Video Acgessory

Color Processor/

T,

ROGER .COTA and LLOYD ADPINGTON 3

Here’s an inexpensive add-an device ” %

that you:can use to create. professiona} fades, redyce noise,
" "and correct color errors in Video record/ngs.

IF YOU OWN A VIDEOCASSETTE RECORDER
(VCR) then you are no doubt familiar
with the problems of making high-quality
recordings. No matter. how. hard you try,
you end up with washed out colors, glar-
ing reds; and other assorted problems. It
gets even worse when you. record from
one tape to another. But those problems
can be remedied easily and inexpensively

with the video color processor we'll de-

scribe here. You'll find that tapes with
their color properly restored, their video
noise reduced, and with the look of pro-
fessional editing will be much more en-
joyabletoe view than those you’re probably
looking at now. And.not only that—you
can -actually save money using the pro-
cessor by using less tape. That’s because
you can use slower recording speeds and
still obtain acceptable results.

While the color processor can be used
for several applications, it’s perhaps most
useful when recording from one tape to
another. You can correct some of the first

_tape’s color distortion and insert fades-to-

blacks, where appropriate, to get what

looks like a professionally edited tape.
That’s especially helpful for making
home movies.

You can also use the processer; when
recording off-the-air programs. But “the

processor does not ¢ontain its own RF

modulator and it has no:audio: input.

Therefore you'll need an enhancer, a sec- -

ond VCR, an RF modulater with an‘aiidio
input, or a monitor with a composite-
video inpuf so that you can see the results
of the processmg

Features ‘
This color processor is'designed to let

you correct color. and contrast errors,

create “professional quality fade-ins and

fade-outs, and eliminate unwanted colors

and video noise. You can do those things
by using the front-panel TINT, FADER,

LEVEL, and BACKGROUND controls—they -

let you manipulate the picture color and
brightness in ways that you cannot wnh a
TV set or monitor alone.

Proper restoration of skin tones and

balance.of éolor hues is the function of the
TINT, contiol. The FADER control allows
'adjustment of the picture level from black

(0%) t6 full luminance (100%y), and can be.
used i editing for fading to black or fad-
ing from black to full luminance. Color

‘saturation of the picture can be reduced to

black-and-white or increased to full color
by adjustmg the Lever control. Unwanted
noise in the picture background can be

. virtually eliminated or background colors
- can be intensified by. adjustmg the BACK-

GROUND control.
Another control,
provided so you can eliminate.the prob-

lem of single-color dominance that is .

ofte{l present in bright pictures. A PRO-

CEss/BYPASS switch is included so that

you can bypass the processor while still
leaving it in-line. Finally, a graduated pic-
TURE LEVEL LED meter lets you monitor
the output level.

The processor .is powered by 12 volts
DC. We used a wall transformer.with a 12-
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FIG. 1—A COMPOSITE COLOR-VIDEO SIGNAL
contains luminance and chrominance informa-
tion as well as horizontal sync pulses.

volt DC, 300-milliamp output to convert
the line voltage to that level. If you want to
use the processor for portable applica-
tions, such as when using a video camera,
you can power it with a 12-volt battery
pack.

About the circuit

Before we can talk about the circuit of
the color processor, we have to introduce
you to a composite video signal, as shown
inFig. 1. Asyoucansee, it is composed of
two unrelated signals: [uminance and
chrominance. Those signals are pro-
cessed independently in the color pro-
cessor and are mixed together again
before they are output.

The luminance (or black-and-white)
signal contains the picture (or brightness)
information. The chrominance (color)
signal contains the hue and saturation in-
formation. Itis used to modulate a subcar-
rier frequency of 3.58 MHz. That
subcarrier is then used to amplitude mod-
ulate the video carrier.

Also contained in the chrominance sig-
nal is a colorburst that is sent to synchro-
nize the receiver’s color circuits with the
color that is being transmitted. The color-
burst is sent during the horizontal blank-

PARTS LIST

All resistors s watt, 5% unless other-
wise specified.

R1, R25, R55, R83—100 ohms

R2, R39—75 ohms B

R3, R9, R32, R71, R75—150 ochms

R4—27,000 ohms

R5, R11, R36, R48, R101—22,000 ohms

R6, R12, R13, R20, R47, R63, R65, R73,
R87, R96—1000 ohms

R7, R16, R17, R40, R41, R58, R59, R67,
R68, R72, R74, R76, R77, R85,
R99, R103, R106—470 ohms

R8, R26, R84, R91—1500 ohms

R10, R19, R54, R79, R80, R97, R98,
R104—10,000 ohms

Ri14, R37, R38, R42, R78—220 ohms

R15, R21, R29, R34, R53, R64, R95,
R100—2200 ohms

R18, R94—680 ohms

R22—6800 ohms

R23, R27, R93—4700 ohms

R24, R88—15,000 ohms

R28, R56, R57, R66, R83, R92,
R102—3300 ohms

R30, R35, R105—22 ohms

R31, R82, R86—2,000 ohms, potentiom-
eter, linear taper

R33, R49, R90—47,000 ochms

R43, R62, R107—330 ochms

R44—56 ohms

R45—1 megohm

R46—5600 ohms

R50—750 ohms

R51, R52—33,000 ohms

R60—560 ohms

R61—390 ohms

R69—20,000 chms

R70—12,000 ohms

R81—10,000 ohms, potentiometer, linear
taper

Capacitors

C1, C2, C6, C11—22 uF, 10 volts, elec-
trolytic

C3, C40—470 pF, 10 volts, electrolytic

C4—5-55 pF trimmer capacitor

C5, C10, C17—22 pF, 50 volts, ceramic
disc

LUMINANCE
AND SYNC
CHROMINANCE l BACK SYNC AND SYNG
INPUT —>{ AND LUMINANCE PORCH LUMINANCE |—3YNC | SYNC
SEPARATOR CLAMP SEPARATOR SHAPER
BURST lLUMINANCE
AND
CHROMA BACK-PORCH || CHROMA AND
) TIMER LUMINANCE
BURST AND CHROMA MIXER
SEPARATOR

SYNC
chroma| BURST TINT QSEST

MIXER

BUFFER/{ | FLASH
AMP FILTER

BACKGROUND H LEVEq

!

QUTPUT ‘-—i’—l OUTPUT AMP/MIXER ]‘_M)EH I‘_—

PICTURE-LEVEL
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FIG. 2—BLOCK DIAGRAM OF THE COLOR PROCESSOR shows how the luminance and chrominance

are processed separately.

C7, C18, C41, C42—0.1 uF, 50 volts, ce-
ramic disc

C8—68 pF, 50 volts, ceramic disc

C9—100 pF, 50 volts, ceramic disc

C12, C20 through C24, C26, C29, C30,
C32, C35 through C38—.05 uF, 50
volts, ceramic disc

C13—680 pF, 50 volts, ceramic disc

C14—.01 pF, 50 volts, mylar

C15, C31—130 pF, 50 volts, ceramic disc

C16—.001 wF, 50 volts, ceramic disc

C19—10 pF, 50 volts, ceramic disc

C25—56 pF, 50 volts, ceramic disc

€27, C28—180 pF, 50 volts, ceramic disc

C33—220 pF, 50 volts, ceramic disc

C34, C43—100 p.F, 10 volts, electrolytic

C39—470 pF, 35 volts, electrolytic

Semiconductors

IC1—7808 8-volt positive regulator

Q1-Q5, Q8, Q9, Q11, Q12, Q16—Q19,
Q21-Q23, Q25, Q27, Q28, Q32, Q33,
Q35— Q39—2N3904

Qs6, Q7, Q10, Q13 —-Q15, Q20, Q24, Q26,
Q29 - Q31, Q34—2N3906

D1-D9, D11—1N914 or 1N4148 diode

D10—1N4004

LED1—LED4—red LED's

J1, J2—RCA-type phono jack

J3—miniature phone jack

L1—383 pH, high-Q inductor

81, S2, S3—SPOT toggle switch

Miscellaneous:—

117-volts AC to 12-volts DC, 300-mA wall

transformer; printed circuit board.

The following are available from Video
Control, 3314 H Street, Vancouver, WA
98663 (1-206-693-3834): Complete kit
including PC board, wall transformer,
case, and all parts for $139.00. Drilled
and plated circuit board $28.50. Power
adapter (wall transformer) $10.00.
Please add $3.50 for postage and han-
dling; WA residents add state and local
taxes as applicable. Allow four (4)
weeks for delivery.

ing interval (when the electron beam
snaps back across the screen). It can be
thought of as a reference for interpretation
of the color information.

We should take a closer look at the
information contained in the chrominance
signal: the hue and saturation. The hue is
commonly called color, while saturation
has to do with how pure a given hue is
(how much white it contains). The hue
that your set displays is determined by the
phase relationship between the color sub-
carrier and the colorburst. The color pro-
cessor’s TINT control lets you adjust that
phase and thus the hue. The saturation is
determined by the amplitude of the chro-
minance carrier. That can be adjusted by
the LEVEL control.

A block diagram of the color processor
is shown in Fig. 2 and its schematic is
shown in Fig. 3. Video input enters the
chrominance/luminance separator and is
broken up into a luminance-and-sync sig-
nal and a chroma-and-burst signal. Let’s
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first see what happens to the luminance-
and-sync signal.

The luminance-and-sync signal goes to
both the back-porch timer and the back-
porch clamp. (The back-porch timer is a
circuit that detects the sync pulse. It tells
both the back-porch clamp and the burst-
and-chroma separator when to begin their
action.) From the back-porch clamp, the
signal enters the sync-and-luminance sep-
arator. The luminance signal is sent to be
mixed with the processed chroma signal
in the chroma-and-luminance mixer. The
sync pulses are properly restored in the
sync shaper and are sent to be mixed with
the processed burst signal in the sync-
and-burst mixer.

Now we’ll look at how the burst and
chroma signals are processed. After the
burst-and-chroma signal is separated
from the luminance-and-sync signal, they
are sent to the burst-and-chroma separator
(Q22 and Q28). That separator acts like a
switch that is controlled by the back-
porch timer. The chroma subcarrier is sent
through the buffer amplifier and then
passes through the flash-filter, back-
ground-, and level-control sections. The
processed chroma signal is then mixed
with the luminance.

The burst passes through the tint-con-
trol section (phase shifter) and is mixed
with the restored sync pulses in the sync-
and-burst mixer.

The output signal from the chroma-
and-luminance mixer passes through the
fader and proceeds into the output ampli-
fier/mixer, where it i1s mixed with the
signal from the sync-and-burst mixer. The
LED PICTURE LEVEL meter monitors the
processed video output from the output
amplifier/mixer.

A look at the circuit

Now that we have an idea of the basic
blocks of the color processor, let’s take a
closer look at the circuit. Its schematic is
shown in Fig. 3. The video signal enters at
J1 and is buffered by Q1. The color subcar-
rier, including the colorburst, is separated
from the luminance and sync information
by a filter made up of L1, C4 and C5. The
luminance and sync are amplified through
Q2 and Q3. and the DC level is restored
by Q4. which clamps the video at the
back-porch level. The back-porch timer
(made up of Ql4, QI15, Ql6. Q17, Q1)
generates a pulse during the back porch of
the signal at Q3. That pulse tells the lumi-
nance-and-sync separator and the burst-
and-chroma separator when to start their
action.

The sync and luminance are separated
by Q5, Q6, Q7, and Q8, and sent to the
luminance-fader circuit and the sync-res-
toration circuit. The sync is amplified and
shaped by Q7 and diodes D1, D2, and
D11, and is then sent to Q9 and QI0,
which feed the top of the FADER control.
The luminance is amplified by Q11 and is
fed to the other side of the FADER control.
When the slider of R31 moves toward the

b 8-1/8 INCHES
FIG. 5—THE FOIL SIDE of the board is shown here half size.

collector of Q11, both sync and video are
passed. But when the slider is moved
away from QIl, the luminance will be
attenuated.

The back-porch timer synchronizes the
color-processing section by gating (Q22
and Q28) the color-sync burst indepen-
dently from the color signal. The chromi-
nance subcarrier is amplified by Q19 and
Q20. The color burst is phase shifted by
Q25, C25, and R73. The TINT control
(part of a variable phase-shift network)
composed of R86, C27, C28, and Q27
gives additional control over the phase
shift. The color burst is then mixed back
with the sync pulses through C10 and R27
and is fed to Q9. The remainder of the
chrominance subcarrier is amplified by
Q23 and Q24 and then limited by D6 and
D7, the FLASH FILTER. After limiting, the
background-noise gating diodes D8 and
D9, whose bias is controlled by R81, set
an amplitude that is adjusted to block out
low-level noise. The LEVEL control, R82,
adjusts the amount of color carrier. The
chrominance signal is then mixed back in
with the luminance at the emitter of Q11.
The output of the FADER control feeds the

Y

output amplifier Q12, Q13, and then to the
video output J2. From the output of Q13
the total signal is amplified by Q31 and
goes to the meter-drive circuit. The signal
is clamped at Q33 by Q32 (driven by a
timing pulse from the sync separator,
Q15). That gives a reference level for am-
plifier Q33. The signal is amplified and
rectified through Q34, which drives the
display circuit made up of Q35, Q36,
Q37, Q38, and LEDI —LEDA4.

Construction

A double-sided printed-circuit board is
definitely required for this project so that
stray capacitance is kept to a minimum.
Half-size foil diagrams are shown in Figs.
4 and 5. Figure 6 shows a parts-placement
diagram.

A few construction tips are in order.
When installing parts, it’s important that
all parts are inserted in their correct place.
(That may seem too obvious to say, but
double check your work!) Make sure you
watch out for polarity, too, especially with
transistors, diodes, and electrolytic ca-
pacitors. It is also important that all leads
be kept as short as possible, because of the
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FIG. 6—PARTS-PLACEMENT DIAGRAM. Note that the voitage regulator, IC1, is mounted to the foil with

a nut and bolt.

FIG. 7—A METAL CASE IS NECESSARY to ensure shielding. The potentiometers and phono jacks are

mounted directly to the board without interconnecting wires.

ENHANCER
VCR 1 OR VCR 2
COLOR
PROCESSOR
VIDEQ VIDEOD
N ouT

e

FIG. 8—ONE POSSIBLE HOOKUP for the color processor is shown here.

high frequencies involved. Be careful
when you solder. Avoid cold solder joints
and remove any flux residue with alcohol
after soldering. Then you can inspect the
board to make sure that there are no solder
bridges between the traces.

The project should be mounted in a
metal case to ensure shielding. One possi-
ble method is shown in Fig. 7. However,
before you place the cover on the chassis,
you have to calibrate C4. To do that,
you’ll have to hook up the unit as shown in
Fig. 8. Connect the viDEO IN jack of the
unit to the vipeo out jack of VCRI. Con-
nect the viIDEO our jack of the processor
to the viDEO I~ jack of VCR2. (If you do
not have a second VCR, you can use an
enhancer or an RF modulator.) Connect
the enhancer’s output or the RF output of
VCR2 to the TV's antenna input. For cal-
ibration, the front-panel controls of the
processor should be set as follows: Power
switch in ON position, PROCESS/BYPASS
switch in PROCESS position, FADER cOn-
trol at 12 o’clock (adjust for slight flicker-
ing of 100% picTURE LEVEL LED), FLASH
FILTER in OFF position, BACKGROUND
control fully counter-clockwise, LEVEL
control fully counter-clockwise, and TINT
control at 12 o’clock. After completing
the preliminary adjustments, C4 can now
be calibrated. Adjust C4 until color disap-
pears and only a black-and- white picture
is on the TV screen. Now the processor is
properly calibrated. R-E

£861 H39W3030

(4]
~




aryi \H ICINA

-

\ FAC AT AL

Are copy-protected video tapes also mucking-up normal viewing

on your TV? Then use a Macro-Scrubber to make the picture squeaky-clean.

YOU ARE PROBABLY ALREADY AWARE
that the movie industry has Jaunched a
new front against video tape copying with
a new ‘“‘encoding” scheme called Mac-
rovision. Although many new releases
from Embassy, CBS/Fox, MGM/UA,
HBO/Cannon, MCA, and Disney have
been protected with it, its use is generally
not advertised on the label. However, you
can easily identify a Macrovision-pro-
cessed tape by turning the vertical hold
control on your TV (if your set has one) so
that the black bar across the top of the
picture becomes visible. If the signal con-
tains Macrovision encoding, you will see
five or six gray or white pulsating
“boxes” on the left side of the black bar.

D. DUPRE

According to a top Macrovision ex-
ecutive, plans are already in the works to
transmit Macrovision-encoded signals
through cable systems.

The basic idea behind the Macrovision
process is to render the program material
uncopyable to a VCR while allowing the
unimpaired viewing of the original tape (a
goal not achieved by the original
CopyGuard system, which has since
passed away). Although some proponents
of the Macrovision process claim that the
system meets those goals, numerous con-
sumers who have either purchased or
rented a number of Macrovision-encoded
tapes can attest to the contrary. That is
evidenced by the large influx of letters to

magazines predominant in the video field,
and by continuous complaints to video
rental and retail stores.

Both the users and developers of the
Macrovision process admit that some
TV's and VCR’s are adversely affected in
the PLAY mode, but that that percentage
is very small. So, if you are one of the
“small percentage™ you probably have a
significant sum of money invested in the
best features that state-of-the-art video has
to offer; yet with it you wind up watching a
dark, murky picture that may be flashing,
rolling or streaking as well.

If you're among the users who have
discovered that your VCR or TV equip-

‘ment simply can’t handle the so-called

I SOLID PULSES
! +2V--
TYPICAL CLAMPED  +20V—"
INPUT VIDED WITH ;
MACROVISION > --—-~ U
ENCODING el
NDISE BURSTS
VERTICAL BLANKING LEVEL
} VERTICAL 1
b . 1 SERRATION 1
i PULSES |
NORMAL VIDEG L ----- 0
NTSC-COMPATIBLE =
g T HORIZONTAL SYNC PULSES

FIG. 1—MACROVISION DELIBERATELY injects interference during the vertical-blanking interval {a).

EQUALIZATION PULSES

The Macro-Scrubber restores the signal to standard NTSC (b).
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FIG. 2—AN ELECTRONIC DPDT SWITCH is used to restore the video signal to the conventional NTSC

format.

“invisible”” Muacrovision encoding, then
you need the Macro-Scrubber, a device
that simply eliminates the encoding. Plug
the device between your VCR and its TV
or monitor and you won’t know that Mac-
rovision even exists.

Macrovision encoding

Macrovision is not an encoding process
at all. If it were, then an appropriate de-
coder would have to be made available to
the consumer just so he could view a Mac-
rovision-encoded tape. In fact, the video
information remains intact and un-
modified in the signal, as does the audio.
The encoding is really a disturbance in the
TV signal’s vertical-blanking interval that
is supposed to affect only a VCR attempt-

+1v

(] +1N

ing to copy the tape. Unfortunately, the
encoding also affects some TV’s. By sim-
ply eliminating the disturbance and re-
turning the offending signal to normal
NTSC standards you can view a com-
pletely normal picture while playing a
Macrovision-processed tape.

As shown in Fig. 1, the Macrovision
process merely injects noise bursts and
solid pulses into the signal during selected
line times within the vertical blanking in-
terval. One possible form of Macrovision
encoding is shown in Fig. l-a; the same
signal in conventional NTSC form is
shown in Fig. 1-b. The peak level of the
bursts is randomly varied from black to
white. Sometimes the bursts are pumped
between two or three different levels; at

30
3

: i
>—.||4l7 5 |6 |8 .; €9

WARNING

Duplication of copyright material is pro-
hibited by law. The Macro-Scrubber is rec-
ommended for use only between a VCR
and its TV or monitor as a solution to
viewing problems that are generated with-
in the TV or the monitor by Macrovision
encoding.

other times the burst level is ramped slow-
ly up and down. The location of the in-
jected noise is also randomly alternated
between the available line times; however,
the location and level of solid pulses usu-
ally remains constant for the duration of a
particular title—thus all copies of a par-
ticular title have the same encoding.

The Macrovision irregularities created
during the vertical retrace time are intend-
ed to upset a VCR’s RECORD-mode AGC
circuit so that it records an unviewable
picture. Since a VCR is designed to rec-
ord only the NTSC video signal—which
contains no noise transitions during the
vertical blanking interval—any fast irreg-
ularities in the vertical blanking interval
cannot be tracked by the AGC.

The effectiveness of the Macrovision
anti-copying system varies with the type
of VCR used, but in general, syn-
chronization is lost, leaving an unviewa-
ble picture on the attempted copy. At best,
the resulting dubbed copy will exhibit er-
ratic brightness changes. Sometimes the
picture will roll vertically due to a noise
burst injected just before vertical sync.
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FIG. 3—THE INPUT-SIGNAL LEVEL must be within a specified range for the Macro-Scrubber to work
properly. If there is some problem with the input-signal level it is suggested that R24—shown with
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COMPLEX IS REALLY BETTER

The majority of devices sold with a pur-
pose similar to that of the Macro-Scrubber
either blank or clip the entire vertical-
blanking interval, which also removes any
other VBI data (color correction signals,
closed captions, teletext, etc.). They then
attempt to economically reconstruct the
entire vertical-blanking interval, including
horizontal sync, equalization, and serra-
tion pulses. From a technical viewpoint,
that is often not very successful because
the characteristics of the reconstructed
pulses are usually set to some form of
“standard” value, and as such do not
really match the actual input signal. Since
those units do not actually detect and se-
lectively remove the Macrovision noise,
they also strip the vertical-blanking inter-
val of a normal TV signal if not bypassed
or removed from the system.

Many models also require factory-type
calibrations of numerous timing potenti-
ometers. Their new blanking level is either
preset to some kind of standard value or
an external adjustment is provided to
compensate for signals from different vid-
€0 tapes or sources.

What makes the Macro-Scrubber
unique, when compared to the restoration
devices, is that there are there are no pre-
cision adjustments; digital filters remove
only the Macrovision pulses and pass the
original vertical-blanking interval data and
sync pulses, while sample-and-hold cir-
cuits reproduce the correct vertical-blank-
ing level, which is switched into the output
signal in place of Macrovision pulses.
Also, the use of a crystal oscillator elimi-
nates the need for timing adjustments.
And since the Macro-Scrubber has no
effect on normal video signals, there is no
need to switch the Macro-Scrubber out of
the system for normal viewing.

Unfortunately, similar symptoms some-
times are experienced when merely play-
ing the original tapes on some VCR/TV
combinations.

A logical solution
In comparing Figs. 1-a and 1-b, you can
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see that a normal NTSC video waveform
is held at the vertical blanking level during
times when injected noise exists in the
Macrovision-encoded waveform. By lo-
cating the individual noise bursts and sol-
id pulses, and by connecting the output to
a DC voltage that is equivalent to the ver-
tical blanking level at those times, we can
essentially recreate the NTSC version of
the waveform. When no encoding signals
are present, we connect the output to the
clamped video input.

Figure 2 shows a block-diagram of how
the encoding can be removed. First, the
incoming video signal is clamped to hold
the negative sync tips at the same level,
thereby removing any AC hum or other
time-varying offset from the signal; that
step is critical for detecting signal transi-
tions against a fixed reference level. The
clamped video is then sent to a filtering
circuit to accurately locate the noise
bursts and the solid pulses from which the
switch-timing and the control signal are
created. (A crystal oscillator is used so
that timing adjustments aren’t necessary.)

The sample-and-hold circuit continu-
ously samples the video waveform to gen-
erate a DC voltage equivalent to the
vertical blanking level of the incoming
signal. That assures that the switched-in
blanking level is always correct for the
actual input signal applied and eliminates
the need for any manual adjustment. Fi-
nally, an electronic double-pole, single-
throw switch that is controlled by the
noise-locating signal connects either the
clamped input video or the reproduced
blanking level to the output buffer ampli-
fier. In so doing, Macrovision noise is
eliminated and the signal is restored to
normal NTSC video.

Circuit description

Figure 3 shows Macro-Scrubber’s cir
cuit. The Macrovision-encoded video sig-
nal is applied to jack J1 and is fed through
back-to-back capacitors Cl and C2 to a
resistor/diode network that clamps the
negative sync tips close to ground poten-
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FIG. 4—THE MACRO-SCRUBBER GENERATES noise pulses which are used to locate and suppress

the Macrovision noise-burst interference.

PARTS LIST

All resistors are Vs-watt, 5% unless oth-
erwise noted.

R1—470,000 ohms

R2, R23—680 ohms

R3—3,570 ohms, 1%

R4-—12,100 ohms, 1%

R5-R7, R10-R13, R15—10,000 ohms

R8—10,000 ohms, 1%

R9—22,100 ohms, 1%

R14—1 Megohm

R16—267,000 ohms, 1%

R17, R18—1,000 ohms

R19—220 ohms

R20—75 ohms

R21—470 ohms

R22—47,500 ohms, 1%

R24—20,000 ohms, trimmer potentiome-
ter

Capacitors

C1, C2, C14, C22—22 p.F, 16 volts, elec-
trolytic

C3—1 uF, 35 volts, electrolytic

C4, C5, C9-C11, C13, C15, C19, C23—
0.01 uF, ceramic disk

C6—330 pF, NPO

C7, C8, C18—390 pF, silver mica

C12—470 pF, polypropylene

C16, C17—20 pF, NPO

C20, C21—470 uF, 25 volts, electrolytic

Semiconductors

IC1, IC5—LM311 comparator

1C2—40478 multivibrator

IC3—4013B dual D flip-flop

1C4—45268B binary counter

1C6—40698B hex inverter

IC7—4011B quad NAND gate

{C8—4016B quad anatog switch

IC9—LF353 dual JFET op-amp

1C10—7812, 12-volt regulator

Q1—2N5640, JFET transistor

Q2—2N3906, PNP transistor

Q3—2N3904, NPN transistor

D1-D4—1N914, switching diode

LED1—Light-emitting diode

Other components

XTAL1—4-MHz crystal, AT cut (parallel),
HC-18 package

J1, J2—RCA-type phono jacks

Miscellaneous: PC board materials,
16—18-volt, 200-mA AC adapter, etc.

Note: A complete Macro-Scrubber kit,
model MAK-1, which includes the PC
board, cabinet, all components, and
an AC adapter, is available for $52.95
plus $3.00 shipping and handling
from: The Hobby Helper, P.O. Box
308, Bridgewater, MA. 02324. (617)
339-1026. Massachusetts residents
must add appropriate sales tax.

tial (approximately 0.2 volt). The clam-
ped video input applied to IC1’s inverting
input (pin 3) resembles the waveform
shown in Fig. 1-a. A DC reference voltage
derived from diode D2 is fed to ICI’s non-
inverting input (pin 2). Since the DC refer-
ence is slightly higher than the clamped
voltage, IC1’s output goes positive when-
ever the input signal is lower than the
reference signal. As shown in Fig. 4-a,
IC1 outputs a waveform that is normaily
low (0 volts) with high-going pulses con-
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current with negative-going pulses below
the vertical-blanking level (i.e. horizon-
tal-sync pulses, equalization pulses, ver-
tical-serration pulses, and Macrovision
noise bursts).

~ The clamped video signal is also deliv-
ered to the input of a sample-and-hold
circuit, which consists primarily of ana-
log switch 1C8-a, hold capacitor C12, and
op-amp IC9. The switch is driven in such
a way that it samples the level of the video
signal only during vertical-sync time at
the peaks of the vertical-serration pulses.
The output of IC9 is a DC voltage equal to
the vertical-blanking level, which will be
switched into the output waveform in
place of the Macrovision noise bursts and
solid pulses.

Clamped input video is fed to the input
of analog switch IC8-b, and the DC out-
put voltage from IC9 is fed to the input of
analog switch IC8-c. Notice that the out-
puts of analog switches IC8-b and IC8-¢
are connected together, and that because
of inverter [C6-e, their control inputs at
pins 5 and 6 respectively are driven 180°
out of phase. That arrangement creates the
electric equivalent of a single-pole, dou-
ble-throw switch, with either the clamped
input video or a DC voltage that is equal to
the vertical-blanking level being fed to
buffer amplifier Q! at any one time.

It is through control of the electronic
DPDT switch shown in Fig. 2 that the
encoded video is restored to a normal
NTSC signal. All that is needed is a prop-
er signal to pin 6 of IC8.

+12v
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IC6-d PINS + 12
1C8-a PiN13
SAMPLING SWITCH
CONTROL

The signal from ICI pin 7 (Fig. 4-a),
which contains pulses that correspond to
the sync and the Macrovision noise
pulses, is fed to IC2 pins 8 and 12. IC2is a
multivibrator that is configured as a digi-
tal low-pass filter. The time constant deter-
mined by RS and C7 causes frequencies
greater than twice the horizontal frequen-
cy to be filtered out. IC2’s output at pin 11
looks like a squared-up and inverted ver-
sion of its input, except that the high-
frequency pulses corresponding to the
Macrovision noise bursts have been fil-
tered out, leaving a low level for each
burst duration. (See Fig. 4-b).

The filtered signal is fed to pin 3 (EN-
ABLE) of binary counter 1C4. A 4-MHz
crystal-oscillator circuit feeds dual flip-
flop IC3, which divides the crystal fre-
quency by four, yielding a 1-MHz clock
input to IC4 pin 6. When the input at IC4
pin 3 goes high, that counter is
asynchronously preset to the binary value
determined by preset lines P3, P2, P1, and
PO (pins 2, 14, 11, and 5 respectitvely).
With the connections shown in Fig. 3, the
preset count is 14 decimal (1110 binary).
Whenever the count is not zero, the coun-
ter output at pin 12 is low. The counter
decrements once for each clock pulse it
sees on pin 6 while pin 3 remains low.
Thus, 14 ps after the leading, negative-
going edge of the input signal on pin 3
goes low, the count reaches O and the
counter’s output switches high. The high
output is fed back to pin 4, the iNHIBIT
line, which prevents any further counting.

3 ov

1€6-1 PIN12 1V

When the input signal at pin 3 returns
high, the counter is again preset to a 14
count and the output returns to its low
preset state. low input pulses having a
duration less than 14 usec are ignored
because the counter is preset before the
count ever reaches zero.

The resulting output signal at 1C4 pin
12 is normally low, with high-going
pulses that start 14 s after the beginning
of each horizontal-sync pulse that pre-
cedes a Macrovision noise burst. The 14
psec delay forces the horizontal sync
pulses (and color-bursts) to be switched
into the output waveform. Each of the
noise-burst locating pulses returns to a
low at the end of the corresponding Mac-
rovision burst. Those pulses, as shown in
Fig. 4-c, define the points in time when
the bursts occur, with one exception.
Concurrent with the vertical-serration
pulses, therc are a string of pulses that
must be removed in order to create a sig-
nal that will totally isolate the Macrovi-
sion noise. In order to remove those
pulses we must create a gating signal with
a single pulse that lasts only for the dura-
tion of the vertical sync pulse in each
frame. To do that, sync and noise pulses
from IC1 pin 7 (Fig. 4-a) are fed to a low-
pass filter consisting of R9 and Cé6.

Narrow, positive-going pulses are at-
tenuated because C6 never gets a chance
to charge to a logic-high level unless the
pulses are long compared to the time con-
stant determined by R9 and C6. The only
pulses wide enough to allow C6 to charge

g
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FIG. 5—VERTICAL SYNC AND BLANKING level sampling pﬁlses are derived from the Macrovision-

induced noise bursts.
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FIG. 7——THE NTSC SIGNAL IS CREATED by selectively switching the encoded input and the sampled

vertical-blanking level into the output.

to a logic-high value are those corre-
sponding to the vertical serration pulses.

Therefore, as shown in Fig. 5-a, at IC6-
¢ pin 5 we have a signal that has + 5-volt
pulses corresponding to the horizontal
sync pulses, and + 12-volt pulses con-
current with the serration pulses during
vertical-sync time.

Inverter IC6-c discriminates farther,
since input pulses lower than a logic high
(approximately +7V fora + 12V supply)
will not trigger output pulses. Therefore,
as shown in Fig. 5-b, at inverter IC6-c pin
6 we have a normally high signal with low-
going pulses occurring only during the
vertical sync period. When that signal
goes low, diode D4 becomes forward-bi-
ased and inverter [C6-d pin 9 i1s imme-
diately pulled low as well. When 1C6-¢
pin 6 goes high, D4 is reverse-biased, so

that pin 9 charges to a logic-high level at a
rate determined by R22 and C8. (See Fig.
5-¢.) Again, narrow pulses are ignored
and, as shown in Fig. 5-d, the inverter’s
output (IC6-d pin 8) is normally low with
logic-high sync pulses.

The inverter’s output signal turns on
sampling-switch 1C8-a during the ver-
tical-serration time, and C12 charges to
the vertical blanking level. The high input
impedance of op-amp IC9, and IC8-a in
its OFF state, prevent the charged voltage
on C12 from leaking off between samples.
Unity-gain amplifier [C9 feeds C12’s DC-
voltage level to analog switch 1C8-c,
where it will be switched into the output
waveform in place of the Macrovision
noise.

As shown in Fig. 5-¢. the vertical-sync
signal at IC6-d pin 8 is inverted by 1C6-f.

and is then fed to NanD gate IC7-b to gate
the burst-locating signal from 1C4 pin 12
(Fig. 4-¢). The output signal at IC7-b pin 4
(Fig. 6-a), is normally high, with logic-
low pulses that last for the duration of the
corresponding Macrovision noise burst.

Notice, from Fig. 1-a, that some Mac-
rovision bursts are followed by a solid
pulse that doesn’t have a negative transi-
tion. Since the Macrovision noise-locat-
ing pulses shown in Fig. 6-a were created
by detecting high-frequency bursts below
the blanking level, they do not locate the
solid pulses. In order to remove the solid
pulses without affecting any non-Mac-
rovision pulses we must: 1) detect positive
transitions above the vertical blanking
level that occur during the Macrovision-
encoded areas of vertical blanking, and 2)
combine the new signal that locates the
Macrovision solid pulses with the signal
that locates the Macrovision noise bursts
at [C7-b pin 4.

Macrovision-encoded areas of the sig-
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nal are defined by feeding the signal at
[C7-b pin 4 (Fig. 6-a) to a low-pass filter
consisting of D3, R16, CI8, and IC7-a.
The resulting waveform at IC7-a pin 3
contains wide pulses, or windows, that
define the time periods in which the Mac-
rovision encoding is present. That signal
is shown in Fig. 6-b.

The DC output voltage from the sam-
ple-and-hold circuit is fed to the inverting
input of comparator IC5, while the clam-
ped video input signal is fed to IC5’s non-
inverting input. A ftrain of high-going
pulses appears at IC5 pin 7 that corre-
sponds to all transitions above the blank-
ing level: including video, vertical-
blanking interval data and Macrovision
pulses. See Fig. 6-c.

The signal from 1C5 pin 7 (Fig. 6-¢) is
gated by the window pulses from IC7-a

2861 438W303d

o
w



RADIO-ELECTRONICS

(3]
=y

. N
&G R0

i J2
A c20

—pa

‘Jl
XTALI
A b
TR O g
I cm |~ Rl
1c3 § -
Rg Cl6 l
| | Ris
) |
€s J‘ J

-—R17—
G-R19-%

|
R7 _ —Rf2—
N

2
RIS I 9 +-C22-
o 3
| J
R ~C15- .
n
13 165 | R13
|
R0
| —C12—
Ic7 R2t ".023..
=Clit=~ -IC8
J 3
1£6
| &

RT2—|R23—| ! L;/T@D
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remove resistors R3 and R4,

pin 3 (Fig. 6-b) at NaND gate IC7-d, yield-
ing the waveform shown in Fig. 6-d at
IC7-d pin I1. That signal is combined with
the burst-locating signal from 1C7 pin 4
(Fig. 6-a) by nanD gate IC7-c.

The final Macrovision-locating signal
appears at IC8-c pin 6 and looks very
similar to an inverted version of the origi-
nal burst-locating signal (Fig. 6-a), but
the pulses have been stretched to include
both the bursts and the solid pulses. (See
Fig. 6-¢.) Notice that no locating pulse
exists to remove the single solid pulse
occurring at the start of the vertical blank-
ing shown in the sample input waveform
(Fig. l-a). That is because there is no
preceding negative noise burst that can be
used to locate the solid pulse. As a result,
that pulse will remain in the output wave-
form (Fig. 7-c¢), but it doesn’t cause a
problem because it is narrow and is not
pumped.

The signal shown in Fig. 6-¢ directly
feeds the control input, IC8-c pin 6, and
an inverted form of the signal (Fig. 7-a)
feeds analog switch 1C8-b via inverter
IC6-e.

The removal of the Macrovision encod-
ing signal works as follows: During video
time, horizontal-sync time, vertical-ser-
ration time, and all non-Macrovision-en-
coded vertical-line times, the control
input of analog switch IC8-c is low—the
switch is open. At the same time, the
control input of analog switch IC8-b is

high—it is closed, connecting the clam-
ped-video video (Fig. 7-b) to QI’s gate.
During Macrovision noise times, the sit-
uation is reversed. Switch IC8-b is open
and switch IC8-c is closed, thereby con-
necting the DC blanking voltage from
sample-and-hold amplifier IC9 to Ql. An
impedance-matching amplifier stage,
consisting of Ql, Q2, and Q3, provides a
match for the 75-ohm video output. Thus,
as shown in Fig. 7-¢, a “‘normal”™ NTSC-
compatible video signal is reconstructed
at the output, eliminating only the Mac-
rovision noise.

Construction

The circuit is assembled on a printed-
circuit board. The foil pattern for that
board is provided in PC Service. The
parts-placement diagram for that PC
board is shown in Fig. §.

Begin stuffing the printed-circuit board
by first installing all resisitors, diodes,
and capacitors. Make sure that all of the
clectrolytic capacitors and the diodes are
installed with the proper polarity. Save the
clipped component leads for use as jum-
pers.

Capacitor CI12 must be a “‘poly-
propylene™ type because the extremely
low-leakage characteristic of the material
prevents the vertical-blanking hold volt-
age from sagging between samples. As
correct R-C time constants are critical to
the proper operation of the circuit, use of

the component values shown in the sche-
matic is essential.

The PC board’s spacing for crystal
XTALI is for an HC-18 package. Values
specified in the Parts List for resistors R14
and RI5. and capacitors C16 and Ci7,
must be used in order to insure proper
operation of the oscillator.

Mount the transistors and voltage reg-
ulator IC10 next. Transistor QI is an FET
and should be handled with proper regard
for static charges. A heatsink should be
mounted on the voltage regulator, es-
pecially if the circuit is housed in a case
that has limited ventilation. Potentiometer
R24, which is indicated by dashed lines in
the schematic, is not normally used, so its
holes in the PC board will remain empty.
(We'll explain R24 later.)

Finally, mount the IC’s. using proper
precautions for static electricity because
most of them are CMOS. Sockets aren’t
necessary, but using them would make
any troubleshooting or repair easier. The
project will fit nicely into a PAC-TEC
CM5-125 case.

Checkout and hookup

Apply power and check that the AC
adapter’s output voltage is between
14-24-volts DC when it is powering the
circuit, and that IC10’s output voltage is
+12-volts DC, =0.6 volt.

Connect an input signal and monitor or
a TV to the Macro-scrubber. Connect the
VCR’s video output to J1. If you have a
video monitor or a TV having a video
input. connect the Macro-scrubber’s out-
put, J2, directly to that piece of equip-
ment’s video input.

If your equipment lacks a video input,
you'll need an RF modulator for the chan-
nel you normally use when watching your
VCR (channel 2, 3, or 4). Connect the
video output to the modulator’s video in-
put. Connect the VCR’s audio output to
the RF modulator’s audio input. Connect
the modulator’s RF output to the TV’s
antenna-input jack or terminals.

Play a video tape that you have already
identified as containing Macrovision
pulses. The picture you see should now be
free of interference.

If the Macrovision-related viewing
problems still exist, or if part of the pic-
ture is blanked out, the input-signal level
from your VCR may be excessively high
or low. In that case. a pattern of holes has
been provided in the PC pattern so that
fixed resistors R3 and R4 can be replaced
with a 20,000-ohm potentiometer. The
potentiometer is shown in the schematic
by dashed lines, and is identified in the
schematic and on the PC placement di-
agram as R24. (Remember, if you install
R24 you must remove R3 and R4.)

To adjust R24, play a Macrovision
tape, and while observing the TV picture,
adjust R24 until the picture appears to be
normal—interterence-free. R-E
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EXCITING HOME VIDEOS USUALLY RE-
quire heavy editing—Ileaving the
deadly-dull stuff “on the cutting-
room floor.” Unfortunately, the com-
mercial video-edit controllers needed
for pro-quality editing are usually
priced beyond the budget of most vid-
eo hobbyists, which means that most
videos usually end up looking like
just another home movie—or worse.

But there is a low-cost alternative to
comimercial video editing. It’s our
video-edit controller; a relatively sim-
ple device that requires the use of only
two VCR’s, or a VCR and camcorder,
to edit video tapes electronically like
a professional.

Home videos are usually edited by
pausing the recording VCR at the
point where recording is to begin, and
pausing the source (player) VCR at
the point where the new video starts.
Once satisfied with the edit points,
both pause buttons are released simul-
taneously to allow the playback and
recording to start.

Although the procedure for
“pause-editing” 1s theoretically cor-
rect, real life proves that theory and
practice are not one and the same,
because machines—particularly
when dealing with precise timing—
don’t necessarily function the way we
would like them to. The variations in
the pause-timing characteristics of
VCR’s and camcorders usually result
in several seconds of lost picture at the
edit.

Editing controlier

But use our video-edit controller
and you will eliminate the lost
snatches of picture when editing.
That’s because our controller allows
video editing by frames, rather than
by time periods.

To understand the operation of the
video-edit controller, it’s necessary to
understand why several seconds of
video are lost when using the simulta-
neous-pause-release method of video-
tape editing.

When the source (player) VCR’s
pause is released, the machine starts
playing slightly after the point where
the tape is positioned. The “slightly

after” is a function of the tape getting
up to speed before the video is output.
The recorder, on the other hand, must
synchronize itself to the source. To
accomplish that, most newer
VCR’s—as well as camcorders—use
a feature known as preroll.

Preroll

Preroll means that the recorder is
rewound a predetermined number of
frames, put into the play mode, and
then shifted into record at the point
where the recording is actually to
start. When editing by dual-pause
control, the additive ‘‘true start” de-
lays of the source and record ma-
chines usually result in several
seconds of missed video from the
source.

There is also a synchronization
problem associated with the dual-
pause method of editing. Specifically,
the recorder is being asked to syn-
chronize itself to two different
sources: the video prior to the source-
VCR’s getting up to speed, and then
the video once speed is attained. That
complicates the recorder’s operation,
and can result in video-breakup at the
edit point.

Pro-quality editing
On the other hand, our video-edit
controller does not depend on pause

controls: It edits in a way similar to
some professional editors. First, it re-
winds the source-VCR for a fixed
amount of time and then switches the
VCR to the play mode. At the appro-
priate time, while the source-VCR is
playing, the controller starts the re-
cording VCR. The recording VCR
uses up its preroll, comes up to speed,
and then switches to the record mode.
If all the timings are correct, the
source-VCR is feeding the selected
edit frame at the precise instant that
the-recording VCR switches to the
record mode.

Overall editing accuracy is depen-
dent on the ability of the source- and
recording-VCR’s to consistently re-
peat their operations in exactly the
same time periods. Since the record-
ing- VCR’s preroll is designed by the
manufacturer to always start the re-
cording after a fixed time interval, it is
the source-VCR that’s the main syn-
chronizing problem.

Review to time

But we can make the source-VCR’s
rewind timing more or less consistent
if we use the machine’s review func-
tion—rather than the rewind func-
tion—to back up the tape. That is due
to the fact that review is a capstan-
driven function that always operates
at a predetermined multiple of the nor-

VIDEO-EDIT
CONTROLLER

VIDEO EDIT CONTROLLER

Here'’s a low-cost device for
professional-quality video editing.
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FIG. 1—THE VIDEO-EDIT CONTROLLER basically consists of four similar timer circuits.
Both the opTion A and oPTION B circuits for relay RY2 are builtinto the PC board. Simply plug

the relay into the appropriate socket.

mal play speed. During review, the
tape is always backed up the same
length per period of time; whereas,
during rewind, the actual amount of
tape backed up per unit of time de-
pends on how much tape is left on the
supply reel.

In addition to the edit function, the
controller also provides a switching
circuit for a special-effects generator,
such as you might use to cause a fade
from, or to, black at the correct time.

How it works

The edit-controller, shown in Fig.
1, consists of four monostable timers.
Each timer has the capability to drive
a relay, although only three relays are
used to interface to the controlled de-
vices. To accommodate different re-

mote-control circuits, relay RY2 can
be installed at the locations labeled
OPTION A, Or OPTION B—more on that
later.

The edit operation is started by
closing switch S1, which causes a
rapid drop to ground of the voltage
across capacitor Cl. Cl’s discharge
causes a negative-going spike through
C2, which triggers timer ICl. The
triggering of IC1 causes RY!'s con-
tacts to close, and they remain closed
during ICI timing period. The timing
period is determined from the equa-
tion:

time = 1.1(R4 x C3)

The source-VCR'’s remote-control
review jack is connected to RY1’s con-
tacts through PL1. The VCR will be

held in the review mode during IC1’s
timing period. At the end of the tim-
ing period, RY1 is released, its con-
tacts open, and the VCR automat-
ically switches from the review to the
play mode. Also at the end of the
timing period, IC1 triggers timer IC2.
Timers [C2-1C4 operate in a sim-
ilar manner as ICl1, the major dif-
ference being that IC2 and IC3 have
coarse and fine adjustments for
tweaking the time-period. Also, RY2
can be driven either by IC2 or IC3,
depending on the requirements of the
recording-VCR. If the recorder is
started by opening its remote control,
RY?2 is installed at the opTION A
location. If the recorder is started by
closing its remote control, then RY2
is installed at the optioN B location.
The editor’s timing constants are a
function of both the type and the
speed of the VCR’s. While the princi-
ples can be applied to any combina-
tion of VCR’s and speeds, the
prototype assumes VHS machines op-
erating at the SP speed. Should a dif-
ferent combination be desired, it will
be necessary to adjust the timing
components for the selected speed.

Construction

Before building anything, you
must make certain that your source-
VCR is compatible with the control-
ler. Place a tape in the VCR and start
the play. After about 30 seconds, de-
press the pause button. Once the VCR
has come to a complete stop—as indi-
cated by a frozen frame on the
screen—press and hold the review (or
dual-function review/rewind) button
for about five seconds and then re-
lease it. The VCR is compatible with
the video-edit controller if it rewinds
and then automatically enters the play
state when the review button is re-
leased. If releasing the button did not
cause the VCR to switch automat-
ically into the play mode, then it can’t
be used with the controller.

If the VCR passes the compatibility
test, you must make a review-switch
modification. Disconnect the VCR
from the powerline, open the VCR’s
case, and locate the review switch’s
contacts. Use a VOM to verify that
you have selected the correct con-
tacts. (In some VCR’s the review
switch has DPST contacts that are
wired in parallel.) Solder a pair of
thin, insulated, stranded wires (i.e.
22 gauge) to the switch’s contacts.
Then route the wire to an accessible



blank portion of the VCR’s rear ap-
ron. Carefully drill a hole in the apron
for a miniature phone jack that will
mate with PL1. If the cabinet is metal,
use two contacts of a 3-circuit jack
and change PLI to a 3-circuit mini-
ature phone jack. (The plug’s sleeve
connection—which is connected to
the VCR’s grounded cabinet—should
not be used.)
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FIG. 2—THE CONTROLLER’S PARTS LAYOUT. Select only one location for RY2; the other

remains empty.

VIDEO EDIT CONTROLLER

FIG. 3—THE PRINTED-CIRCUIT BOARD is mounted in the cabinet using spacers at each
mounting screw. Make certain that there is some kind of wire between the PC board’s

ground trace and the metal cabinet.
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Complete the modification by sol-
dering the wire pair to the phone jack.
Then, replace the VCR’s cover. At
that point, the VCR should be tested
for normal operation. Check the mod-
ification for a short-circuit if the VCR
doesn’t operate correctly.

The controller is assembled on a
PC board, for which a full-scale tem-
plate is provided in PC service.
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PARTS LIST

All resistors 1/4-watt, 10%, unless
specified otherwise.

R1—1000 ohms

R2—1 megohm

R3—10 megohms

R4—470,000 ohms

R5, R9, R13—10,000 ohms

R6—200,000 ohms

R7, R11—250,000 ohms, multiturn

~ potentiometer

R8, R12—10,000 ohm, multiturn po-
tentiometer

R10—47,000 ohms

R14—100,000 ohms

All capacitors rated 10 volits, un-
less specified otherwise.

- C1,C2, C5, C8 ,C11—0.001 pF, disc

C3, C9—10 pF, tantalum

C4, C7, C10, C13—0.01 puF, disc

C6—100 uF, tantalum

C12—1pF tantalum

C14, C15—0.1 pF

C16—1000 pF, 35 volts, electolytic

Semiconductors

1C1-1C4—555, timer

IC5—7808, 8-volt regulator

D1, D3, D6—1N4002, silicon rectifier

D2, D4, D5—1N914, rectifier

Other components

Ji—male power-supply mini-jack to
match SO1

PL1, PL2, PL3—miniature phone

plugs to match VCR equipment

RY1, RY2, RY3—SPDT DIP relay,
GORDOS 831A-4

S1—N.O. momentary switch

82, 83—8PST switch

SOt1—power socket, part of 9-voit
wall adapter

Miscellaneous

Printed-circuit materials, WA1—9-
volt DC wall adapter, DIP sockets,
cabinet, wire, solder, etc.

The parts layout is shown in Fig. 2.
Notice that there are two locations—
labeled A and B—for RY2. If you use
DIP sockets for mounting the relay,
you will then be able to switch RY2’s
location easily to conform with the
remote-control circuit of the associ-
ated VCR.

Figure 3 shows how the prototype’s
fully assembled PC board looks when
it’s finished, and also how it is in-
stalled in its cabinet.

VCR modification

The controller requires a special,
though quite simple, modification to
the source-VCR’s review switch. But
be aware that opening the case of the
VCR and installing the modification
will void the warranty (if it is still in
effect).
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Remote jack

The recording-VCR or camcorder
should have a camera-controlled re-
mote jack. Also, for best results the
recorder should also perform a preroll
operation prior to initiating the re-
cording action. That feature can often
be verified by the recorder’s user’s
manual.

The recording-VCR will run-rec-
ord when the camera-controlled re-
mote jack is switched by RY2’s
contacts. The location of RY 2 is deter-
mined by the requirements of the re-
mote jack. If recording is started by
opening a contact, RY2 should be in-
stalled in the oPTION A location, which
1s controlled by IC2. If recording is
started by closing a contact, RY2
should be installed in the opTiON B
location, which is controlled by IC3.

Calibration

The only items required for calibra-
tion are two prerecorded tapes. One is
a source tape, which contains a clean
transition of scenes. The tape can
casily be made by making an off-the-
air recording of about five minute of
program up to a commercial, the

commercial, and then five minutes of
program. The commercial is only
needed so that you can easily recog-
nize a scene transition—from pro-
gram to commercial and vice versa.

The other tape is the recording
tape. It should be pre-recorded with
about five minutes of programming.

Connect PL1 to the review jack that
was added to the source-VCR. Con-
nect PL2 to the recording VCR’s cam-
era-controlled remote jack.

Roll the source tape, locate the start
of the commercial as closely as possi-
ble, and place the source recorder into
the pause mode.

Then play the second tape in the
recording VCR. Locate the end of the
recording, set the recorder to pause,
then activate the record function.

Set the coarse adjustment associ-
ated with RY2 (R7 or RIl1) to its
smallest value and the fine adjustment
(R8 or R12) to the center of its adjust-
ment. Press S1. Each of the recorders
will do its thing—controlled by the
video-cdit controller.

After the recording VCR runs for
about 30 seconds, stop and rewind its
tape to the point where the recording

was inserted and press the pause but-
ton. Then release the pause button
and time the playing time from the
source-tape’s entry point until the
source-tape’s commercial appears.

Using the equation given earlier,
calculate the combined resistance val-
ue of R7 and R8 (or R11 and R12) that
is needed to eliminate the pre-com-
mercial timing. Set the coarse adjust-
ment to that value.

Repeat the procedure until the edit-
ing controller correctly locates the
edit point within about one-half sec-
ond. At that point, the procedure
should be repeated once more, using
the fine adjustment, until the edit
point is “on the nose.”

That completes the calibration. A
similar method is used to calibrate the
switch-in of a special-effects gener-
ator via PL3.

Now you’re ready to edit some vid-
eo tapes, and it may take a few tries to
become familiar with the system.
However, in no time at all, you’ll be
getting rid of unwanted commercials,
splicing together your favorite movie
scenes, or removing scenes that you
don’t want your kids to see. R-E
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The world of video

BEFORE WE GET INTO CIRCUITS AND
stuff, there’s a piece of follow-up
business | have to take care of. If
you’re a regular reader, you'll re-
member that we ran a contest
some months ago to see who
could come up with a good way to
use the space left empty in the
EPROM character generator we
designed.

There were lots of entries and
lots of ideas, but the best one
came from Randall Logan of British
Columbia, Canada. He used the
remaining space in the EPROM to
build an automatic hex to decimal
converter that still left enough
room in the EPROM for the
character codes we worked out as
our circuit was being developed.
The circuit details are on page 72 of
the September 1989 issue of Radio-
Electronics.

Since it’s the height of tedium to
generate the code for the EPROM,
Randall wrote a BASIC program to
create the data. He sent me a copy
of itand, as promised, I’'m sharing
itwith all of you—it's shown in List-
ing 1. Although the program is
written for an IBM or compatible,
it won't take a lot of work to con-
vertit to the BASIC dialect used by
other computers. The program is
wellf-commented so you shouldn’t
have any trouble figuring out how
it works and what you’d have to do
to change it.

Just about the only reason for
changing it would be to match the
data outputs of the EPROM to your
seven-segment display. The seg-
mentassignments (a, b, ¢, etc.) are
pretty much standardized, but
sometimes it's easier to lay out a
PCboard by switching the order of

the EPROM data pins. In any
event, you've got the circuit and
now you've got a program to gen-
erate the data for the EPROM.

As a last note on the subject, the
program will create a file 2049
bytes long. The extra byte comes
about because BASIC (at least IBM
BASIC) adds an “end of file mark”
{1Ah), whenever it writes a data
file. Itisn’t a big deal since the first
2048 bytes are the ones going into
the EPROM, butbeing aware of the
extra byte (as well as knowing why
it's there) means there's just one
less thing to worry about.

And now for something com-

ROBERT GROSSBLATT

pletely different.

In going through the mail I've
received recently, it's evident that
video is a really popular subject.
Lots of readers are fascinated by
the hardware but haven’t gotten
their hands dirty because they're
not familiar with video signals, ter-
minology, and hardware require-
ments. Over the next few months
we'll go through some video
basics together. We'll take apart
the NTSC standard and examine
the individual parts of the wave-
form. Once we know what we're
looking at, we'll see what has to be
done to design video circuitry. it's

THIS PROGRAM WILL GENERATE A 2048 BYTE BINARY FILE (EPROM.DAT)

D=DIGIT VALUE (0Q-9) FOR DECIMAL #'S AND (0O-15) FOR HEX #'S

Z=USED TD DETERMIME IF LEADING ZERD BLANKING IS REQUIRED

LISTING 1
100 REM
185 REM CONTAINING THE DATA REQUIRED FOR THE EPROM IN THE
110 REM BINARY TO HEX/DECIMAL CONVERSION CIRCUIT AS SHOWN IN THE
120 REM SEPTEMBER ISSUE OF RADIO ELECTRONICS, PAGE 72
130 REM
140 REM WRITTEN BY RANDALL LOGAN, 1989
150 REM
160 REM DESCRIPTION OF VARIABLES
170 REM B=NUMBER BASE (10 OR 16)
180 REM N=NUMBER TO CONVERT ([0-255)
190 REM P=SELECTED DIGIT POSITICN WITHIN NUMBER (0-3)
200 REM
210 REM V=TEMPORARY WORKING VARIABLE
220 REM S( )=CHARACTER SEGMENT DATA (16 ELEMENT ARRAY)
230 REM
240 REM
250 CLS

260 DIM 5(16)

270 REM READ SEGMENT DATA FOR ALL 16 CHARACTERS (O-F) INTO ARRAY

280 FOR I = O TO 15:READ S(I):NEXT

310 DATA 63,691, 7002 109,836, 7 127, 113, 118124, 57,94 235, 113

320 REM

330 REM

340 REM

350 OPEN "EPROM.DAT" FOR OUTPUT AS #1
260 FOR B = 100 TO A6 RTISPAY

370 FOR N = @& TO 258

380 v = N

390 FOR F = 3 TO 0'STEP -1

400D = INTIM £ 8 T Blds i = Eitih
QL0 ML=V —aips ¥ (BT B

415 REM L

430 PRINT #1, CHRS(S(D});
440 NEXT P
450 2 = Q:
460 NEXT N
470 NEXT B
480 CLOSE #1

REM RESET ZERO BLANKING

NOW GEMERATE BINARY FILE FOR EPROM PROGRAMMER (EPROM.DAT}

INE 420 BLANKS LEADING ZEROS (FOR DECIMAL VALUES CNLY)
420 IF Z = 0 AND P > D AND B = 10 THEN PRINT #1, CHRS(O);

: GOTO 440

TEST VALUE

0661 AHVNNYT
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complicated enough to be inter-
esting and just hairy enough to be
fun.

Who could ask for more?

Some video basics

Back in1953, a group of relatlvely
unknown people sat down to-
gether and made some decisions
that affected the lives of every per-
son in this country (and some
other countries as well). That
sounds like the beginning of a
trashy spy novel, but it's not—it’s
the beginning of the television
standard. The people who made
the decision were known as the
National Television System
Committee, and they established
the color-TV standard known as
NTSC. There are lots of jokes
about what the initials stand for
(Never The Same Color, etc.), but
whatever you might think of it,
NTSC video is (in the United
States) the name of the game.

All the video circuitry in a televi-
sion setis designed with one job in
mind—to control the movement
of the electron beam that scans
across the inside of the picture
tube. The video signal that moves
the dot on the screen and deter-
mines how bright it will be is one
of the most complex signals in
common use. The key to knowing
how video works and making
sense out of video hardware is un-
derstanding all the component
parts of the video waveform.

All video, either broadcast
NTSC or high-resolution comput-
er, is made up of the same basic
elements. As a simplified explana-
tion, the electron beam in the pic-
ture tube scans across the screen
from left to right and back again.
When it reaches the bottom right
of the screen, it moves to the up-
per leftand starts another trip back
and forth across the screen. The
rate at which it travels left to right,
and how often it moves back to the
top right of the screen are all de-
fined in the NTSC standard.

The video signal fed to a TV set
has two basic jobs. The first is to
control the beam’s movement,
and the second is to control the
brightness of the beam. The for-
mer tells the TV where to put the
picture and the latter tells the TV
what picture to put there.

Even though the video circuitry
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in a television set is constantly
moving the beam around the
screen from left to right and top to
bottom, there’s no way to guaran-
tee that the movement is going to
be at the precise rates required by
the NTSC standard. As we all
know, nothing is forever; compo-
nents age, values drift, and it
wouldn’t be long before a TV—no
matter how well made—would go
out of alignment.

Most television sets move the
dot around the screen at rates that
are close to the NTSC standard,
but they have built-in slop factors.
That means that there’s enough lat-
itude in the TV’s control circuitry
to enable it to be adjusted to strict
NTSC timing. Older television sets
had horizontal and vertical hold
controls, but most of the newer
sets do it automatically.

The horizontal and vertical con-
trol of the television image is the
job of two components of the
NTSC signal known, appropriately
enough, as horizontal sync and
vertical sync. The former tells the
electron beam to move back (or
flyback) to the right edge of the
screen and the latter causes the
beam to move back to the upper
right hand corner.

Before we look at the big picture
(sorry about that), let’s take a look
at the most basic unit of the video
signal—a horizontal line. The
NTSC standard calls for 525 lines of
video for each frame (the entire
picture), and there are two fields
per frame.

The horizontal line
The whole video signal is really a

series of repeated horizontal lines
of control and picture informa-
tion. The NTSC standard allows a
total time of about 63.5 microse-
conds for each line, so a bit of
arithmetic tells us that the fre-
quency is about 15.75 kHz. I'm
using approximate numbers be-
cause the exact value is different
for color and black and white. That
rate is referred to as the “horizon-
tal scan frequency,” and during
each cycle the video signal is con-
trolling the placement of the im-
age and carrying the image
information, as well.

The illustration in Fig. 1 shows
you exactly what's happening in
each horizontal line. The left-hand
side of the picture corresponds to
the trailing edge of the horizontal
sync pulse, which is labeled as 2"
in the drawing. As you can see,
about 20% of the line time is de-
voted to control signals, and each
part of that section has it's own
name and allowable duration.

Most television sets “overscan”
the image. That means that a bit of
the leftand right edges of each line
take place outside the screen
area-—think of it as slightly zoom-
ingin on the line. That’s done for a
variety of reasons; most impor-
tant, it makes sure that the only
part of the image you’ll see on the
tube is picture information—the
control data is always off screen.

If you're looking at a color im-
age, the first important piece of
information sent on each line is
the colorburst signal. That is about
8 to 10 cycles of a 3.579545-MHz
clock, and it’s used as a standard to

continued on page 91
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continued from page 80

determine both the hue and sat-
uration of the colors displayed on
the TV. The two elements, hue and
saturation, are usually referred to
as “chrominance” or “chroma.”

A separate colorburst signal is
sent for each line of video and
they’re all exactly in phase with
each other. That'’s obvious if you
realize that inconsistencies would
result in color shifts from line to
line. (That might make for some
interesting pictures, but it’s not
the kind of stuff sponsors shell out
bucks to transmit.)

The picture information imme-
diately follows the back porch
and, for the next 52 microseconds
or so, the electron beam travels
across the screen painting a line of
varying color and brightness. The
color you see depends on the rela-
tive phase difference between the
video signal and the colorburst
signal in the back porch. The
brightness, referred to as the “lu-
minance,” is simply a function of
the voltage level.

If you look at the voltage scale
on Fig. 1, you can see how the volt-
age varies during a line of video.
NTSC video calls for a peak-to-
peak signal voltage of 1 volt but,
instead of volts, the video signal is
usually referred to in IEEE (/n-
stitute of Electrical and Electronic
Engineers), or IRE (/nstitute of
Radio Engineers) units. That scale
divides the 1-volt range into 140
parts with zero-IRE corresponding
to about 0.3 volts. The full scale
goes from —40 IRE to +100 IRE
units. When you hear a person re-
fer to 50 units of video, they're
using the IRE scale.

The reason things are done like
that is that there has to be some
way to distinguish between con-
trol signals and picture informa-
tion. The NTSC solution was to
reserve the area from 0 to 0.3 volts
for the control signals and the rest
of the space (0.3 to 1 volt) for pic-
ture. If the luminance is at 0.3 volts
or 0 IRE, the picture will be black—
100 IRE will give you white. Every-
thing in the middle will be seen as
varying shades of gray or color.
The area below 0 IRE is usually re-
ferred to as “blacker than black.”

Once the end of the picture in-
formation is reached, the electron
beam is turned off for about 1.5
microseconds (the front porch),
and then a horizontal sync pulse is
sent. The location and duration of
the pulse (4.7 microseconds) is
critical to proper placement of the
horizontal line on the screen since
that causes the electron to move
back to the right side of the screen
and start a new line.

Messing around with the hori-
zontal sync is a popular activity
with the people who dream up
ways to scramble TV pictures. If
the pulse isn’t there at exactly the
right time, the television set has
no way to identify the start of a
new line of video. As a result, the
TV will do horizontal retraces at
somewhat random intervals and
instead of watching a recently re-
leased movie, you’ll be looking at
some images that really belong on
a variable interossiter (and how
many of you know what that is?).

When we get together next
time, we'll talk about vertical sync
and start to design some video
hardware. It should be fun.  R-E
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A crystal-controlled video timing generator.

ROBERT GROSSBLATT,
CIRCUITS EDITOR

WHEN YOU START FOOLING AROUND

RADIO-ELECTRONICS

-~
N

with video circuitry, there are
three things you always have to
keep in mind: timing, timing, and,
above all else, timing. The key to
designing video circuits is making
sure that the right voltages show
up at the right time. The values can
be slightly off, but if they don't
show up exactly when they're sup-
posed to, they might just as well
not show up at all.

Since video is fairly complex, ev-
eryone has his or her own ideas
about the best way to get into it.
Theory is important; after all, the
video waveform is an agreed-upon
standard, and you have to under-
stand its component parts before
you can design hardware to pro-
duce it. But the best way to learn is
to do, and the easiest way to pick
up theory is by having it demon-
strated; so let’s see what's involved
in designing basic hardware.

Hardware basics

The waveformin Fig. Tis one line
of National Television Standards
Committee (NTSC) standard hori-
zontal color video. We've already
discussed its component parts,
but this time I've included all the
timing. There are several basic fre-
quencies 1o be generated, and the
pulse width is strictly defined. Na-
tional Semiconductor, and other
manufacturers, make 1C’s that can
take a basic clock frequency in at
one end, and put out all needed
video frequencies at the other
end. They are good chips for de-
signing real-world circuitry, and
we'll look at some later; but first
let’s re-invent the wheel so we
know how it works.

COLOR BURST
(3.5795%5 MHz)

> J

750»,—»} Lt
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Designing a video sync gener-
atoris an exercise in pure logicand
arithmetic. We need clock gener-
ators to control production of the
needed frequencies, and one-
shots to produce pulses of the
right width. Since the most basic
signal needed is horizontal sync,
that's the place to start.

The block diagram in Fig. 2 gives
a good overview of the circuit to
be designed. There’s a master
clock generator, whose frequency
is divided down to produce hori-
zontal and vertical sync clocks.
They will trigger pulse generators
to output the actual sync pulses.
By deriving everything from a mas-
ter clock, the generated sync sig-

nals maintain constant timing with
regard to one another, an absolute
must for video. The sync-gener-
ator accuracy will depend com-
pletely on that of the master clock,
so we have to use a crystal-based
circuit. That creates certain prob-
lems, but it’s the best way to go.

The master clock

Crystal oscillators used to be ex-
otic and expensive, but are now
cheap and easy to build. The issue
now is what frequency to use, and
what chip will produce it. Every-
one has his or her own prefer-
ences, but one that's often
overlooked is the 8284 shown in
Fig. 3, in an appropriate oscillator



arcuit. It was originally designed
by Intel as the basic clock for the
808X microprocessors, and any
808X-based computer will have
one on the motherboard. Its fre-
quencies and duty cycles are really
geared to Intel’s microprocessors,
but it's a handy general-purpose
clock generator, also.

Most of the 8284 control pins
like atnt (pin 3), AEN2 (pin 7), Rovi
(pin 4), roY2 (pin 6), ReADY (pin 5),
and csync (pin 1) are used only
when you're using the chip in a
compuler; we won't use them
here. They have to be tied either
high or low to make the chip work
for our purposes.

All we want the 8284 to do is to
act as a stable oscillator. That's easy
to set up, and the 8284 has several
free extras. The pins used here are
crystal inputs xt (pin 17) and x2 (pin
16), and clock outputs osc (pin12),
cLk (pin 8), and pcik (pin 2).

in Fig. 3, the 8284 takes the crys-
tal and provides three different
output clocks. The osc output (pin
12) is abuffered version of the crys-
tal frequency, the cik output (pin 8)
is ¥ the crystal frequency at a 33%
duty cycle, and pcik (pin 2) is half
the cLk frequency with a 50% duty
cycle. The cik output has an un-
usual duty cycle for use with an
Intel microprocessor.

Also, note the k¢ (Frequency or
Crystal) input on pin 13. Since the
chip is a cotlection of flip-flops and
buffers, it needs an input frequen-
cy divided down internally to pro-
vide the output clocks. The state of
rc determines the origin of the in-
put clock. If rcis tied low, the 8284
will look at its internal oscillator,
the frequency of which depends
on the crystal hanging off inputs x1
and xz. If mc is high, the 8284 will
look at the clock being fed to er
{External Frequency In) input at
pin 14.

That means that you can change
the output clocks simply by chang-
ing the logic level on rc (pin 13).
Most two-speed IBM-XT clones
use that feature to switch from
“normal” to “turbo” speed. By
trapping a scan code from the key-
board and using it to toggle a flip-
flop, they change the level of rc,
and switch the master clock speed
of the microprocessor, giving a
two-speed computer.

Now that we have a circuit to
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produce our clock, we have to de-
cide on what clock to produce. It
would be really nice if all the fre-
quencies needed were derivable
from one easily available crystal
frequency, but they're not. There’s
just no easy number to provide ev-
erything we need. For reasons
that’ll become apparent when we
are farther along in our design,
14.318 MHz is a good choice. One
obvious reason is that division-by-
four will give 3.579545 MHz, the
colorburst frequency. Getting a
horizontal frequency of 15734 kHz,
however, will take a little more
work than that.

The 12-pF capacitor in series
with the crystal helps start the
8284’s internal oscillator. Since it's
similar to an amplifier, the resis-
tance of the crystal network has to
be kept as low as possible. If it's
too high, the gain drops; and if it's
too low, it won’t oscillate. The two
resistors reduce the effects of stray
board capacitance and voltage
fluctuations on the frequency. A
breadboard is a good choice for
construction, but there’s consid-
erable capacitance between rows.
Since the crystal frequency is pret-
ty high, that stray capacitance can
wreak havoc, so the two resistors
will keep the oscillator frequency
fairly stable.

If your oscillator frequency is
outside the 14.3-14.4 MHz range,
there’s a problem on the bread-
board. The easiest way to fixitis to
accept the breadboard-induced
error as unavoidable, and correct
the frequency by varying the ca-
pacitor value over 4.7-47 pl. If
you're really ambitious, replace it
with a small trimmer capacitor. R-E
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Let’s plunge deeper into video
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THE MORE YOU START MESSING
around with video, the more jokes
you hear about the NTSC stan-
dard...Never Twice the Same
Color, and so on ad nauseum.
Now, I'm the first to admit that it’s
far from being ideal, but let’s also
remember that the National Televi-
sion Systems Committee designed
the color standard more than thir-
ty years ago and, when they did it,
they had to make sure it was com-
patible with the black-and-white
standard that came before it.

If you're old enough to re-
member the introduction of color
TV, you might also remember
some of the schemes that were
proposed. If you do, you should
also realize that the guys who
came up with NTSC did a pretty
good job. One alternative | re-
member had something to do with
a wheel of colored gels that re-
volved in front of the camera. It
was a mechanical nightmare and,
fortunately, 1’ve forgotten the rest
of it. If any of you know more
about that, or any of the other ear-
ly color proposals, drop me a note
and I'll pass them on to everyone.

In any event, however crazy the
NTSC system seems, it’s a lot bet-
ter than any of the others thatwere
proposed at the time, and no mat-

ter what else you have to say about
it, it works.

The hallmark of the NTSC stan-
dard is that all of the individual
signals that make up the complete
waveform can be derived from one
master clock—everything is lock-
ed to everything else. Before we
get to the arithmetic, however,
let's review some video basics and
define some terms.

Fields, frames, and interlace

The NTSC standard picture we
all watch and love is produced by
having the electron beam paint a
series of successive lines of video
on the face of the TV tube. The
electron beam in the tube has to
make two passes in order to paint
a complete picture, called a
“frame,” on the screen. The first
pass puts out the odd-numbered
lines of video and the second pass
puts out the even ones. Each of
those half images is called a
“field.” The reason for the system,
called “interlace,” is to reduce the
amount of flicker on the screen. If
all the lines were sequentially
painted, the top would begin to
fade before the screen was com-
pletely “painted.”

The vertical scan rate is the
amount of time it takes the beam

ROBERT GROSSBLATT,
CIRCUITS EDITOR

to paint each field (half a frame) of
video. In the black-and-white
days, the vertical rate was set to
match the 60-Hz power-line fre-
quency to minimize interference
on the screen. Since each field
took Yoth of a second, a full frame
took twice that—or %th of a sec-
ond. Knowing that, and remem-
bering that each frame of video is
made up of 525 horizontal lines,
we can begin to understand where
the TV-signal frequencies come
from.

Since it takes Ysoth of a second to
paint 525 lines, the horizontal
scanning frequency s
525+x30Hz=15.75 kHz and each
line is painted in 115.75 kHz=63.5
+mu sec. Those numbers were
slightly modified when the NTSC
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color standard was developed, but
the simple exercise we just went
through should help you under-
stand where the numbers came
from in the first place.

The master clock for the NTSC
color standard was set to be
3.579545 MHz, and all the other
signals are derived from it. While
the older standard used the
power-line frequency and number
of scan lines as the basis for the TV
picture, the 1953 color standard is
built around the burst frequency
and a strict arithmatical rela-
tionship defined all the other fre-
quencies.

The horizontal scan rate was de-
fined to be the colorburst frequen-
cy multiplied by %ss (not exactly
obvious), and when you do the
arithmetic you'll wind up with
15,734.26 Hz—not as neat as the
old 15,750-Hz standard, but close
enough to lock the horizontal cir-
cuitry in old black-and-white TV
sets.

The same sort of “close enough”
results show up when you calcu-
late the vertical frequency. Given a
horizontal scan rate of 15,734.26
Hz, it follows that each line takes

63.56 microseconds, or just
slightly longer than the older stan-
dard of 63.50 microseconds. Since
the new color standard still con-
tained 525 lines in each frame, the
vertical frequency works out to
59.94 Hz. That's close enough to
the original 60-Hz to avoid inter-
ference and still accommodate
black-and-white TV sets.

A lot of you might be wondering
what | have in mind when | talk
about “older black-and-white TV
sets.” If you pay a visit to your local
TV store, you’ll find that it’s almost
impossible to buy a black-and-
white TV setanymore, justas, back
in 1953, when the NTSC defined
the color standard, it was almost
impossible to buy a color TV. Since
the majority of existing TV sets
were black-and-white, com-
patibility was the overriding issue.
It's not such a big deal now but,
back then, when the NBC peacock
opened its tail, a lot of viewers
were happy to hear the magic
words “compatible color.”

Generating sync triggers
Now that we’ve put the histor-
ical matters behind us (the

important numbers and the rela-
tionships between them are sum-
marized in Fig. 1), our job is to
develop some hardware. The only
circuitry we have working so far is
the 8284 clock circuit shown in Fig.
2, and V've indicated the frequen-
cies that it produces.

Getting colorburst from the cir-
cuitis easy since the osc outputisa
buffered version of the crystal. A
bit of simple arithmetic tells us that
14.318 MHz divided by four equals
the burst frequency of 3.579 MHz.
You can see from Fig. 1that getting
horizontal sync from the burst is
going to take some multiplication
as well as division. Since that’s a
real pain in the neck, we’ll start our
search for horizontal sync with
one half osc, rather than the burst.
That way we can stick with fre-
quency division and make things
somewhat easier.

We all have our own preferences
but, if you're a regular reader, you
know | like to use CMOS when-
ever | can. In this case, however,
we're going to use some TTL to do
the first part of the division since
the circuit is operating at 5 volts
(because of the 8284). CMOS parts
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can certainly operate at 5 volts, but
the lower the supply voltage, the
lower the maximum frequency the
parts can handle. You can solve
that by using 74HC or 74HCT parts
but, in this case, it really doesn’t
matter very much. Just remember
that the circuitin Fig. 3 is only one
of the numerous ways to get the
job done.

The frequency available at the
output of the first 7474 is half the
crystal frequency, or 7.159 MHz.
We have to divide that by 455 to get
horizontal sync and, at first
glance, 455 is a screwy number to
deal with—it's much nicer when
numbers are readily divisible
rather than apparently prime.
Well, 455 can be factored into 13 X
5 X 7, so the first thing we’ll do is
divide the frequency by 7 using
what should be an old TTL friend, a
7490 counter. That will produce a
frequency of 1.022 MHz, and that is
low enough to be handled by reg-
ular CMOS parts operating at 5
volts. So we can still use ordinary
CMOS parts.

All we need to get horizontal
syncis away to divide the resulting
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frequency by 13 x 5, or 65. Now,
seeing the number 65 should set
off an alarm in your head, because
it's very close to 64, which is one of
the magic numbers of the digital
world. And, that being the case,
we can handle the rest of the divi-
sion with a 4040 CMOS binary rip-
ple counter, and a simple two-
legged gate. When the count
reaches 65 in the 4040, only two
pins will be high; the Q0 and the
Q6 outputs. The anD gate will de-
code the two 4040 outputs and go
high at exactly the rate we’ve been
looking for; 15,734.26 Hz. The
horizontal sync trigger at the out-
put of the anp gate is positive-go-
ing so therefore we can also use it
to reset the 4040 CMOS binary rip-
ple counter.

We haven’t talked much about
vertical sync other than to say that
it's close to the 60-Hz power-line
frequency. Well, as they say,
“close” only has meaning with
horseshoes and hand grenades. If
the vertical rate had been exactly
60 Hz as it was in the pre-color
days, it would have been a snap to
generate. Just feed a 5369AA with
the burst frequency and you’ll get
60 Hz out at the other end. As we
saw earlier in the column, how-
ever, things aren’t that simple
since vertical sync has to be de-
rived from the signals we’'ve gener-
ated so far and the number of lines
on the screen.

The NTSC standard calls for a
525-line image, but don’t forget
that each image is made of two
interlaced fields. That means that
we are going to need a vertical-
sync signal after each field of vid-
eo—or after every 262.5 lines of
video. That's the relationship
shown in Fig. 1, and that’s also the
design job that we have laid outin
front of us.

We don’t have any handy fre-
quency available to avoid multi-
plication this time, so we’ll have
come up with a way to do it elec-
tronically, and that’s exactly what
we're doing with the NaND gate in
Fig. 3. The first two gates, A and B,
are set up as simple edge detec-

. tors. Gate A responds to the nega-

tive-going edge and gate B to the
positive-going edge. If you work
out the truth table on a sheet of
paper, you'll see that the frequen-
cy at the output of Gate D is twice

the input frequency at Gates A and
B

We're feeding the nanD gates
with horizontal sync so that we’'ll
wind up with 31,468.52 Hz at the
output. The next (and last) part of
the circuit has to divide the fre-
quency by 525, which, as you
should know, is the number of
lines in a frame. Since we're work-
ing with twice the horizontal sync
rate, we'll really be generating ver-
tical sync every 262.5 lines—or
after each field.

It's possible to factor525as5 x 5
X 7 x 3 and do the division with
simple counters but, just as we
saw with producing horizontal
sync, you have to keep your mind
open when you're trying to figure
an easy way to do division by a
larger than usual number. In this
case, 525 is pretty close to the mag-
ic number of 512, so we can use the
same ordinary CMOS part that we
used earlier in our design—the
4040.

When the number you’re trying
to divide by is close to one of the
powers of 2, a long binary divider
becomes a good choice. In our
case for example, we're only thir-
teen away from 512, and that
means we only have to decode
four of the 4040 outputs (525 deci-
mal is 100001101 in binary). The job
becomes even simpler since we
still have three spare AnD gates in
the circuit. As with horizontal
sync, the vertical—sync trigger is
positive-going, so we're also using
it to reset the 4040 binary rlpple
counter IC.

When you put the circuit to-
gether and power it up, you
should see colorburst (3.579545
MHz), a horizontal-sync trigger at
15,734.26 Hz, and a vertical-sync
trigger at 59.94 Hz. Keep in mind
that the last two aren’t the final
signals. They’re only the frequen-
cies we need to trigger the one
shots that will output pulses of the
proper width to work as horizontal
and vertical sync for the video that
we’ll be generating very shortly.

When we get together next
time, we’'ll design the one-shots
and put together a circuit that will
actually produce video images.
We won'’t be seeing an image of
the Mona Lisa on the screen, but
what we see will be recognizable. |
promise. R-E
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scope.

So where were we?

- Believe it or not we're almost
finished with our video circuitry. I'm
the first one to admit that it'’s grown
to occupy lots of real estate on the
breadboard. If you find that upset-
ting, remember that in the bad old
days before IC's, sync generators
like the one we're building took up
a lot more room, and cost a whole
lot more than a handful of IC’s.

There are IC’s available that can
replace most of the hardware we've
been assembling. However, as with
most special-purpose IC’s, the price
you pay for using one dedicated IC
in place of some MS! stuff is a loss of
circuit flexibility.

Since we're designing the timing
generators and one-shots, we can
set the pulse widths, delays, and
scan frequencies to be anything we
want. Admittedly, we're after NTSC,
but it wouldn't take a lot of modi-
fication to generate PAL, ECA, VGA,
or any other type of video we want.
Also, building a sync generator can
show you a lot more than just how
video works—it can also show you
how to make video not work.

" to put the finishing touches on the

hardware.

Making video

Everything we've done so far has
been aimed at generating the two
sync pulses that are being produced
at the outputs of the 4528. Both the
horizontal and vertical pulses are
needed to control the deflection cir-
cuitry in the TV, but they have to be
combined into a composite signal in
order to be used to make NTSC-
compatible video. And we have to
make provisions in the circuitry to
be able to add some picture infor-
mation to the signal, as well.

Even though video is usually
thought of as an analog signal, the
sync component is essentially dig-
ital. After all, it’s really nothing more
than either high or low. So there are
several ways we can combine the
separate sync signals, such as re-
sistors and diodes in a home-made
Mickey Mouse gate arrangement,
standard gates, and others. The
choice is really yours.

Even though both of our sync sig-
nals are being derived from the mas-
ter clock, they're being generated
by separate circuitry using the two



halves of a 4528 (Radio-Electronics,
May 1990). And since we're produc-
ing a vertical sync pulse that's three
horizontal lines long, the horizontal
sync generator is going to keep pro-
ducing pulses even duringthe time
that the vertical sync pulse is being
generated.

In order to avoid potential prob-
lems, we can prevent that from hap-
pening by putting a low signal on
the clear inputs (pins 3 and 13) of the
4528. That prevents the inverted out-
puts (pins 7 and 9) from going low.
(Remember that the sync pulses are
active low)

The simple way to make sure that
only one type of sync pulse is gener-
ated at any one time is to modify the
connections made to the 4528 as
shown in Fig. 1. By gating the vertical
sync generator with horizontal sync
and the horizontal sync generator
with vertical sync, there’s no pos-
sibility of signal conflict. During the
period that vertical sync is being
produced, the horizontal sync gen-
erator is disabled. There’s really no

LR ZON AL
SHC
AULEE

/55 R Hz
A ORIZONTAL.

NT

t/dﬂ IE
» *V A CLR

+*IN our|
o5 IC8-a

YL #4528
E:‘f& 72 T/ _GND

42

S57.9¥ Hz < 1}
7

VERTICAL| V2 4528 VERTICAL

7 | I
¥ | purse.

R7 RE C& ==
SOk 270k tBopF T

FIG. 1

reason for us to do the same thing to
the vertical sync but it can’t hurt
anything, so we might as well. If you
have a scope, you can try it both
ways and see how it works.

Since we've eliminated the pos-
sibility of having two different sync
signals show up at the same time,
we can safely produce a composite
sync signal. For reasons you'l] see in
justasecond, | like to use gates. The
requirements aren’t very strict since
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we've made sure that both signals
can’t be low at the same time.

We want a low to be produced
only when either of the sync signals
go low—the rest of the time we want
a high. You would think we can use
asimple anD gate but, as it turns out,
it's easier to first produce an inver-
ted version of sync. That's because
the inactive sync level (5-volts) has to
be at 0 IRE, or about 0.3-volts DC,
and the easiest way to translate lev-
els is with a bunch of resistors and a
transistor. And, the transistor will in-
vert the signals applied to the base
{since it operates as a switch), so
we're better off feeding it with an
inverted version of sync.

By the way, there’s no reason why
you can’t use the non-inverting out-
puts of the 4528 and feed those into
an AND gate to combine them. l used
the inverting outputs because | pre-
fer to have NAND gates on the board.
You never know what you’ll be
adding to the circuit, and inverting
gates are more useful.

Even though Fig. 2 uses a 4093 to
combine the sync signals, you can
use a 4011, or any other plain NaND
gate. The 4093, however, is a
Schmitt-trigger part and will pro-
duce nice, crisp pulses, even if
there’s a bit of noise at the inputs.
Since noise is always a potential
problem on solderless bread-
boards, it's better to be safe than
sorry.

All that's left for us to do is design
a circuit to translate the digital sig-
nals to NTSC standard. Remember
that right now our circuitis making a
5-volt swing, and that is slightly
beyond the NTSC-standard 1-volt

range...to put it mildly.

The circuit shown in Fig. 3 will
take the composite sync at the out-
put of the 4093 and cut it down to
NTSC levels. You can use the trim-
mer to fine tune the voltage level at
the output. Just remember that the
high (inactive) part of the signal
should be at 0.3-volts DC to meet
the NTSC specs.

Now that we're producing a signal
that can be fed into any video input,
we can start to play around with it.
Try putting video on the screen and
seeing what can be done to scram-
ble it.

When we finish this off next
month, you’ll have a really good
idea of how to look at broadcast
video. In the meantime, try to get
your hands on a scope (if you don't
have one already), and take alook at
what’s fed into the back of your TV
set. By the way, most scrambling
methods aren’t really that compli-
cated, and as soon as you see what's
been done, you can figure out what
you have to do to fix it. Now that
really sounds terrific. R-E
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