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MEASUREMENT OF NOISE ON VIDEO SIGNALS

I. INTRODUCTION

One of the most fundamental distortions of the television signal

is random noise. A brief review of the standard broadcast system will

help in illustrating the problem of measuring the random noise content

of the video signal.

It is standard practice to maintain the base band video signal at

one volt peak to peak with 300 mV for synchronizing pulses and 700 mV

for the active video portion of the signal. The International Radio

Consultative Committee recommends that 700 mV be used for the signal

level in computing signal to noise ratios since it represents the full

range between black and white as observed on a picture monitor.

The Bell system uses one volt for the signal level which is the

maximum voltage swing encountered in the transmission of a video signal.

This introduces a 2.9 dB difference in measured values between the Bell

system and the CCIR recommendation. The cable television industry uses

carrier to noise ratio instead of signal to noise ratio. The carrier

is four dB greater than the recovered video signal, therefore, when the

measurement is made on the baseband signal four dB must be subtracted

from the result.

Figure 1 shows the voltage and timing relationship of the typical

video signal.

The active video signal begins on line 21. The first 20 lines

were originally held at the blanking level to prevent retrace



interference in receivers. Reduction of retrace time and the addi-

tion of retrace blanking circuits in modern receivers has eased the

vertical blanking requirement allowing the use of lines 17 through 20

for test signals. This is commonly referred to as Vertical Interval

Test Signals .(VITS), The vertical interval is the best part of the

television signal for noise measurement of operational systems. Meas-

urements made on active lines are essentially limited to sync tips

since noise cannot easily be discerned from the live video signal.

Sync tip noise may be significantly lower than the signal noise be-

cause synchronizing pulses are often reinserted or processed separately

from the video signal at various points in long haul systems. Where

RF carriers are used, the modulation is usually chosen to give optimum

signal to noise ratio for sync. The greatest disadvantage of VITS

measurements for noise, as well as other measurements, is the low rep-

etition rate of 60 Hz and the short sample time of approximately 50,c s.

The input and output impedances of amplifiers and interconnecting

cables are rigidly held at 75 ohms. A bandwidth of 10 MHz is generally

maintained in studio environments while the signal is ultimately limit-

ed to 4,2 MHz by filters in the broadcast transmitter.

The spectral distribution of energy in the video signal is de-

termined by the line and frame rates. The 525 line, 30 frame per sec-

ond system used by broadcasters in North America generates a line spec-

trum with energy concentrated around multiples of 15,75 kHz and de-

scending in amplitude at higher frequencies for a static picture.
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Rapid scene changes or motion tend to fill in the line spectrum and

generate a continuous spectrum. The addition of the color subcarrier

generates a line spectrum midway between the luminance components, de-

scending in amplitude above and below 3.579545 MHz.

Johnson noise as defined in equation 1.1 will set the lower limit

of noise for the video system.

er.m.s.
V4RkTBW (1.1)

where R is the resistive component of the input impedance, k is

Boltzmann's constant (1.38 x 10-23 joules/degree Kelvin), T is the ab-

solute temperature in degrees Kelvin and BW is the bandwidth in Hz.

Solving the equation for thermal noise in a 75 ohm system over 4.2 MHz

at room temperature yields a r.m.s. voltage of 2.3 uV. In general

active devices in an amplifier will add at least as much noise as the

input impedance. The minimum noise level can be expected to be above

4,6 uV or -104 dB in terms of peak signal to r.m.s. noise ratio.

The range of signal to noise ratios will depend on the particular

type of equipment under test. With cameras, for example, it will vary

from -28 dB for a very poor three inch image-orthicon camera to -45 dB

for a good vidicon camera. Video tape equipment has signal to noise

ratios between -35 dB to -50 dB. The CCIR recommends a signal to noise

ratio of -56 dB for network transmission circuits. The Federal Com-

munications Commission has set the minimum signal to noise ratio at

-36 dB for cable television. In Canada, the Department of Communica-

tions has set the minimum for cable systems at -40 dB (3). At the
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present time there is no standard for noise added to the signal by

television broadcast transmitters. Since the Federal Communications

Commission has set the minimum signal to noise ratio for cable tele-

vision it seems likely that regulations on noise added by the televi-

sion broadcast transmitter will be promulgated in the future.



6

II, COMPARISON OF EXISTING TECHNIQUES

The simplest and most direct way to measure the signal to noise

ratio of a circuit is to remove the input signal, making sure the in-

put is terminated by an impedance equal to that of the typical signal

source, and measure the output with a root-mean-square reading volt-

meter with appropriate sensitivity and bandwidth. Unfortunately many

of the circuits encountered in modern video systems require the pres-

ence of synchronizing pulses to activate DC restoration or automatic

gain control circuits. Accurate measurement of noise on the r.m.s.

voltmeter in the presence of synchronizing pulses is impossible due

to limits in dynamic range of the meter and the complex wave form of

the pulses.

A unique system based on the spectral properties of the video

signal has been described by Weaver (13). Basically, a communications

receiver covering the range between 100 kHz and 10 MHz is used to

measure the amplitude of the 15 kHz line harmonics. The amplitude of

the noise level midway between line harmonies is compared to the level

of the adjacent line harmonics in computing the signal to noise ratio

at sample points across the video spectrum. This system requires a

full field of constant luminance amplitude and, of course, cannot be

used under operational conditions.

S. M. Edwardson has described an instrument based on a gated

r.m.s. reading meter technique (4). In this system an electronic

switch gates out the synchronizing pulses of the composite video



signal and passes the burst of noise energy to a r.m.s. reading meter.

After the meter reading has been noted the input is switched to a con-

stant amplitude sine wave source through a calibrated attenuator. Ad-

justment of the attenuator for a deflection of the rot's, reading me-

ter equivalent to that of the noise and knowledge of the sine wave am-

plitude yields the r.m.s. noise level. Noise level may be measured

over the full luminance range for the noise levels between -9 dB and

-50 dB. This system also requires a full field of constant luminance

amplitude making it unsuitable for testing operating systems.

F. H. Wise and D. R. Brian have described a system based on sam-

pling techniques for measuring random noise on video signals (15).

A sample 25 nanoseconds wide is made of an unmodulated portion of each

line which is then fed to a capacitor. This effectively translates

the spectrum of the incoming noise, which is typically flat over the

5 MHz video range, to an audio spectrum with holes at multiples of the

15 kHz sampling rate, The audio signal has statistical properties

similar to those of the original signal with the r,m.s. and peak to

peak values being preserved. This system is reported to be capable of

measurements to -70 dB but requires a full field test signal.

The tangential noise measuring technique first described by Garuts

for measuring oscilloscope preamplifier noise can also be applied to

noise measurements on television signals (5). This technique requires

an oscilloscope or waveform monitor with a differential input and a

square wave generator, The video signal is fed to the positive input



of the waveform monitor while the square wave signal is fed to the

negative input through a calibrated attenuator. The waveform monitor

time base is synchronized with the video signal and the vertical gain

is set for an approximate 0.2 centimeter wide band of noise. Appli-

cation of the asynchronous square wave to the negative input creates

the illusion of two noise bands separated vertically by the amplitude

of the square wave. The square wave amplitude is reduced until the

two noise bands merge forming a band of uniform intensity in the cen-

ter. Carats has proven mathematically that when adding two equal

gaussian functions with mean values separated by twice the standard

deviation, the summation between mean values will be essentially con-

stant (5). The first three derivatives of the gaussian summation are

zero. Thus the square wave amplitude at the point of uniform inten

sity is equal to twice the r.m.s. value of the noise. Absolute meas-

urement accuracies within 2 dB have been reported using this method

A fair amount of skill is required in adjusting the square wave and

flicker encountered when attempting to make measurements during the

vertical interval of the video signal limiting the use of this meth-

od for television noise measurements.

The quasi-peak amplitude of noise can be observed on waveform

monitors. Various authorities have sought to develope a suitable fac-

tor to correlate the observed quasi-peak noise amplitude with its

r.m.s. value. Some of the variables effecting this technique are CRT

trace intensity, ambient light on the CRT screen and the observer's



personal judgement. Using this technique, under favorable conditions,

with experienced engineers, a spread of 5 dB has been noted (10).

Dietrick Waechter used a calibrated noise source and an electron-

ic switch to make noise comparisons on a picture monitor (13). A

variable band-pass filter in series with the calibrated noise source

provided the ability to match the spectral distribution of the two

noises. The calibrated noise source level and the filter were varied

until it matched the noise on the incoming signal as observed on the

picture monitor. Variable delaying circuits were provided so that the

point of comparison could be positioned to different parts of the pic-

ture. Yukiya Yamaguchi has described a similar technique, substitut-

ing a waveform monitor for the picture monitor (16).

The measurement of signal to noise ratio by comparing the video

signal's noise to a calibrated source on an oscilloscope has been used

in several Tektronix instruments. This paper will further describe

this technique and its limitations.
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III. THE COMPARISON TECHNIQUE

The comparison technique of measuring requires deleting the noise

on a portion of the line before inserting the noise from the calibrated

noise source. Figure 2 shows deletion of the noise on a full field

test signal. The deletion width is set at 26,us or approximately one

third of the horizontal line time. Figure 3 is a triple exposure of

the same signal with the inserted noise 2 dB high matched, and 2dB low

respectively. The oscilloscope is sweeping all lines in the field.

Figure 4 was made with the same input signal on a single line during

the vertical interval. A measurement can be repeatedly made within

0.5 dB between observers when all lines are used in the display and

within 2 dB when only a single line is used.

Figure 5 shows a continuous random noise display. The probability

of a particular voltage will follow the gaussian relationship,
2

exp
2401.8. (3.1)

vr,m.s.

The intensity at any particular point on the CRT screen is directly

proportional to the average number of electrons striking the point.

Since the beam current is constant, the average number of electrons

striking a point is directly proportional to the probability function.

Therefore, the intensity varies along the vertical axis in direct pro-

portion to the probability function of the noise. Figure 5 shows the

intensity variation of a gaussian noise signal. The apparent satura-

tion of intensity in the center of the noise band is due to the limited
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range of the film and not the cathode ray tube phosphor.

The reference noise source has a gaussian amplitude probability

function and is basically white in spectral content. The spectrum is

limited to 4.2 MHz by the CCIR low-pass filter before it reaches the

waveform monitor. Typically, noise encountered on video signals will

be flat but triangular and band -pass noise are also encountered. Fre-

quency modulation used in microwave relaying of video signals produces

a triangular noise spectrum that rises at 6 dB per octave over the

pass band. Noise with a band-pass centered around the color subcarrier

frequency may be produced by the color modulating circuitry. The tri-

ple exposure of Figure 6 compares the spectrum of the reference noise

source with triangular and band-pass noise sources. The predominance

of fast transitions in the triangular noise and the sinusoidal transi

tions of the band-pass noise relative to the low-pass reference noise

are clearly evident in the single shot exposures of Figure 7. While

the three noise sources have different spectrums, and relatively dif-

ferent waveshapes, the distribution of amplitude about the mean are

all gaussian, This is evident in Figure 8 where the same signals were

photographed with a slower repetitive sweep allowing integration of

the amplitudes in the vertical direction. The comparison of intensi-

ty bands which represent amplitude probability functions, provides a

noise measurement technique independent of the spectral content of the

noise. The- assumption is made that the upper cut-off frequency of the

waveform monitor is high enough to prevent any attenuation of the

noise to be measured. A low-pass filter with a 4.2 MHz cut-off
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frequency located between the electronic switch and the waveform

monitor provides further assurance that the waveform monitors band-

width will not effect the measurement. Typically, waveform monitors

have bandwidths in excess of 10 MHz, The 4.2 MHz filter limits the

measured noise to the spectrum which can ultimately be radiated by

the television broadcast transmitter. An m-derived three pi section

filter recommended by the CCIR is generally used for this purpose.

Figure 2. Video test signal with 70 mV luminance level on
all lines. Noise on the center portion of the
line has been deleted. Sweep rate is adjusted
so that every other line is displayed.
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Figure 3. Triple exposure with vertical and horizontal
scales expanded for better resolution. Top
exposure shows inserted noise 2 dB high, center
shows noise matched, and lower shows noise
2 dB low. Display shows every other line.



Figure 4. Triple exposure. Top exposure shows inserted
noise 2 dB high, center shows noise matched and
lower shows inserted noise 2 dB low. Display
shows single line in vertical interval.
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Figure 5. Continuous random noise, 40 mV r.m.s, Vertical
scale = 50 mV /cm, horizontal scale = 50 s /cm.
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Figure 6. Triple exposure showing spectrum of noise after,
passing through low-pass, high-pass and band-
pass filters. Horizontal scale :es 1 MHz/1 cm.
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4

Figure 7. Triple exposure of single shot display of the
same low-pass, high-pass and band-pass noise
shown in Figure 6, Noise level is 80 mV r.m.s.
for each source, Horizontal scale = 1,k(s/Cm.
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Figure 8. Triple exposure of the same low-pass, high-pass
and band-pass noise shown in Figure 6 with
repetitive sweep. Horizontal scale = 1 ms /cm.
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The subjective effect of the noise varies across the video band

with noise in the low frequency portion of the video band being more

objectionable. To account for this effect, a noise weighting filter is

used for weighted measurements. The amplitude of white noise is pro-

portional to the square root of the bandwidth being measured. There-

fore, reducing the bandwidth of a system from 4 MHz to 1 MHz reduces

the noise by a factor of two. Calculation of the exact reduction in

noise level for a single pole noise weighting filter is shown below:

fm

-fm
N weighted = (3.2)
N white

fm + (2ftP02

fmrdf

- fm

1 arctan
2 fm

For triangular noise:

N weighted
N triang.

fm

f2

- fa (1 + 2ftf?)4

-fm

f2

3

(2itfinT)2

(3.3)

1 aretan(211fiY)

Where fm is the -3 dB point of the noise weighting filter and 'r is

the filter rise time.
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While the comparison technique is independent of the spectral

content of the noise, it does require gaussian amplitude distributions.

The intensity distribution of a constant amplitude sine wave on the

vertical axis can be derived as follows:

vt =

(vt =

I=

vo cos t

-vo sin t dt

K
1

Ki csc t
dv sin t
dt

(3.4)

where vt is the voltage being displayed, vo is the peak voltage and

I is the CRT intensity.

The cosecant intensity distribution of a sine wave is almost the in-

verse of the gaussian distribution of random noise, It is possible to

have a constant amplitude sine wave at either the color subcarrier fre-

quency of 3,58 MHz or the sound subcarrier frequency of 4.5 MHz rid-

ing on the video signal. Experimental data indicates that when the

r.m.s. value of the sine wave is 0.5 of the r.m.s. value of the noise

or less the comparison technique will give the total r.m.s. value

within 0.5 dB. When the sine wave is equal to the noise, the com-

parison technique gives a total r.m.s. reading 1 dB too low. As the

sine wave amplitude increases, the comparison technique yields pro-

gressively lower readings and tends to compare peak values of the sine

wave with the peak value of the noise. In general, this is not a

problem since typical specifications require the spurious color sub-

carrier level to be below -60 dB. The 4.2 MHz low-pass filter pro-

vides additional attenuation of the sound carrier frequency.
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Gamma correcting amplifiers in television cameras is another area

of possible conflict with the comparison techniqUe. Equation 3.5

defines a typical transfer characteristic for a gamma correcting am-

plifier,

A = K(vi)2

where vi is the input voltage and K is a constant.
(3.5)

vi = V1 v2 (3.6)
where vi is the signal voltage and v2 is the noise voltage.

-2
v2 = C exp 5

-v2

A = K(vi + C exp B ) 2

(3.7)

(3.8)

If the signal level were to approach the noise level (unity signal to

noise ratio) the distribution of noise would no longer be gaussian.

In practice an offset is applied to the gamma amplifier so that

vi>> v2 to prevent excessive noise in dark scenes,
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IV. CIRCUIT DESCRIPTION

Figure 9 shows a simplified block diagram of the noise measuring

instrument. A low impedance input amplifier was chosen for optimum

signal to noise ratio in the measuring instrument. The signal is AC

coupled from the input amplifier to the DC restoration stage. DC

restoration is necessary since the video signal is often AC coupled

in the video system and a stable DC level is required at the elec-

tronic switches. Two electronic switches provide independent program

and monitor channels. Integrated circuits designed for channel

switching oscilloscopes are used for the electronic switches. The

electronic switches provide 70 dB of isolation up to 10 MHz which

limits the sensitivity of the instrument to -59,5 dB. Component and

lead placeMent become extremely critical in maintaining this isolation

at higher frequencies. The electronic switch in the program channel

provides deletion of signal and noise on selected individual lines in

the vertical blanking interval. Deletion of a particular line in the

vertical interval provides a reference for measuring noise added by the

system beyond the deletion point. The push-pull output of the elec7

tronic switch is fed to an amplifier which provides an unbalanced sig-

nal output with a 75 ohm impedance. The program channel is set up for

unity gain. A relay in the program channel bypasses the instrument if

primary power is lost thus maintaining signal continuity.

The output of the DC restorer goes to the noise weighting filter

which can be switched in or out from the front panel. The noise
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weighting filter has a low-pass characteristic as discussed earlier

in the text. The noise weighting filter is followed by the monitor

channel electronic switch. The output of the noise generator is gated

in at this point. The noise generator is basically a high-gain, broad,-

band amplifier. The amplifier has a nominal gain of 1,000 and a -3 dB

point of 10 MHz. The primary noise source is the 7.5 K ohm resistor

in the first stage. This resistor has a theoretical Johnson noise of

70 mV r.m.s. at 300°K over a 4.2 MHz bandwidth. The output of the am-

plifier is typically within 5% of 70 mV r.m.s. indicating that the

resistor is the primary noise source and that the noise contributed

by active devices in the first stage is negligible. Since the basis

for the comparison technique depends on matching gaussian amplitude

distributions, it is important to avoid using non-symmetrical noise

sources. Zener diodes and gas discharge tubes often used in noise

generators typically have a broad-band, random, but non-symmetrical

and therefore, non-gaussian output. A pi section attenuator fol-

lowing the amplifier provides 0 through -39.5 dB of attenuation.

The 70 mV output of the amplifier is -20 dB relative to 700 mV.

The gating signal to the electronic switch may be varied to provide

calibrated noise insertion on either a single line.in the vertical

interval or on all lines. The push-pull output from the electronic

switch is fed to an amplifier which provides a single ended 75 ohm

signal to the low-pass filter. The filter is a six-pole, sharp-cut-

off m-derived filter recommended by the CCIR limiting the bandwidth to
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4,2 MHz, This is the video bandwidth allowed for standard television

broadcasting and prevents noise above 4,2 MHz from effecting the meas-

urement, Noise above this frequency will not be radiated, but might

be present in the base band video system where a bandwidth of 10 MHz

is maintained. From the filter output, the signal is normally cou-

pled to a television waveform monitor or an oscilloscope where the

comparison is made on the cathode ray tube screen.
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V. SUMMARY

A brief description of the parameters of the television system is

presented. Limitations imposed on noise measuring techniques by the

television system are reviewed.

Several video noise measuring techniques including their relative

accuracies and limitations for laboratory and operational applications

are discussed.

Special emphasis is given to the comparison technique of noise

measurement. In the comparison technique, the noise on the video sig-

nal is compared with the noise from a calibrated noise source on an

oscilloscope display. The oscilloscope display of a random signal

presents an intensity band which is proportional to the amplitude dis-

tribution function of the noise, While noise of different spectral con-

tents are encountered in television work, most noise sources have a

gaussian amplitude distribution, thus the comparison technique is rel-

atively independent of the noise spectrum, Limitations of the com-

parison technique in practical applications is alSo discussed.

A circuit description of the Tektronix Type 1430 Noise Measuring

Set is given. Limitations and requirements of critical components are

commented upon.
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A Glossary of Terms

Active video. The voltage levels between black and peak white.

Full field. A signal which appears on all lines except those ded-
icated for vertical synchronization pulses.

Gamma. The transfer characteristic between the light intensity of an
object and the light intensity of the object in the television display.
The transfer characteristic is described by the equation:

where A is the output, C is the input and ir is the characteristic of
the particular system.

Horizontal sync. Pulses approximately 5A(s long preceding each line of
video required to synchronize the horizontal sweep of the display with
the incoming picture.

Picture monitor. An instrument, similar to a home television receiver
without radio frequency, intermediate frequency, or sound circuits,
used to display the television picture.

Vertical interval. The time between the end of one field and the start
of video on the next field,

Vertical sync. Six pulses approximately 30 As long generated between
the end of one field and the beginning of the next field required to
synchronize the vertical sweep of the display with the incoming pic-
ture.

Waveform monitor. An oscilloscope designed specifically for the volt-
age levels'and sweep rates required for television.


