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Video Basics

Video Format Overview

Video M easur ements

Video is a broad term, which et
compases many  gpplications.
Some gpplications include, but are
not limited to. Commercid Broad-

cast, Medicad Imaging, Military
Chemicd Detection & Targeting
Survellance, Industrid  Imaging,
Consumer/Commercid ~ Service,
and Training Smulators.

There are many video formats cur-
rently in use. The most common
formatsare: NTSC, PAL, SECAM
and HDTV is an emerging technol-
ogy.

Each of these generd formats has
ub-categories of  gpecifications.
Each video format shares some
generd characteristics in composite
form and the associated recom-
mended test procedures, make use
of the features of an andog oscillo-
scope. The andog oscilloscopeisa
versatile and cogt effective tool and
over the years analog scopes have
been used & generd-purpose test
equipment. The ability of the andog
scope to display mixed sgnd rda
tive frequency content is useful
when viewing complex video wave-
forms. In addition to ther crisp and
familiar andog display, the follow-
ing LeCroy analog scope features
can be exploited whenviewing:
Composite video: TV Triggering
(Line or TV Horizontd); channd

output for another test ingtrument
(e.g. vector scope or waveform
monitor); cdibrated variable time
increment to optimize display verti-
cd and horizontd sSze pedestd
clamp locks back porch to ground.
RFE head switch-point adjustments:
dua deayed trace "zoom"; bright
disolay; 2+2 channds for trigger
source.

Trangmitter inter-modul&tion distor-
tion: X-Y mode red time ypdate; Z
AXisinput.

Data transfer congtellation patterns:
DC Offset bias, remains DC cou-
pled and maintains dynamic range.
Serid data video: Skew compensa
tion adjustment; Front pand active
probe connections,
500hm/IMOhm inputs, Percent
display control.

Camera Setup: Fast re-trigger rate;
red time display; composte video
triggers, bright display with Grey
scding and pergistence.

Post Production Sub-carrier  to
Horizontal Synch Phase Adjust-
ment: Delayed trace; bright display;
dable trigger; fast display update
rate.

A Brief Video Overview:

Video is dedgned for the human
eye and brain to be perceived as
seamless motion.  Though visud
acuity may vary from person to
person, the biologica peculiarities

of the human eye and brain are ex-
ploited to create theillusions of mo-
tion and color in video. Frame
rates, color levels and gamut, hue,
persstence of vison, resolution are
essentid to dl visud display tech
nologies. The basc idea is quite
ample, sngle dill frames are pre-
sented at a high enough rate so that
perdsence of vison integrates
these il framesinto motion.

Interlaced Lines

In a fashion anadogous to movie
film, video cregtes the illuson of
motion by successvely overwriting
a sequence of complete pictures for
one entire screen image. Each indi-
vidud “dill picture’ screen image
(commonly referred to as FRAME)
is comprised of interlaced, raster
scan lines.

Sow frame re-fresh rates cause
“flicke™ In moving imeges. Thisis
because human vison has a shorter
persgence of vison when pre-
sented a bright gill imege. If the
space between frames is longer
than the duration of persstence of
vison, then the image appears to
flicker. As a result, bright pictures
require more frequent repetition.
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Movie film is typicaly presented at
the rate of 24 Frames/Second. The
rate is dow enough to cause
“flicker”. Theater projectors avoid
the “flicke” problem by placing
rotating shutters in front of the m-
age in order to increase the repeti-
tion rate by a factor of 2x (to 48
frames/second) or 3x (to 72
frames/second) without increasing
the actud number of images.

Televison dectronicdly accom-
plishes the same effect as described
above by presenting each frame in
two interlaced fidlds. The first scan
includes only the odd lines, the next
scan includes only the even lines.
This doubles the number of
"flashes' per frame as the fidd rate
is double the frame rate. NTSC
sysems have a fidd rate of 59.94
Hz and PAL/SECAM sysems a
fied rate of 50 Hz. The line vdues
were chosen to ensure the picture
does not flicker under norma light-
ing conditions. Higtoricaly, the syn-
chronizing rates were selected by
relating them to the power-line fre-
quency (eg. 50Hz or 60Hz) but
today they are cerived from a ga
ble oscillator.

Each video frame conggs of an
odd number of lines (eg.
PAL=625 or NTSC=525). The
number of “pictures per second” is
directly related to the line rate,

For each frame the number of dis-
played ragter lines is less than the
number of totd number of tranamit-
ted raster lines. Some of the raster
lines are typicdly used to ensure
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verticd blanking interval and others
are for test, or specid purposes.
The eectron beam(s) writing to the
screen make two trips per frame.
The firg trip down the beam(s)
“draw” dl the odd-numbered lines
of the frame, the second time down
the event numbered lines are drawn.

For example an NTSC frame con
ssts of 525 Interlaced Raster
Lines. Only 485 lines are active
lines in the frame. The remaining 40
lines represent the Verticd blanking
intervd, contaning the pre-
equdizing serration pulses.

Interlaced means two sets of raster
scans (commonly referred to as
FIELDS) ae drawn for each
frame. The fidds are dternatdy

drawn on the screen, Fidd 1 firs
then fidd 2.

The firg hdf (Fidd 1) of the frame
is composed of raster scan lines 1-
264 squentidly drawn on the
screen. The second haf (Fidd 2) of
the ragter lines is fit between the
fird st of lines (“interlaced”) and is
composed of lines 265-525. In
Fed 1, Lines 21 through 2635
(2425 lines) are active video. In
Fed 2, Lines 282.5 through 525
(2425 lines) are active. The tota
number of active lines in a frame
raster scan is 242.5+242.5 = 485.

Interlacing resolves some problems
but introduces new ones. For ex-
ample, veticdly adjacent picture
dements are sequentidly drawn
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Figure 2: Color Burst and Composite Video Line (Single Shot,
triggered on Both Fields, Line Number 64, zoom on bur<t)

and are not displayed a the same
time. In moving scenes, this creates
a series of sarrations on the edge of
the moving djects. Other aberra
tions include such things as mis-
dignment (where the horizontd
edges of dtationary objects on one
scan do not match with the next),
ad interline flicker (where dight
mismatches between subsequent
lines cause a “ghoding” effect).
Another Stuation that must be con+
sdered is rapid motion. If the ill
frame images are presented at too
low a rate, rgpid motion becomes
digointed.

Some Background

In order to provide a clearer under-
gtanding of video, consder how the
NTSC times and frequencies were
derived. The Line Frequency (f
line) and Feld Frequencies (f field)
for NTSC were defined in the
origind monochrome systems with
respect to power line frequency.
Higoricaly, 525 Lines were dis-
played at a 30Hz rate (1/2 AC line
frequency) or horizontd line fre-
quency (f line) was 15.7kHz.

Each TV frequency band is man-
dated as 6MHz wide to conserve

the spectrum. The monochrome
picture carrier is 1.25MHz. The
audio carrier is separated from the
monochrome carrier by 4.5MHz
and is 5.75MHz. The introduction
of color required a monochrome
compatible system while preverting
interference between audio and
video carriers and maintan 6MHz
bandwidth. To accomplish this and
maintain 45Mhz audio, and 525
lines, the line frequency was
changed to an odd multiple of haf
line rate to ensure: 1) a color burst
phase reversa between dternate
lines and, b) the beat frequency
between color sub-carrier and av-
erage audio leve is approximaey
920kHz.

To accomplish this the following
definitions were adopted.

a) Linefrequency isdefined as:

f line = A45MHz286 =
15.73426kHz

b) Fidd frequency is defined as

f ling/(525/2)= 59.94Hz.

c) Color burst frequency (f<c) is
defined as.

fsc = (455/2)* (4.5MHZz/286)
3.579545MHz

Color Overview

The field lines are dways displayed
from left to right. After each line is
written, while the beam returns
back to the left, the sgnd is
blanked (retrace blanking). When
the beam reaches the bottom of the
screen, it is blanked until it returns
to the top to write the next line
(verticd blanking).

The eectron beam is analog modu-
lated while drawing the horizontd
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line. In Black and White, the modu-
lation dgnd, cdled Iuminance,
trandaes into intengty changes in
electron beam and thus gray scde
levels on the picture screen.

Color televison was developed to
be compatible with existing black
and white teevidon recevers.
Color TV added the color informa:
tion on the monochrome signd. For
color 9gnds, a color synchroniza-
tion sgnd @led the color burdt is
inserted into the horizontal blanking
signa back porch. Additiondly,
chroma modulation was added to
cary color leve information.

Analog Advantage

The anadlog oscilloscope has nher-
ent fast update rate and rearm time
dlow viewing a complex waveform
in red time. Effects of adjustments
on the device under test are imme-
diady visble on the bright andog
display. The ease of use and "dias
freg" display afforded by the analog
scope make them the ided choice
when making critical measurements,
epecidly when setup time is lim+
ited.

This series of application notes will
provide the reader with a basic
overview of LeCroy analog scope
operation to make the above-
described measurements.

Figure 3: Composite Video; TV Line Trigger (Odd Field Line
Number 6) displaying one full video Frame. Dynamic changesin
white, persistence fadein green.

Figure4: Composite Video 2H with EIA scales displayed on
L A354 with Storage enabled (violet isstored trace, whiteislive
feed).
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