University of Dayton

eCommons

Graduate Theses and Dissertations Theses and Dissertations

1975

Multiplex selective broadcasting system

Ronald Eugene Wysong
University of Dayton

Follow this and additional works at: https://ecommons.udayton.edu/graduate_theses

Recommended Citation

Wysong, Ronald Eugene, "Multiplex selective broadcasting system" (1975). Graduate Theses and
Dissertations. 6494.

https://ecommons.udayton.edu/graduate_theses/6494

This Thesis is brought to you for free and open access by the Theses and Dissertations at eCommons. It has been
accepted for inclusion in Graduate Theses and Dissertations by an authorized administrator of eCommons. For
more information, please contact mschlangen1@udayton.edu, ecommons@udayton.edu.















-systems Was indpr*oVed- by é}ifninaﬁtih'g résp’onses due to tones of
duration less thén the syétem,‘é. time constant, system capability
was severely limited by fhe .number‘ of different code tones which
could’ pe used ini:the allotted moniation spectrum, - while still
keeping sufficient spacing between these tones. A certain mini-
mum spacing between code 'tones was hecessary due to the limited
select_ivity of the toﬁe detec_tors_used. in__£he receiving equipment,
“The »technical pr*oblem$ encountered caused'. most F-‘M‘
broadéast stati.ons iﬁvolved in‘"St-ore-casting" to eventué.lly resort
to a simple system'wheré backfground music was tr;ansmitted on
one. subcarrier, and back-ground music interrupted periodically
by .‘comnﬁercial messages was transmitted on another subcarrier
and directed at one subscriber only. In a given broadcast cover-
age area,b the larger store chains wefe naturally desirable as the .
éubs_criber*, leaving smaller businesses unable to even compete for
.the use of this new advertising means. This has caused legal
problems in some areas due to its alledged discriminatory nature.
| The MULTIPLEX SELEQTIVE BROADCASTING SYSTEM
described in the follow{ng chapters eliminates the problems previ-
ously mentioned by providing a rheans for FM broadcast statioﬁs to
pmvidé an almost;unlimited number‘ of subsqr*ibers with a reliable
"Storecasting” service, as weil as to continue to provide the
. standard back—gr\ound .szic ser~vi_¢e.

It is a two-subcarrier system using 67 kHz as the back-




ground music subcarrier and 42 kHé as the commercial message
subcarrier. Figure 2 sﬁcﬁws the compc;si'te modulating signal
spécthum» of a transmitter used in ‘stch a‘ system.,

A patent application has been filed on the MULTIPLEX
SELECTIVE éROA.DCASTING' SYSTEM, but no final action has
been taken as of this date (February 19, 1975).

The FCC Rules and Regulations pertaining to SCA sub-.

~carrier use are included in the Appendix for reference.
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CHAPTER 11
- DESIGN
i Design Goals

The éuccessful ‘design of the MULTIPLEX SELECTIVE
BR‘OADCASTIlNG. SYSTEM was dependent upon .the achievement of’
several design goéls’.- |

Thé primary goal was. the consthuction of a coding system
with a very low error ‘rate, If tl'rme‘rl‘eliability of such a system i§
less than perfect, embarrassing situations could ariée; since such
failimes can cause oné subscriber to receive another subscriber's
. message.’ The problem is evident if the message is a commercial
meésage, and tHé subscribéré i‘ﬁvolved are competitors,

Other system requirements were low maintenance,- ability
to work in conjunction with SCA receivers presehtly on the market,
‘and reasonable cost.

Figure 3} shﬁows'a block diagr\am. of fhe basic MULTIPLEX
SELECTIVE BROADCASTING SYSTEM. The system consists of
three basic séction’s; the 42 kHz subcarrier detector, audio fader,
and decoder. - | |

42 kH=z Subéarrien Detector -
Since the MULTIPLEX SELECTIVE BROADCASTING

SYSTEM requires the use of two subcarriers, only mondphonic FM

broadcast stations can utilize such a system. Although a number
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of different subcéibr*ieh f’réquenciés éé.n be used by monophonic
stations, 42 kHz ié most .generally ,usgd when the primary (back-
ground music) subcarrier is_6_7 kHz. 4é kHz was therefore chosen
as the secondary: or "information" subcarrier.

The subcarrier detector‘_,bused in this system is the filter
type. A 42 kHz bandpass filter followed by an integAr‘ated circuit
Func{:ioniné as a c’om‘bina‘ltion limiter aﬁd deteétor* comprises the
basic subcarrier detector.

The desig'nw of the 42 kHz bandpé.és filtef follows the stepé;
outlined.2 A Butté'r*wor*t;h type‘ response was éhosenAbec‘au_se of its
flat pass—band response and low insertion loss.

1. Specify the “center frequency, u3°, and the 3 dB band-

width, W, ) |

a)W,= 21 f, = 2m@2 X 10%) = g4 x 10°

b) D= 2mWr, = 2w (14 X 10%) = 281X 108
Spécify 4the skirt selectivity'. . Let AdB be the atten-
uatioﬁ desired at some FreqL‘Jency, xbl,- beyond the .
upper cut—off frequency.

a) AdB ‘ ,30 aB |

b) W, =2mf; = 2mw(@©3 X 105 = 1267 X 10°

vCalculat‘e the normalized frequency ratio ‘Dbp-

2 (W -W,) _ 2 d2erx 108 —'84m X 103
w, 28 T X 109

.a)zsbp =

\

2White Electromagnetics, Iné., Filters (Library of Congress
Catalog Card Number 63-23232, 1963), p. 151

14—




D bp.= 8

Using the Butterworth response- plot in the cited
reference, it is seen that three filter-sections are
required yvhen ‘\pr = 3 and AdB = 30 aB. ,
The normalized element \;alues for a three section
Butterworth filter with equal source and load
impedances are then Qeter*min'ed from a table in
the cited Pefer‘ence;

a)_ L1 = 1,000
b) Cp = 2.000-

©) Lg = 1.000
The normalized values are then used in the com-—
ponent"ecjuations for a cé_pacity—coupled resonator.
baﬁdpass filter to’dete'r\mine the component values.
Figure 4 shows the general cénfigura_tion of this
type filter. The filter was designed for a source

and load impedancrer of R = 8,000 Ohms, for con-

venience. : - _ ‘\/ 1
» L1 A / 1 = M a &
L1C2

A Cae =3[ R 2 1 (@2 X 109) (8 X 109)

Capl = 335 pf

Cec = WO, R 24 (42 X 103) (8 X 103)

Ly ;-\/ 1 = M ORON
C2L3 -

335 pf
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C) L‘A = LB = LC = \DoQLV L1 » Where QL. = \.bc
2.4r (42 X 103) _
QL = ar_( ) = 3

24 (14 X 109).

8 X 10°
29 (42X 109) 3) (1)

therefore, L =lg=Lg=

La=Lg=Lg = 10.1 mh
L o 1
D Ca=g D, CaB = B8 X 103 (2) (14 X 109)

(335 X 10713y,

Cp = 1086 pf

N _ . -
® CBT Ry, T ©CaB* CBO = EX6%H @my (AKX 105 T

(770 X 10~12y

Cg = 751 pf

- S - 1 -
D CC“R\Qc CeC (8X 105 @) (14 X 109)

@35 X 1012y

Cc = 1086 pf

" Tapped tuning.\capécitor‘s were used on the ends of the filter
in order to obtain an input and 6utpu’c impedance of 500 ohms and
2000 ohms respectively. These values afforded a better match to
- the driving-source impedance and load impedance of the devices
used on either s_ide_ of the filter'.. Since the reactance of a capacitor
is inversely proportional to its capacitanée » the voltage across it at
a given frequency is also _im)er#sely bro_portional to the capacitance. .
Letti‘ng CT be the total tuning capacitance and Cq the capacitor from

the tap . point to‘gr‘ouhd, the voltage step up ratio »is-gj- The

cq1]? C1C . |
s . _ 1 : . 1-2 .
lmpgdance step up is then [———OT:] . Cg is C; £ Ca° where Q_2 is

- 14 -



the cabacitor from the tap pbint to the top 6f" the tuned cir‘cuit..

‘The relatively wide tuning range of the coils used in the
filter allowed the ‘c;,al_cuiated, é’apacitor‘ 'Qalués to be modified slightly
in or‘deiﬂ;_to use available cbmponenté. Figure 5 shows the response
of the c':orﬁpleted filter. Figure 6 is a schemétic diagram of the
complete 42 kHz subcar'r*ier“detector*.v Table 1 shows the componénts
é.ctually used in the 42 kHz filter: as}well as the rest of the detector.

| The composkite ,outpuf signal from fhe tuner being used is
| applied to the 42 kHz i)andpass filter through input buffer Q—1 . Q-1
is én emitter—follower which allows either low;impedance or high-
impedance serces fo be used, while pr;oviding a constaﬁt source
‘impedance for the 42 kHz bandpass f;ilter. The 67 kHz trap on the
input side of the emi’cter'—follower proﬁdes_ initial attenuation of the
67 kHz signal. The 100 pf coupling capacitor, o—é,. works in con-
junctién with the input resistance 61’ the emitter-follower providing
son;\e higﬁ-—pasé ﬁlter‘ing to attenuate thé main channel audio signal
als’o ;:ontained in the composite signal output. Figure 7 shows the
frequency response measured at the output of the 42 kHz filter
relative to the éomposite ihput. Comparing Figuiﬂe 5 and Figure 7,
the effect of the high;pass filtering and 67 kHz trap can easily bé'
seen, | |

The output of the 42 kHz bandpass filter ié applied to IC~-1

via buffer transistor Q-2.  IC-1 functions as a limiter and FM

detector. A unique method of detection called "Linear Gatingd'is

- 15 —
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IC-1 ULN2111
IC-2 7400
CR-1  1N270
CR-2 1N270
CR-3 1N4148
Q-1  2N3394
Q2 2N3394
Q-3 2N3394
Q-4  2N3394
Q-5 2N3394
Q-6 2N4125
Q-7 2N3394
L-1 10 mh .
L-2  10.1 mh
L-3 10.1 mh
L-4 10.1 mh
‘ L-5 10.1 mh
C-_-1 566 pf
c-2 100 pf -

C-3 1
Cc-4 1800 pf
C-5 .005

C-6 300 pf
C-7 1800 pf

Resistor values

Capacitor values are in juf unless otherwise noted.

or N5111A

nominal (tunable)
nominal (tunable)

nominal (tunable)

nominal (tunable)

are in Ohms.

C-8

c-9
C-10
C-11
Cc-12
Cc-13
Cc-14
C-15

Cj16.

Cc-17
Cc-18
C-19
C-20
c-21
c-22
Cc-23
c-24
C-25
c-26
c-27

c-28

R-2
R-3

470

R-4

R-10
R-11

R-12
R-13
R-14
R-15
R-16
R=17
R-18
R-19
R-20
R-21

R-22

R-23
R-24
R-25
R-26
R-27

1 K
330 K
100 -
1 K
33
470
22 K

- 47

1K

2.2 K
220 K
100

1O AK Pot.
100

27 K
100 K
8.3 K
100

1 K Pot.
33 K
150

470

1 K

10 K

TABLE 1. 42 kHz SUBCARRIER DETECTOR. PARTS LIST

- 18 —




N
a
o
./
N
I
x
o
<
©
5
a
5
)
8
)
>
l‘j
5
)
S c
32
5
a
-+~
5
O

—50 - .‘ L] L = A] ' 3  § |
15 . 25" 35 45 55 _ 65 75

FIGURE 7. 42 kHz FILTER RESPONSE RELATIVE TO COMPOSITE
INPUT OF 42 kHz SUBCARRIER DETECTOR




used,

The audio out;kaut‘ of IC-1, pin 1, is applied to an audio
ampliﬁef stage. Q-3. The audio output of Q-3 is further de-—
emphasiée’d by C—1'97 to reduce'thg' background hiss often accompany-
ing SCA transmissions. Normal 75us de-emphasis is provided by
C-21 from pin 14 of IC-1 to ground. The audio output of Q-3 is
apblied to the 42 kHz input of the -a-udio -f’ader network. Low-level
'audio output from ICv—.1 is applied to thé conference call amplifier
through QOFume control R-16. "

The qutput éf the '4é kHz bandpass flilter is also applied to
the carhier* detéctor* portion of the 42 kHz subcarrier -detector as
showﬁ in F'igur*e 6; '

The signal is amplified by Q-4 and applied to the wvoltage-
doubler composed of CR-1 and CR-2. The filtered DC output drives
the NPN/PNP configuration made up of Q‘—5‘ and Q-6. Emitter
follower_.Q—-?- drives the Schmitt trigger composed of the two 2-
input nand gates.

R-22 is normally adjusted so that the output of the Schmitt
trigger is a logic "1" when the level of the 42 kHz carrier is
nbr'mal, and a logic "O" 'When the 42 kHz carrier level drops 10.
dB below its normai level.. This signal is used as a "reset"
signal at the end of a message on the 42 kth channel, and causes
the 67 kHz vback_grounc.i music material to be switched back to the

- subscriber’s audio sysfem. Capacitor C-27 provides approximately

—-.20. —




a one—éecdnd time delay "éo this action to phévént momentary cérr*ier‘
‘int‘er‘r*uptior-\s from effecting a "reset". The carrier detector output
is connected to each code module board.
| Audio F—'ader;.

ThevAudio Fader Circuit has two inputs and one output.. As
shown in' Figure 8, the two ‘inputs are the audio output from the 42
kHz subcarrier deteétor ana the au-dio output from the 67 kHz sub-—
carrier defector in the SCA tuner being used . The output is either
the 42 kHz audio or the 67 kHz audio depending upon the logic state
of the "fade" input. The "fade" line is essentially éhe output of the
decoder. When a codé number has been received which coincides
with a programmed ﬁumber‘, thle "fade" line will switch from the
logic "O" state to vthe logic "1" staté: 'When in the logic "1" state,
transistor Q—é is saturated, essentially grounding its collector.
This causes GC-4 ut,o slowly‘discharge through §—10.

C-4 discharging- s-lowly removes f:he forward bias from diodes
CR-1 and CR-2. When forward biased, approximately 30 dB of
attenuation is obtained between Q-—-.1's out.putband output stage Q—-4's
input due to the voltage—divider action of R-5 and CR~1 followed by

R-7 and CR-2.

With C-4 discharged, the 42 kHz audio passes through to

the output stage with little attenuation. The switching action accom-—
plished is a slow 'transition from one audio source to the other,

the volume of one fading doWn as the volume of the other fades up. .
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The above deécribed action in 'fhe} 42 kHz leg of the audio
fader is just Pever_sed“ in the 67 kHz 1ég of. the auaio fader. The
"fade" input switching to a logic "1" turns on transistor Q-5 which
cuts off transistor Q-6. This allows Cf13 to slowly charge through
R-21. This slow charging «action slowly attenuates the 67 kHz
audio signal as diodes CR-4 and CR-5 become more and more
forward-biased.

When a "resét" signal is generated by the carrier detector
described in the previous section, the decoder is cleared and the -
"fé.de" line. returns té a logic M0", Reverse actioné occur in the
two legs of the audio fader causihgl the back—gr*o?md music to be
slowly faded back up to full volume. Adjgstments R-4 and R-28
on the 'input buffers set the'inpq’c_ audio levels at about 200 mv
peak. The audio level must be kept at or below this 200 mv
level so that no clipping dué to CR-1, CR—Q, CR~-4 and CR-5
occurs. |

The program balance cont?r*ol R-13 adjusfs the Eelative
output level of the tw; audio sources. If is generally desirable to
adjust this so that the 42 kHé audio ‘ievel is appro#imately 6 dB
.above the 67 kHz bacAk—gr*ound music level.

The .low—‘level audio output from transistor Q-4 is used to-
drive the aud{o power ampi{fier Qsed in the system.

Decoder Opefation

As previously mentioned, the reliability of the Decoder was

- 23 -



of utmost importance in.fche design of such a system., _ A very low
error—rate wé.s necessary for SVUCCeS‘_SfL’ll operation. The high
signal-to-noise ratios necessary in such-a system alleyiate the
~problem somewhat, but impulse—type disfurbahces cah still be
encountered. |
AFSK (Audio ;z'r‘equency' Shift'; Keying), sometimes referred
to asstr?ansitional keyiﬁg, was chosen as thenrmethod for code’traal'\s—
m'ission;. The freque‘nciesseleé’ced were 600 Hz and 1500 Hz. A
tr‘ansitioh' Paté of ten transitions per second was selected. This
rate corresponds to the nonjinal pulsing .rate of a standard telephone -
dial which can then be used for generating the code sequences at
j:he transmitting‘ end of such a systel;n. A system similar to this
“is used for the MTS (Mobile Telephone Service), both land mobile
and marine mobile. |
Systenﬁ reliability is derived from th"e’f"act that the pre-
sence or'_pccur*r*.ence of either tone 'éontains no information. An
information bit is detected only when a transition from one tone to
fhe other occurs within a preset time'inter‘val.

A digifca_.l t‘ecl;wnique‘ was developed to detect these information
bits. ‘The technique used is called CEG (Cofﬁplementary Edge
Gating). - |

Figure 9 is a block diagr*am of the complete Decoder.
Figure 10 is a timing diagram showing the state of tHe corres—

pondingly-labeled points on the. block diagram during a 600 Hz to

- 24 -
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FIGURE 10. DECODER TIMING DIAGRAM (800 Hz to 1500 Hz Transition)




1500 Hz transition._

Line A is the audio signal derived from the 42 kHz sub~
carrier detector. L.jine B is tHé digit;.al .dufput of the 600 Hz tone
detec;t_or';,i'_ and line C is the digital ‘output of the 1500 Hz tone
detector'."»'Lines E and F are the complerﬁen’cs of B and C ;“éspective—
15}. Line' D is the tone detector ou'qﬁut which is a loéic """ when
eithér tohe is present énd has a tiﬁe constant associatéd with its '
tr‘ailiqg e'dge éuch that it stays at a logic "1" during normal tone
transitions. The)signals on lines E, B, C, and F are differentiated -
and applied to Schn';nitt triggers é.s s}"uown, on lines G through .N.‘ By
.gating line L with line N and line _K’with the line M in f:l;we transition
| detector, an output pulse is obtained, as shown c.>n.1ine o, whenever
a transi_tiqn from one tone to the other occurs within a time tg.

This sample time is deteMined by .the tim_e—consténts of the differ—
entiators and the-tr\ip—points of the Schmit’_c' friggers.' The transition-
detector*' voutp'>ut is applied fo a pulse génerator circuit which géner‘ates
two -digit puelses . The digit pulse on. line»P goes to a logic 1" upon
the detection of a transition and stays at a logic "1" gntil _approXi-—
mately 200 ms has elapsed since. fhe ‘occur‘r\ence of é transition.,

For example,' vif" a five is sent by the encoder, line O will consist

of five pulses each with a duration of 5 ms to 10 ms. This pulse
width is also a function of 'the' tim:e': constants of the diff’er*entiatorsv
and tﬁip 'points of the Schmitt triggers used in the System. Thé

spacing between the five pulses will be approximately 100 ms due

-.27 -



to the te’n—transitio‘ns'—;-:-»erf—se‘cond _rate uséd.

Line P will go to a logic "1" when the first transition
" pulse occurs and_w?ll return to a logic "O" appmxiMately 200 ms
after the occurrence of the fifth transition pulse. This will cause
the counter portion of thé decoder to interpret the next pu.lse re-
ceived as part of the second code digit. |

~Line Q shéws a shért—duration pulse generated from the
léading edge of P which is used in the counter portion éf the
decoder.

The counter portion of the decoder is composed of the .
transition counter and its BCD-to-decimal decodér as shown in
Figure 9. Provisions for up to I'six code modules afe available ‘in
the unit constructed, each. containing the basic functional blocks
shown_ in thé coae module por*t{on of Figure 9. These code modules
a'r‘e plug-in- printed circuit boards which are identiéal except for
the placement of the program jumpers. The code cards cohsis’c of
a digit counfer*, a BCD~to—-decimal depoder, the coincidence detector,
and an output lafch. |

Initial conditions are such that the digit counter on each -
code module board is reset to the "O" étate. The first transition
of the first digit of a transmit’ced. code causes the d{git pulses P |
and Q to be generated as previously described. " Pulse Q pulses
the digit counter moving it to the decimal 1{" state corresponding-

to the first digit. Q also clears the transition'counter preparing

- 28 -



it to .count the _transitiong. Since Q is o_f shbrter duhation (approxi-
_mai:elj 50 js) than a transition pulse, ‘the above actions are com-
pleted before the negé.tive transition (’cr‘ailing- edge) of the first
transition pulse (5 The digit and-tr‘ansition counters are both
- negative—~edge triggered.

In the coincidence section of the code module, the decimal
"1 output of the digit counter's decoder is gated with one of the
ten outputs of the transition counter's BCD-to-decimal decoderﬂ if
- the first digit pr\ogrammed is a two, thé decimal two output is tied
f.o the appropriate input via a program junﬁper& If the transmitted
digit agrees with that programmed, Fee'dback from the coincidence
gates keeps the digit counter from being reset to the O staf_e.
The Q pulse correqunding to the next digit will then step the digit
counter to the decimal '"2" state and again compare the transition
counter's content with the digit programmed. Ifr all digits of the
pr‘ogr'arhmed code are received in proper sequ'ence, the output of
the last digit gate sets a; latch to store the fact that a pr*open'ﬂ cb_de
sequence is received. The latch is -r‘equir‘ed since the digit counter
is reset after a code transmission. The output of the latch on the
~code module .is used to initiate the desired action. If tied to one
of the single number inputs of the function summer, the fading
action'frfom “ the 67 kHz channel to the 42 kHz is initiated. If the

latched output is tied to one of the double number inputs of the

function summer, another proper code reception is required to

‘
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initiate a channel. Fadé. This ty_be of operation is used so that two
or m‘ore "familiés" 012 subsc‘:riber‘s can be placed on standby by
seQuen’cially- transmitting the proper codes. The transmission of a
release code common to all would then: cause the addressed loca—
tions to. simultaneously fade to the message channel. Without this
standby feature, normal sééUential code tra;nsmiss{ons wogld be
heard at locations which had already receivea a valid code. For
e>'<ample, if three "families" were to be addressed by sequential
transmission .of" their normal single’ numbl’er* codes, the first one
:addressed would fade to the message channel causing the tone codes
transmitted to addr\e.ss the last two to be heard on’_ the first sub- |
scr*iEer"s audio system.

If the conference call function is desir*e_d, the latched output
of the code module is tied to a mute circuit cc‘-mtr‘olling, the audio
amplifiér;.-driving a speaker in the manager's office or other non-
public blocation.

Regardless of the function initiated, at the termination of
the transmitted message, the 42 kHz carrier level drops 10 dB.
As previously described, this causeé the carrier detector to
gen’erjate a reset signal f"ob the code fnoéiule latches, and the back-
gr‘ound- r'husic. is r‘estor‘ed .

Decoder Circuit Implemenvtatiobn
Figure 11 is a schematic diagram of the main portion of

the' Decoder. The NES67 integrated circuits, IC-1 and IC-2, are
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phase—-locked~loop tone detectors. " The output of each tone detector, _
pin 8, is at 'a logic "1" l-evel,.Auntil the'detection of an in-band -tone;
The output then goes to a logic "0" level for the duration of the
tone.  The deteétion bandwidth is approximatély 14 per cent of the-.-
center Fheduenﬁy, when driven by an audio 'levél of 200 mv or
gr‘ea'tér‘. ‘ |

The center frequency is determined by the RC-network

-1

between pin 5, pin 6 and ground. The relationship being f = RS

where C is the .22 uf capacitor to gmgnd from pin 6, and R is
fhe total series resistance between pin 5 and pin 6. The tr'im--
control provided allows the free—running frequency of the CQO
(current controlled oscillator) to be adjusted for the pf‘oper‘ center
fr‘eq'uenc:iy, "800 Hz and 41500 Hz respectively for the two tone
detectors. The temperature stability of thjs center frequency is

" essentially a func‘tic':sn of the temperature coefficients of the, com;
ponents used in the frequency deterfminin‘g RC—-network. The inte-—-
grated circuit itself ha_s excellent temperature stability.

The capacitors connected to pin 1 and pin 2 of each device
detefmine,the‘ corher‘ frequenci'e's‘ of an input low-pass and an output
filter éssociated with each device. The \;alue of these capacitors -
was car*e'fully‘ selected to equalize input—-to—output delay times so
that transitions occurred at the same relative phase at the output
that they did at the input. This was of utmost impor*tar;ce'duev-to

the - sampling method of transition detection discussed later.
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A slight. amount of positive fee.dbaclg via C-2 and C-9 and
a relative low value of pull-up resi_stance, R-1 and R-5, eliminated
any tendency f"br oécillation. dur{ng output logi'c transitions.

‘AAlthough not encountered in this system, these p-hasé'_
lockec‘i-loo.p tone detectors are capable of reliable operation with
input signal-to—-noise ratios as low as -6 dB. |

The tqne detector output__s» are complemented by a portion
of IC-8. . The un‘complemeniged outputs as well as the complemented
outputs are applied to RC-differentiators, ‘each compésed of a 22 uf
capacitpr‘ and -a<470lohm resistqh. The differentiator outputs are .
applied to Schmitt thiggePS'IC_—4 and IC-5. Thesé Schmitt triggers
are functionally .4—'iﬁput Nand gates vwi'th Schmi& trigger character—
istics associated with each input. As used in the Déc'oder*, ,;chey
function as a simple inverter with a Schmitt trigger input character-— '
istic since all four inputs are tied together‘;

When a positive—-going output of a diﬁ’erentiatbn exceeds
the_ trip point of its lassoc.iate‘d Schmitt trigger, a neéative—-going
pulse will b.e generated at the S;:hmitt ‘tr'igger"s output, These
outputs, K, L, M, and N afe the edge samples which are appro-
priately cr*ossfgated.to effect a transition detection. The inverted
outputs of the Schmitt triggers are abplied to two Nand gates which
aré a portion of IC-6. A pulse will é.ppear* on pin 13 when a 600
'Hz tone' is initially detected and a pulse will appear én pin 12 of

IC-6 when a 1500 Hz tone terminates. The output of this gate,



pih 11, will therefore consist of a negative—going pulse whenever a

1500 Hz to éOO Hz tone fransitio'n occurs. Similar action causes
a negativeégoihg. pul"sé on p.in 8 of IC-6 whenever a 600 Hz %:o 1500
“Hz tone transition occurs. The duration of these pulses is equal
to the overlap~ of the 'edgeA—sample ‘pulses being gated.

Another Nand gate effectively Funétioﬁs as an Or gate,
delivering a positive '-pulse, O, at its output, pin 6 of IC.—6, upon
the occurrence of either transition.

The outputs of the tone—detectors are also appliedv to pin 1»
and pin 2 of IC-8. When either tone oc'chS, c-21 is quickly
charged through the low source resistance of a Nand gate's output
when in the logic "1'" state and the forward-biased diode, CR-1.
If a small time interval exists bétween tones instead of an instan-—-
taneous transition, the output of the tone—detector Nand gate goes to
a logic "0O". This causes C-21 to be slowly discharged through
R-15., This tirhé—delay, associated with the trailing edge of the
tone—detector outputs, allows the above—rﬁentioned intervals to
exist between tones with no discontinQity existing in the detectiqn
of' the pr*é_sence of either tone. With 'the components. shown_, the
tone present line, D, will not discharge to a leyel which would be
interpreted"as a logic "0" by the code modules until approximately
2 ms éﬂer the termination of either tone, withogt the other tone
occurring. It ié necessary to eliminate any discontinuity in this

signal to prevent unwanted resetting of the digit counter in each-




code module,

Since B denotés the detection oF'a; 600 Hz tone and C
denotes the detection of a 1506 Hz tone, the logic equation which
describes- the output of the tone—detector ‘Nand gate (fohe present)
is: |

(1) D=8B-C
@ D= B+C

Letting B+ and C+¢ represent the lbgic ".1 " to logic "O"
tré.nsiti‘ons and B tand C fthe logic "6" to logic "1" transitions of
the tone detector outputs,. the logic equation of the complete transi-—

tion. detector with respect to the tone-detector outputs is:

m o =(B4* Cq, (04‘ Ew)

@) .'.fo =(§f+5+) . (E‘H’_’B‘i)

@ O =(t34*-c¢)~+ (o+-5+)

The transition detec’gor output is connected to the transition

countel? IC-9. IC-9 is a decade counter. The BCD output of the
can‘cer is connected to the BCD input of the BCD-to~-decimal
decoder IC-10., The ten decimal output lines of the BCD-to-
decimal decoder are all in the ldgic "N state exéept the one which
corresponds ‘Ito the BCD input.

The output of the transition detector gate, O, is also

applied to the pulse generator portion of the Decoder, The first




transition pulse of a digit turns on tr*ansisto;h Q-1. The 100 uf
.capaci'tor‘, C-14,. f"r*om,t,h>e Acollector',of" Q-1 to ghouﬁd is quickly
discharsg_ed thr‘ough‘_.thé satL.Jr*at_ion -resistance of Q—1; This causes
the ‘outp'ut:., P, of the SchittltPiggeh"» Nand gate to go “to—the logic -
"M state. THe 100}.\f_capacitor~' is normally charged up Fr*pm
current sourceVdA from the inpgts of the Schmitt tr'igger‘.‘ The time
constant associated With the 100 uf capacitor and the input resis—
tance of the Schmltt trigger is such that the 100 uf capacitor is
dlschar'ged by succe581ve transition pulses of a given d1glt bef’ore
it caﬁ c:_harge up to a level -high enough to cause the Schmitt trigger
outpu;c,' P, to 'Petur‘n to a logic "0", The interdigit time bétween
tr‘a‘.nsmitte'd digits is suFFicient— to allow the 100 uf capacitor to
charge up to a ’lev_ell éQFFicient to F\etur-n output, P, to the lqgic non
state. - This signif-‘ies_ the »_ehd of the firét digit' and causes ‘the

decoder to record the next series of transitions as the next digit.

The long digit pulse, P, is gated with a delayed version of

its complement, E,' by another Schmitt trigger Nand gate. 'i'he
short du‘r‘ation digit pulse, Q, is thus generatéd by vthe overlap of
P.and P. ‘Q ~is the -inverted output of a Schmitt.tr‘igger' Nand gate
and is at the logié nqn hlev‘el until the ..1. J&f capacitor on pin 4 and
pin 5 of IC-7 is discharged through the 220"ohr‘.n ‘resistor, R-16,
and the ON resistance of the Nand gate generating P. Q has

a duration of approximately 50 us. .

The short duration digit pulse, Q, is applied to the transi-




