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ié v " (iv) ‘Data of the antenng 'support st;ucture rom the.

= aviation point of view.
36rizontal and/or vertical .pattern(s) of éﬂe
ST tréhsmiﬁting'aﬁtepna system. = °

Al ! - .

A ) -7 (vi) 1If an off-air pick-up or a microwave relay system

LA
&

is propogsed, data of the ana;ysis to prove a

X - , | s - -
3 suf£1c1ent quallty of. the signal &t E?e p1ck~up

point f%r rebroadcastlng. : ,

-

(vii) A propoEed coverage map for the, serV1ce area I
é‘ - . - lndlcatlng fleld-strength contours in uV/m or
! mV/g in the case of,a.nadlo coveragey or grade A

and Bléoﬁtours in the case of a televieiop “ f’q

- ' ,

i | S . N coverage;} ) ; S

)At the same tlme, the appllcant must apply t;\the
3 b }’ éanadlan Radlo and Telev151on Comm1551on (CRTC) .for an \\ .
:T , operatlng license, explalplng the purpose of his proposedkv
broadcast facility and the total popgladion to be served
by the facility with the eetimated costs for the “facility

N construction and the annual ogeration. :
. ] - ‘

o It is very 1mportant for the llcensee to state
exp11c1tly in the DOC appllcatlon form, whether his proposed .
! broadcast facility operates under local control (attended)

b}

; e X
.or under remote control (unattended). It is also important

3 o

to, indicate clearly whether it is in compliance with the

minimum requirements for the transmitter facility such as

%
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-

,

for the rest of 7 hour program—off perlod at the rate of 3

cents, per kWh approx1mately [a11. Thls would result in loss
of $15. 00 a day or more than $5,000.00 a year for operatlng
only one high power transmitter. In case of a low power ’

transmitter, the annual loss would'vary'from $500.00 to
$2,000.00, depending on the rate of the power consumption
unless a remote control switch is installed in the. trans— . a

4
© o

mitter. a a

As of January, 1976, CBC owns 235 television trans- -

mitters and 364 radio transmltters off1q1ally operatlng in
.seven CBC regions in Canada [12]. Approxlmatéay 90% of

'thoee transmitters should be remote-controlled dqe to the .

unattended operations. Hence, considerable benefit could

-

be gained from installation of a remote control switch to

command the operation of each of these transmitters. A \

Recently there has been a strong trend for the

‘reduction of energy coasumptioﬁ £n industrial and household

L) N 2

equipment [13]. 1Installing a, reliable and inexpensive re-

pote control switch, suitable for each 'of the broadcast °

A

transmitters is also compatible with this§ trend.

~









“ Co o
. N X i ’1 f
~ information from the transmltter is sensed at the’ studlo,-
a stop command is sent automatlcally via the link from the

[ 4 -

- .
studio to the transmitter. ' o . <

"(VI) Time-Clock Control System: _ :

N

. : A time—~clock, installed in a transmitter. facility,

.
3

may be used as a primiéf%e tool.fox the tgyansmitter remote

>

control. This'sysﬁem‘causes'a\problem begfause the operation

°

< hour of the trapsmitter is detérmined by ‘the time switch set

on the clock but not by the dailx program schedulel

B "(VII) Audic Program Frequencies Link System:
. -

A certain porﬁion of program maferial freopencies;

for an example, between 600 Hz and 4 kHz is filtered and con-

s -

verted to a sw1tch1ng signal for the tranSmltter control [19].

"(VIII) VITS Link. System:

VITS, that 1s, a V1deo interval test slgnal could

be used for the remote control of a TV transmltter w1th\an

L ) approprlate device [5, 20}.. .. o h . )

A

) 3 . Generally speaking, broadcast transmitters, in

s N ' which remote control switches are installed, are switohed on

.

about 15 minutes before the commencement of the dally program.

schedule and shut down lmmedlately after the schedule com- = .

-

pletion. SO i f -

N
¢

1]
P .t ?

At‘present} the video-synchronizing pulse link
system in the category 1II) prevalls over other systems, as

the remote control system for ‘the TV txansmltters, malnly .\ \
R [
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o

1

(3 * . 1] ) » '.. » + -
+dinh use for a radlo'transmltter is the contlnuous audio~tone

S,

frequency rlink system described _in category‘/}v) Howevef,
this 1s also a costly System because "the current purchase

price of a second quailtyfllne is $15,000.00 approx1mately,

9 ¢ e,
and hence is uneﬁénomlcal for the usual radio traﬁsmltter

-

s operatlon.

e . . ¥

thus, it is desirable to have a reliabl® and
- . 4 h ‘ Y. F - e
economical way of'commanding transmitter operation. Referrlng
.y \

to Fig.l.1 [ 21 ],.one of the ways this can be achieved is

.
H

to have a,system whergby the transmitter Bberatlon is

effectivelj#controlled ia the main prqgram‘line, which is

-~

" frequired for transmlttlng the prﬁgram maﬁerlal ahyway. In

—
,,)

*h.orq/t to accomplish thls, 1t is p?oposed to dea;gn a low-cost

reﬂote conﬁrol switch con51st1ng of v01ce band' frequency
el

selectlve filters and,ey1ggh1ng circuits as 'basi c1réu1t

\  structures. -
. L

?5 Switching circuits éan be” easily designed using

: _reiays in combiﬁation with logic ané/or memory circuits | -
which frequently consist of NA?D and NOR .functions, and &-Kﬁ
flip-flops t22,.23]. They are commercially’;vailable in the
forms of inexpensive_integrated circuits (less than $1.50

1.4 /,
foreboth IC quad twﬁzz:;ut NAND gate, I‘ﬂ*ﬂiﬁllA’2 and IC dual

,-‘.._”

. J=-K fllp-flop, SN5473) [24]2

o

* A problem, however, arises in the desigfh of-voice-

band frequency selective filters. As is known, one confronts

° 9% R

£5Y . . \

Lt Y-
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ductorfare 2.5cm and 1.5cm, respecﬁively, and its' weight is
heav1er than the total welght of 15 quarters Flnally, "the
total cost of one filter b%ock is. about $80g00 lncludlng the

‘cost of _tuning. \n ‘ ' : .
, /) . g N L4 . ' ' .
) ] - T ' - '
A promising way of overcoming these difficulties

1s to deslgn -and fabrlcate fllter Sircults w1thout lnductors,

"that is, actlve RC fllters which requlre only re31stors and

s -~ \

capacitors along with'acﬁivé elements. Hence it is wofth-

while looking into the recent status and the characteristics -

v

0f active RC filters briefly.

. i ) - . ®

1.3 ACTIVE RC FILTERS AND THEIR APPLICATIONS . ’

In recgnf_years, the use of the active RC filters

for the 1ow'frequeﬂby applications has rapidly increased in.
e -9
the field of the control and switching systems such as PCM

data processing, [26], $eiephone‘transmiésibn systemk [27],

analog g;mpute;s [28].

Active RC filters can be designed to have other

,,advantages over RLC filtefé [?5-32].' Some of them are:

(i) The filter output impedance can be made very low,
) i Q; ) ¢ ') ‘ : ,
thereby ing the filter response independent of
o= ; .

the load impedance. Consequently, the filters can

%

—

- i J .,
be cascaded:without buffer stages. oo

xs

(ii) The input impedance of the filter is frequently

high, compared with the source‘;mpe&ance. This

. 3 ———

‘
o Tl W P e kS K K a

T e
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has been found - to be unsultable-for current systems, -

/
memory circuits.

°© . * . —
~ : ") R \

- The second—order active RC bandpass filter is - .

» -

synthesized using the dlrect and coeff1c1ent matching ‘method.

The sensitivity ana1y51s, the design and tuning procedures: _ -

5

are also presented. L ] o .

T )l 1 - . y . 7

- »

At.the end of. this Chaptér, a description is given

L

"as to how all these designed c1rcu1ts have been 1ntegrated

into the old type of remote control sw1tch which, by itself, -
A

. x
-

The experimental invegg;gations carried out for

[

v

this .project are described in Chapter 4. These have been

u

conducted utilizZing the available test equipment in EHQ,

\
~ w .
,
’
[~ -
* v + - .
. 4

.

~\‘ The photographs of waveforms from the key-~code

* - .

generators,rthe second-order actlve RC bandpass fllter are

attached, whlch show close agreement .between de31gned and

-

actual pe;formances. ' . \

Finally, Chapter 5 summarizes the results of this a

invLstigation and contains the conclusion.‘ o,

'
. .
»
»
' -
a
» >
‘ » -
o - N
.
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4

program material arrives simultaneously at inputs of both

4

type .of switch is described as follows:

. A remote control switch is installed in paréilel
‘ - . £
with thé input of a transmitter as shown. in Fig.2.1. The| - .

the transmitter and the remote control switch rhrough the
main program line. A portion'of the program frequencles 7o 3
typlcally above 200 Hz is plcked up by'an active, RC hlgh—pass

filter (28, 30, 31] and converted to a DC signal by an AC/DC

converter. The DC signal immediately epergxze;{a control
switch which is held.on as long as the program frequencies ‘

»

appear at the input of the transmitter. ) }ﬁ

The "hum and noise in the program line due to the ,
AC power source are wéell below the 200 Hz and completely
elihinated By the- active ‘RC high-pass filter. The DC level

h)

to trigger the control switch should bepadjgsted for an
effective level of the proéram'frequency energy. Thus, the .
undesirable operaﬁion of the transmitter due to’the system

noises can be avoided.
' N

. In dadition, an Adjustablé»timo delay circqit,for";
5 minutes to 10 minutes is builr in so that this delay‘circuit;‘
can bﬁ\trlggered on only by the absence of the program
frequencies during the program schedule hour and hold on the
relay switch for the adjusted.tlme. Thus, with this time

delay\circuit, "the transmitter can 'safely remain on for the ' .

.- adjusted time after the loss of the program material occurs

.
A . . —
!
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ﬂcontcol switch of broadcast‘transmitters; which can be

" coder, circuit Q§s‘been given in Fig.2.2 of Section 2.3.

. "L
. )
4
d .« - « ek
. = *
" . WRerer 3 ~ -~ ]
f/‘. ' 'Q “

e ¥ 1\.IMPLEMENTATTON OF PROPOSED . . ‘

~

»
- >

\Einejn ONTROL SWITCH .

3.1 GENERAL
. e St . : y

‘.. ! ' %
! The purpo of this Chapter is to discuss im-
. e .

»~

plementation of the proposed "Audio Key-Code Frequencies"
) . " BN :

@ . - - . .
approach. This leads to the.design of a versatile remote .

<"

¢

operated frog ‘the studlo, sxmply by transmittlng approprlate

comblnations of audio—tone frequencies as key—-codes for the,

A

control’ switch via the normal radlo program line. .
. C, . L

‘ -t

The main components for the apdio-tone key-code .—

-

,generators, are square wave generators whlch obtained
~— L
by us%ng Nanp gates, and a set of switchee for selecting

audio—tone key-codes. The decoder ba81ca11y consists of
a second—order actlve RC bandpass filter followed by an
AC/DC eonverter and a set og\log;c.and memory circuits

fol&owed by a relay.switch. The block dlagram of this de-

v ° a

A versatility of the remote .control switch can be
p-.

increased by adding such. a cxrcult block of the decoder w1%2

corresponding key-code generator. Therefore, the de-
4

sign of one complete eet n audio-tone key—code generator )

- and a- decoder is sufflcient to demonsérate the technique of

oo~ ¢ N B |
implenientin “the proposed remote contrdl switch. .
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. operations of the transmitter by the program frequencies.
[N 2"
These- key-code frequencies should be‘chosen above 100 Hz,
p .
' taking into consideration the characteristics of the proakam

line frequency respohse [33]. -

With the above consideration in_mind, the fre-

quency range between 500 Hz and 1000 Hz is chosen ﬁcr the r\

' proposed remote control system. "This range is then divided
equally into 10 channels having a 50 Hz bandwidth. Thése

channels will be called CONTROIL CHANNELS A,B,C,D,E,F,G,H,

g~

"I,d.

4

One partlcular audlo-tone frequency is assigned

e s e % ias Am e

. to each control channel which may be located in the center
of the channel. Thus, 10 diffe:ent audio-tone frequencies

in total can be assigned in the chosen frequency range.
. .

If two different channels are‘combined'to form one

%

key—coding system for one control function fn' {n= 1,2,...)
as shown in Flg 3.1, we f£find 45 key—codes in the chosen
frequency range, which are quite sufficient tﬁ control’ most

of the functions of interest’ in ‘the ,transmitter [5].

—

3

0y

- ' °

*1: The nhmber of dlfferent combinations of n different thlngs,
k at‘'a time, without :repetition, is o

. 174
n n! toTe .
, Ak )Tkt (n - k) ! R »
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than 50 Hz. Experience indicgtes thét the bandwidth should
not be more than 30 Hz. Thus, the minimum Q*l obtainable
from tle filter should be in the range 5—3-2-025 Q< —937—05— or

17.5 £ Q9 £ 32.5, depending on the center fréquency of the

channel. For this purpose, an infinite-gain' multiple feed-

AU h DT deien | e S s LGN G B W L ey

back configuration with two active elements is used as shown ’

in Figo 3-2 [28]0 * -

The voltage-ratio transfer function T(s).of this

filter network may be expressed as:

_Vgls) _ . N(5) SR -
Ts) = itsy TEDY S
where H is a scale factor, and N(s) and D(s) are équnominal;___,,m

in S, Im case of the band-pass filter network, _they may be .

L3

“ expressed as: , ‘ : -
D(s) = S + 5(¢p/Qp) + 93 L 3.2)
N(s) = S(vp/Qp) - (3.3)
_and ‘%}E’IP lT(s) s;jw = - ' ‘ v 3.4)
/ fae '

-

*]1: The quality factor Q is a measure of the selectivity
of the filter and is given as the ratio of the .
resonant frequency f, to bandwidth BW; hence

fo h ,('. -
- 9= ‘ S
‘where BW.=|f; -fial , and f1 , fp are half-power point. !
frequencies. .
t ' ' . - . -
. ~ )

LA
+
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‘where 'Qp : pole Q-factor, .

a

% ': pole frequency in rad./sec.
) =\2:§b, where fpo is’ the pole frequency;in Hz.

H : resonant magnitude at fp- ) .
v . ‘, T
For a bandpass filter, Qp is the same as the Q

of the filter.

iy

From Fig. 3.2, the following equations can be

-

easily obtained:

dy o= odpt dgt i+ dg ) : (3. 5) .
. - - . > 7 .
' ” i, = (Vg -V) g B (3. 6)
l - i, =%Y, CGe?)
, V. v
Coig = (Rr ) Y = - () Y (3. 8)
o 1 1
s o | :
i, = (V=-%) Y L (G. 9)
Jib = ( Vll-‘vlol) Y6 ‘ (3010)‘
‘ s Vi W oo .
. - s s . Vo _ Vo .
17 - 13+ 14 = ( V2 't A2 ) Y7" - (Az +“1) Ys (30:‘:1)
¢ ! L‘
. ‘ ! A ;
- ! . \ ",: \_S. ’ . , . ¥
\ . o [ ./ .
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¢ Further, Eq-.' (3:15) can be rewritten in the term

,

-

of Vo as o

oY Y3 ' ' |
v, _V("‘_I;—Y_; . " v (3,17)

¢
Substiéuting Egs. (3.16) and (3.17) into Eq:. (3.12),

we obtain

R o - Y-
| VY, = YO Y;,%Y"F Y, + Y3+‘Y4+ Yo ) - ‘Vo%( ﬁ"y") -LY
(3.18)
. ° Again in Egq. (3.18) A <«<1 and is negligible for
. ) ,our'filter desigii‘.. Rearranging'Eq. (3.18) , we have
- T(S) :-.YO_': YlYSY? s
UeoBY Yt Y (Ya+Y ) = LY, Y+ ¥ (1, +%, +Y)
- A\ ) ‘ O : . (3.19)
. ' For a bandpass filter. application of Fig. 3.2, we
"". : ~ ‘may select .
e e ‘ 1
e . S h TR 57 TRy ’
1 a1
. * N = R,- . ¥, = R
s | X (3.20)
= sC Y= —— s :
. Yy % 75 R , |
- - _ - . - _ ,l L
1 Y;’ - 364 % = "'-R-s—' |
« L > ~' * ¥ - »
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. Wé substitute Eq. (3.20) into Eq. "(3.1}9) and

fJ'.rnally obtain the transfer function ;T(s) of 'this bandpass -
’\\ B
filter network as:

s I RS/(R1 RyC4)]
s? + s [+ 04/03 RyRy/(R¢R) IR5C, +(1/R, +1/R, +1/R6)/(C3C4R )

* R (3.21)
Comparing Eq. (3.21) with Eq. (3.1), the pole Q-factor

T(s) =

Qp,-the,undamped frequency of oscillation wp and the relsonant'

magnituée H of the network can be easily found as follows:

_— R5R3/R r (3.22)
_ o K R][(l + c4/03) - R Ra/(R6R7)°] “ ~3‘22 -
s 3 .
?p/ = [( 1/Ry l/R2+1/R6)/( CaCy Rg) ] C o (B.23)
9 = L(1/Ry* 1/Ry* 1/ReIRsC,/Cq I°/11+ C4/C3~ RsRg/(RGR,) ]
, o (3.24)
or .
‘@ s ey RO ~ 1 et (3.25)"
. 'Qp = #p R, -25)

[ 1 +¢4/C3- RgRg/( RgR7}]

. : ’

s it e e e o
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(3‘.3“3):

(3.34)
G35

(5.56)

-~

-1 ' 1
2(1+Rg/Ry +R¢/R;) +‘ 1-(1+C,/C5)R/ (KRg) - -
. | o 3.37)

- Ch . \
2" Cz(1 +Cj,/C3~ KRe/Rg) | ‘(3'3@

Since " we hayé froﬁ En.,(3i25)

»
\ [
v

. , v o , .
e : -1
(I+ G,/Cs- KR /R) ™ = ——Ee— (5.39) .
.7, Lo pabi Rt
oo : 4 : T , D
ST Q _ 1 Q e '
?hus, 803 = -5+ TR0 F3f40) \
. ) ,-Qp Q - KR 1 " \
Cfeakse B ew.
4 ’ sQP = K~ R cv’) : ' a)\
- K . QP/(wP 6%y T Gk
‘ ' Qp % C3, 1 g - .
K K R
) SR8 = o= SR?;_ =1 . R (3044)
'y ; L) ¥ * s -r - M\ :- ' i T ’ ! r ‘,{,
L 7 N . p
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; l/Ré} Thus; we note from Eq.¥(3.23) that\eb can be ad-

justed by Rj. An examination of the equations (3.22) and

(3.24) now reveals that the following tuning sequence can

be conveﬂ!ently followed. P
- Tn, (1) Ry can be used to tune wy = thp ‘
1 (2) After tuning wp bystrimming Ry, 4 . ‘

Qp #an be tuned by ac?justix}g K = 'RB/R7

withgut influencing wy.  That is, Qp-can be

tuned by trimming R7 in gase Rg is fixed.
‘ . ! b

' -«
Note that in this tuning sequence, once wp is
adjusted @Qp can be precisely tuned without affectin}q‘ .:;p-
-~ ’ . ‘w ‘ _':
3.3.4 VALUES OF PASSIVE ELEMENTS o A o

A Y
The purpose of this seéction' is to examine the

ranges of the pass:l.ve element values that will -be required \

-

for the band ,p,a_ss filters in the frequency range between 500 Hz

\ - - =~
and 1000 Hz. ‘ N -

The value of Qp in the proposed filter can be chosen
between 25 and 50. From Eq. (3.51), it is easily seeh that,
1f a passband.yidth is chosen for 20 Hz.Y 10% with the fixed

capacltor C = 0.1,;!‘, then .

. %

1=~
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)
b
e
4,

v 43 :
v ” .
. -
Q . ’ . . .
. 8% = - 1,000721 (3.66) i
Ré R . f 3
H @ _ _ S, N S ‘ 2
.S‘Gﬁ_ ) SC4 = 0-59 B -(3.67) i
. Qp- . N o ' T " : i
N SR = 2.726208 _ e (3.68) :
' S a \ K - ' = 1'
- 8P = - 3.270450 ' 4. (3.69) s
K ‘ : . S .
S;mce the filter can be tuned, the variations of
and Q w1th respect to temperature are only of . interest.
.
-Now, /e have for,A“’p/wp and AQp/Qp [25-28'13;,
! Tk ;
Aw w A . ) 3
CaE eHEgP R LR T i TN C R VNN
Lo By, Cj ) N
- o~ g C X
AQp Qp | ARy 5 P ) AC
=P - (zs ¥ )L + __.J_ Ob ]
: Assuming TCR's to be + 100 x 10 %ec ana TCC's i
to be -150 x 10°7°C [36, 371, we have | /
Awp w - ' v e -
o 5] = Gl 20 (2fsPxe-1.5x20™) -0.30407 ¢ - B8
- . worst . r. Y] ol E !
- i ' . ! (3-718-) !
. i AQP Qp *4 Q _‘ 1 . 13
. = (zs ) x10™4+ (|8 P|)x(~1.5x1074) =3,530%107% °¢
e Qp Cj : ;
T worst S »(3.71b)
| .
o i . . 3
. .t 3
] i
~ '\ %
- - 3
. v
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« Thus, it is easily seen that the a.c. input voltage Va to this

' the output voltage Vg of this rectifier is .
V4 [ 1r"]/‘Vé at ] x2 = TV, | (3.73) .

rectlfler should be ,equal to or greater than 2.25 Vpp- to give
the logic “l" skatus: to the NAND gate MM{SGllA. The effective

(root-mean-square) value of Va

A 2,_‘}’v’ at = 0.707 V,

1.59 Volts (3.74)

Va\r.m.s.

If K= H= 1.0 is chosen in Eq. (3.55) for the worst
» condition, the input voltage to the active RC bandpass filter,
that is, the r.m.s. value of the audio-tone signél Vinir.m.s.

-

" from the program line will be 1.59 Vr.ms. or +6.2 dBm, yhich
is below the maximum permissible limit (=+10 dBm) in the pro-

gram line. : \ : . /)

When K = H = 1.5 is chosen, it is apgarent that we may

have . ' -

v Vy r.m.s.

L in \r.m..S. = a 1.5 = ln06 v r.m.S. : (3'75)

-~

‘or + 2.7 dBm ‘ . 7 Lo

for the audio-tone signal from the program line.

. The element values of C, and R, are not critical

o

and may be 1 uF and 10 Kohms respectively. . j o
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Fig.3.3 - The proposed half-wave, voltage-
-doubler, capacitor-filtered diode
rectifier.

Note:  ,Cq - dc’cut-off capacitor
"« Cy,- capacitor filter.
Rr'>discharging circuit for Cp
. Va - ac input voltage to the diods

rectifier. 2
[ b
\'s : r
: - L),a v ] . )
0 ----J-J--—-—--—--m,v &
::‘. R 5 " d t ,
4

. L - .
Fig.3.4 ' Waveforms of the,input V5 and output
Vq signals of the half-wave, voltage-
doubler, capacitor-filtered diode
rectifier in Fig.3.3. LA
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. ’ 'Fig.317 " IC J-K flip-flop " configuration. VT

- - The truth table of this circuit is
' given ;n Table 3.3.
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Manan Island, New Brunswick, where a CBC FM‘transmitter

“ »

is operating.

“

4 v

In a location, such as the one mentioned above,

there .is normally an emergency stand-by power supply, which

A}

is often shared by the Telephone company, so that radio

3

" broadcast service can be maintained even during the black-

‘out. However, there isda transient time lag of about one

¢

» N '
minute until such a stand-by power generator generates the

» . .
full power after the main power failure occurs. With or

without the stand-by power generat%r, it is obvious.that the
* {

operation of the remote control switch is seriously affected
by the main power failure. This situation can be avoideﬁ by
installing-a rechargeable battery in the memory circuit (7-K

o " flip-flop) of the decoder unit as shown in Fig. 3.12.

. The' optimum power dissipat%on of the IC dual J-K
flip-flop SN 5473 is 45 mW/£€ [24], that is, this IC requires
I = 20 mA at Vf 4 6 Volts, whlch can be supplied by the
main D.C. source Vg of + 5 Volts. This D.C:- sburce also

charges continuousiy By, a re-chargeable cadmium battery

-\

[35]1@%& Rp and the diode Dp. The zener diede Dz is pro-
v1ded to protect Bl from belng over—charged. As soon as Vg

falls dud to the main AC power faxlﬁrem~Bl will start to

s

supply the energy for the. maintenance of the memory status -
ik the decoder unit via, D3 for 400 hours or 16. days at the

rate of ‘Iz = 15 mA at Vf = 3,5 ygits. In order to trigger )

.

A
/







Ve “ L4
L33

the memory unit, If = 20 mA at Vg = 4.6 Vol?s are required',

[24]. ' However, the above values (If = 15 mA at Vg = 3.5

<
Volts) are sufficient to maintain the status in the memor -

. ; oo
unit, once it is ‘triggered. ‘

3.8 DESIGN.OF THE AUDIO-TONE KEY-CODE GENERATOR

. ‘ BN
¢ This section presents a simple design of ‘an audio-’
Fy

tone key-code generator using NAND gates\MM 5611A only. .

In the proposed remote control system,.the per-

formance of the key-code frequency generator is ot very

‘critical mainly for the following reesons:' oo ’ <

a
\

(i) The key-code frgéuencyuis used only to control the
decoder. The lowest and ﬁiéhest frequencies in the
' CONTROL CHANNELS proposed in Séction 3.2 are 528
. Hz and~975 Hz respectively. Therefore, no harmonic
' frequency interference exists in the proposed systgm.,
In othé; words, a low histortion in the key-code

éudio-frequency is not strictly required.

’

= (ii) No high frequency stability is required, since the

3
o

decoder containing a bandpass filter which iz de=- ]
signed to have a 3 dB - bandwidth of % 15 Hz on :

& ) t
its center frequency within each of the CONTROL .

CHANNELS. . R

v o

'+ However, we must pa& lese attention to the output
. S . »

. . 4 - .
level of the generator, which shon}d‘be more than 2.2? Vr.m.s.

.
b . -

-







P

s
i

' Thds, the period T of the square waveform is

T = 2GR, , . «3.80)
A

«

that is, the required frequency is

50,

- = -—;L—- = l 081
f = TR ( Hz ) (3.81)

o
By fixing thé capacitor Cy at 0.1 uF, we can
easily obtain the desirable frequency between 500 Hz to

1000 Hz by gdjusting Ry from 10 Kohms to 20.Kohms. °

A resistor Ry is provided to prevént a high current

ihjection into the gate G4 due to the transient pulse of e4
as shown in Fig. 3.14. Two diodes D, and D, are added to
the cutput of the gate G, in order to remove the spikes at

both edges of the waveform ej. ' S

As a result of this design, it is clearly seen that

rl

the generatdr circuit can be fabricated .in the form,of a

cifcuit block module as shown in Fig. 3.1 for all required

audio-tone frequency ggﬁerators in.thé/;;opdsed remote cohtrodl

g System. "The specific control frequency can be obtained by

3

adjusting only R;.







1

When the switch SW, is pressed on, the d.c. power

* supply charges Cj3 almost instahtly. This forces e, down to
the ground’and consequently e rises to the positive voltage.

\ ' After rgleésing the switch SWl' the charge in C3 will start

to discharge at the rate of T, = 0.69 C3R3. Taking C3 to

RN be 10 uF, R3 may be chosen to be 330 Kohms to yield T, = 2.0
sec. ' . ' .

] . * - 1 ) ¢

» . 3.8.3 OPHER DESIGN QQNSIDE&TIQNS EQB IHE KEY-CODE
P ' \ . AUDIO-TONE QENE@IOR R

5

N In order to integraté the key-code audio-tone
generator and its time switch into the complete remote con-—

trol switch system, some additional factors should be taken

o

into consideration. They dre as follows:

1
[~

(i) It shopld be ensured that the proper combinatdion -

° ~ of the audio-tone'f;equencies arepehtering the
o . | program line. For this purpose, an indicator
P .
‘circuit, as shown in Fig. 3.16, ik connected tq
the output of:Ehe NAND gate G,. This circhit.
.+~ mainly consisfs of fwo NAND gates, one tragsistor
e and one LEﬁ. The square wave outputs of the :
b oscillators A and B,’in this case, provide a logic
: 0" status tO‘theNANngate Gs. This results in a

L logic "1" status at the output of the NAND gate

Gg, which turns the LED, LD;, on.

[} .




(iii)

spec:.f:.catlons [38] such .as load and line regulat,lons with-

~ ©oodid 0. 2%, rlpple less than- 2 mV r.m.s. at <4he maximum out-

I

(ii) -

3.16, should be inserted between th% butput of .

put. o‘f 3 Amps/5 Volts with. the a.c. 1nput of 115v % 10%. -

_ factory "for our remote control switch with respect to the - -

cost arfd quality. ‘ . )

Since the program line impedande is not very

large (600 ohms), to avoid an insertioﬁ loss,

-

‘a reasonably high impedance circuit such as a

transistor emitter follower as 'shown in Fig.

.2 generator and the program 1ine.¢‘

The positive power supplies + 5 Vdc, 2 Amps, and
+ 12 vdc, 1 Amp. are requireﬁ to operate the

generator and the decoder circuits of the remote -

.
DR ol
R !

~

control switch.

3

. > N
In recent years, d.c. power supply mo‘duleswhave

become commercially available [38]. For an example, a
-, 5 Vdc power supply mddule \of LAMBDA, IAS 2005 costs U.S.

$25 00/15 watts or U.S. $1.70/watt, offerlng the attractive

’

Thus, a commerca.al power supply is Qulte satig-

- ’ '
. . .
Ps .
.
"

]

- . parts:

" 3.9 THE COMPLETE REMOTE: coumo;{ SWITCH .
LY >

. . . h , g
The complete remn{te contrql switch system has two -

-
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CHAPTER 4

] y - EXPERIMENTAL RESULTS

4.1 GENERAL .

» \

) . % t °

u In tﬁis Chaptér, detailed experimental results of

+ i

the modified remote control switch as shown in Fig. 3.20,

along with the. photographs of the wave-forms of outputs of

the key4bodg audio-tone frequency 'generator, the responses
of the bandpaé; filteré;‘the outguts of both the key-code
;ogié circuit ;nd the delaygd clock pulée generator are
given. . . .

N

The modified remote control ‘switch has beén found

1

to be suitable for controlling. the high voltage circuit of -

the transmitter via the program line. The test hg% also ,
0' ' . " l‘ x
confirmed that the proposed -key-code audio-~tone generator °

‘unit and its decoder unit which were intggrated into the old

femgté control switch satisfy the theoretical predictidhs._ ‘

" . ) » ”
. - . .

The results are presented after a brlef degﬁrlptlon

~of the test equlpment ufgd.ﬁ . . y

- - RPN ‘ -

-
.
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4.3 EXPERIMENTAL RESULTS

—

Using the test equipment listed in Section 4.5, 2
the test was cQ?ried out at the room temperature (between 20°C

and 25°C). ) - r ’ N -

- \4 3.1 WAVEFORMA FROM THE /4EY—CODE AUDIO-TONE
FREQUENCY\ GENERATO

i ]
audio-tones 851 Hz
i . . '

o . . '
: e tone is a square /wave signal. N Y

. The d_' rect amplitudes of the generator outputs with-

out the 600 ohm load are 11 and 13 Volts peak-to-peak’ as in-
v . ¢

> I . dicated in Fig. 4.2 and Fig. 4.,2a respectively, along with the

. © transmitting time of 2 sec. approximately.

The dlfferent amplltudes of thé waveforms of the

two command/: s:.gnals are due to the dli‘ferent configuration
e | ", of the osc1llator clrcun.ts supplylng the audio-tone- frequenc:.es.

" The osc1llators for 851 Hz and 1209 Hz are collect;or«tuned

smusm.dal oscillators whn.ch is followed by -a buffer ampllfler
’ -




[17]. However, the oscillator for the 525 Hz is a .square

L -
wave generator which consists only of NAND gates without a

——
E

buffer amplifier.

The amplitudes of’thé qommqnd'signals, 11 and 13

Volts peak-to-peak are (rery‘ high for the program line. Hence,

-

the resiétof 6.8 Kohms has been connected to the emitter side

of the transistor irl*as shown in Fig. 3.16, so that the.over-

\

‘all amplitude entering the program ligé can be reduced to the

permisgible level of +°10 dBm, whén\fhé key-code audio-tone

3

frequency generator unit is-connected to the program 1inef”7

¢

The difference in transmission times between the

[N

"switch~on and -off" commands is caused by th? use of larger

) . 2 .
tolerance capad%tors (* 10%) and resistors (t 5%). . N

‘Fig. 4.3 and/Fig. 4.4 show the activation periods
‘of the

" . .

Bl

"switch-on" an “switqh-off" commands respectivelxé

¢
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“¥Fig. 4.3 ' Activation of the "switch-on"

command consisting of the two
combined audio-tones 851 Hgzg
© ‘and 1209 Hz. )
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g. 2.4 Activation of the ‘bwitch-off" .
-~ copmand .consisting of- the otﬁ'e::'*j
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Fig. 4.6 'Frequenéy response of the LC
bandpass filter for fp = 851y Hz.

! °

TEST DATA: :
Attack Time = 500 nsec.. ' -

: Recovexy‘l‘lme from the overdrive .
(+ 10 dBM input) ® 1 msec.-

3dB bandwidth = 27.5 Hz
31
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4 3 3 \masponsn TEST AT THE Logxc INPUT -
IN THE DECODER UNIT '

’
' ' , : o
A N . ' -

- \

.8 ot The-responses at the logic 1nputs at G3 anq G3 in

-

.

L

the decoder\unlt as shown in Figqg. 3 17 were observed for each

o \ . . . \

»

. qommand f*eqpency and are’shown 1n—Flgs; 4.8-and 4.9.
, o pooo ] o
; The delay encountered by the 525 Hz command
frequency is longet by 10 msec_than‘the:de;ay encountered by

»

‘the other two command frequenciesf This;is caused by the” -
capac1tor—f11£erea diode rectlfler after the RC actlve ba.'l{\'N<
pass fllter/as shown in Flg. 3.17. However, this. addltlonaidf
delay does not affect any otﬁer circults, because the deiayed

clock pulse itself may have the‘delay tolerance of * 0.2 sec.
-0 ° . . v, . ’

o

o
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. ’ .
. . OUTPUT OF G A
! IN FIG‘3.17 L4
T\ :
. s OUTPUT OF G
- ) ¥ IN FIG.}-]-?
‘ . , B Fig.. 10 Overall response of the
E - . : decoder stitchlng circuit. h
' , [ Lty = 0 msec. and t3 = 2300 msec.
0 L
\B 1
o .I
; OUTPUT OF-Q -
(J-K FF) o
B IN FIG.3.17
OUTPUT OF G
IN FIG.3.17
‘ 4 L b ‘
L . :
. , Fig. 11 Expanded delay response of the
) : ’ . . delayed clock pulse generator be-
o . = tween t; and t,. : ‘
) . ; : o ftl =) 0 ‘msec. and t2 "800 msec.
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(vii) The memory ,circuit is, protected from the main

power failure Ry means of a reczgigeableﬂcad— .

.

’ ' mium Dbattery. Thus, once th& command is memor-

O
3
RED

* ized in this circuit, this switch is able to re-

s

L2
el AT

taiﬁ'%he same status (the mode(of the transmitter

4
4

operation) as commanded, till theé power is régtored. &
#
This is very ﬁseful for the transmitters which are . '5%
‘to be installed in remote communities, whi;h rely ' ;}

,23 Diesel power generators is their power sources

L d 3

' and suffer from high power failure rates. 5
*

(viii) Careful consideration has been given to use minimal

e

. ¥
Bt S
Ao

».

~

{L kinds as well as a number of ICs and semiconductors.
N i#

A total cost of manufacturing the remote control v

. ) ;
switch is $70.00 approximately, including ICs,
trahsistors, diodes, discrete precision passive

elements, relay switches and fibre~glass board..:

Qe
. s 3

While the proposecd system can be used as such, for -
the sake of convenience.and economy, the old, but abandoned

CBC remote control switch was modified to incorporate the

.
s

described features of the nev technique. N

Extensive experimental tests on the hybrid system g

{
has indicated satisfactory agreement with theoretical pre-

»

dictions. ) 5
< .ot - "o

Even though the proposed switch has not been tested .

in its entirety, the author feels configent (since the

(4
v

'
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