THE VIDEQ REVOLUTION IS IN FULL
swing, capturing the world in
sound and action. The still cam-
era has been capturing trea-
sured moments for more than a
century. Both cross paths in
this video inverter project
which lets you view positive,
color-corrected photographic
images on a video monitor.
Have you ever held a color
negative up to a light and tried
to view it? It’s difficult to identi-
fy the picture, let alone judge its
photographic merit. But if you
use the macro setting on your
camcorder to focus on a back-lit
photographic negative, the vid-
eo inverter presented here will
let you see a positive, color-cor-
rected image on a TV screen or
video monitor. [llumination is
provided by a small commer-
cially available light box or you
can improvise on¢ with a fluo-
rescent bulb. A set of inexpen-
sive plastic filters between the
light source and the negative let
you maintain color balance for

Invert your
camcorder video output
to view photographic negatives.
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various film types, lighting con-
ditions, and personal taste.

The video inverter lets you
run your own mini photo lab.
You can look at your negatives
on-screen and crop them to ob-
tain the best composition. ATV
screen will show you how an ac-
tual enlargement might look.
You can experiment with ex-
posure and color balance to fine-
tune the mood of the picture.
You can also record your favorite
still shots on videotape for easy
group viewing,

The video inverter can also
save you money. Say, for exam-
ple, that you return from vaca-
tion with five rolls of film to be
developed. At 85 to $15 per roll
for standard prints, your bill
could add up to as much as 875.
But if you have a video inverter
and a camcorder, just tell the
photo lab that all you need is
developed negatives, which
should cost only about $15 for
all five rolls. Then you can view
the negatives on a TV screen
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and choose only the shots you
want to be printed by the photo
lab—or make a video tape of
them and forget about the
prints! If you have your own
darkroom, you can use the vid-
€0 inverter to preview color or
black and white negatives be-
fore printing.

How it works

As you probably already know,
a photographic negative is dark
where the resulting print will be
light and, conversely, the nega-
tive is light where the print will
be dark. This is very straightfor-
ward for black-and-white nega-
tives, but a little bit more
complicated for color negatives.
The principle of opposite color
values is used to impress color
on negative film. If you place
red, magenta, blue, cyan, green,
and yellow at equidistant points
on a circle as shown in Fig. 1,
the color on a negative will be
exactly opposite that of the color
print on the color wheel. For ex-
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ample, a red rose appears cyan
{blue-green) on the negative, a
yellow rain jacket appears blue,
and green grass appears
magenta (purple).

Another characteristic of a

MAGENTA

BLUE RED

CYAN YELLOW

GREEN
FIG. 1—THIS COLOR CIRCLE, or color

wheel, shows the different colors that
are the opposites.

INPUT FROM
CAMCORDER ]

color negative is that the pho-
tographic emulsion is sus-
pended on a brown plastic film.
The brown hue varies from or-
angy-brick to purplish or gray-
green, depending on the man-
ufacturer of the film. To recreate
the original positive image from
a negative, as is done routinely
in the photographic print mak-
ing process, one must invert
light and dark, exchange each
color value for the opposite val-
ue, and neutralize the brown
hue of the negative.

The video signal

The NTSC RS-170 video sig-
nal carries luminance and chro-
minance information along
with synchronization signals.
The luminance part of the video
signal carries information
about the light and dark areas

LUMINANCE

CHROMINANCE

WHITE LEVEL:

of the picture. The chromi-
nance part—3.58 MHz color
subcarriers—carries hue infor-
mation and color saturation in-
formation. The hue is deter-
mined by the subcarrier’s am-
plitude, and the saturation is
determined by its phase. The
vertical- and horizontal-sync
pulses mark the beginning of
each picture frame and each
line, respectively.

The colorburst contains eight
cycles of a 3.58-MHz sinewave
that acts as a reference to allow
demodulation of the chromi-
nance signal. The phase dif-
ference between the chromi-
nance signal and the colorburst
determines the hue.

The circuit inverts the lumi-
nance and chrominance signals
in the NTSC output from a cam-
corder, as shown in Fig. 2. How-
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FIG. 2—BY INVERTING THE NTSC VIDEC SIGNAL, photographic negatives can be

viewed as positives on a TV screen.
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LM359 dual Norto

ever, it leaves the vertical sync,
horizontal sync and colorburst
uninverted.

A blue roscolux plastic filter
between the negative and the
light source is usually required
to neutralize the brown tint in
the negative and adjust for
proper color balance. However.
some video cameras have a
manual white-balance controi
that can achieve good color bal-
ance without the filters.

* Properly decoding an NTSC
video signal without loosing po-
tential image resolution is chal-
lenging because the luminance
frequency Spectrum overlaps
and interleaves with the chro-
minance spectrum. All of the
video inverter's processing is
done without splitting the lumi-
nance and chrominance into
Separate signals to avoid any
loss of resolution. The blue plas-
tic filters eliminate the need to
demodulate and potentially de-
.grade the NTSC video signal.

MON SD1UII0BI] ‘666 Ajnp

&



Electronics Now, July 1995

b3

H ON J2
IN Sia ouT
£ © ° |
[}
l -
o N S1-b
_‘=1_—| OFF +OV

FIG. —PARTS-PLACEMENT DIAGRAM. First install the three ICs, followed by polar-
ized capacitors, diodes, and then the rest of the components.

Circuit details

The video inverter circuit,
shown in Fig. 3, is based on an
LM359 dual Norton op-amp and
an LM339 quad voltage com-
parator. Those two ICs handle
DC restoration, sync detection
and processing, and buffering
and inversion of the video sig-
nal. The DC level of the video
signal is restored to 0.7 volt be-
cause the inputs of IC1-b oper-
ate at one diode voltage drop
above ground. Diodes D1 and
D3 charge the positive side of C1
to keep the bottom of the sync
pulses at +0.7 volt, and D2 lim-
its the maximum output of IC2-
a at pin 2 to +1 volt,

Comparator IC2-b acts as a
threshold detector set to detect
sync pulses 300 millivolts above
the restored DC level of 0.7 volt.
Components C2 and R4 stretch
the detected 4-microsecond
sync pulses to 8 microseconds
to include the duration of 8 cy-
cles of 3.58 MHz color burst
after the input sync pulse. Com-
parators IC2-c and -d buffer the
stretched sync pulse with open-
collector outputs at pins 13 and

FIG. 5—THE PC BOARD is designed to
fit in the specified case without the need
for screws.

14 to gate the buffer/inverter ac-
tion of the main amplifier IC1-a.
Resistor R3 sets the gain of
the inverting input of the main
video amplifier IC1-a to 2 (—RY/
R3 = —2x), while R4 sets the
gain of the non-inverting input
of ICl-a to 4 (RUR4 = +4X).
These two inputs combine to
achieve an overall gain of +2X
as a buffer or —2 X as an inver-
ter. During sync and colorburst
portions of the input signal,
IC2-c and -d outputs are open
and the overall gain is +2. The
rest of the time a low at the out-
put of IC2-d (pin 14) short cir-
cuits the non inverting +4X
signal path for an overall gain of
—2x, while a low at IC2-c pin

————————1.7/8 INCHES —

VIDEO INVERTER FOIL PATTERN.

_ 13 injects the necessary offset in

the inverted video signal to keep
it above the black level. Potenti-
ometer R7 adjusts the black
level at the output to correspond
to the peak white level in the
negative. Resistor R12 matches
the output for 75 ohms.

A 78L05 regulator (IC3) pro-
vides a stable 5-volt supply from
a 9-volt battery or AC adapter.
With a current drain is about 30
milllamperes, a 9-volt alkaline
battery should last about 10
hours. The 78L05 will output a
steady 5 volts until the battery
drops to 7 volts. At that point
the image colors will start wash-
ing out before the circuit stops
working completely. Switch Sl
turns power on and off, and also
bypasses the input video signal
around the video inverter cir-
cuit when it’s turned off.



FIG. 6—COMPLETED VIDEO INVERTER. This compact unit connects directly to other

video equipment.

Construction

For best performance, build
the video inverter on a PC
board. A foil pattern is provided
here if you want to make your
own board, or you can purchase
one from the source given in the
Parts List. The PC board was
designed to fit in a particular
case (see Parts List) without the
need for screws. The case con-
tains a compartment for a 9-volt
battery. You can use the mount-
ing holes on the board if you
choose a different case.

Figure 4 is the parts-place-
ment diagram for the PC board.
First install the three ICs, fol-
lowed by polarized capacitors,
diodes, and then the rest of the
components. Before connecting
the cables, inspect the board for
solder bridges, especially be-
tween the pins of ICs. Installing
the 9-volt battery clip lets you
use either a 9-volt battery or a 9-
volt battery eliminator.

Drill a %e-inch hole on the
front panel for the power
switch. Locate the hole Y-inch
from the bottom of the panel so
that the switch won't interfere
with the PC board. Place a small
piece of cardboard between the
bottom of the PC board and the
cable connections to S1 to avoid
short circuits. :

Input jack J1 is a male RCA
plug connected to the end of a
shielded cable. This will con-
nect directly to the video output

of a camcorder. The output jack
J2 can be either a female RCA
Jjack to connect to a camcorder’s
RF modulator, or another male
RCA jack to connect directly toa
video monitor or VCR; either
should be connected to the
board by a length of shielded ca-
ble. A convenient way to sim-
plify wiring the jacks is to buy a
ready-made 3-foot patch cord
with your choice of jack and
plug on each end and cut it in
half. Then solder the cut ends to
the inverter circuit. You must
alsodrill holes in the case’s front
panel to pass the input and out-
put cables through. Figure 5
shows the board seated in the
case, and Fig. 6 shows the as-
sembly all buttoned up.

Test and adjustment

Before you close-up the case,
you must adjust R7 for the prop-
er black level of the inverted vid-
eo signal. The best way to make
this adjustment is to apply
power to the video inverter with
the input and output cables un-
connected, and then adjust R7
for a reading of 1.9 volts at J2. If
you don’t have a voltmeter, set
R7 about midway. Then, once
the inverter is connected to a
camcorder, finely adjust R7 to
make the black parts of the pic-
ture look right. The schematic
diagram in Fig. 3 shows several
DC voltage readings taken with
the input and output cables un-

connected. You can use them to
help troubleshoot the circuit.

To view negatives, set a small
light box vertically in front of
the video camera, and hold the
negative to the box with a piece
of clear acetate. Cover the area
over the light box that is not
used to view the negative with
aluminum foil to reduce glare
and reflect as much light as pos-
sible through the negative. The
Roscolux filters measure 1% x
3% inches and are just big
enough for a 35 mm negative.

The camcorder must be set to
its macro setting and placed
right in front of the negative.
The camcorder should be free to
move back and forth to obtain
the best composition.

Wear cotton gloves intended
for photographic use to handle
the negatives to avoid leaving
fingerprints.

If your camcorder has a man-
ual white balance control try
using it to remove the blue cast
that the inverted color negative
will produce on the video
screen. If the white balance con-
trol doesn't do a good enough
job, use the Roscolux filters.
The right filter choice requires

. some experimentation. If the

image is too blue, add a blue
filter. If the image is too red,
lighten the blue filter. If the
greens are weak and the image
is too purple, add a purple filter.
It seems paradoxical, but if
there is too much of one color on
the video screen, you must add
more of that color to the nega-
tive. Use the less saturated,
lighter filters, such as the No.
848, No. 849, No. 850, No. 842,
No. 804, and No. 825 filters. In
various combinations, those
Roscolux filters are most useful
for viewing negatives from dif-
ferent types of color film.

Set the color, tint, brightness,
and contrast controls on the TV
or video monitor for normal
viewing before using the video
inverter. You can tweak them to
achieve the best image after-
wards. If your TV set decodes
the vertical interval reference
(VIR) signal that is normally
broadcast by networks and TV
stations, be sure to turn the VIR
switch off while you are using
the video inverter. Q
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