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2. SYSTEM PERFORMANCE VERIFICATION

The following procedures are to be employed randomly by the testing labonuory to detect any
changes in system performance during the testing period. There will be no other use of the data.

In addition to condu.cting the time-domain response tests described below, the testing laboratory
will also measure the transmitted signal spectrum. using the procedure of Section 6. as a further
means of verifying system perfonnance. The results of this spectrum measurement will be
reponed to the FCC Advisory Committee, and the procedure will be repeated randomly dwing the
testing period to detect any changes in system perfonnance.

The introductory material in this section applies also to the Transient Response section, which
follows.

2.1. Introduction

Broadcast television systems typically are tested by the well-known Pulse and Bar
techniques documented in ANSIlIEEE Standard 511-1979, Standard on Video Signal
Transmission, Measurement of Linear Wavefonn Distortion. Such testing is considered
superior to frequency domain testing, as the effects of unequal delay for all frequency
components produce severe picture impainnents not measured with the usual frequency
domain tests. such as multiburst or swept frequency. Existing broadcast systems do not
employ vertical or temporal fIlters. but only low-pass (horizontal) filters. Therefore. only
horizontal frequency response need be measured ~d is. in fact, measured by the present
testing techniques. However, ATV systems do employ vertical-temporal filters, the effects
of which must be measured. In effect, the one-dimensional measurement is expanded to a
three-dimensional problem for ATV systems.

2.1.1. Definitions

Pulse describes a signal that represents a sudden transition from one level to
another level. followed by a transition back to the original level. The first transition
shall occur along a straight line at a given angle relative to horizontal. The second
transition shall occur along a line parallel to the first line. The distance between the
two parallel lines shall be defmed as the pulse width.

Sine-squared Pulse describes the shape of the test signal that is generally used to
measure the linear wavefonn distortion of a transmission system. The shape of the
signal is equivalent to a single cycle of a sine wave from one negative peak to the
next.

HAD. or Half-Amplitude Duration, is the period between the 50-percent amplitude
points of the pulse.

T is the period corresponding to one half cycle of a sine wave at the nominal cut-off
frequency of the transmission system. For CCIR System M. T =125
nanoseconds. which corresponds to a frequency of 4 MHz.

These three defInitions are related in that virtually all of the spectral energy of a sine­
squared pulse. having an HAD of 2T, is contained within the pass band of the
transmission system for which T has been defin~(i. Also. the distribution of this
energy is generally similar to that expected from nonnal picture content
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For a 30-MHz HDlV production system. the appropriate HAD for the sine-squared
pulse is 33.3 nscc. In this document. such a pulse is called a 2TJO pulse.
Similarly. the designation. TJO. is used for a rise time of 16.7 nsee.

2.1.2. General Description of Method

The basic time-domain method is patterned after ANSIIIEEE S11. A 2T3O pulse
and bar waveform is transmitted through the system under test (Sun. The HAD of
the pulse is 2T30. The 10-90-percent rise and fall times of the bar are T30. The bar
is used as the amplitude reference. and one principal measurement is the Pulse-to­
Bar amplitude ratio (PIB Ratio) at the system output. Losses in high video
frequencies lower the pulse amplitude, relative to the bar. and increase the pulse
width (HAD). The resulting HAD is the second principal measurement. Group
envelope delay causes the output pulse and the bar transitions to become
asymmetric. Evaluation of these transition distortions is beyond the scope of this
frequency-response measurement procedure, but it is covered in detail in Section 3,
Transient Response.

The methcxi may be expanded to vertical-domain measurement by using the pulse
and window fonn of the basic test signal. A vertical filter in the system under test
will cause the peak amplitude of the window to vary line by line. These variations
may be explored using the Line Select function of,the wavefonn monitor.

Extension of this measurement concept to lhe temporal domain requires that the test
signal be gated onto. for example, one field out of eight consecutive frames. Any
temporal filter in the system under test will redistribute some of the energy in the
2T30 pulse into other fields. lowering the amplitude of the pulse in these fields.
Such a fllter will also cause reduced-amplitude bars or windows to appear in the
adjacent fields.

Additional test signals may be used, at the discretion of the testing laboratory, in
order to generate thIee-dimensional "fmgerprints" of system performance. This
fingerprint testing may be repeated over the tenn of residency of each proponent to
detennine quickly whether any change in performance of his system has occurred.

Only the luminance response of the ATV system, end to end. shall be measured in
this procedure. The test signal shall be applied equally to the Red. Green. and Blue
inputs of the system under test. It shall be assumed that the performance observed
at the Green output is representative of the luminance performance. and only this
output shall be measured.

2.2. Test and Measuring Equipment

2.2.1. Signal Sources

2.2.1.1. Test Pattern

A 2T30 pulse and window wavefonn is required for this procedure. A
pulse and window must be located in the center area of the image as well as
in the side panel area.
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Temporal response measurement requires that the test signal be gated onto
certain fields only, so that the effect of tempcnl filtering in the SUT may be
observed on the interVening fields. This gating is accomplished by
interposing an Active Video Gate between the test signal generator and the
SUT. An appropriate device could be the same one described in Section
1.2.2.1, with the addition of a free-run mode to provide a l-of-N duty cycle
for the fields that are passed. A l-field-out-of-8-frame duty cycle is both
sufficient and simple to implement It must be possible to select either odd
or even fields to be passed.

2.2.2. Monitoring

The wavefonn monitor shall have a vertical amplifier bandwidth and transient
response such as to introduce negligible display errors at any frequency up to at
least 30 MHz. It shall be fitted with a line selector, which will permit the selection.
display, and identification of any desired single horizontal scan interval, or series of
consecutive horizontal scan intervals (typically 14), once each frame time. It shall
provide calibrated time-base and amplitude magnification of any portion of the
horizontal scan interval.

The picture monitor is noncritical for this procedUM. It is used as a continuity
monitor and for identification of those portions of the test pattern selected for
display on the waveform monitor.

2.3. Procedure

2.3.1. Setup

Connect the Red, Green, and Blue outputs of the test signal generator to the
respective inputs of the StIT, through an active video gate as described above in
Section 1.2.2.1. Use a wideband video distribution amplifier driving equal lengths
of identical coaxial cable into 75-ohm tenninations at the encoder input

Connect the Green output of the SUT to the wavefonn monitor. Connect the
"picture monitor output" of the wavefonn monitor to the picture monitor. Tenninate
each cable in 7S ohms.

Select a 2T3O pulse and window test pattern. The 2T3O sine-squared pulse has an
HAD of 33.3 nanoseconds, and the window has IG-90-percent rise and fall times of
1'30. or 16.7 nanoseconds. The horizontal window transitions have integrated sine­
squared shaping. The peak amplitude of these signals is 700 millivolts above the
blanking level baseline.

2.3.2. Measurement Technique

2.3.2.1. Horizontal Frequency Response

Select for viewing the center of a line containing a 21'30 pulse. Magnify the
waveform display rime base, so that the ~ape of the pulse and any
distortion may be discerned. Measure th~ peak amplitude of the pulse,
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ignoring any distortion near the baseline. Also measure the HAD, the n.~
between the 50-percent amplitude points.

Next, select for viewing a line through the center of the window. Measure
the peak amplitude of the wavefonD, at the middle of the window

. horizontally, with respect to the blanking level baseline.

Position the wavefonn display horizontally to view the 2T3O pulse located
within the side panel area. six percent of the active line time after the start of
active video. Measure the peak amplimde and the HAD of the pulse. using
the technique described in the first paragraph, above.

Next, examine the window that is located within the side panel area.
Measure the peak amplitude. using the technique described above, in the
second paragraph.

Rewrn the wavefonn display to the centered position.

2.3.2.2. Vertical Frequency Response

Move the Line Select cursor vertically to display the waveform of the first
line on which the window appears at full amplitude. Measure the peak
amplitude of the wavefonn, with respect to.dIe blanking level baseline, at
the horizontal midpoint of the winqow.

Move the cursor up one line. If a diminished amplitude window appears on
this line, then the SUT contains a vertical filter. Measure the peak amplitude
of this wavefonn as before.

Continue moving the cursor up, one line at a time, and look for a diminished
amplitude window on each line, until no vestige of the window waveform
can be seen. Measure the amplitude on each line and note which line is
being viewed.

Move the Une Select cursor down to display the waveform of the lowest
line on which the window appears at full amplitude. Measure the peak
amplitude on this line.

Continue moving the cursor down, one line at a time, and measure the
amplitude of the wavefonn on each line where a vestige of the window
appears. Note the line on which each measurement is taken.

Position the waveform display to view the window within the side panel
area. Then, repeat the complete procedure detailed in the five paragraphs
above.

Return the wavefonn display to the centered position.
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2.3.2.3. Temporal Frequency Response

Set the wavefonn monitor to display a series of consecutive lines (typically
14). Move the Line Select cursor such that the displayed lines are centered
vertically within the window.

Enable the active video gate such that one field. out of eight consecutive
frames. is passed through the SUT. For interlaced systems. execute the
procedure twice--once using an odd field. and again using an even field.

Observe the displayed waveform, adjusting the brightness as necessary to
compensate for the reduced duty cycle. In addition to the brightest trace.
showing the wavefonn at full amplitude. there may be one or more dimmer
traees. showing wavefonns at diminished amplitudes. The dimmer traces
are evidence of temporal filtering in the SUT. Note the number, and
measure the amplitudes, of all separate ttaces observed.

Position the wavefonn display to view the window within the side panel
area. Then, repeat the procedure described in the preceding paragraph.

Return the wavefonn display to the centered position. and reset the active
video gate to pass all lines.

2.3.3. Presentation of Data

The following data should be recorded for both the center area and the side panel
area:

From the Horizontal Frequency Response measurement, the PIB Ratio, expressed
as a percentage of the bar (window) amplitude, and the HAD of the 2T30 pulse.

From the Venica1 Frequency Response measurement, the line number and the
window amplitude for all lines on which the window wavefonn was observed.

From the Temporal Frequency Response measurement, the amplitudes of all
separate traees observed.

Photograph all of the wavefonn monitor displays from which data was taken. In
photographing the temporal frequency response display, be sure to use an exposure
time of at least eight frames.

Make four (or eight) separate, I5-second. recordings on the HD DVTR, and note
the SMPTE time code at the start of each recording. The recordings should
correspond to the following measurement conditions (for odd and even field. in the
case of interlaced systems):

(1)' H or V Frequency Response, Pattern in center.
(2) H or V Frequency Response. Pattern in side panel
(3) Temporal Frequency Response, Pattern in center.
(4) Temporal Frequency Response, Pattern in side panel
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3 . TRANSIENT RESPONSE

3.1. Introduction"
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The introductory material presented in Section 2, Three-Dimensional Tune-Domain
Signature. is"useful background for the Transient Response measurements that follow.
Some of the applications of pulse and bar techniques to the testing of ATV systems now
should be familiar to the reader.

It was noted in Section 2 that group envelope delay causes the output pulse and the bar
transitions to become asymmetric. The ANSIIIEEE Standard 511-1979 characterizes these
distortions and describes measurement methods for television systems confonning to
COR System M. The techniques involve weighting measurements of the amplitude and
distance from the ttansition midpoint of any ringing. oversh~ or undershoots. A
wavefonn-monitor graticule is described to pennit rapid evaluation of short-time wavefonn
distortion, or "SO." In the absence of this special graticule, the constituent parameters
may be measured individually, and SO may be calculated from a nomograph included in an
Appendix to the Standard. For reference purposes, Figure B8 of ANSIIIEEE Standard
511-1979 is reproduced here as Figure 3-1.

3.1.1. Definitions

Transient Response is characterized by the time-response of a system to specific
changing inputs. Generally, this is a measure used for characterizing linear
systems. Although ATV systems are not necessarily linear. the transient response
for specific inputs still may be specified.

Step describes a signal that represents a sudden ttansition from one level to another
level. A spatial step shall have the transition occur along a straight line at a given
angle relative to horizontal. A temporal step shall be represented by a flat field that
changes from one level to another between successive frames.

Chrominance is the component of a video signal that conveys color infonnation.
A typical ttansmission system contains two "color-difference" channels which,
when matrixed appropriately with luminance, yield unique Red. Green. and Blue
signals. Commonly used color-difference pairs are I, Q; and R-Y. B-Y. The I and
Q signals may have unequal bandwidths; the R-Y and B-Y signals generally have
equal bandwidths. The maaix equations that define the color difference signals in
terms of Red. Green, and Blue may be different for an ATV system than for NTSC.
Each proponent must furnish to ATIC the coefficients that apply to its system.

Nonnalizecl Units (Picture Heights) shall be used to express all
measurements, so that ATV systems having different scanning standards and
different aspect ratios may be compared directly. The reference unit of measure
shall be the active picture height

3.1.2. General Description of Method

In general. transient response is evaluated by transmitting pulse and/or step "
waveforms through the system under test and measuring specified characteristics ot
the resulting wavefonn distortion. For an NTSe system, the technique~ of
ANSI/IEEE 511-1979 are sufficient Due to the ~omplex nature of the SIgnal
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processing employed in ATV systems, the evaluation should be expanded in~
to include horizontal and vertical spatial axes, as well as the temporal dimension.
These multi-dimensional aspects of transient response measurement parallel the
considerations involved in resolution measurement, as discussed in Section 1.
Transient response measurement requires separate consideration of luminance and
cluominance. Both static and dynamic performance must be evaluated.
Funhermore, since the method to be used is generally applied to linear systems, the
measurements must be repeated over a range of amplitudes of the test signal, in
order to account for any nonlinearities in the ATV system.

The waveform used for these tests is a "window" test pattern. Dynamic
characteristics are measured by moving the pattern along the desired axis, and
controlling the exposure time of the monitor photography. Temporal response
measurement utilizes both a window signal and a radial resolution testpa~
which are gated on or off field by field.

For the purpose of testing luminance perfonnance, the test signal shall be applied
equally to the Rec1 Green, and Blue inputs of the system under test. It shall be
assumed that the perfonnance observed at the Green output is representative of the
luminance perfonnance, and only this output shall be measured. Chrominance
perfonnance shall be tested by individually testing each of two color-difference
channels. For NTSC-compatibilicy tests, the output of a professional, reference­
quality NTSC demodulator shall be connected to the monitoring equipment,
luminance and chrominance being extracted within that equipment as required.

3.2. Test and Measuring Equipment

3.2.1. Signal Sources

3.2.1.1. Test Pattern

Two test signals, obtained from the PIXAR generator, are used in this
procedure. The first contains two windows.

Each window has a rise time of no, horizontally and vertically. The
amngement of the features of this test pattern is depicted in Figure 3-2.

The amplitudes of the Red, Green, and Blue output signals from the PIXAR
may be adjusted individually for the Cit C2, C3, and C. areas of the pattern,
such that only the luminance or one of the color-difference channels of the
system under test is presented with the transient wavefonn associated with
each window. The proponent must supply the matrix coefficients for his
system 10 permit this adjusanent.

The second PIXAR pattern is the radial resolution pattern. which is similar
to the printed chart depicted in Figure 3-3. On this chart, the width of the
radial lines increases linearly with the distanCe outward from the center, and
equally in all directions. The electronically-generated PIXAR pattern
comprises sinusoids having a peak-to-peak amplitude of700 millivolts and a
zero..axis level of 350 millivolts. The range of spatial frequencies is from
approximately tOO C/APH to at least sao C/APH.



Arv Test Procedures OBJECIJyE TESTS 9asl2O. Pue 3-3

........, ..~ 3.2.1. 2. Attenuator

The outputs of the PIXAR shall be applied to attenuators having steps of 0
dB, 3 dB, 6 dB, and 12 dB.

. 3.2.1.3. Active Video Gate

Temporal response measurement requires that the test signal be gated onto
certain fields onIy. A temporal step may be generated by passing the test
signal for a cenain number of fields, and then inhibiting it for a number of
fields or frames. Since some A'IV systems transmit chrominance
infonnation at a slower rate than luminance, the on and off durations of the
test signal must be sufficient to pennit measurement of the temporal transient
response of the chrominance channels. The ratio of chrominance to
luminance transmission rate may be as low as one-eighth.

The required gating may be accomplished by interposing an active video
gate between the PIXAR and the SUT. An appropriate device could be the
one described in Section 2.2.1.2, used for three-dimensional frequency
response measurement, but modified to function with an M-of-N duty cycle.
A 16-0£-32 duty cycle may be required for this procedure. The active video
gate must provide a logic-level output, corresponding to the "on" or "off'
condition of the video, to be used to ttigg~ other test equipment

3.2.2. Monitoring

3.2.2.1. Active Video Gate

An active video gate, as described in Section 1.2.2.1, is required for
monitor photography.

3.2.2.2. ATV Monitoring

The basic monitoring requirements are the same as those described in
Section 2.2.2 for Three-Dimensional Frequency Response measurement It
is recommended that the wavefonn monitor feawre numerical on-screen
readout of time and amplitude.

However, there are two additional requirements for temporal response
measurement One is a slow horizontal sweep rate for the waveform
display. Several consecutive frames, perhaps eight, must be observed. A
separate oscilloscope may be used, with the wavefonn monitor serving as
the signal-acquisition device for clamping purposes. The other additional
requirement is a high-resolution monochrome picture monitor. A suitable
monitor is specified in Section 1.2.2.2.

3.2.2.3. NTSC Monitoring

For those systems claiming NTSC compatibility (Enhanced-NTSC
systems), the compatible RF signal will be applied to a professional,
reference-quality NTSC demodulator. Measurements will be made on the
baseband NTSC video output from the d~modulator.
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A choice of two types of chrominance f1ltering must be available in the
waveform monitor. This may require the use of two instruments. For
horizontal measurements, a comb filter is required for the widest possible
horizontal bandwidth. For vertical measurements. a band-pass filter must

. be used to avoid comb-filter artifacts.

The studio-quality NTSC color picture monitor must not employ a comb
filter for chrominance separation. A "blue only" mode will aid in
observation of the low-luminance signal that results when only the Blue
input of the SUT is excited.

Some of the measurement procedures rely upon analysis of photographed
waveforms. Use of a video measurement instrument that features digital
waveform storage, with a "freeze" function. and hard-copy output of the
display, will simplify these procedures.

3.3. Procedures

3.3.1. Luminance Response to Stationary Step

3.3.1.1. Setup

Connect the Red, Green, and Blue-outputs of the PIXAR. through the
attenuators. to the respective inputs of the SUT. Use equal lengths of
identical coaxial cable into 75-ohm tenninations at the encoder input

CoMect the Green output of the SUT to the ATV waveform monitor.
Connect the "picture monitor output" of this waveform monitor to the ATV
picture monitor. Tenninate each cable in 7S ohms.

Connect the output of the reference NTSC demodulator to the NTSC
waveform monitor. Connect the "picture monitor output" of this waveform
monitor to the NTSC picture monitor. Terminate each cable in 7S ohms.

Select the PIXAR test panero that contains the two windows. Set the peak
amplitude of these windows to 700 mV above the blanking-level base line in
all three channels.

3.3.1.2. Measurement Technique

Each of the measurements below must be taken from the Green output of the
SUT, using the ATV monitors, and, for Enhanced-NTSC systems. also
from the NTSC demodulator output, using the NTSC monitors.

3.3.1.2. 1. Horizon tal Transient Response

Position the Line Select cursor at the vertical midpoint of the
windows.
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Adjust the horizontal position and time-base expansion controls of
the waveform monitor to magnify the positive-going edge of a
window.

Set the attenuator at the Q-dB position.

Measure the following parameters:

(l) The lQ-90-percent rise time.

(2) For any ringing that is observec1 the time intervals between
the half-amplitude point of the transition and the first two
minimums and maximums. Also measure the amplitudes of
these minimum and maximum points, as percentages of the
steady-state window amplitude.

(3) The peak amplitude of any overshoot, as a percentage of the
steady-state amplitude, and the time interval from the half­
amplitude point of the transition to the peak.

(4) In the case of undershoot, the amplitude, as a percentage of
the steady-state window amplitude, at a time interVal equal to
1'30 after the half-amplitude-point of the transition. .

Repeat these measurements at 3-dB, 6-dB, and 12-dB attenuation.

Adjust the horizontal position control of the waveform monitor to
display the negative-going edge of the window.

Measure Parameters 1 through 4 at attenuator settings of o-dB, 3­
dB, 6-dB, and 12-<1B.

3.3.1.2.2. Vertical Transient Response

Set the attenuator at the Q-dB position.

Adjust the Line Selector to the vertical midpoint of the windows.
Observe the peak amplitude, with respect to the blanking-level base
line, at the horizontal midpoint of a window. This is the steady-state
reference amplitude.

Move the Line Selector up to the fU'St line on which the window
appears at reference amplitude. Then, move the CUl'SOT up and down
over several lines to explore any transient levels between the
blanJc:ing level above the window and the steady-state window
amplitude. Measure the amplitudes of any observed transient levels.
and note the lines on which they occur.

Next, move the Line Selector down to the lowest line on which the
window appears at reference amplitude. Explore the surrounding
lines for transient levels. Measure the amplitudes of any observed
transient levels. and note the lines on which they occur.
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Repeat this procedure for attenuator settings of 3-dB, 6-dB. and 12­
dB.

3.3.1.3. Presentation of Data

In order to compare data among different ATV systems. the measurements
taken above must be convened into nonnalized units of percentages of
picture height For vertical dimensions. counted in lines. divide the number
of measured lines by the number of active lines specified by the proponent,
and express the result as a percentage. For horizontal dimensions.
measured in microseconds. divide the measurement by the length of the
active line specified by the proponent, multiply by the aspect ratio. and
express the result as a percentage.

Record. in nonnalized units. all of the parameter values obtained in the
above procedures for horizontal and vertical transient response, at all four
attenuator scnings. for both the ATV and NTSC receiver outputs.

Photograph all of the waveform monitor displays from which data were
taken.

Optionally, make a 3Q-second recording on each DVTR. HD and NTSC. at
each of the four attenuator settings.,. and note the SMPTE time code at the
start of each recording.

3.3.2. Luminance Response to Movin. Step

3.3.2.1. Setup

Conncct the Red. Green, and Blue outputs of the PIXAR. through the
attenuators, to the respective inputs of the SUT. Use cquallengths of
identical coaxial cable into 75-ohm tctminations at the encoder input

COMcet the outputs of the SUT to the HD-DVI'R.

Connect the Green output of the HD-DVTR to the ATV waveform monitor.
Connect the "picture monitor output" of this waveform monitor to the ATV
picture monitor. Tenninate each cable in 75 ohms.

When testing an Enhanced-NTSC system. COMcct the output of the
rcfCftnce NTSC demodulator to the NTSC-DVTR. Display the output of
the NTSC-DVTR on a wavefonn monitor for all measurements. Connect
the "picture monitor output" of this waveform monitor to the NTSC picture
monitor. Terminate each cable in 75 ohms.

Use the same "windows" test pattern that was used in the previous
procedure for stationary stcp measurements.
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3.3.2.2. Measurement Technique

Each of the measurements below must be taken from the Green output,
using the AIV monitors. and, for Enhanced-NTSC systems. also from the

. NTSC output, using the NTSC monitors.

3.3.2.2.1. Horizontal Transient Response

Position the Line Select cursor at the vertical midpoint of the
windows. Expand the wavefonn monitor display about the
midpoint of the line.

It is desirable to use the same rate of motion. calibrated in picture
heights per second (PH/SEC). for all proponent systems. For a
specific system under test, the closest velocity in integer pixels per
frame must be calculated from specifications supplied by the
proponent As an example. horizontal motion of one pixel per
frame. for a system having 768 pixels per active line. a 4:3 aspect
ratio. and 30 frames/second. corresponds to a rate of approximately
0.05 PH/SEC.

Set the PIXAR to move the pattern horizontally at a rate of 0.1
PH/SEC.

Set the attenuator at the o-dB position.

Make a 3~second recording on the DVTR. Note the SMPIE time
code at the start of the recording. Then play back the recording
while observing the wavefonn monitor. Search for the portion of
the recording in which the positive-going edge of the window is
displayed. Still-frame the DVTR at this point and photograph the
waveform. Then, search for the point at which the negative-going
edge is displayed, still-frame the DVTR. and photograph this
waveform.

Using this still-frame and photographic method, measure the
following parameters for both edges of the window:

(1) The 1~90-percent rise time.

(2) For any ringing that is observed, the time intervals between the
half-amplitude point of the transition and the first two
minimwns and maximums. Also measure the amplitudes of
these minimum and maximum points. as percentages of the
steady-state window amplitude.

(3) The peak amplitude of any overshoot, as a percentage of the
steady-state amplitude. and the time interval from the half­
amplitude point of the transition to the peak.
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(4) In the case of undershoo~ the amplitude. as a percentage of
steady-stare window amplitude. at a time interVal equal to 1'30
after the half-amplitude point of the transition.

Repeat this procedure at 3-dB. 6-dB. and 12-dB attenuation.

Then repeat the entire procedure for rares of horizontal movement of
0.25 and 0.5 PH/SEC.

3.3.2.2.2. Vertical Transient Response

It is desirable to use the same rare of motion. calibrated in picwre
heights per second (PH/SEC). for all proponent systems. For a
specific sysrem under test. the closest velocity in integer lines per
frame must be calculated from specifications supplied by the
proponent As an example. vertical motion of one line per frame.
for a system having 485 active lines per frame and 30
frames/second. corresponds to a rate of approximately 0.06
PH/SEC.

Set the PIXAR to move the pattern vertically at a rare of 0.1
PH/SEC.

.
Set the attenuator at the Q-dB position.

Select a vertical rare display on the wavefonn monitor. and expand
the display so that severa1lines near the middle of the field can be
viewed.

Make a 3~second recording on the DVTR. Note the SMPTE time
code al the start of the recording. Then play back the recording
while observing the wavefonn monitor. Search for the portion of
the recording in which the positive-going edge of the window is
displayed Still-frame the DVTR at this point and photograph the
waveform. Then. search for the point at which the negative-going
edge is displayed. still-frame the DVTR. and photograph this
waveform.

Using this still-frame and photographic method. measure the
following parameters for both edges of the window:

(1) The rise time. expressed to the nearest line.

(2) For any ringing that is observed. the intervals, to the nearest
line. between the approximate half-amplitude point of the
transition and the first two minimums and maximums. Also
measure the amplitudes of these minimum and maximum
points. as percentages of the steady-state window amplitude.

(3) The peak amplitude of any overshoo~ as a percentage of the
steady-state amplitude. and ~e interVal. to the nearest line.
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from the approximate half-amplitude point of the transition to
the peak.

(4) In the case of undershoot, the amplitude, as a percentage of the
steady-state window amplitude, at an interval of 2 lines after
the approximate half-amplitude point of the transition. Repeat
this procedure at 3 -dB, 6 -dB, and 12 -dB attenuation.

Repeat this procedure at 3-dB, 6-dB, and 12-dB attenuation,

Then repeat the entire procedure for rates of vertical movement of
0.25 and 0.5 PH/SEC,

3.3.2.3. Presentation of Data

Record, in nonnalized units, all of the parameter values obtained in the
above procedures for horizontal and vertical transient response, at all four
anenuator settings, for each of the three rates of movement, for both the
ATV and NTSC outputs,

Obtain photographs of the ATV and NTSC picture monitors, showing the
still frames from which the wavefonn photographs were obtained. Note
this SMPTE time codes for these frames. Vse a one-frame exposure time
for the photography,

3.3.3. Chrominance Response to Stationary Step

3.3.3.1. Setup

Two sets of measurements are required in this procedure, one for each of
the two color-difference channels.

For all measurements, connect the Red, Green, and Blue outputs of the
PIXAR to the respective inputs of the SUT.

Select the PIXAR test panern containing the two windows.

Using matrix coefficients supplied by the proponent, set the amplitudes of
the Cl and C2 portions of the test pattern such that only the "R-Y" (or "I")
color-difference channel of the SUT is modulated with an AC wavefonn.
and the "B-Y" (or "Q") and luminance channels have a constant-amplitude
signal over the left half of the test panern.

Using matrix coefficients supplied by the proponent, set the amplitudes of
the C3 and C. portions of the test pattern such that only the "B-Y" (or "Q")

color-difference channel of the SUT is modulated with an AC wavefonn.
and the "R-Y" (or "I") and luminance channels have a constant-amplitude
signal over the right half of the test panern,

For the first set of measurements, COMect the Red output of the SUT to the
wavefonn monitor, Tenninate the cable in 75 ohms.,
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For the second set of measurements, connect the Blue output of the S,- ~ to
. the waveform monitor. Terminate the cable in 7S ohms.

For testing of Enhanced-NTSC systems, connect the output of the referenl
NTSC demodulator to the NTSC waveform monitor. Two types of decoder
are required for NTSC chrominance measurements. This may imply the use
of two instruments, one having a comb filter and the other having a band­
pass filter.

The "picture monitor output" of each waveform monitor remains COMected
to the corresponding picture monitor for all measurements. An active video
gate must be connected between each waveform monitor and its picture
monitor, for photography of the picture monitor.

3.3.3.2. Measurement Tec:hnique

For each procedure below, first observe the Red output and take
measurements from the ATV monitors. Then, observe the Blue output and
take measurements from the ATV monicors.

Then, for Enhanced-NTSC systems, take measurements from the NTSC
monitors.

The ATV procedures are identical_to the cOrresponding procedures for
luminance. For the NTSC procedures, the chrominance envelope must be
observed on the wavefonn monitor. Use the comb filter instrument to make
horizontal measurements. Use the band-pass filter instrument for vertical
measurements.

3.3.3.2.1. Horizontal Transient Response

Measure the transient response at the ATV (Red and Blue) outputs,
following the procedure of Section 3.3.1.2.1.

In order to measure the response at the NTSC demodulator output. it
is necessary to separate the chrominance component with a comb
filter having a broad bandwidth for horizontal spatial frequencies.
Using a wavefonn monitor that incorporates such a comb filter,
select the "chroma" fUter setting to display the envelope of the
chrominance signal. Then, follow the procedure of Section
3.3.1.2.1, measuring the specified parameters with respect to the
envelope of the displayed waveform.

3.3.3.1.2. Vertical Transient Response

Measure the transient response at the ATV (Red and Blue) outputs.
following the procedure of Section 3.3.1.2.2.

In order to measure the response at the output of the NTSC
demodulator, it is necessary to separate the chrominance component
with a band-pass filter, rather than a comb, so that the vertical
response is not affected by the filter. Using a waveform monitor
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that incorporates such a band-pass filter. select the "chroma" filter
setting to display the envelope of the chrominance signal. Then.
follow the procedure of Section 3.3.1.2.2. measuring the specified
parameters with respect to the envelope of the displayed waveform.

·3.3.3.3. Presentation of Data

Record. in nonnalized units. all of the parameter values obtained from both
the ATV and NTSC receiver outputs in the above procedures. The data
should cover both horizontal and vertical transient response. at all four
attenuator settings. for both color-difference signals.

Photograph all of the wavefonn monitor displays from which data were
taken.

Optionally, at each of the four attenuator settings. make a 3O-second
recording on the HD-DVI'R and on the NTSC-DVTR. Note the SMPTE
time code at the start of each recording.

3.3.4. Chrominance Response to Moving Step

3.3.4.1. Setup

Connect the Red. Green. and Blue outputs of the PIXAR. through the
attenuators. to the respective inputS of the SUT. Use equal lengths of
identical coaxial cable into 7S-ohm tenninarions at the encoder input

COMect the outputs of the SUT to the HD-DVTR.

Use the same "windows" test pattern that was used in the previous
procedure for stationary step measurements.

Using matrix coefficients supplied by the proponent, set the amplitudes of
the Ct and C2 portions of the window test pattern such that only the "R-Y"
(or "I") color-difference channel of the SUT is modulated with an AC
wavefo~ and the "B-Y" (or "Q") and luminance channels have a constant­
amplitude signal over the left half of the test pattern.

Using matrix coefficients supplied by the proponent, set the amplitudes of
the C3 and C4 portions of the window test pattern such that only the "B-Y"
(or "Q") color-difference channel of the SUT is modulated with an AC
waveform. and the "R-Y" (or "I") and lwninance channels have a constant­
amplitude signal over the right half of the test pattern.

Two sets of measurements are required in this procedure. one for each of
the two color-difference channels.

For the first set of measurements. connect the Red output of the IiD-DVTR
to the wavefonn monitor. Tenninate the cable in 7S ohms.

For the second set of measurements. connect the Blue output of the liD­
DvrR to the waveform monitor. Tenninate the cable in 7S ohms.
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For testing of Enhanced-NTSC systems, connect the output of the reference
NTSC demodulator to the NTSC-DVTR. Display the output of the NTSC­
DVTR on a wavefonn monitor for all measurements. Two typeS of decoder
are required for NTSC chrominance measurements. This may imply the use
.oftwo insauments, one having a comb filter and the other having a band-
pass filter. .

The "picture-monitor output" of each waveform monitor remains connected
to the corresponding picture monitor for all measurements. An active video
gate must be connected between each waveform monitor and its picture
monitor, for photography of the picture monitor.

3.3.4.2. Measurement Technique

For each procedure below, first observe the Red output and take
measurements from the ATV monitors. Then, observe the Blue output and
take measurements from the ATV monitors.

Then, for Enhanced-NTSC systems, take measurements from the NTSC
wavefonD monitor.

The ATV procedures are identical to the cO{TeSPOnding procedures for
luminance. For the NTSC procech¥,es, the chrominance envelope must be
observed on the wavefonn monitor. Use the comb rllter insaument to make
horizontal measurements. Use the band-pass filter instrUment for vertical
measurements.

3.3.4.2. 1. Horizontal Transient Response

Measure the transient response at the ATV (Red and Blue) outputs,
following the procedure of Section 3.3.2.2.1.

In order to measure the response at the NTSC demodulator output, it
is necessary to separate the chrominance component with a comb
filter having a broad bandwidth for horizontal spatial frequencies.
Using a waveform monitor that incorporates such a comb filter,
select the "chroma" filter setting to display the envelope of the
chrominance signal. Then, follow the procedure of Section
3.3.2.2.1, measuring the specified parameterS with respect to the
envelope of the displayed wavefonn.

3.3.4.2.2. Vertical Transient Response

Measure the transient response at the ATV (Red and Blue) outputs,
following the procedure of Section 3.3.2.2.2.

In order to measure the response at the output of the NTSC
demodulator, it is necessary to separate the chrominance component
with a band-pass filter, rather than a comb, so that the vertical
response is not affected by the filter. Using a wavefonn monitor
that incorporates such a band-pass filter, select the "chroma" filter
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setting to display the envelope of the chrominance signal. The~
follow the pn:x:edure of Section 3.3.2.2.2, measuring the specified
parameters WIth respect to the envelope of the displayed wavelonn.

3.3.4.3. Presentation of Data

Record, in nonnalized units, all of the parameter values obtained in the
above procedures for horizontal and vertical transient response, at all four
attenuator settings, for each of the three rates of movement. for both the
ATV and NTSC outputs.

Obtain photographs of the ATV and NTSC picture monitors. showing the
still frames from which the waveform photographs were obtained. Note
this SMPTE time codes for these frames. Use a one-frame exposure time
for the photography.

3.3.5. Luminance Temporal Response

Two sets of measurements. each with a different setup, are required. The first uses
a window test signal. The second uses a radial resolution pattern.

3.3.5.1. Setup

Connect the Red. Green, and Blue.outputs of the PIXAR, through the
attenuators and the active video gate, to the respective inputs of the SUT.
Use equal lengths of identical coaxial cable into 75-ohm terminations at the
encoder input

For the window test:

Connect the logic output of the active video gate to a trigger input of the
oscilloscope.

Connect the Green output of the SUT to the ATV waveform monitor, as a
signal conditioner. Connect the picture monitor output of the waveform
monitor to one input channel of the oscilloscope. Tenninate both cables in
75 ohms.

When testing an Enhanced-NTSC system, connect the output of the
reference NTSC demodulator to an NTSC wavelonn monitor having a
picture monitor output or auxiliary output. to be used as a signal
conditioner. Connect either waveform monitor output to another input
channd of the oscilloscope. Terminate borb cables in 75 ohms.

Select a 7OQ-mV window test signal.

For the radial resolution test:

Connect the video outputs of the SUT to rbe HD-DVTR. Connect the Green
output of the DVTR to a high-resolution monochrome picture monitor, via
the active video gate.
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When testing an Enhanced-NTSC system. COMect the output of the
reference NTSC demodulator to the NTSC-DVTR.. CoMect the output of
the DVTR to the studio-quality NTSC picture monitor, via the active video
gate.

Select the radial resolution test panern.

3.3.5.2. Measurement Technique

To perfonn the window test:

Set both waveform monitors for fast DC restoration. Select DC coupling
for both oscilloscope video inputs.

Set the active video gate to pass 16 out of 32 frames (16 on; 16 of£).

Set the attenuator at the G-dB position.

Select the ATV signal for viewing on the oscilloscope, and adjust the time
base so that several frames of the video signal are displayed. Adjust the
trigger delay, slope, and level controls so that the off-to-on transition of the
gated window signal can be observed. If necessary, expand the time base to
display all frames on which a transient level is observed. Obtain a
photograph of the oscilloscope display. .

Select the NTSC signal for viewing. and repeat the procedure.

Re-adjust the trigger controls to display the on-to-off transition of the gated
window signal. Obtain photographs of the display for both the ATV and
NTSC signals.

Repeat the steps in the three paragraphs above, for attenuator settings of 3­
dB, 6-dB, and 12-<1B.

To perform the radial resolution test:

Set the active video gate to pass 16 out of 32 frames (16 on; 16 off).

Set the attenuator at the G-dB position.

Reccxd a few seconds of video on the DVTR.. Then play back the recording
and sean:h for an off-to-on transition of the gated radial resolution panern.
Examine a few frames about the transition point to determine if the
resolution builds up over several frames or if there are any transient
artifacts. Photograph any frame on which a transient resolution condition or
artifact appears. Note the frame count (time code) at which each photograph
is taken.

Then, sean:h the recording for an on-to-off transition. Look for any decay
of resolution over several frames or any transient artifacts. As before,
photograph any affected frames.
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Repeat the steps in the two paragraphs above. for attenuator settings of 3­
dB. 6-dB. and 12-dB.

3.3.5.3. Presentation of Data

In addition to the photographs taken above, documentarion of these tests
may also include DVTR recordings, both HD and NTSC. Make 3O-second
recordings. and note the SMPTE time code at the stan of each recording.

3.3.6. Cbrominance Temporal Response

Two sets of measurements must be taken with each of two different setups. The
first setup uses a window test signal The second setup uses a radial resolution
pattern.

3.3.6.1. Setup

For all measurements, connect the Red. Green, and Blue outputs of the
PIXAR, through the attenuators and the active video gate, to the respective
inputs of the SUT. Use equal lengths of identical coaxial cable into 75-ohm
tenninations at the encoder input

For the window setup:

Connect the logic output of the active video gate to a trigger input of the
oscilloscope.

Connect the Green output of the SUT to the ATV waveform monitor, as a
signal conditioner. Connect the picture monitor output of the waveform
monitor to one input channel of the oscilloscope. Terminate both cables in
75 ohms.

When testing an Enhanced-NTSC system, connect the output of the
reference NTSC demodulator to an NTSC waveform monitor having a
picture monitor output or auxiliary output, to be used as a signal
conditioner. Connect either waveform monitor output to another input
channel of the oscilloscope. Terminate both cables in 75 ohms.

Select a 7OQ-mV window test signal.

Using matrix coefficients supplied by the proponent, set the amplitudes of
the C. and C2 portions of the test pattern such that only the "R-Y" (or "I")
color-dift"erence channel of the SUT is modulated with an AC waveform
and the "B-Y" (or "Q") and luminance channels have a constant-amplitude
signal over the left half of the test pattern.

Using matrix coefficients supplied by the proponent, set the amplitudes of
the C3 and C. portions of the test pattern such that only the "B-Y" (or "Q")
color-dift"erence channel of the SUT is modulated with an AC waveform.
and the uR_Y" (or "I") and luminance channels have a constant-amplitude
signal over the right half of the test pattern.

I

"'
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For the tim set of measurements, COMect the Red output of the SUT to ~
wavefonn monitor. Temrinate the cable in 75 ohms.

For the second set of measurements, connect the Blue outp.ut of the SUT to
the waveform monitor. Tenninate the cable in 7S ohms.

For testing of Enhanced-NTSC systems, connect the output of the reference
NTSC demodulator to the NTSC waveform monitor. Two types of decoder
are required for NTSC chrominance measurements. This may imply the use
of two instruments, one having a comb filter and the other having a band­
pass filter.

The "picture monitor output" of each waveform monitor remains COMected
to the corresponding picture monitor for all measurements. An active video
gate must be connected between each wavefonn monitor and its picture
monitor. for photography of the picture monitor.

For the radial resolution setup:

COMeet the video outputs of the SUT to the HD-DVTR.

When testing an Enhanced-NTSC system, COMect the output of the
reference NTSC demodulator to the NTSC;DVTR. CoMect the output of
the DVTR to the studio-qualiry N1SC picture monitor. via the active video
gate.

Select the radial resolution test pattern.

For the first set of measurements, COMect the Red output of the HD-DVTR
to a high-resolution monochrome picture monitor, via the active video gate.
Terminate the cable in 7S ohms. Using matrix coefficients supplied by the
proponent, set the amplitudes of the PIXAR outputs such that only the "R­
y" (or "I") color-difference chaMel of the SUT is modulated with the
transient wavefonn, and the "B-Y" (or "Q") and luminance chaMels have a
constant-amplitude DC signal.

For the second set of measurements, connect the Blue output of the HD­
DVTR to a high-resolution monochrome picture monitor, via the active
video gate. Terminate the cable in 7S ohms. Using matrix coefficients
supplied by the proponent, set the amplitudes of the PIXAR outputs such
that only the ''B_Y" (or "Q") color-diffc:rence chaMel of the SUT is
modulated with the transient waveform, and the "R_Y" (or "I") and
luminance chaMels have a constant-amplitude DC signal

3.3.6.2. Measurement Technique

Usinl the window Setup, first take measurements at the Red output, and
then take measurements at the Blue output, using the technique described In
Section 3.3.5.2. Then, for Enhanced-NTSC systems. use that same basIC
technique to take measurements at the NTSC demodulator output. N?te
that, in this case, the chrominance envel~pe, rather than a baseband SIgnal.
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\,_l is being observed. Use a band-pass filter instrument to make the NTSC
measurements.

Using the radial resolution setup, fIrSt exercise the "R_Y" (or "I") channel of
the SUT and take photographs of both the A1V and the NTSC demodulator
output wavefonns. Then, exercise the "B_Y" (or "Q") channel and take
photographs of both the ATV and the NTSC demodulator output
wavefonns.

Use the technique described in Section 3.3.5.2. Note that the chrominance
envelope, rather than a baseband signal, is being observed at the NTSC
OUtpUL Use a band-pass filter instrument for the NTSC measurements.

J .J . 6 .J. Presentation of Data

In addition to photographs, documentation of these tests may also
include DVTR recordings, both HD and NTSC, for each inpuL Make
3~second recordings, and note the SMPTE time code at the start of each
recording.



IEEI
SUi 511·1971 IEEE STANDARD ON VIDEO SIGNAL TRANSMISSION

o
(j')

LO
N-(j')

>-4(

~,
M
Q)...
:I
a-u..

.c
0­as...
C)
o
Eoz
co.-t:
o-en
C
E....
o-G)
:>as
~
Q)

E
t=,
t:
o
.cen

RA

r

,.

.,

--------_ ... _---

'--- 1... ___

I 'J--.....
r---'Z ---.l
"-, 0-1
I I

r----- /. ---_-'

,-------_.--

•
••
.,

$0"'" • cr' , .17

10,
4S,
..

--------------r-
i ST£I' o,r J

: HAI.F - UNE PULSE ~A

~-----------,~-----_-_·J_~ ~ ~ l _

,.
.5

1

10

10

.. -----------

'(~J

1.0

FilB8 ,
Short.Time W.ftform Distoraon (SO), Determined Arithmetically

so • SO" "'••

FMPO~ L.OB£!~~T'

/ i"IZ5 /'1

SOil • ~ I •Q" ~"l .Oil I 00
/ .IZ.5 , it I

cr IN " OF /!fA. / IN .'

FOR NEGATM L.OIIES AIt1DICW~,
".~ ,.,

SDII • :"I .Q" ~'~1 ·0" I ("I

, ·.125 '..551, ill



C1

C2

Ca

C4

C1. C2. C3 and C4 denote areas of the image in which levels for A, G and B signals
are selected, in accordance with matrix equations for the system under test, to provide
luminance-only or chrominance-only transitions.

ATV TtjSI Procedures Figure 3-2 - Transient Response Test Pattern (Windows) 9/25/90
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