 is provided from the the output H:ne 90 of 
ampUfi~r 72 which is DC coupled arid has a DC voltage thereat. Thus, 
wheirn capacitor 21a is shunted or short circuited to ground through 
iHustradve switch IS3, the . operation of that signal path · 92 is defeated, 
and consequendy, the operation of the bandpass function of BPF 20 is 
dlefeat~d. The change of the DC voltage at ·une 68 causes switch 50 to 
swhch between input signal terminals as discussed above. 

----·--·-···-·-·····-----
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Claims: 
li. Switching . apparatus characterized by: 

filter ·means (20,21a,2lb) hu:ludling a frequency sensitive 

network for spectrally fUtering a signal, at least one member of the 

5 frequency sensitive. network having a DC voltage theres.cross, 

comparator means (66) having a threshold voltage and 

having an m.~tput signal responsive to the amplitude of the DC 

voltage, and 
switch means (50) responsive to the output signal of the 

l 0 comp~rator means (66) for switching between at least ·a first and 

second terminal. 

li 5 

20 

2. The apparatus of claim 1 characterized in that the 

fiher means (20,21 a,21 b) _is a bandpass filter. 

3. The apparatus of claim 1 . characterized in that the 

switch means (50) is actuatabie by shunting the member (21a) .of the 

frequency sensitive network to change the DC voltage through the 

threshold voltage. 

· 4. The apparatus of claim 3 characterized in that the 

:dimnting of the· member·. of the frequency sensidve network disables 

the spectral filtering of the signal by tlhe filter means. 
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