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ABSTRACT

This report investigates the use of preemphasis/deemphasis to improve
the performance of the Lunar Communications Relay Unit (LCRU) television
system. A theoretical analysis is made of the improvement in video signal-
to-noise ratio (SNR) obtained with the use of signal emphasis on an FM
channel, above and below threshold. The theoretical development, construc-
tion, and testing of preemphasis-deemphasis networks is also presented.
Significant performance improvement is demonstrated by total system tests
involving visual assessment of video picture quality. Experimental results
indicate a minimum 3 dB RF (radio frequency) level improvement, approximately
corresponding to a minimum 3.7 dB video SKR improvement, can be achieved using
video signal emphasis. Good television picture gquality is obtained at
-90 dBm, the worst-case total-received RF power level for the LCRU-to-85-
foot MSFN (Manned Space Flight Network) station link. In summary, simple
preemphasis and deemphasis networks can provide improved LCRU television
performance at a modest cost in terms of circuitry. It is recommended,
therefore, that video signal preemphasis and deemphasis networks be imple-
mented in the LCRU television system.
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1. INTRODUCTION

During extended lunar explorations on future Apollo missions, there will
be times when a loss-of-signal will occur between the lunar module and the
Tunar surface astronauts. The primary purpose of the Lunar Communications
Relay Unit (LCRU) subsystem is to provide a communications relay link be-
tween the Manned Space Flight Network (MSFN) and the lunar astronauts when
these loss-of-signal conditions occur. A secondary purpose of the LCRU sub-
system is to provide downiink transmission of the color television signal
during lunar exploration, and also during ascent of the Tunar module.

The purpose of this report is to document the recent analytical and exper--
imental work which has been completed in investigating the application of pre-
emphasis/deemphasis techniques to improve the performance of the LCRU color
television system. A theoretical analysis is made of the improvement in signal-
to-noise ratio gained with the use of signal emphasis on an FM channel, above
and below threshold. The theoretical development, construction, and testing
of preemphasis-deemphasis networks is also presented.

Section 2 presents mathematical models which may be used to represent
a random video signal. The validity of these models has been verified exper-
imentally and the choice of which model should be used for a given application
is determined by the general nature of the communication problem and the de-
sired complexity of the solution. In Section 3, two video models are used to
calculate the theoretical signal-to-noise ratio improvement due to video
emphasis on an FM channel.” Also, the signal-to-noise ratio improvement through
emphasis at carrier-to-noise power ratios in the nonlinear region of the FM
detection process is derived. Section 4 describes the experimental preempha-
sis and deemphasis networks utilized in the evaluation of the best possible
pair of networks for eventual implementation in the Tunar communications
relay unit color television system. Finally, in Section 5, photographs and
experimental data are presented as a result of total system tests utilizing
the preemphasis/deemphasis networks cited in Section 4.
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1.7 LUNAR COMMUNICATIONS RELAY UNIT SUBSYSTEM

The primary purpose of the Lunar Communications Relay Unit sub-
system is to provide a communications relay Tink between the Manned
Space Flight Network and. the astronauts on the lunar surface when there
. is a loss-of-signal between the lunar module (LM) and the lunar surface
astronauts. ﬁn particular, the LCRU subsystem will provide a communica-
tions relay for uplink (MSFN to LCRU) and downlink (LCRU to MSFN) voice’
and downTlink 'EMU (Extravehicular Mobility Unit) data after loss-of-signal
between the M and the Tunar surface astronauts during extended lunar
exploration on the Apollo J-Missions (Apollo 16-19). A secondary purpose
of the LCRU subsystem is to provide downlink transmission of-the color
television signal from the Ground Commanded Television Assembly (GCTA) and
to provide uplink retay of the 70 kHz subcarrier for GCTA commands during
lunar exploration sorties and also during ascent of the Tunar module.

Figure 1-1 is a sketch of the LCRU installed on the lunar roving
vehicle (LRV) which is shown in mobile operation on the lunar surface.

The LCRU S-band downlink carrier frequency which will transmit voice,
data, and TV is 2272.5 MHz, while the S-band uplink receijved carrier
frequency containing voice and commands is at 2101.8 MHz. A LCRU VHF
carrier with frequency 296.8 MHz is used to relay voice information to the
astronauts from the earth. The VHF carrier at 259.7 MHz is used‘to trans-
mit voice information from EVA-1 (Extra-vehicular Astronaut No. 1) to
EVA-2 (Extra-vehicular Astronaut No. 2) and also to transmit voice/data

to the LCRU for subsequent relay to the MSFN. -

The LCRU subsystem itself is to be small, Tightweight, and self—é
contained so that it can be stowed in the LM modularized equipment storage
area (MESA) and later installed by the crew on the lunar roving vehicle
or on the mobile equipment transporter (MET). The LCRU will be portable
so that in anremergency‘situation requiring a walk-back to the LM the
astronauts can hand-carry the LCRU while continuing to maintain voice/
data communications. A hardline connection between the LCRU and the GCTA
will supply power and the 70 kHz command subcarrier as well as ito receive

1-2
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Figure 1-1. LCRU in Mobile Operation on the LRV



the TV video signal. The LCRU will furnish voice/data/TV transmission
for as long as three 6-hour sorties. Good voice/data communications is
required from the LCRU subsystem to the 85-foot MSFN ground station during
mobile operation of the LRV or MET.

Figure 1-2 is a sketch of the LCRU instalied on the lunar roving
vehicle which is shown in fixed base operation on the lunar surface.
Television/voice/data communications between the LCRU and MSFN is obtained
with a 23 dB deployable dish antenna and the S-band uplink and downlink
carriers, 2101.8 MHz and 2272.5 MHz, respectively. Voice and data informa-
tion from EVA-2 is transmitted to EVA-1 on a 279.0 MHz VHF carrier. Voice
and/or data information from EVA-1 is transmitted to EVA-2 and the LCRU
on a 259.7 MHz VHF carrier. Voice information is relayed from the MSFN
to the astronauts exploring the lunar surface through ‘the use of a LCRU
YHF carrier with frequency 296.8 MHz. The voice/data communication Tinks
between the LCRU and MSFN 85-foot dish employ an adjustable helical antenna
with 6.5 dB minimum antenna gain over a pattern #30° off boresight. The
color TV downlink capability is provided from fixed base operations (LRY
or MET in stationary position). Good television communications performance
is reqhired between the LCRU dish and the MSFN 210-foot dish. However,
minimaTly acceptable TV communications is sufficient when using the LCRU
dish and the MSFN 85-foot station.

The downlink S-band amplitude-frequency spectrum for the TV/voice
mode (FM/FM) is depicted in Figure 1-3. The baseband voice and data signals
frequency modulate the 1.25 MHz subcarrier. The composite television base-
band signal is then summed with the frequency-modulated 1.25 MHz subcarrier.
The resultant sum frequency modulates the S-band 2272.5 MHz carrier.
FM/FM mode transmission is hardlined to the LCRU high gain antenna (23 dB
dish). oo

The downlink 1.25 MHz subcarrier amplitude-frequency spectrum for the
TV/voice mode (FM/FM) is shown in Figure 1-4. The EVA baseband voice plus
the four EMU (Extravehicular Mobility Unit) subcarriers and the LCRU status

1-4
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Figure 1-3. LCRU/MSFN Communication System Downlink
S-Band Amplitude-Frequency Spectrum
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DOWNLINK 1.25 MHz SUBCARRIER SPECTRUM
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MHz Subcarrier Amplitude-Frequency Spectrum
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data subcarrier frequency-modulate the 1.25 MHz subcarrier. The LCRU
status data - baseplate temperature and battery voltage - time share the
14.5 kHz subcdrrier frequency modulator.

In Figure 1-5 a block diagram is given of a portion of the LCRU/MSFN
communication system. Figure 1-5 shows the signal flow of the EVA-I
voice/data and TV camera signals when input to the LCRU, transmitted to
the earth, and then finally recovered in the MSFN ground station receiver.
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1.2 APOLLO COLOR TELEVISION SYSTEM

The present Apollo color television system uses a rather unique
method to ﬁroduce a color signal. The Apollo color camera is basically a
black-and-white camera which has been converted to a field-sequential color
camera by the addition of a rotating color wheel. This technique is very
similar to the old CBS field-sequential system developed for color tele-
vision in the early 1940's. This system was characterized by the use of
color-band filters at the camera and again at the receiver, with only one
camera necessary for viewing a scene and only one picture tube needed at
the receiver. The Apoilo color camera, Tike the old CBS camera, employs
a color filter.wheel to produce a serial color signal. — )

The field-sequential system uses a rotating filter wheel to expose
the camera's image tﬁbe sequentially, at the desired broadcast scan rate,
to "the red, blle, and green components of a scene. Thus the need for
compiex optical paths and color registration adjustment, such as required
in commercial color cameras, is eliminated. This enables the Apoilo color
camera to be light-weight and to require very Tittle power. In addition,
it -is capable of operating in the low light levels of the CSM, as well as
in the high Tight levels of the lunar.environment.

Since the output of a field-sequential system is in sériaT red-blue-
green form, it is.not compatible with present broadcast standards. This
requires that a ground station color converter be utilized to change the
sequential color signal to the standard parallel NTSC (National Television
System Committeé) color TV format so it can be rebroadcast by commercial
stations.

A general diagram of the Apo11o0/LCRU color television system (Refer-
ence 1) is shown in Eigure 1-6. The image is focused by a zoom lens
through the color filter wheel onto. the faceplate of the image tube. To
simplify the problem of synchronization, the scan rate of the wheel, as
the color filters pass in front of the image tube, must be the same as
that of the TV networks, which is 60 fields per second. This was achieved
by dividing the wheel into six sections, with the colors arranged in red-
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blue-green, red-blue-green order, and by driving the wheel at 10 revolutions
per second. The motor speed is held constant by the timing of the camera's
sync generator.

The field-sequential color signal, which is transmitted by a S-band
transmitter in the LCRU, is picked up and amplified by a receiver at the
Houston Manned Spacecraft Center. The signal is then clamped in a proces-
sing amplifier to restore the d-c component and reestablish the average '

light value of the reproduced image.

The processed signal ié placed into a series of two tape recorders
for the purpose of compensating for Doppler shift and presenting real-
time information. The sequential color signal is then put into the scan
converter that changes the video from the serial color format to the
parallel (simultaneous) color format. The scan color convérter is a
storage and readout device holding the two previous fields in memory and
presenting the three fields at once at the output on the incidence of the
third field. As the new field is placed into memory the oldest field is
erased, updating the information at the'field rate. Thus, the three colors
are simultaneously read out in the same manner as the output .from a
standard three-tube NTSC color camera. After video color conversion,
the signal is sent to a NTSC color encoder which processes it to. form the
composite video signal.



2. MODEL OF A VIDEO SIGNAL

When confronted with a communications problem concerning the
transmission of video signals, it is often necessary to know the
statistical distribution of power in the freguency domain for the signal
process. That is, {it is desirable to have a model which will satis-
factorily characterize the power spectral density of the random video
signal. The purpose of this section is to present various mathematical
models which may be used to represent a random video signal. The validity
of these models has been verified experimentally and the choice of which
mode] should be used for a given application is determined by the general
nature of the communication problem and the desired complexity of the
solution. In Section 3, two different video models are used to calculate
the theoretical signal-to-noise ratio improvement due to video emphasis
on a FM channel.

A video signal was modeled and analyzed by L. E: Franks (Reference 2)
in 1965 and earlier, in 1934, by Pierre Mertz and Frank Gray (Reference: 3).
Franks proposed a model for the random picture and derived expressions
for the second-order statistical properties of the video signal obtained
from a conventional scanning operation on the picture. He found that the
properties of typical picture material lead to especially simple, closed
form expressions for the power spectral density. The continuous part of
the power spectral density is expressed as a product of three factors
which show the influence of point-to-point, Tine-to-Tine, and frame-to
frame correlation. Using parameters of typical picture material, Franks
observed that the video spectral components were concentrated near
multiples of the 1ine scan and frame scan rates. This conclusion was in
agreement with the resuits determined ear]iér by Mertz and Gray.

According to Franks' model, the power spectral density for the
composite random video signal (Appendix A) is

s(f) = (1 - a)eh(f)ev(f)et(f)
(2-1)

+E|W| W)+d6(f)

T

2=1



where

— 2
_ (d2 - 'd"2) lh ) ‘(2-2)

(21rf)2 + lhz

o
=0
~
-t
ot
1

= an envelope function representing
horizontal picture correlation

inh A
sinh vie (2-3)

n

6, ()
cosh':\vTe - cos 2%Tf

= a function, periodic 1/T, representing
vertical picture correlation

sinh NAtT
(2-4)

Gt(f)
cosh NAtT - cos 2aNTf

= a function, periodic 1/NT, representing
frame-to-frame corre?qtion

and
a = relative amount of time occupied by
non-video (synchronizing and blanking)
portion of tﬁg signal
d = mean value of the picture luminance
- & = variance of the picture Tuminance
Ap»A, = average number of statistically independent
tuminance ‘Tevels in a unit distance along

the horizontal and vertical directions,
respectively; Poisson rate parameter
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describing Tuminance process in horizontal
and vertical directions, respectively

T, = time interval equivalent to distance between
adjacent lines at scanner velocity; time
dimension of picture element

T = 1ine scan interval 1in seconds

Ay = Poisson rate parameter describing the
luminance of a point at successive frames

N = number of 1ines per frame

w, = 2th Fourier coefficient of the periodic
signal w(t) added to d in the blank interval.

Figure 2-1 shows the power spectral density, ¢3(f), of a video

signal (without synchronizing and blanking pulses) obtained by repeatedly
scanning a rectangular portion of a randomly moving picture.

8 4(F)= G, ()G, (F)G,(f)
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Figure 2-1. Power Spectral Density, ;(f), of Video Signal thaiped By
Repeated Scanning of Rectangular Portion of Moving Picture
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The picture is considered to have slow variation compared to the frame
repetition rate, 1/NT, where vertical scanning is accomplished by N
uniformly spaced Tines. Because of the slow variation due to motion,
frame-to-frame correlation is high. The expression for &3(f) is given
~as the product of three functions; an envelope Gh(f) representing
horizontal picture correlation, a function Gv(f), periodic 1/T,
representing vertical picture correlation, and a function Gt(f), periodic
T/NT, representing frame-to-frame correlation

25(f) = 6, (F)6,(F)6, () (2-5)

As evident from Figure 2-1, the factors Gv(f) and Gt(f) impose a
"fine structure" on &;(f). In considering various smoothed versions of
power spectral density, Franks states that it is helpful to note that the
average values of Gv(f) and Gt(f) are both unity.

To conserve bandwidth, most practical scanning operations use the
Tine interlacing technique. For the conventional 2:1 interlace scan, the
resulting modification of Equation (2-1) is very simple. Since consecutive
Tines are now twice as far apart, the factor Gv(f) is modified by replacing
T, with 2T . This modification causes the individual peaks in Gv(f),
centered at multiples of 1/T, to be broadened to twice their original
width. Since the picture is scanned vertically every NT/2 seconds, the
Gt(f) factor is modified by replacing N by N/2. This causes a suppression
of the terms centered at odd multiples of 1/NT.
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2.1 SMOOTHED VERSION

In applications where there is a still picture or where there is
extremely slow picture variation due to motion, the frame-to-frame
correlation is very high (near unity). This weans that the function
representing frame-to-frame correlation may be assumed to have unity
value. This smoothed version, (I-a)Gh(f)Gv(f), of the continuous part
of the video power spectral-density is shown in Figure 2-2 and is
expressed as [ Equation (A-8) ] ‘

Sm(f) = (1-a)8h(f)GV(f) (2-6]
=S, 1 1 cosh lvTe -1 (2-7)
1 +(f 2 cosh A T -~ cos 2aTf
FI J ' v e
where
S0 = spectral density at zero frequency’
= EE sinh AVTE (2—8)
My cosh AvTe -1
K = average video signal power
= fsm(f) df (2-9)
= (1-a) (d° - @%) (2-10)
f' = the frequency at which G (f) has fallen
by 3 dB from its zero frequency value,
Gh(o) )
= A /2n (2-11)
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Sm(F) = (1—{1)Gh(F)GV(F)

0 VT 2/T 3T 4T 5/T 6/T 7/ f

Figure 2-2. Continuous Part of Power Spectral Density for Typical Video
Signal With Frame Rate Structure Smoothed Out

For purposes of comparison, it is sometimes convenient to assume
that the video picture has the same correlation between picture elements
of dimension Te in both the horizontal and vertical directions
(AH = A, = A). Then the smoothed version of the continuous part of the
video power spectral density for the case of sequential scanning becomes

[ T . [ cosh ATe -1 ] (2-12)

1 +(f )2 Icosh AT . - cos 2waJ
[
J

Sm(f) = SO

where f' = A/2r. The power spectral density for the case of 2:1 interlace
scanning is obtained from Equation (2-12) by replacing T, by 2T,.

When the assumption is made that Ay = A, T A, the video picture may
be adequately described by, a single correlation coefficient, p. For
example, a typical head-and-shoulders view of a person may have a
correlation o = 0.99, while p = 0.98 represents a moderately detailed
picture. Even a highly detailed random picture with correlation p = 0.9
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still has its video power extremely concentrated around multiples of the
Tine scan rate, 1/T (References 2, 4 and 5).

2.2 ENVELOPE VERSION

A fundamental problem in the design of any communications system is
the determination of the bandwidth necessary for transmission of the
required information. In most communications problems, not only is the
bandwidth important, but the actual spectral distribution must he known in
order to examine the-effect of narrowing this bandwidth.

The vertical resolution of a television system is directly pro-
portional to the number of 1ines in the scanning pattern. The horizontal
resoliution, however, is a function only of the video channel bandwidth.
For example, the maximum number of vertical 1ines which may be reproduced

by a TV system {assuming a fixed number of frames per second) is a function
of the bandwidth of that system (Reference 6).

For many problems concerning the transmission of video signals, it is
sufficient to model the video spectrum as a sTowly changing envelope
function with relatively small variation over an interval of width 1/T.

In these applications, where only the bandwidth and over-all envelope of
the video spectrum are important, the video power'spectral density may
be expressed as ‘

Se(f) = (1 - a) Gh(f) (2-13)
- SO -I ‘ (2"'14)
1 +(f
fl
where _S0 = spectral density at zero frequency

|
Ny
~

(2-15)
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i

average video signal power

f S4(f) df (2-16)

(1 - o) (& -

f‘l

il

the frequency at which Se(f) has fallen
by 3 dB from its zero frequency value, So'

lh/Zw (2-17)

A sketch of this envelope density function is shown in Figure 2-3.

s_(1)=(1- )G, (F) §

S

s B

i ) | —

0 50/T 100/T 150/ f

Figure 2-3. Power Spectral Density of deeo Signal With
Horizontal Picture Correlation
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From Equation (A-12) the horizontal correlation coefficient is defined
as

T
op = € h'e (2-18)

or
10 oy | = AT, (2-19)
Substituting Equation {2-19) into Equation (2-17) gives the relationship

between the envelope -3 dB frequency, f', and the horizontal picture
correlation, Py That relationship is

£ = |ne | (2-20)

2’1TTe

where Te is the picture element scan interval and is a constant for a
given television system. Since oh has the range of values, 0 < Py <1,
it is seen from inspection of Equation (2-20) that as the correlation
increases, the -3 dB envelope frequency f' decreases. For decreasing
picture correlation the opposite occurs, that is, f' increases.
Intuitively, this makes sense because a highly detailed picture (Tow
correlation) suggests high frequency content and large video bandwidth,
while a slightly detailed picture (high correlation) suggests low fre-
guency content and thus a small video bandwidth.



3. EMPHASIS QF A VIDEQ SIGNAL
ON AN FM CHANNEL

Section 2 described several mathematical models which may be used
to represent the power spectrum of a random video signal. Section 3 uses
these models in examining the effects of video signal emphasis in an FM
transmission system., The effect of emphasis in the FM channel is deter-
mined by comparing the signal-to-noise power ratios after FM demodulation
with and without emphasis in the channel. While the main discussion of
this section is directed to the Apolio TV case (i.e., a TV signal at
baseband in a FM transmission system), it is also applicabie to other
systems employing FM transmission of television.

The application of emphasis in the FM channel for transmission of
voice is a well known principle. The same principle also applies to the
application of emphasis for FM transmission of television. The preemphasis
and deemphasis process is a simple example of a signal-processing scheme
which utilizes the different statistical properties of signal and noise
to process the signal more efficiently (Reference 7).

The noise-power spectrum at the output of a frequency .demodulator is
proport1ona1 to f2 for large carrier-to-noise ratig. This spectrum is
plotted in F1gure 3-1 together with the power density spectrum of a
typical video signal and the transfer function of a low~pass filter
following the demodulator. The signal density spectrum shown in the figure
falls off appreciably for higher frequencies. Video and audic signals
typically have spectra of this form where most of the énefgy is found to
be concentrated in the lower-frequency ranges. The relative value of
the signal spectrum at f = +fM is quite low, while the relative vaTue of
the noise spectrum is quite high at the same frequency. This results
in a poor SNR at the high-frequency end of the modulating signal spectrﬁm.
It is easily seen that the signal makes very inefficient use of the pass-
band allowed to it, for if the filter bandwidth were to be decreased
s1ightly, a large amount of noise would be eliminated, while losing only
a small amount of signal power.
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Figure 3-1. Spectra of Signal and Noise at the Qutput
of an FM Receiver

Simply reducing the filter bandwidth, however, is not a satisfactory
answer. Although this would considerably reduce the nbise.power in the
output, while only stightly distorting the signal content, this small
amount of distortion might not be tolerable.

"A more satisfactory solution is through the use of signé] emphasis
This method is based on the observat1on that the signal would make better .
use of the alloted bandwidth if it conta1ned appreciable power throughout
the whole bandwidth. The modulating signal at the transmitting end is
thus passed through a network that emphasizes the higher signal frequenc1es,
but leaves the lower signal components unaffected This process tends to
equa11ze the energy distribution throughout the frequency range of the
modulating signal (Reference 8). The premodulation filtering in the
transmitter to rajse the power spectral density of the baseband signal 1in
its upper frequénby range is called preemphasis {(or predistortion). At
the output of the demodulator , the inverse process is carried out. That
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is, the higher-frequency components are deemphasized in order to restore
the original signal-power distribution. But in this filter process, the
higher-frequency components of the noise are reduced, and thus the signal-
to-noise ratic is increased. The filtering process at the receiver to
undo the signal preemphasis and to suppress noise is called deemphasis.

Frequency modulation systems with no emphasis and with preemphasis-
deemphasis are shown in Figures 3-2 and 3-3, respectively. Observe in
Figure 3-3 that, at the transmitting end, the baseband signal m(t) is not
applied directly to the FM modulator but is first passed through a filter
of transfer characteristic Hp(f), so that the modulating signal is m_(t).
The modulated carrier is transmitted across a communication channel during
which process, as usual, noise is added to the signal. The receiver is a
conventional frequency demodulator except that a filter has been introduced
before the baseband filter. The transfer characteristic of this filter is
the reciprocal of the characteristic of the transmitter filter. The'
receiver filter of transfer characteristic 1/Hp(f) may be placed either
before or after the baseband filter, since both filters are 1inear. Note
that any distortion introduced into the baseband signal by the first
filter, prior to modulation, is eliminated by the second filter which
follows the demodulator. Hence, the output signal at the receiver is
exactly the same as it would be if the filters had been-omitted entirely.
The noise, however, passes through only the receiver filter and this filter
is then used to suppress the noise. The power spectral density of FM noise
above threshold varies directly with the square of the frequency {quadratic
in ) and 1is sketched in Figure 3-4. The spectrum of the rms noise voltage
is directly proportional to f and so is frequently referred to as being
triangular in shape. The rms noise spectrum is shown sketched in Figure
3-5. Also shown is the rms spectrum of white noise. The effect of a
deemphasis network on this noise is to suppress the higher frequencies
and consequently make the noise spectrum uniform in the band of the
emphasized signal frequencies. Figure 3-6 illustrates the flattening
effect of the deemphasis network upon the FM noise spectrums and the
resultant noise which is eliminated through the use of deemphasis.

Since the original signal-power distribution has been restored, while
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the high frequency noise components have been attenuated, there is a
resultant increase in signal-to-noise ratio for high frequencies. - The SNR
improvement gained by deemphasis of the recovered noise is partially offset
by an increase in the transmission bandwidth needed to accommodate the
frequency modulated signal when the modulation is preemphasized. If the
modutating signal power is lowered to maintain a constant transmission
bandwidth, there still remains a net advantage due to emphasis. That is,
the improvement in signal-to-noise ratio due to deemphasizing the parabolic
FM noise outweighs the disadvantage due to the need to Tower the Tevel of
the modulating signal (Reference 9).

3.1 SNR IMPROVEMENT USING EMPHASIS

From FM noise-ana1ysis, the two-sided noise spectral.density at’ the
output of a FM demodulator can be written (for large carrier-to-noise
ratio) as

N{w) = aznmz (3-1)
A

where o is the demodulator constant, n the input noise spectral density,

A the carrier amplitude, and A2/2 the mean carrier power at the demodulator
input. The total mean noise power at the output of an ideal low-pass
filter of bandwidth fM is given by

il f
2\ 4.2 n,
N, = f N(f)df = (0] ™7 f fedf (3-2)
_fM A "fM
2 /2 3
-8“—(%> Y (3-3)
3 \A
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In the absence of deemphasis, the noise at the output of the baseband
video filter ‘is given by N0 in Equation (3-3). When u$ing the deemphasis
filter, the spectral distribution 'of the noise power is modified by
|H'1(f)] » and the output noise is,

'2. Y 2
N.o= {20} 4,2 N T 3-4
oD <A2> ! '_[fM [ty (£)]2 (3-4)

where N op represents the mean noise power with the deemphasis network

included, as compared with the symbo] N used previbus]y for the noise
power with no deemphasis- network.

The ratio of the noise output without deemphasis to the noise out-
put with deemphasis is

5

£
on) 42 f M ¢2 4t
m
No AZ "fM'
Ny ~ 7.2 K S (3-5)
0 (u) 4ﬂ2fM f > df
A "'FM |Hp(f)l
3
_ fM/3
£ 2
fM——f——z-df (3-6)
al(f)l
[w]
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Since the modutating signal itself is unaffected in the overall
emphasis process, the above quantity is the ratio by which preemphasis-
deemphasis fmproves the signal-to-noise ratio of the baseband signal.

Recall from FM analysis that the bandwidth of an FM modulated carrier
is fixed if the average power (or frequency deviation) of the modulating
signal is kept constant (provided that the modulating signal spectra occupies
the same band of frequencies). The concept of rins -bandwidth (Reference 10)
provides an estimate of the bandwidth required of the filters in the r-f
and i-f stages of an FM receiver, and of the bandwidth that must be allocated
for transmission of the modulated carrier. The rms bandwidth of the modu-
lated carrier depends only on the average power of the modulating signal and
therefore is 1ndependent of the shape of the modulating s1gna1 spectrum.

So that a constant transm1ss10n bandwidth may be maintained, the pre-
emphasis network is selected so that the average power of the emphaSIZed
signal mp(t) has the .same average power as the original baseband sighal

m(t). The rms bandwidth will then be the same with or without preemphasis.
If S(f) 1s the power spectra] density of m(t), then the density of p (t) is
[H (f)| S(f) and it is required that

Ty T
[ sty et - [ s ()% af (3-7)
~fu Ty



where K is the total baseband signal power and fM is both the bandwid?h
of the modulating signal and, also, the bandwidth of the baseband -filter.
The preemphasis network may be arbitrarily selected to attain the desired
SNR improvement, as given in Equation (3-6), provided only that Hp(f)

satisfy the constraint imposed by Equation (3-7).

It-is important to realize that the power in the M modu?éted carrier
is A?/é gnd is independént of the modulation. Thus, the cHanqe] signal-
to-noise ratio remaing unaffected by preemphasis [under the constraint -
of Equation (3-7)] as does the rms bandwidth and the output base-
band signal power. Any improvement brought about by the use of preeﬁpha—
sis is thus measured d{rect1y_by thé changé in output noise power; thét
is, comparing N,y of Equation (3-4) with the original noise output power
N, of fquation (3-3). The improvement ratio % is defined to be the'ratio
of the output signal-to-noise ratios with,and_witﬁout emphasis. This

ratio is thus from Equation (3-6)

(S/N)
(S/N)

0 emp - NO (3"'8)
0 no emp NoD

AR =

df (3-9)
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3.2 PREEMPHASIS AND DEEMPHASIS OF TELEVISION

Previously in Section 3, it was noted that the hoise spectral density
at the output of an FM demodulator increases with the square of the fre-
quency when the demodulator is operating above FM threshold. Thus, a
deemphasis network located at the receiver will be most effective in
suppressing the baseband noise if its response decreases with increasing
frequency. For example, if the network résponse falls with the square of
the frequency, then the output noise will be whitened, so as to have a
flat spectral density in the high frequency region.

Conversely, the preemphasis network response must be the inverse of
that of the deemphasis network; therefore its response will increase with
the square of the frequency. Since it is assumed that the video power

density spectrum decreases as the square of the frequency [see Equation
(2-14)], the effect of the preemphasis network upon the video spectrum
will be to whiten the modulating signal spectrum. This process causes the
modulating signal to have a constant power spectral density throughout the

frequency range of the modulating signal. This means that the video signal
will make very efficient use of its alloted bandwidth, since it now con-
tains appreciable power throughout the whole video signal bandwidth.

A simple RC deemphasis. network that attenuates high frequencies and
has been found very effective in practice is shown in Figure 3-7 (a). Tnis
network has a frequency transfer function Hj(w) of the form

1 r+1/deC _ 1 1+ jerc i
Halo) = o7 Ra v+ 1/3ac = & T¥ JelR + 7)C (3-10)
1+
] Y oy 1
S =1 (3-11)
ky 1+ 2 S
Wy
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Figure 3-7. (a) Deemphasis Network and
(b) Preemphasis Network



where w; = 1/(R + ¥)C is the first frequency breakpoint, w, = 1/rC is the
second frequency breakpoint, and 1/k; is the gain of an amplifier in series
with the deemphasis network. A normalized logarithmic plot of Hd(f) is
given in Figure 3-8 {a). If it is assumed that r << R, then the network
response can be approximated by

. T+ =
1 1+ gurc 1 2 )
Hlw) = o= TH5RC = I T (3-12)
_ . o
where g (3-13)
“1% /T -
and 1
Y2 T ¥ (3-14)

If the additional assumption is made that in the baseband video frequency

range r is also very small in comparison with the reactance of the capaci-
tance C, then

o 1T 1 - _
Hilw) = o= To5@C & T (3-15)

since r << 1/juC or jurC << 1.

The deemphasis filter response then can be considered to have the
form

1) = 1 Loy (3-16)

-[+\]'1-_-—1‘

where f; = 1/2nRC is the first breakpoint. The network can be easily
designed so that the second breakpoint frequency Ties above the highest
significant video frequency to be transmitted.

At the transmitter, at the input to the modulator, a preemphasis net-
work is used whose transfer characteristics are the inverse of those of
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the deemphasis circuit. A simple network which may be adjusted to provide
the required response is shown in Figure 3-7 (b). The transfer function of
this network is given by

= r - r
Héuﬁ = R77aC = R (3-17)

PERY¥ (1/300) " T TF jeRC

r + jwrRC
{(r+R) + jwrRC

r 1 + juwRC

Rer 1+ 5 4RRC

I 1 : (3-18)

where w3 = 1/RC is the first breakpoint and &2 = {r + R)/rRC is the second
breakpoiht. The attenuation factor for v = o is r/(R + r). A normalized
logarithmic plot of Hp(f) is given in Figure 3-8 (p). If it is assumed
that r << R, then the response can be approximated by

_r 1+ jeRC ' ’ )
Hlo) = g T 5urc (3-19)
where
T
%1 = RC (3-20)
and
w = T (3-21)
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If, in the baseband video frequency range, r is aiso'very small in cdmpari—
son with the reactance of the capacitance C, then

Hp(m)‘: % (1 + juRC)  (3-22)

since r << 1/jwC or jwrC << 1.

The simple-passive preemphasis network respdnse can be considered to

have the form

o (F) =% (} + ;T) (3-23)

where f; = 1/27RC is the first breakpoint. It can be easily arranged for
the second breakpoint to lie well outside the basebhand spectral range and

thus be irrelevant.

The video signal to be preemphasized is transmitted through the—
passive preemphasis network and also through an adjustable gain amplifier.
The amplifier will compensate for the attenuation produced by the preempha;
sis network. The amplifier gain A is adjusted to the point where the full.
allowable bandwidth is occupied by the modulated carrier (Reference 9).

Thus, the baseband video signal m{t) passes through a network whose
transfer function is approximated by

] f | ]
Ho(F) = K, (1 + 3 f1) (3-24)
where k, is the product of the ampiifier gain A and the attenuation ratio
r/R. The coefficient

k, = A - % (3-25)
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is adjusted so that the normalized power of the baseband video signal m(t)
is the same as the normalized power of the preemphasized signal mp(t).
This constraint was introduced in Equation (3-7).

From an inspection of Equations (3-16) and (3-24), it is readily
apparent that H_(f) has a frequency dependence which is inverse to that
of Hy(f). This is required, of course, in order that no net distortion be
introduced into the video signal. Therefore,

Hp(f) Hy(f) = 1-' - (3-26)

where ki = kp = k.

The ratio # by which preemphasis-deemphasis improves the signal-to-
noise ratio of an FM signal (for large carrier-to-noise ratio) was developed
in Equation (3-9). That is,

2 - 2 /3

1:2
2
o JH (F)]

(3-27)

df

where the bandwidth of the video signal is given by fM’ which is also the
bandwidth of the video baseband fiiter. From the above network analysis,
it was learned that the transfer function of the preemphasis network may
be approximated by

H(F) = (1 +j ¥%?_) (3-28)

where k is the network coefficient with a value less than unity.
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Inserting Equation (3-28) into the expression for the SNR improvement
factor 5? yields

’ 3

3
2
_ k “fm/:%
J
7 df
o} 1+ ?I)
3
2 /
k fM/3
f, f
sf M. -1 M
fl (?'-i" tan ¥ )
¥ 2
Z = N gl ! 0<k<l (3-30)
3 fq f - fM =
1 - F tan T .
M 1

The numerical value for the coefficient k is determined b& the power cone
straint of Equation (3—?} and accounts for the reduction in the modulation
level of the transmitter, which is required at Tow frequencies due to the
preemphasis process. In past analyses by other authors, this factor was
generally ignored. They assumed that the modulation level is not appre-
ciably affected by preemphasis and is the same as with no preemphasis

(k = 1). However, in order to be correct, the reduction in modulation
leve] (reguired in order to maintain a constant FM transmission bandwidth)
must be taken into consideration.
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3.2.1 Solving for the Coefficient k

So that the bandwidth occupied by the FM modulated carrier may remain
constant, the requirement is made that the averagé power of the preempha-
sized signal m_{t) must equal the average power of the original baseband
signal m(t). This condition is described by the equality [see Equation

(3-7)]

f f
f NGIRGIE df4=f M.s(F) af (3-31)
-fy P ~fy-

The rms bandwidth will thus be the same with or without preemphasis.

In the discussion of Section 2.2 it was stated that for many applica-
tions the video power spectral density may be expressed as the envelope
function

1
So T If] < fy
S(F) = 41 +(?,—) (3-32)
0 |f] > fM
where
SO = spectral density at zero frequency
f' = the frequency at which S{f) has fallen by 3 dB
from S .
0
and
fM = the bandwidth of the video signal and also the

bandwidth of the baseband filter.

Substitution of the signal density function into Equation (3-31) and
making use of Equation (3-28) gives
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(3-33)

The coefficient k is adjusted so that the constraint of Equation (3-33) is
satisfied. Simplifying Equation (3-33) yields

. 2
@ (M s K (%)
f — kZ'f dF
2
° +(;T) SIS At
fl
M .
=f _dfF . (3-34)
0 1
1+ (5

Evaluating the integral on the right hand side of the above equation,

M M
f df = ' tan™’ (}:—.) l
0 1+{E V¥ 0
T
= f' tan 7! (;li) (3-35)
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Likewise, the first integral on the left hand side of Equation (3-34)
becomes

i;.f‘i) (3-36)

It
=~
N
—h
ct
v
=
1
et
————

Evaluating the second integral on the Teft hand side of Equation (3-34)
gives the following result,

:f - f' tan’! %r

I

~

]
—
—ﬂ—h
o
e
[av]
—

_h

=

] f
2 r “1 M}
) fM - f' tan T

il
~
3]
——
)

(3-37)

Using Equations (3-35), (3-36), and {(3-37), the power constraint can
now be expressed as
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Ly
. -1{ M
= f' tan (-—r (3-38)
or rearranging in terms of the coefficient k,
.F
1 -1 M
f' tan (?'r)
2 = -
k ” fM e > fM (3-39)
f' tan 7t fr fM - ' tan F2a
= 1 (3-40)
) n
1 - (f__. 1 - N
_fl -1 [ Tw
‘ tan T

Another way of Tooking at the dependence of k upon the ratio f'/f, is to
rewrite Equation (3-39) thusly,

k2 = ' _ (3-41)

For the special design case where the breakpoint frequency, f,, of the
networks is located at the -3 dB point, f', of the signal density function
S(f),
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K2 = (fl) tan™! (;ﬁ) f = f (3-42)

This same result was obtained in Appendix B, where- the expression for
k? was derived assuming the smoothed version (see Section 2.1) of the
continuous part of the video power spectral density for the case of sequen-
tial scanning,

S(f) =S

cosh AT - 1
! [ e (3-43)

0
f 12
'+ ()

The fact that the identical expression for k2 was obtained for both deriva-
tions means that k2 is independent of the periodic fine structure of the

cosh ATe - cos 2nlf

video signal, but is dependent on the signal density envelope function.
This envelope function represents the horizontal picture correlation
[Equation (2-20)].

Intuitively, one would think that, in order to satisfy the equal power
constraint, a larger value of k would be allowable when f; > f' than when
fl = f'. Conversely, a smaller value of k would be required when fi < '
than when f, = f'. This fact is c]éar]y brought out by the sketches in
Figure 3-9.

The figure depicts three possible conditions: (a) f; > f', (b}
fi = f', and (¢) f, < f'. For the first case, sketched in Fighre 3-9 (a),
the preemphasis network breakpoint, f;, occurs when the signal density has
fallen considerably from its low frequency value, So' This condition
results in 1ittle preemphasis to the input signal spectra. Thus, the
coefficient k must be decreased only sTightly from its unity value (without
preemphasis) in order to satisfy the equal modulating signal power con-
straint. In the second case f, = f', shown in Figure 3-9 (b), preemphasis
of the input signal spectra causes the preemphasized signal spectra to be
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uniform over the whole video bandwidth. This condition presents the
optimum case in terms of effectively maximizing the video signal-to-noise
ratio improvement with no resultant signal distortion. The third case is
sketched in Figure 3-9 (c) for the condition, f; < f'. Here, the network
has begun to preemphasize the input signal spectra before the function has
begun to roll-off. This causes video spectral components, below the -3 dB
frequency f', to be preemphas1zed as well as those above f'. In order to
satisfy the power constra1nt the coefficient k must be drast1ca]1y reduced
from its unity value for no preemphasis.

Now that the expression for the value of k2 has been derivéd, the
improvement ratio can be further developed by substituting Equation (3-41)
into Equation (3-30). Having done this, the signal-to-noise ratio improve-
ment is given by

(3-44)

When the breakpoint frequency, f,, of the networks is located at the
-3 dB point, f', of the envelope signal density function (f, = '), the
improvement resulting from preemphasis and subseguent deemphasis becomes
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This same result may be obtained by inserting Equation (3-42) into Equation
(3-30). Figure 3-10 is a plot of the SNR improvement in decibels versus
the ratio fM/fl according to Equation (3-45).

If the power in the baseband signal is concentrated at Tow freguencies,
so that fM/f1'>> 1, then A will be considerably greater than one. For
very large values of FM/fl

f -1 fM)
1 - '_m tan (_—F—l— =1 (3-46)
and
T
gl L -
tan (ﬁ) =7 . (3 47)

and the improvement ratio in Equation {3-45) is approximately

f f

—%— i ?%->> 1 (3-48)

R -

o=

Plots of the exact [Equation {3-45)] and the approximate [Equation (3-48)]
SNR improvement factor versus the ratio fM/fl are shown in Figure 3-11.

From inspection of Figure 3-11, it is seen that the improvement factor
X, as expressed in Equation (3-45), is greater than or equal to 1 in
value. This is because the deemphasis network reduces the output noise.
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For fM << f1 (the deemphasis effect is then introduced beyond the range
of the baseband filter)

.F

R -1, %« 1 . (3-49)

as is to be expected. For fM >> f3, as was shown in Equation (3-48)

f T

Mo, M ’ -
fl 7 >> (3-50)

ﬁ—b—

cﬂﬂ

The SNR improvement increases linearly with increasing fM'

Increasing iy indefinitely provides no absolute improvement in the

output signal-to-noise ratio, however, for the output noise N__, increases

oD
linearly with increasing fM’ while the signal density S(f) decreases as
the square of the frequency. The output filter bandwidth f, should thus
be restricted to just the bandwidth required to pass the highest significant

video fregquency and no more. Figure 3-12 serves to illustrate this point.

While the theoretjca] SNR improvement increases as fM is increased to fﬁ,
actually, more noise power may be allowed in the filter bandwidth than
signal power, and thus the absolute signal-to-noise ratio in the output
filter bandwidth decreases.
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3.3 CONSIDERATION OF VARIQUS VIDEO PICTURE CORRELATIONS

The purpose of this section is to present the results of theoretical
calculations for the SNR improvement %, above threshold, for various video
picture correlations. Comments are made on the design of a preemphasis/
deemphaéis‘network pair for a practical television system where the scene
images have a varying degree of correlation.

Before the effects of picture correlation are discussed, it is advan-
tageous to review the shaping of the input video spectrum by the preempha-
sis-deemphasis filtering process for the special case where f; = f'. Figure
3-13 shows the sequence of events that make up the emphasis process. The
input signal spectrum at the transmitter is sketched in (a) with a -3 dB
breakpoint at f'. The highest significant video frequency is shown as
fM’ which is also the output filter bandwidth. The preemphasis network
response is depicted in (b) with a network coefficient k of value Tess
than one and a breakpoint at f,. During preemphasis, the signal spectrum is
flattened because the upward sTope of the preemphasis network exactly
compensates for the downward slope of the video spectrum. Notice that the
k of the preemphasis network has been adjusted so that the preemphasized
signal power in (c) is equal to the original signal power in (a). This
guarantees that the modulated carrier bandwiﬁth will remain the same in
the FM transmission channel. At the receiver in sketch (d), the inverse of
the preemphasis network response is shown - which is the deemphasis network
response. As a result of the deemphasis process, the preemphasized signal
spectrum is post-distorted to recover the original input signal spectrum.
Figure 3-13 is an accurate representation of the effect of the emphasis
process on a signal spectrum that corresponds to a video picture whose
horizontal correlation is such that f' equals f;.

The Togical question is, What happens when the horizontal picture
correlation changes and f' is no longer equal to f3? Figure 3-14 is a
graphical attempt to answer this question. Since the networks are static,
the values for f; and k are fixed. Assume, for example, that the networks
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are designed for a horizontal video picture correlation, PR equal to 0.95,
which later will be shown corresponds to f' equal to 100 kHz. As Tong as

ey, equals 0.95, the conditions portrayed in Figure 3-13 remain true.
However, when the correlation increases to a value greater than 0.95, a

new condition exists, as shown at the top of Figure 3-14. The:preemphasized
signal spectra no longer occupies the total signal spectral space. The
total modulating signal power on the channel is Tess (channel SNR is de-
creased) and, consequently, the FM modulated carrier no longer makes full
use of its alloted IF bandwidth. Since k and f; are fixed, the SNR jmprove-
ment X will theoretically remain the same [see Equation (3-30)], even
though it is clear that the absolute signaT—tojnoise ratio at the output of
the deemphasis network is goiﬁg‘to be less. The actual SNR improvement,
therefore, must be Tess than that calculated using Equation (3-30), which
Has the inherent assumption that f' = .

Now consider the opposite situation where the horizontal picture
correlation decreases to a value less than 0.95. This condition is depicted
at the bottom of Figure 3-14. The preemphasized signal spectra now exceeds
the originaily designed signal spectral space. The result, of course, is
an increased amount of modulating signal powér and therefore a transmission
bandwidth which exceeds the designed IF bandwidth. This causes nonlinear
distortion in the demodulated signal. In addition, if the horizontal
picture correlation becomes too Tow, significant baseband signal spectral
components will be lost outside of the baseband filter bandwidth - causing
a decrease in video picture resolution. Again, Equation {3-30) canrot be
used indiscriminately. The conclusion arrived at is that the SHR improvement
given by Equation (3-30) or Equation (3-45) is for the optimum situation,
only, and must be considered to be an upper limit to the actual SNR improve-
ment realized experimentally. While Equétion (3-44), at first glance,
might seem to be applicable, it must be remembered that this equation was
also derived under the assumption that the equal power constraint is satis-
fied.

3-33



ve-¢

INPUT SIGNAL SPECTRA

(So)dB

dB

Py, > .95

f! fm log £

ph < .95

Figure 3-14.

PREEMPHASIS NETWORK RESPONSE

2
IHP(f)I

2
(k%)g

dB

PREEMPHASIZED SIGNAL SPECTRA

2
S(f)al(ﬂl

2
(s k

db

S(H|Hp(ﬂ

dB

)dB

12

2 +
(S k

)dB

(5,) g

'7//

(s,

i

f log f

P < .95

Effect of Preemphasis Network on Input Signal Spectra for

Various Picture Correlations (No Power Constraint)



From Section 2.2, it was learned that the relationship between the
video signal density -3 dB frequency, f', and the horizontal picture corre-
lation, o is

I-l»n p,hl )LhTe _ )\h

£ = =?217Te—§17

2T, (3-51)

where Te is the picture element scan interval and Ay is the Poisson rate
parameter describing the luminance process in the horizontal direction.

For broadcast television, Te/T = 0.007128. The quantity Te/T is a funda-
mental parameter of the raster design depending on the number of Tines per
frame, the aspect ratio of the visible portion of the picture, and the
relative size of the blank portions of the horizontal and vertical scans.
Table 3-1 shows the calculated signal density -3 dB frequencies for various
values of oy and AhTe' The relationship used for the calculations is

goo Mmool T, (3-52)

.51(10)"° .51(10)"°

An interesting measure of the signal power transmitted through the
baseband filter is given by the ratio Pt/PT where

I

Pt = signal power transmitted through the baseband filter

and

-
It

1 = total signal power.
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Table 3-1. Values of f' For Various Values of Ph

o ATe = -1n ey, (kﬁé)
0.80 0.223 437.3
0.85 0.163 319.6
0.88 0.128 250.0
0.90 0.105 205.9
0.95 0.051 100.0
0.96 0.041 80.4
0.97 0.030 53.8
0.98 0.020 39.2
0.99 0.010 19.6
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The signal power passed by the video baseband filter is

i S
ae [ (350
t 0 f\2
1+ &
-1 {f fM
=2 f"' S tan (-.) I
0 f
0
.F
- 1 -1 M (3'54)
= 2 SO f' tan (?T)

The total power contained in the video signal is

Py = 2 f — df (3-55)
f
o 1+ (5
= ' -1 (f
=2f S0 tan (f.)l
(o]
=a f'S . (3-56)

The ratio of power transmitted through the output filter to the total
spectral power is '
' f
' -1 M
P 2 f SO tan (?;—)

T R S,
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f
= 2 tand (—M.—) : (3-57)
w f

In Figure 3-15 the ratio P./P;, as given by Equation (3-57), has been
plotted versus the ratio fM/f' for an ideal low pass filter given a signal
power density of the form

s(f) = —2

Using the equation below, derived for the special case where f; = f',
the SNR improvement ) )

f

-1 ¢ M
?T‘

tan

———
et

(3-58)

is plotted in Figure 3-16 versus Ph assuming a 2 MHz baseband fiTlter band-
width. As expected, the greater the P for a specifically designed system,
the larger the improvement in signai-to-noise ratio. For a fixed fyy> the
larger the Py, > the larger the ratio fM/f' will be. This is true because

f' decreases for increasing horizontal picture correlation. ’

From Figure 3-16, it is seen that for an emphasis network pair designed
with breakpoints at 100 kHz, the optimum X will be 10.4 dB for video
pictures with a horizontal correlation coefficient of 0.95. For a network
pair with breakpoints at 250 kHz,, the optimum R will be 6.7 dB For video
pictures with a horizontal correlation coefficient of 0.88.

Equation (3-44) is used to plot the relationship of SNR improvement
through emphasis versus horizontal picture correlation when fy # f', and
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the average power constraint of Equation {3-31} is satisfied. This plot

is shown in Figure 3-17. A network pair design responsive to the average
power of the preemphasized video input signal is required to achieve the
distortionless results indicated in Figure 3-17. Two responsive systems

are considered. Both networks automatically vary their network coefficients
k to maintain the equal power constraint. One network pair has breakpoints
at 100 kHz .and the other network pair has breakpoints at 250 kHz.
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3.4 WEIGHTING OF RANDOM VIDEO NOISE

Random interference or noise (often referred to in television as snow)
is a type of interference corresponding to thermal noise, which, at its
source of origin, has a frequency composition in which the power density
is constant from near zero frequency to well above any frequencies used
in the transmission of television signals. However, because of the charac-
teristics of transmission circuits, the frequency composition of random
interference at the receiving end of television circuits departs widely from
a constant power spectrum. From this situation there-stems a need to find a
method by which random interference to television pictures could be measured
so that equal measured magnitudes of interference would mean equal interfering
effects, essentially regardless of the frequency composition of the random noise.
3.4.1 History

The subjective effect of noise in monochrome and color still television
pictures has been studied by several researchers at the Bell System Labs
[see Mertz (Reference 11); Barstow and Christopher (Reference 12)]. They
proposed that the objectionableness of independent additive Gaussian noise

is proportional to its weighted power

P= [ w(f) n(f) df ' (3-59)
0
where n(f) is the one-sided power density spectrum of the noise and the
weighting function w(f) represents the relative sensitivity of the eye to the
various noise frequency components. Mertz derived the form of w(f) from con-
sidering the analogy of television random noise to photographic granularity,

while the other researchers determined w(f) from subjective tests. The
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weighting functions they obtained show a low-pass characteristic. Because
the results depend on test equipment and viewing conditions, it is difficult
to compare studies conducted by different people except for the general
_trends. Note that Equation (3-59) assumes tacitly that the subjective effect
of noise is additive. Barstow and Christopher checked this assumption by,
applying Equation (3-59) to wide band-pass noises and found the results
roughly consistent.

3.4.2 Monochrome Weighting

A paper by Barstow and Christopher (Reference 12) reports on the
results of iwo studies, .one on random interference as it appears to affect
* pictures seen on black-and-white picture tubes, and the other on random
interference as it affects pictures seen on the shadow-mask type of color
picture tube. “Still" pictures, derived from slides approved for ﬁationa]
Television Systems Committee (NTSC) color testing, were used throughout
for both the monochrome and color tests. Barstow and Christopher have
obtained estimates of the sensitivity of the average observer to naise as a
function. of noise frequency. These results apply. to Tow noise levels on :
commercial television pictures and specify noise sensitivity at frequencies
above the line rate,

The frequency weighting functions derived from these studies are shown
in Figure 3-18. Numerical values of the weightinés are given also in
Table 3-2. Since noise weighting characteristics are normalized to 0-dB
at zero frequency, the weighted noise level is lower than the.unweighted
Tevel. It is apparent from the random noise weighting curves for monochrome
and color transmissions that low-frequency interference is judged to be more

interfering than high-frequency interference of equal power. The noise
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Table. 3-2. Monochrome and Color Weightings

Frequency Monochrome Color
MHz dB dB
0.1 -0.3 -0.4
0.3 ~1.7 -1.0
0.5 -2.8 -1.4
0.7 -3.6 -1.9
0.9 -4.4 -2.3
1.0 -4.7 -2.5
1.1 -5.1 -2.7
1.3 -5.8 -3.1
1.5 -6.5 -3.5
1.7 -7.1 -3.8
1.9 -7.8 -4.4
2.0 -8.1 -4.7
2.1 ~8.4 -5.0
2.3 -8.9 -5.5
2.5 -9.5 -6.1
2.7 -10.0 -6.6
2.9 -10.5 -7.3
3.0 -10.8 -7.4
3.1 -11.0 -7.2-
3.3 11.5 -6.0
3.5 -11.9 -5.5
3.7 -12.4 -5.6
3.9 -12.8 . -6.5
4.0 -13.0 7.5
4.1 -13.2 -8.5
4.3 -13.7 --10.7
4.5 -14.3 -13.2
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sensitivity function for monochrome TV is flat out to 100 kHz and then falls
off some 8 dB from 100 kHz to 2 MHz.

The subjective noise-weight{ng function is the transfer function of the
system consisting of the television kinescope and the human visual system,
specified as a function of the electrical vided?signal frequencies. The
input is an electrical signai; the output is the response of the viewer.

The subjective noise-weighting function is most valuable in determining
a figure of merit for the comparison of television communication channels.
However, when considéring the results of calculations on only one frame of a
television sequence, one can be lead to erroneous results regarding visibil-
ity of noise. This is due to the significant difference in visibility bétween
stationary and moving patterns in a TV presentation. The noise sensitivity
function for live pictures is generally flatter than the noise sensitivity
function for still pictures.

3.4.3 Color Weighting

With regard to the coior we{ghting curve shown in Figure 3-18, equal
magnitudes of random video noise in the region 0 to 100 kHz are about equally
interfering to color and monochrome pictures. However, above 100 kHz, the
color weighting curve is flatter (noise is more objectionable) than that of
the monochrome weighting curve and at 2 MHz has fallen about 4.3 dB from
its value at 100 kHz {compared to 7.8 dB for monochrome). In addition, equal
magnitudes of similar bandwidths of noise in the region of 3.6 MHz - region
of color subcarrier - are noticeably more interfering to color pictures than
to monochrome pictures. In this frequency range, according to Barstow
and Christopher, substantial variations 1ﬁ results are obtainable, depending

upon the brightness and hues of the colors in the pictures being observed.
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For pictures having bright colors such as yellow, dark blue, or light gray
(more 11ke'b1ack and white), the hump in the weighting curve is several

dB Tower than its magnitude for deeply saturated reds and blues. The noise
weighting shown in Figure 3-18 in the region of the color subcarrier is_correct
for pictures having important areas covered with moderately heavy saturatians
of blues and reds, but not for maximum saturations of these hues.

Since the Apollo color television camera generates a field-sequential
color signal without a color subcarrier, unlike the parallel NTSC color TV
format, the color weighting curve for Apollo applications may be assumed to
have the dotted response shown in Figure 3-18.

3.5 VIDEO PICTURE QUALITY

The quality of television pictures is a subjective concept_because it
is a measure of the degree fo whjch deficiencies in the received video signals
are experienced by the individual viewers. The relationship between this
subjective picture quality and the measurable signal deficiencies is a diffi-
cult one to determine.

_The discussion presented in this section is largely ex£racted from a TRW
study b; j. Jansen and others (Réference 13).

Thevimpairment in picture quality by noise is a direct:function of the
relative level and spectral distribution of the video noise at the piqture’
tube. A commonly used parameter of picture quality is the picture signal-to-

noise ratio, defined by

( S ) - (b]ank—to—white video voTtage) 2 (3-60)

N p \Tms voltage of video noise

N
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The name, picture-SNR, refers to the fact that it compares the
noise voltage with the voltage range of the picture signal (see Figure 3-19).
In the definition of a simj]ar signal-to-noise ratio, used by AT&T, the
signal is considered to bé the entire video voltage range, including the sync

pulse as well. This leads to an approximately 3-dB higher figure.

—— WHITE
PICTURE
SIGNAL
\
—  BLACK
— BLANK
BLANKING
AND SYNC
SYNC
BLANKING PEAK
INTERVAL
i

st [NE PERIQ D =

Figure 3-19. Luminance Signal

Neither of these definitions is a meaningful measure of the effect of
noise on the picture quality, as subjectively experienced by viewers; unless
qualified by an indication of the video noise spectrum. This is because
noise at the upper end of the video frequency band is less objecéionab?e than
equal noise power at the lower end. This ambiguity in the picture-SNR is to
a large extent eliminated by the concept of weighted noise, defined as video
noise measured with a weighting network which represents the spectral percep-
tion of noise by an average observer. The power transfer characteristic of
such a filter was shown in Figure 3-i8.

3-49



The definition of picture-SNR based on weighted noise becomes

S _ [ blank-to-white  video voltage ) 2 (3-61)
N b weighted rms voltage of video noise

. where the subscript w refers to the weighting. The correlation of th%s
quantity with subjectively graded picture quality is in essence in&epend-
ent of the video noise spectra.

The weighting factor, i.e., thg ratio by which random noise weighting

increases the picture-SNR, is defined as
f

[ ey af
_ 0
de = 10 Tlog fM _ (3-62)
j’ n(f) w(f) df :
)
where fM = the upper frequency 1imit of the video band
f = video frequency
n(f)} = one-sided power spectral density of video
noise .
w(f). = power transfer characteristic of the noise

weighting network.

While the video noise spectrum is essentially flat for AM transmission
of television, the power spectral density of video noise in a FM system is
broportioné] to the square of the frequency. Compared with AM, FM shows
a shift of noise power distribution to higher video frequencies, where the
attenuation in the weighting network is larger. Therefore, the weighting
factor for FM transmission of video is larger than for AM transmission.

Table 3-3 shows values for noise weighting factors taken from CCIR
(International Radio Consultative Committee) Recommendations and Reports

and from EIA (Electronic Industries Association) Standard 250-A. The
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Table 3-3. Random Video Noise

Number of Lines Per Frame 525
Nominal VYideo Bandwidth 4,2 MHz
Monochrome 6.1
Noise AM Color, Composite Video 4.0
Weighting
Factors,
dB
FM Monochrome 10.2
Color, Composite Video 7.0

values apply to the American NfSC Standard television broadcast system
with 525-1ine, 4.2 MHz transmission.

As a result of subjective quality tests by Barstow and Christopher
(Reference 12 ), it is known that equal magnitudes of noise near the
color subcarrier frequency are noticeably more interfering in color
pictures than in monhochrome pictures. This observation is manifested
by a "hump" in the noise weighting curve at the color subcarrier frequency,
Teading to a lower weighting factor for color pictures than for monochrome
pittures. The effect is extremely dependent upon the degree of picture
color saturation. The results of Barstow and Christopher's tests with a
flat noise spectrum indicate noise weighting factors of 6.5 dB and 4.3 dB
for monochrome and color pictures, respectively.

Unfortunately, adequate data on the correlation between subjectively
experienced picture quality and signal-to-noise ratio are not availabie for
FM transmission. Therefore, it must be assumed that FM transmission with
a given weighted picture-SNR wou]q rate ;he same subjective grade in a viewer

panel test as AM transmission with the same weighted picture-SNR. In other
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words, it is assumed that the weighting network accounts exactly for the
effect of spectral distribution of random video noise on the subjectiveTy
experienced interference.
_3:6 WEIGHTED SNR IMPROVEMENT USING EMPHASIS
For FM transmission of television above threshold (for large carrier-
to-noise ratio), the weighted picture-SNR [as defined in Equation (3-61)] is
(%—) =3 6 (glf) CIR-M (3-63)
poW 0 )
where
W = weighting factor
R = af modulation index

By

AT = peak carrier frequency deviation

BIF = rectangular IF bandwidth

'B = pectangular output bandwidth of the postdetec-
. tion low pass video baseband filter

CNR = input carrier-to-noise ratio.

When preemphasis-deemphasis is used in the FM transmission of television,

above threshold, the weighted picture-SNR is increased by the weighted SNR

improvement factoré%; so that

/B
s) RER IF) :
S_ =2 () owrewd (3-64)
() - #(5E) onud,
where B
[0 2 u(r) o
7 R (3-65)
W j@szw(f) df
0 IHp(f)IZ

weighted SNR improvement thfough emphasis
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B
0
[ 2 ar
W= — (3-66)
0
[ uir) o
0
= weighting factor
w(f) = frequency weighting function of subjective random
noise
Hp(f) = preemphasis network frequency response
BO = video bandwidth.

Substitution of Equations (3-65) and (3-66) into the expression for the

weighted picture-SNR [Equation (3-64)] yields

B
: I 2 4f
(ﬁ—) i (BIF . R (3-67)
0 ]Hp(f)l
- —;— (aF)2 Bip g ]2 CNR
I ow(f dF  (3-68)
0 al(f)l

for large carrier-to-noise ratio (for example, values of CNR greater than
10 dB, typically). The above equation gives the weighted picture-SNR at
the output of a baseband FM television channel when preemphasis - deemphasis-
is utilized. Without emphasis, |Hp(f)[ becomes unity, and Equation (3-67)
reduces to the expression given in Equation (3-63), which represents only the
effect of random noise weighting on video picture-SNR.

The wejghted SNR improvement ga obtained with emphasis, is always
less than the non-weighted SNR improvementga This is due to the decreasing

objectionableness of random noise for increasing video frequencies, where
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preemphasis - deemphasis is intended to be mést effective. Since random
noise is more objectionable to color TV than monochrome TV for a given
video frequency range, [see Figure 3-18], the weighted SNR improvement with
_emphasis s subsequently greater for color TV than for monochrome TV.

The RF baridwidth occupied by frequency modulation transmission is by

P

carson's rule (Reference 13),

B ZBO + ued | (3-69)

rf
where

sync peak-to-white video voltage
blank-to-white video voltage

¢ = ratio of change in peak-to-peak frequency
deviation of composite video moduiation due to
preemphasis

D = blank-to-white frequency deviation, measured
with preemphasis removed, i.e., with
]Hp(f)lz 1.
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3.7 THEORETICAL RESULTS

%he calculated results for the non-weighted SNR improvement X due to
video emphasis, above FM threshold, are summarized in Table 3-4. Equation
(3-45) was used to generate the data. Assumptions made in the calculations
are that f, = f', the transmission bandwidth is kept constant, and that
there is a 2 MHz video baseband filter (fM = 2 MHz). When no attempt is
made to keep the preemphasized video transmission bandwidth equal to the
original no emphasis bandwidth (k = ]),'the calculated optimum values
for 9 will be greater than the figures presented in Table 3-4. Equation
(3-30) with k = 1 is then the appropriate equation to use. The additional
SNR improvement due to the increased moduiation level for a 250 kHz/2000 kHz
network pair is +7.42 dB, for a 100 kHz/2000 kHz network pair the additional
SNR improvement is +11.2 dB. For a particular network pair, where f; = f',
the additional improvement in A, above that vecorded in Table 3-4, due
to the increased modulation level of the modulating signal is given by the
factor

f,/f
1 Ml
k2 tan 1(fM/fl) ( )

4

As explained in Section 3.3, the values for AR are optimum and may
not be actually realized in practice, depending on the variation in picture
correlation. If the horizontal video picture correlation is Tower than
the network design picture correlation, then nonlinear distortion may be
experienced in the received signal, as well as degraded resoiution. The
preemphasis-deemphasis networks should have breakpoints sufficiently high
in frequency, so that picture correlations having spectra with -3 dB
rolloff points greater than f, will occur rarely, and only for short
periods of time. In this way, any possible distortion will be minimized.
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Table 3-4, HNon-Weighted SNR Improvement {f; = f!; f

= 2 MHz)

M

on AT = =Tn o f! f/ T Pe/Pr KR
(kiz) Q (48)

0.80 0.223 437.3 4.6 86.4 4.7
0.85 0.163 319.6 6.3 90.0 5.8
0.88 0.128 250.0 8.0 92.1 6.7
0.90 0.105 205.9 9.7 93.5 7.5
0.95 0.051 100.0 20.0 96.9 10.4
0.96 0.041 80.4 24.9 97.5 1.4
0.97 < 0.030 58.8 34.0 95.0 12.6
0.98 0.020 39.2 51.0 98.8 14.3
0.99 0.010" 19.6 102.0 99.4 17.3




If the noise density is weighted as shown in Figure 3-18, the weighted
SNR improvement 5% may be calculated according to the definition given in
Equation (3-65). The weighted SNR improvement E@ obtained with emphasis
is always less than the non-weighted SNR 1mprovement R. The weighted

SNR improvement with emphasis is greater for color TV than for monochrome
TV.
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4. DESIGN OF PREEMPHASIS AND DEEMPHASIS NETWORKS

As discussed in the previous sections, significant improvement in
video signal-to-noise ratio can be realized with the use of signal pre-
emphasis-deemphasis networks in a FM channel system. Simple passive
networks can be designed which will furnish improved television performance
at minimal cost in terms of circuitry and implementation. Excellent re-
sults have been obtained with preemphasis and deemphasis networks each
composed of only three passive elements (2 resistors and 1 capacitor).

This section describes the experimental preemphasis and deemphasis
networks utilized in the search for and evaluation of the best possible
pair of networks for eventual implementation in the Tunar communications
relay unit color television system. The experimental networks were de-
signed so that frequency breakpoints could be easily changed in a matter
of minutes. This furnished the experimenters with complete flexibility
in the amount of signal preemphasis and deemphasis desired and the partic-

ular network configuration to be tested.
4.1 CONSIDERATION OF VIDEQ INTERFERENCE WITH VOICE

In the early stages of evaluating the preemphasis-deemphasis -technique,
as applied to the LCRU television system, it was felt that any preemphasis
of the video signal, with respect to the 1.25 MHz voice subcarrier, would
cause excessive interference with the FM voice baseband signal. The 1.25
MHz subcarrier is a FM/FM signal modulated by baseband signals consisting
of analog biomedical information and voice. Any significant increase- in
video interference to the 1.25 MHz subcarrier data - due to TV preemphasis -
would create an intolerabie situation. The reason for the video interfer-
ence with the FM voice data is immediately obvious from observing the
downlink baseband spectrum for the TV/voice mode (FM/FM) in Figure 4-1.

The approximate 2.5 megahertz spectrum of the baseband color TV extends
out over the voice and biomedical signal-frequency region. Figure 4-2 is
a simplified block diagram of the FM/FM communication system with the
video preemphasis-deemphasis networks installed.
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Figure 4-1.. Baseband Spectrum for LCRU
TV/Yoice Mode (FM/FM)

A clever way of circumventing.the potential -problem of preemphasized
video information interfering significantly with FM voice is suggested by -
the emphasis network responses sketched in Figure 4-3. As seen from the
preemphasis network response, all video freguencies are preemphasized as
required except for those frequencies in the region of the 1.25 MHz FM
modulated. subcarrier. While the network boosts the high frequencies
relative to the Tow. frequencies, the frequencies about the 1.25 MHz sub-
carrier remain relatively unchanged. This means that the use of preemphasis
will not contribute to or worsen the effect of video interference with FM
voice. Furthermore, since the networks are near inverses of each other,
the effect of the preemphasis-notch on the video signal will be canceled .
out by the equal but opposite effect of the deemphasis-peak. Thus, the
video signal is completely unaffected by the preemphasis-deemphasis process.
Unfortunately, there is a disadvantage to adding the peak response to the
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basic Tow pass response of the deemphasis circuit. Because of the peak
response, the noise components around the 1.25 MHz region are not atten-
uated as the rest of the noise frequencies in the video spectral bandwidth.
This means that there is no video signal-to-noise ratio improvement obtained
in the 1.25 MHz frequency region, when using the notch-peak combinatien.
This is the small price that may have to be paid in order to guarantee

that the video emphasis technique does not contribute to video interference
with voice.

4.2 NETWORK DESCRIPTION AND RESPONSE

The following pages describe the experimentally designed preemphasis
and deemphasis networks which were used to evaluate a number of network
configurations, each with a different set of frequency breakpoints. Two
of the most extensively tested and successful of the preemphasis/deemphasis
networks evaluated had frequency breakpoints at 100 kHz/2000 kHz and 250
kHz/2500 kHz. The first freqﬁency value refers to the first breakpoint
f, while the second frequency value refers to the second breakpoint f,.
Numerous other simple passive network pairs (without 1.25 MHz notch/peaks)
were tested with breakpoint combinations of 100 kHz/400 kHz, 100 kHz/800
kHz, and 250 kHz/2000 kHz. A11 of the networks tested were designed to
have = 6 dB/octave slopes.

It was found that the Tower the frequency value of the first break-
point, the better the noise suppression characteristic (better SNR improve-
ment} of the network pair at low RF total received power levels. This is
in agreement with theory since the first breakpoint of the deemphasis fiiter
determines the frequency at which the FM parabolic noise density function
is flattened. Since the noise power densify is flat above the first
frequency breakpoint f, (rather than parabolic}, significantly less noise
power is transmitted over the baseband video bandwidth.

Table 4-1 presents the RC circuit, transfer function, and approximate
ampTitude response for the preemphasis and deemphasis networks tested most
extensively. The frequency breakpoints are expressed in terms of the circuit
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Table 4-1. RC Emphasis Circuits

Circuit

Transfer Function

Approximate Amplitude Response

» . ]
.[ g
Ry C R o |
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’I ' R ¢ pB/OCT
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PREEMPHASIS A'(dB) = 20 Togo g, h 2
Y
AAA R (s +17) O ———————
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parameters where the first breakpoint f; = 1/2xT, and the second breakpoint
fz = ]/21TT2.

4.2.1 Preemphasis Network

The network is comprised basically of a passive three element preem-
phasis filter and an active single-transistor-stage 1.25 MHz notch genera-
tion circuit. Emitter-follower circuits were added for isolation purposes,

while a voltage gain stage was added to compensate for the attenuation
of the preemphasis filter. The network will accept a T volt peak maximum

input signal before encountering distortion, and provides a 180 degree
phase reversal.

The video signal preemphasis network, diagramed in Figure 4-4,
consists of the following six electronic circuits:

a) Isolation amplifier

b) Preemphasis circuit

¢) Voltage amplifier

d) Low pass filter

e) Notch generation circuit
f) Isolation amplifiers.

A brief discussion is given of each circuit explaining its purpose and
operation.

Isolation Amplifier

The purpose of this circuit is to isolate the preemphasis filter from
the video channel system source. The circuit is called a single-stage

emitter-follower (also calied common-coliector) and has a high input imped-
ance and a low output impedance.

Preemphasis Circuit

This particular RC network is commonly used in commercial FM voice
transmission as a preemphasis circuit to emphasize high frequencies.
Actually the higher-frequency components are passed unaltered, and the
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Tower-frequency components are attenuated, The attenuation is made up by
subsequent amplification.

An example of a magnitude frequency response curve for the video
signal preemphasis network (with the 1.25 MHz notch) is given in Figure
4-5. The particular preemphasis circuit used had frequency breakpoints
at 100 kHz and 2500 kHz. The first breakpoint is determined by the
component values of the parallel resistor-capacitor combination (see Table
4-1). Variation of this breakpoint is achieved by varying the resistance
value of the 50 Ko pot. The second breakpoint is determined by the
parameter values of all three components. However, if the resistance
value of the 50 K@ pot is much greater than 330 o (as is usually the case),
then the second breakpoint is approximately determined by the 130 pF
capacitor and the- 330 @ resistor.

Voltage Amplifier

A single-stage common-emitter voltage amplifier with current feedback
follows the preemphasis circuit to compensate for the attenuation loss
through the RC filter.

Low Pass Filter

- A Tow pass filter was added to terminate the preemphasis effect at
3 MHz in order to preclude the possibility of excessive frequency modulation
due to preemphasized high frequencies. Since the video baseband filter
bandwidtﬁ is around 2 MHz, preemphasis is not regquired much beyond this
frequency. The 2 element filter has a Butterworth response with a cutoff
frequency of 3 MHz and an attenuation rolloff of 12 dB/octave.

Notch Genheration Circuit

The purpose of the T-notch circuit is to selectively attenuate the
video signal in a narrow band of frequencies centered at 1.25 MHz, and
thus prevent any possible further interference to voice information caused
by video preemphasis. The 3-dB bandwidth of the notch response (referenced
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to the notch minimum) is approximately 40 kHz. A relative magnitude
frequency response curve for the 1.25 MHz voice subcarrier notch is shown
in Figure 4-6.

The depth of the notch is easily varied through the use of the 1 Kq
variable resistor as shown in Figure 4-4. The notch center frequency can
be manually adjusted by varying the 2-30 picofarad capacitor in the reso-
nant frequency section of the notch circuit. In order to accurately match
the magnitude freguency response of the preemphasis-notch with the response
of the deemphasis-peak, it is sometimes necessary to adjust the shape of
the notch response. This is accomplished by controlling the ¢ factor
of the circuit with the aid of the notch shape control. Varying the
resistance of the 1 Ko pot will change the Q and therefore the shape of
the notch.

If it is so desired, the effect of the notch generation circuit can
be removed entirely from the preemphasis network response. This is easily
done by placing a -shorting wire between the emitter of the third transistor
stage and the base of the fourth transistor stage (isolation amplifier).

Isolation Amplifier

The cascade connection of two single-stage emitter-followers affords
a high degree of isolation between the notch generation circuit and the
rest of the video channel system.

4.2.2 Deemphasis Network

This network is comprised basically of a passive three element deempha-
sis filter and an active single-transistor-stage 1.25 MHz peak generation
circuit. Emitter-follower circuits were added to isolate the network from
the rest of the video channel system. The network has a 180 degree phase
reversal and will accept input voltage signals no greater than 1 volt peak
before distortion occurs.

The video signal deemphasis network, diagramed in Figure 4-7, consists
of the following five electronic circuits:
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a) Isolation amplifier

b) Deemphasis circuit

c) Isolation amplifier

d) Peak generation circuit
e) Isolation amplifiers.

Each circuit will be discussed, outlining its purpose and operation.

Isclation Amplifier

The purpose of this circuit is to isolate the deemphasis filter from
the preceding networks. The circuit is a high impedance emitter-follower
stage with near unity voltage gain.

Deemphasis Circuit

The deemphasis circuit has a frequency dependence inverse to that of
the preemphasis circuit, as required in order that no net distortion be
introduced into the video signal. This serves to restore all the signal
frequencies to their original relative values. Since the noise spectral
density at the output of an FM demodulator increases with the sguare of
the frequency, the deemphasis. network is very effective in suppressing
noise because of its low pass response (response falls with increasing
frequency).

A typical magnitude frequency response curve for thé video signal
deemphasis network (with the 1.25 MHz peak) is shown in Figure 4-8. The
particular deemphasis circuit used had frequency breakpoints'at 100 kHz/
2500 kHz. The first frequency breakpoint is determined exactly by the
parameter values of all three components (see Table 4-1}. However, if the
variable resistance is much greater than 330 @, then the approximate
breakpoint-frequency is determined by the variable resistor and fixed
capacitor only. The second breakpoint‘is determined by the component
values of the series resistor-capacitor combination. It is easily arranged
that this second breakpoint Tlie well outside the video baseband spectral
range and hence is not relevant.
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Isolation Amplifier

A singlé-stage emitter-follower provides needed isolation between the
passive deemphasis circuit and the active peak generation circuit.

Peak Generation Circuit

The addition of a peak generating circuit to the deemphasis filter is
required in order to maintain the integrity of the inverse relationship
between the preemphasis-deemphasis network responses. The narrow peak
centered at 1.25 MHz corrects for the video signal distortion caused by
the preemphasis-notch. Without the compensating effect of the deemphasis-
peak to preserve the fidelity of the video signal, a portion of-the video-
spectrum would remain distorted, yielding the all too familiar result of
a ringing effect (vertical or horizontal 1ine patterns) in the video
picture. With propef adjustment of the notch and peak circuits, however,
there is no observance of ringing in the video picture due to video

emphasis.

: A relative magnitude frequency response curve for the 1.25 MHz voice
subcarrier peak is given in Figure 4-9. The 3-dB bandwidth of the peak
response is approximately 40 kHz - the same as the notch 3-dB bandwidth.

As can be seen in Figure 4-7, the height of the peak dis regulated by
the 50 Ko variable resistor in the circuit. The peak center frequency can
be changed by varying the 4-80-picofarad capacitor in the resonant fre-
quency section of the peak generation circuit.

If desired, the effect of the peak generation circuit can be elimi-
nated from the deemphasis network response. This may be done easily by
placing a shorting wire across the peak heighth control pot.

Isplation Amplifiers

The purpose of the cascade connection of emitter-followers is to
provide isolation between the peak generation circuit and the rest of the
video channiel system.
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4.3 PREEMPHASIS/DEEMPHASIS SYSTEM RESPONSE

As noted previously, the relative magnitude responses of the preempha-
sis and deemphasis networks exhibit an inverse relationship. Ideally,
_the overall relative magnitude response of both networks in series should
be perfectly flat. Figure 4-10 (a) shows the relative magnitude frequenqﬁ
response curve for the two networks in cascade. The response is relatively
flat to within 7.5 dB from 0 to 4.5 MHz with a +1.5 dB hump around 1 MHz.
The figure shows the net effect of the networks upon the video spectrum.’
From Figure 4-10 {b) it is seen that the series network combination has a
very Tinear phase frequency response curve, indicating a constant time
detlay over all frequencies.

In order to insure that the inverse relationship criterion is preserved
in the frequency region around the 1.25 MHz voice subcarrier (and eliminate
potential pattern interference), it is sometimes necessary to adjust the
shapé of the preemphasis network notch to match that of the preemphasis
network peak. ‘Usually this becomes necessary when the breakpoints of the
networks have been manually shifted in frequency. Figure 4-10 (c) shows
the resultiing appéarance of the relative magnitude frequency response curve
in the voice subcarrier region after a typical adjustment. . The magnitude
response is flat to approximately *.5 dB from .75 MHz to 1.75 MHz, which
is quite satisfadtory. - - '

The series preemphasis/deemphasis network system test set-up used to
generate the overall magnitude and phase responses sketched in Figure 4-10
is given in Figure 4-11.
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5. EXPERIMENTAL RESULTS

This section presents photographs and experimental data cbtaired as a
result of total system tests conducted at the Manned Spacecraft Center (MSC)
Electronic Systems Test Laboratory (ESTL). The tests were performed to evalu-
ate the effectiveness of the preemphasis/deemphasis networks, cited in Section
4, in improving the video picture quality of the LCRU color television system.
Production LM spacecraft equipment together with an MSFN ground-station re-
cejver and associated demodulation equipment was used in the tests. The
LCRU~to~ground Tink was simulated with a calibrated rf attenuator.

A number of preemphasis and deemphasis networks were experimentally
tested. It was determined that the preemphasized video did not appreciably
degrade {less than 1 dB) the 1.25 MHz voice subcarrier, thereby eliminating
the need for the 1.25 MHz notch-peak combination in the networks.- A preempha-
sis/deemphasis. circuit pair with frequency breakpoints at 250 kHZ and 2000 kHz
has good noise suppression characteristics, while minimizing picture "tearing"
at Tow received RF power levels. The total system tests in the ESTL with the
colorpiexer were conducted with the 250 kHz/2000 kHz network pair. A network
pair with frequency breakpoints at 100 kHz and 2000 kHz, which.theoretically has
a noise suppression performance superior to that of the 250 kHz/2000 kHz net-
work pair, was also tested. The resultant picture quality was slightly improved
(1ess random noise), but unfortunately, this advantage was offset to a degree
by an equally slight increase in "tearing", at the -93 dBm RF level.

The "tearing" in.the video picture at low RF levels is partially caused
by the high amplitude spikes in the preemphasized video signal. These spikes
are created by the preemphasis circuit which acts as a differentiator, thereby
causing spikes to appear in the preemphasized video signal whenever there is
a rapid change in voltage Tevel (i.e., due to an edge in the picture). In
order to eliminate the large voltage spikes which would result from partial
differentiation of the sync pulses, only the non-composite video signal
(video signal without synchronization pulses) is preemphasized. After the
preemphasis process, the sync pulses are added to the preemphasized non-com-
posite video signal.
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5.1 PICTURE QUALITY IMPROVEMENT

In an effort to subjectively evaluate the improvement in color TV pic-
ture quaiity, due to emphasis of the video signal, one particular landscape
scene was studied with and without emphasis, for three different total-received
. RF power levels. The video scene chosen is supposed to represent a typical
Junar scene - such as one that might be transmitted back to earth via the
LCRU. The three LCRU-to-MSFN total-received RF power levels of interest

are:

-82 dBm Worst-case RF power Tevel
received from Tunar distance,
using the LCRU dish and the
MSFN 210-foot dish

-90 dBm Worst-case RF power level
received from-lunar distance,
using the LCRU dish and the
MSFN 85-foot dish

-93 dBm 3 dB below worst-case RF

: power level received from lunar
distance, using the LCRU dish
and the MSFN 85-foot dish.

. Figureé 5-1 through 5-6 are photographs taken from the sequential color
TV monitor in tHe MSC ESTL. They indicate the récéived te1e€i§iop signai
picture quality which is expected as a result of the LCRU-to-MSFN trans-
mission Tink. A1l pictures were taken under exactly the same testing condi-
tions, except for the presence or absence of video emphasis .and the value of
total-received RF power level. During the ée1evision picture quafity'eva1u-
ation test, tﬂe 1.25 MHz voice subcarrier, with voice modulation, was-FM
modulated on the downlink S-band carrier. A passive 1.25 MHz voice notch
filter with a 3 dB-bandwidth of 80 kHz was inserted in the output video
channel to eliminate the 1.25 MHz spectrum from the baseband video spectrum.
When the preemphasis and deemphasis networks were not utilized in the communi-
cation system Tink, a dual section Krohn-hite filter with a maximally flat
ampiitude response and a 2 MHz cut-off was used as the video baseband filter,
A1l testing was carried out with a video 1.7 MHz (+10%) peak frequency
deviation, set by a 25 kHz sine wave, and a 1.25 MHz voice subcarrier peak
frequency deviation of 440 kHz.
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As compared with no preemphasis, in practice, preemphasis maj require that
the peak frequency deviation of the modulator be reduced at low frequencies.
However, in the system testing, this factor was ignored. The signal used
for comparison purposes was a 25 kHz sinusoidal modulating wave, which is at
a low enocugh frequency not to be appreciably affected by preemphasis. At this

frequency of 25 kHz, it may be assumed that the modulation level is the same
as with no preemphasis.

Figures 5-1 and 5-2 show the LCRU television picture quality without
emphasis and with emphasis, respectively, for an RF level of -93 dBm. The
suppression of the Gaussian white noise through the use of deemphasis is drama-
tically evident from an inspection of these figures. Figure 5-2 has consider-
ably less snow than Figure 5-1, as evidenced by the bluer sky background, and
thus has a great deal more definition and contrast. With emphasis, there is
a better color quality present in the received television picture with better
highlights. Note the more distinct shadows in the rock area. The presence
of horizontal or vertical bar patterns should be ignored when inspecting the
various photographs, because they are a function of the ESTL modulation/
demodulation equipment and are not caused by the preemphasis-deemphasis
technique.

Just as for the previous photographs, Figures 5-3 and 5-4 illustrate
the marked reduction in snow due to deemphasis of the output video noise
power. Figure 5-3, taken without video emphasis, shows the definite graini-
ness of the television image due to the presence of the individual random
noise grains (random white dots). Figure 5-4, taken with video emphasis, shows
1ittle of this granular appearance. The presence of the random noise does
indeed mask and distort the brigina] TV image. Both Figures 5-3 and 5-4
were taken at an RF level of -90 dBm, which is the worst-case RF power ievel
received from lunar distance using the LCRU parabolic dish and the MSFN 85-foot
antenna. This means that Figure 5-4 is the worst-case LCRU television image
expected when using the emphasis technique.
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Figure 5-1. TV Picture Quality Evaluation Photograph
Without Video Emphasis, RF Level = -93 dBm

Figure 5-2. TV Picture Quality Evaluation Photograph
With Video Emphasis, RF Level = -93 dBm
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Figure 5-3. TV Picture Quality Evaluation Photograph
Without Video Emphasis, RF Level = -90 dBm

Figure 5-4. TV Picture Quality Evaluation Photograph
With Video Emphasis, RF Level = -90 dBm
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Figure 5-5. TV Picture Quality Evaluation Photograph
Without Video Emphasis, RF Level = -82 dBm

Figure 5-6. TV Picture Quality Evaluation Photograph
With Video Emphasis, RF Level = -82 dBm

wn
1
oo



NOT REPRODUCIBLE



= FILMED.
PRECED‘:NG‘EAGE BLANIK NOF FiL

The worst-case RF level for the LCRU-to-210-foot MSFN station link 1is
-82 dBm and is the condition portrayed in Figures 5-5 and 5-6. Although
there is less random noise present at -82 dBm (corresponds to an input CNR
of 16.5 dB), because the MSFN FM demodulator is operating above threshold,
there is still a definite picture quality improvement obtained through
the use of emphasis. Note the better detail and definition dispiayed in.
Figure 5-6 over that found in Figure 5-5. The television picture obtained
with emphasis is certainly much sharper and clearer than the picturevobtained
without emphasis, even for high input CNR's.

The television emphasis test confidurations used in simulating the LCRU
color television communication system are presented in Figures 5-7, 5-8, and
5-9.

5.2 RF LEVEL IMPROVEMENT

As explained in Section 5.1, a comparﬁson of Figure 5-1 (picture without
emphasis) and Figure 5-2 (picture with emphasis) clearly shows the significant
reduction in white noise accomplished by ‘the deemphasis process. There is no
doubt that the quality of the picture in Figure 5-2 is improved over that found
in Figure 5-1. .The question certain to be asked is, How much picture quality
improvement is there between Figures 5-1 and 5-2? A way of answering is to
compare tHe television photographs in Figures 5-2 {picture with emphasis) and.
5-3 (picture without emphasis). Careful inspection of these two ﬁhotographs
reveals that the quality of Figure 5-2 is better than that dispfayed in Figure
5-3, even though the Tatter television picture is for an RF level 3 dB above
that for Figure 5-21 A very approximate and conservative way of qualitatively
expressing the improvement in Figure 5-2 over Figure 5-1 is to state that there
is at least a 3 dB improvement in RF power level through the use of video
emphasis at these low RF levels. A comparison of Figures 5-2, 5-3, and 5-5
indicates that the RF power level improvement obtained with emphasis is
greater than 3 dB and Tess than 11 dB. The upper bound is valid assuming
that Figure 5-5 (RF level = -82 dBm) has less random noise or snow than
Figure 5-2 (RF Tevel = -93 dBm).

5-11



. N NON-
PROCESS COMPOSITE PRE-
VDA = P TS VDA |0 O—=| EMPHASIS O O—= VDA
_ NETWORK
A
MATCHING MATCHING
NETWORK i 355C NETWORK
v 750 500 TTEM 500 . 750
VR 2000
- VIDEO
RCDR
VDA
[
|
. HP 467 -
* AMP
TEK 5458 |
CoL SCOPE ..
ABBREVIATIONS § 50 0
EKG - ELECTROCARDIOGRAM TV IN
PAM, - -PULSE AMPLITUDE MODULATION K
VDA - VIDEO DISTRIBUTION . .
: AMPLIFIER —— Ef:U‘R ' ‘;'FBA"‘D e k}lloi\g\&ﬁ
S 50 MHz i H
AMP - AMPLIFIER N i PAT:
ATTEN - ATTENUATOR
ESTL - ELECTRONIC SYSTEMS, ~ -
- TEST'LABORATORY
'RCVR - RECEIVER .
RCDR - RECORDER PAM G, -
- EKG ——nn] AR VHF
SDDS - SIGNAL DATA DEMODULATOR RF ~
o SYSTEM . PATH
VG - EXTRAVEHICULAR COMMUNICATIONS
PAM —=
EKG .| EVC,
VOICE meeier]
Figure 5-7. Television Emphasis Test Configuration

50



DS | Owg_.| VDA
)

2

DEEMPHASIS
NETWORK

[ 8—{ VDA

b

04 O
NOTE ‘ c"
1. WITHOUT POST-DETECTION FILTER
2. WITH POST-DETECTION FILTER APEX 'F\{S_TE%H
(KROHN-HITE, DUAL SECTION,
MAXIMALLY FLAT, 2 MHz)
3. MODIFIED FOR SEQUENTIAL COLOR J)
ABBREVIATIONS ' C*’
APEX - AMPLITUDE AND PHASE
EXTRACTION) N
VDA - VIDEO DISTRIBUTION AMPLIFIER VDA
AMP - AMPLIFIER
SDDS - SIGNAL DATA DEMODULATOR SYSTEM
Y
| BLDG 8 | PROCESS
| | AMP
| PROCESS | |poppLer | _ | Process | | 1
| AMP | CORRECTOR AMP B | °
| CONRAC
-|coLor COLOR l v
VDA - s _
| CONVERTER ENCODER l’ VDA 0 MONITOR
| 3
VIDEO l
I RECORDER I WAV EFORM
MONITOR

T — — ——— it — — — — — it \meern  S— —

Figure 5-8.

Television Emphasis Test Configuration




SbDS KROHN-HITE
5
e-1—0 O—mf HPIC FILTER | o= 1EK 545
= ATTEN ! SCOPE
l F— O O .3 MHZ
51
Q
- I =
4 \\ |
| || owpassc [
: ATTEN
50 MHz
VIDEO
RCVR, |
TECHNI-~
ﬂgg PAM RITE
DISC 7| DPECOM CHART
g’ RECORDER
]
MOTOROLA PM
FM »| VOICE [—
DEMOD DEMOD
PM 2.5 kHz .
=| VOICE P SPEAKER
ABBREVIATIONS AMP _FILTER
MED - MEDICAL
DISC - DISCRIMINATOR 600
DECOM - DECOMMUTATOR aQ
DEMOD - DEMODULATOR
RCVR - RECEIVER
LP - LOW PASS
PAM - PULSE AMPLITUDE MODULATION

Figure 5-9.

5-14

Television Emphasis Test Configuration



5.3 SNR IMPROVEMENT

The concept of signal-to-noise ratio improvement or noise power reduc-
tion is the prime criterion by which one can judge the effectiveness of the
video emphasis technique. This section will describe an approximate method
of determining an experimental SNR improvement based on the observation of
RF Tlevel improvement cited in Section 5.2. :

The advantages of using frequency modulation are well known, one of the
primary being the SNR improvement at the receiving end. This advantage holds,
however, only at relatively high values of the input CNR. If the dinput CAR
falls below a certain critical value, the output SNR drops rapidly resulting
in a great deterioration and eventual loss of the demodulated signa]._ It is
conventional to describe this situation by plotting the output SNR as a func-
tion of the input carrier-to-noise ratio for an unmodulated carrier. A typical
plot is shown in Figure 5-10 for the MSFN FM demodulator used in the tele-
vision emphasis testing. The point of departure from linearity is defined
as threshold. One accepted definition of FM threshold is the specific input
CNR value whose corresponding output SNR occurs éxact]y 1 dB below the 1inear
extension of the transfer characteristic. This method of defining FM thresh-
old is illustrated in Figure 5-10. For proper operation of the FM demodu-
lator, it is normally required that the CNR be maintained sufficiently high
to avoid the threshoid region. Notice in Figure 5-10 that the RF power Tevel
of -93 dBm (3 dB below worst-case for the MSFN 85-foot station) is only
stightly above FM threshold.

The relationship used in describing the demodulator performance in
and above the threshold region (Reference 14), as shown in Figure 5-10,
is given in Equation (5-1) for an unmodulated carrier

3 Z(EIF)
DA
L3 1 CNR (5-1)
1+ 3 (BIF) CNR (1-erf \/CNR)J
0

SNR =
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where

BIF = rectangular IF bandwidth

B = rectanguiar output bandwidth of the postdetection Tow pass
©  video baseband filter
B = %f- = modulation index
0
Af = peak carrier frequency deviation.

For the purpose of obtaining a conservative estimate of the SNR improve-
ment experimentally obtained through emphasis, a 3 dB improvement in RF
level will be assumed. This figure was the minimum estimate cited in_Section
5.2. In other words, it is being assumed (a conservative assumption, really)
that Figure 5-2 (with emphasis) and Figure 5-3 (without emphasis) have equal
noise suppression characteristics or equal output signal-to-noise ratjos.
The difference in output SNR's, corresponding to the RF power levels of

Figures 5-2 and 5-3, will be the estimated improvement in picture SNR due

to emphasis. To make things easier, the SNR characteristic of Figure 5-10
is replotted versus total-received RF power and is given in Figure 5-11. As
can be seen from the graph, the output SNR for -90 dBm is 12 dB and the
output SNR for -83 dBm is 8.3 dB. The difference between the two SNR's
which is 3.7 dB, is the experimental estimate of the video signai-to-noise
ratio improvement obtained as a result of preemphasis-deemphasis. Remember
that this estimate is based on the assumption that Figures 5-2 and 5-3

have equal picture quality. Actually, Figure 5-2 appears to have better
picture quality than Figure 5-3 and, therefore, the SNR improvement .is higher
than the conservative estimate of 3.7 dB. ‘

In Appendix C, the signa]—fo-noise ratio improvement through emphasis
at CNR's in the non-linear region of the demodulator SNR characteristic is
considered. As a result of this theoretical analysis, a plot was made of
the non-weighted SNR improvemenf factor through emphasis versus input CNR
(see Figure C-4). This plot was used to generate the non-weighted theoret-
ical curves of output SNR versus input CNR, when utilizing emphasis, shown
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in Figure 5-11. The top non-weighted theoretical curve (k = 1) is for the
case where no effort is made to reduce the average power of the preemphasized
modulating signal. This is essentially the condition under which the system
testing was conducted (see Section 5.1). Section 3.7 shows that the addi-
tional SNR improvement due to the increased modulation Tevel {case when

k = 1) for a 250 kHz/2000 kHz network pair is +7.42 dB. The bottom curve

(k < 1) depicts the non-weighted theoretical SNR when the equal modulating
power constraint is satisfied. Notice that at -93 dBm (CNR = 5.7 dB) the
top theoretical non-weighted curve (k = 1) with emphasis predicts a 12.3 dB
improvement in signai-to-noise ratio. This value compares reasonably well
with the minimum estimate of 3.7 dB SNR improvement determined expeﬁimen—
tally when it is realized that: '

(a) The theoretical curves are based on the optimum condition
f, = f', which is not geﬁéra11y the case due to the variation
in video picture correlation. This means that the éctua] SNR
improvement should be significantly less than the optimally
predicted value.

{b) The theoretical curves assume non-weighted random noise. If
the frequency weighting function of subjective random noise
for color television were to be taken into account, the theo-
retically calculated SNR improvement would be weighted and
thus would be significantly less than the non-weighted value.

(¢) The experimentally observed estimate of a 3 dB RF power level
improvement, corresponding to a 3.7 dB SNR improvement, is a
minimum estimate only. The actual SNR improvement is greater
than this value. No attempt was made to precisely determine
the actual subjective SNR improvement in video picture quality.

For CNR's high above threshold, the SNR improvementi becomes constant, as
would be expected, since the noise density is now essentially parabolic.
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From Section 3.6, it was learned that the weighted SNR improvement

g%w obtained with emphasis is always less than the non-weighied SNR iﬁprove-
ment E%. Thus, if an estimated weighted theoretical curve with emphasis
_were to be plotted in Figure 5-11, it would,klie below the non-weighted
theoretical curves. This is just what is done in Figure 5-11. 1t is an
estimate only, since time did not aliow for a computed curve to be drawn.
Since the noise sensitivity weighting function (see Figure 3-18) was deter-
mined experimentally, there is no equation which represents it. Either the
integration would have to be- done numerically, or an approximatfng function
for w(f) would have to be found. The reason that the estiméted‘ﬁeighted
curve tends toward the non-weighted theoretical curves for 10w‘CNR's; in
Figure 5-11, is because of the changing characteristic of the noise power
"density at the output of an FM demoduTator for CNR's in and below threshold.
As stated in Section 3.5,'thq weighting factor for FM transmission of

video is Targef than for AM transmission. Similarly, the weighting factor
for parabolic noise is larger than for click noise. Since this is so,
", will decrease

W
for decreasing CNR's near thrgshold. The general form for g%w is

the weighted SNR improvement factor through emphasis, 174

0
N(f) w(Ff) df

= =

R =

W

(5-2)

o

O N(F) w(f) df
J, W

where N{f) is the total noise spectrum at the output of an FM demodulator
given by Equation (C-1).
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6. CONCLUSIONS

The results of this study’show that significant improvement in LCRU
television performance can be achieved when using the preemphasis/deemphasis
technique. This fact was demonstrated by total sysfem tests, conducted at
the MSC ETectronic Systems Test Laboratory, involving subjective visual
assessment of video color picture quality. Experimental results indicate
that a minimum 3 dB RF level improvement can be obtained when using video
signal preemphasis-deemphasis. This approximately corresponds ‘to a minimum
3.7 dB video SNR improvement at an RF Tevel 3 dB below the worst-case LCRU
RF level. The experimentally estimated video SNR improvement was at the
-93 dBm total-received RF power level for the LCRU-to-85-foot MSFN station
link. The worst-case RF received power level from lunar distance, using the
LCRU dish and MSFN 85-foot dish antennas, is -90 dBm. The RF level, -93
dBm, is then 3 dB below the expected worst-case RF Tevel.

The subjectively observed SNR improvement was estimated to be a
minimum of 3.7 dB at the -93 dBm RF power level (se€ Section 5.3). It is
extremely difficult to compare this minimum estimate with a -theoretically
calculated figure because of the inherent difficulties associated with
subjectively evaluating television picture quaiity and the very-approximate
manner in which the video picture quality improvement was estimated. The
latter was primarily due to a time Timitation and other factors. The
experimental estimate obtained is just that, an estimate, and should be
viewed as such. 'In addition, there are certain important facts which must
be fully.realized when comparing the estimated data with.the theoretical
data. They are:

-{a) The theoretical data is based upon the 6ptimum condition f; = f',
which is not generally the case due to the possible large varia-
‘tion in video picture correlation. This means that the actual
SNR improvement should be significantly less than the optimally
predicted value.
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(b) The theoretical data assumes non-weighted random noise. If the
frequency weighting function of subjective random noise for color
television were to be taken into account, the theoretically
calculated SNR improvement would be weighted and thus would be
significantly Tess than the non-weighted value (perhaps by as
much as 2 dB or more).

(c) The experimentally observed estimate of a 3 dB RF power level
improvement, corresponding to a 3.7 dB SNR improvement, is a
minimum estimate only. The actual SNR improvement is signifi-
cantly greater than this value (see Section 5.2). No attempt
was made to precisely determine the actual subjective SNR
improvement in video picture quality.

A theoretical non-weighted SNR improvement of 12.3 dB for the -93 dBm RF
power level (corresponds to CNR = 5.7 dB) was calculated (see Section 3.7
and Appendix C) for the case where no attempt is made to reduce the. pre-
emphasized signal modulation level (k = 1). This was the condition under
which the system testing was conducted. With the above outlined pertinent
facts well in mind, the theoretically calculated SNR improvement of 12.3
dB can be considered to compare reasonably well with the minimum estimate
of 3.7 dB SNR improvement. According to the theoretical analysis contained
in Appendix C, video SNR improvement increases with.input carrier-to-noise
ratio until the MSFN FM demodulator is operating far above threshold (RF
levels above -90 dBm), at which point the SNR improvement becomes constant.

* A number of preemphasis and deemphasis networks were experimentally
tested. It was determined that the preemphasized video did not appreciably
degrade (less than 1 dB) the 1.25 MHz voice subcarrier, thereby eliminating
the need for the 1.25 MHz notch-peak combination in the networks. Two
examples of successfully tested preemphasis/deemphasis networks were those
with 3 dB breakpoints at 100 kHz/2000 kHz and 250 kHz/2000 kHz, all with
6 dB/octave s]opes.
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In summary, good television picture quality is now obtainable at -90
dBm, the worst-case RF total-received power level for the LCRU-to-85-foot
MSFN station Tink, when using video emphasis. Thus, simple preemphasis
and deemphasis networks can provide improved LCRU television performance
at a modest cost in terms of circuitry. It is recommended,:therefore,
that video signal preemphasis and deemphasis networks be implemented in
the LCRU television system.
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APPENDIX A
FRANKS' MODEL FOR A RANDOM VIDEO SIGNAL

A video signal was modeled and analyzed by L. E. Franks (Reference 2)
in 1965 and earlier, in 1934, by Pierre Mertz and Frank Gray. Franks
proposed a model, involving only a few essential parameters, which
characterized the power spectral density of the random video signal.
The continuous part of the power spectral density has been expressed as
a product of three factors, which show separately the influence of
point-to-~-point, line-to-1ine, and frame-to-frame correlation. Using
parameters representative of typical picture material, Franks observed
that the video spectral components were concentrated near multiples of
the Tine scan and frame scan rates. This.conclusion was in agreement
with the results obtained earlier by Mertz and Gray.

It is common practice to interrupt the video signal after each line
scan and frame scan in order to insert control signals such as synchro-
nizing and blanking pulses. The resulting signal is called the composite
video signal, z(t), which is expressed as a random video process inter-
rupted every T seconds for a time duration of aTlséconds by an arbitrary
periodic pattern, w{t), inserted in the blank interval. The composite
video signal, z(t), is given by

z{t) = p(t)v(t) + w(t) (A-1)

where p(t) is periodic with period T, equal to one in the video interval
and equal to zero in the blank interval; w(t) is periodic with period T
and equal to zero in the videoc interval; and v(t) is a zero-mean random
video process.: The constant 1 - o is the relative amount of time devoted
to the video signal, since o is the relative amount of time devoted to
the synchronization signal.

Franks found that the properties of typical picture material enabled
him to make certain approximations which 1ed.to especially simple, closed-
form expressions for the video power sbectrai density. The power spectral

A=1



density for the composite video signal as determined by Franks is

where

and

S() = (1 - alG, (F)6, (7, (F)

6, ()

6, (f)

6, (f)

m _ (A-2)
+ Y |w2|2 §(f - ﬁ.-) + dzé(f)

J ]

A S 2

h (A-3)

(27F)2 + xhz'

~

= an envelope function representing
horizontal picture correlation

- ' l -
sinh VTe

[}

- (A-4)
cosh lvTe - cos 2aTf .

= a function, periodic 1/T, representing
vertical picture correlation

sinh NAtT
(A-5)
cosh NAtT - ¢cos 2uNTf

= a function, pekiodic 1/NT, representing
frame-to-frame correlation

= relative amount of time occupied by non-
video (synchronizing and blanking) portion
of the signal

= mean value of the picture luminance

= variance of the picture luminance
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As indicated 1in

= average number of statistically -independent

Tuminance ievels in_a unit distance along

"the horizontal and vertical directions,

respectively; Poisson rate.parameter des-
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and.vertical directions,.véspectively

time .interval equivalent’to distance between
adjacent 1ines at scanner velocity; time
dimension of picture element

1ine scan interval 1in seconds
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luminance of a point at successive frames
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Tmpose a "fine structure" on the video power spectral

density.
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where

K = average video signal power
= [ s(f)df (A-9)
= (1 - a)(d® - T). (A-10)

- - / (F)
T 7—

0 /T 2/T 3/T 4T 5/T 6/T 7/T

S
f

Figure A-2. Continuous Part of Powér Spectral Density for Typical
Video Signal With Frame Rate Structure Smoothed Out

In addition, if it is assumed that the video picture has the same correla-
tion between picture elements of dimension Te in both the horizontal and
vertical directions (Ah = Ay z A), then the continuous part of the video
signal power spectral density for the case of sequential scanning becomes

2 sinh ATe

2

(2af)" + A

(A-11)

cosh ATe - cos Z2aTf

The power spectral density for the case of 2:1 interlace scanning can be
obtained from Equation (A-11) by replacing Tg by 2 Te.
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According to Franks (Reference 2), the random video picture may be
characterized by an autocovariance which depends only on the variance,
d™, (assuming the mean value of the picture Tuminance is zero). of the
luminance and the two parameters M and Ay which specify the average
number of statistically independent Tuminance levels in a unit distance
along the horizontal and vertical directions, respectively. Alternatively,
the correlation is characterized by the parameters

2T
op=e e (A-12)

and

p. = e ve (A-13)

which are the horizontal and vertical correlation coefficients between
luminance values in adjacent picture elements when the picture area is
quantized into small squares of dimension Te' Similarly,

-2 NT

p't = e t .. ] (A".[q-)

is defined as the frame-to-frame correlation coefficient between tuminance
values of a point (picture element) at successive picture frames.



APPENDIX B

SOLVING FOR THE COEFFICIENT k ASSUMING
FRANKS' MODEL FOR A RANDOM VIDEQ SIGNAL

The ratio Qﬁby which preemphasis-deemphasis improves the signal-to-
noise ratio of a FM signal has been shown previously to be

fy /3
@: P . (B--[)
‘y 2 ar
P
% [ (R
A suitable transfer function for the preemphasis network is
. fA
H(f) =k (1 + ]+ B-2
SORENRSES (8-2)
where f; is the frequency break point and k is the product of an amplifier
gain A and the passive network attenuation ratio %—. The bandwidth of the

modulating video signal is given by fM’ which is also the bandwidth of the
video baseband filter. ) )

So that the -bandwidth occupied by the output of the FM modulator may
remain fixed, the requirement is made that the normalized power of the
baseband signal m(t) must equal the normalized power of the preemphasized
signal mp(t). This condition is described by the equality

iy f
~/P s(rlar = [ s(F) [H (F)]%ar. (B-3)
=,

M

The power spectral density, S(f), of the video signal is assumed to have
the form (Appendix A}

1 ] [ cosh ATe -1

S(f} = S
°l + (; ?}Ifosh ATe - cos 2#1f

(B-4)

t
2
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Substitution of Equation (B-4) into Equation (B-3) yields

fM (‘ .
f 50 cosh ATe - 1) df
“f. 1 +(£)2 cosh AT . - cos 2aTf
M i e

M. . k2 (cosh ATe - 1) df
J/ 0 cosh ATe - cos 2a1f

E]

(fy = ') (B-5)

when assuming that the preemphasis network has been designed so that its
break point frequency, f, , equals the -3 dB frequency, f', of the video
spectral density envelope '

Se(f) = 0 . (B-6)

The coefficient k 1s then suitably adjusted so*that the power constraint-
of Equation (B-5) is satisfied.

The integrail-on the left hand side of.Equation (B-5) wiTll now be
evaluated. Integrals of this type, having an integrand A(f)B(f) where
B{f} is periodic 1/T and A(f) is a slowly changing envelope function,
can be closely approximated by (Reference 2)

fy £
/ A(FIB(F)AF ¥ ) A(?) fB(f)df
-f, m=-f,T 7T
fu
7 [ A(f)df[B(f)df . (B-7).
- 1T
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Accordingly, the first integral is evaluated,

d/fM So_df = Z?ﬁft 'Sy dx
'$M1+G)2 W™ e
= 5 f'2 tan™! ;ﬂ (B-8)
The second integral is
(cosh ATy - 1) df : (B-9)

1/T cosh lTe -~ cos 2n1f

which after using the suitable change of variable x = 2nTf becomes

h AT - 1 ‘ ' :
(cos o ) f dx (8-10)

2nT cosh AT_ - cos X
YT e

cqsh lTe -1 o -1 (cosh hTe +1) tan(x/z) ‘

ant cosh2 ATe_- 1 \/Eoshz ATe -1 /T

2 1
[cosh ATe > IJ

_ cosh ATe -1 [@1"- E]
il /cosh2 ATE -1 2 2
cosh ATe - {

2
T \/E;sh ATe -1

hAT, - 1
.t : (B-11)

T sinh ATe

since 5
sinh ATE = , [cosh ATe -1 (B-12)
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The integral on the left hand side of Equafion (B~-5) may now be easily
solved by applying Eguation (B-7),

” .
j‘ S, (cosh AT, - '[) df
fy2
fy 1 +(—f-.) cosh AT, - cos 2xTf
f cosh AT - 1
=T. S f' 2 tan™! ?ﬁ-- &
T sinh AT
e
(cosh AT - 1) f
= 2f'S, e tan"t M (B-13)

sinh ATe

The integral on the right hand side of Equation (B-5) is evaluated in
he following straightforward manner

fM ( 9 ZﬁTfM
q sz cosh }\Te -1 ) df i 250k {cosh ATe - 1)f dx
) ]
”fM cos? ATe - ¢os 2aTf 2nT / cosh ATe _ oS X
0
2a1f
2, -1 M
= S,k {cosh AT, - 1)- 2 tan ' {cosh AT, +1) tan x/2

T 1/cosh2 A - 1 cosh2 ATe -1 l
\ 0

[cosh2 ATe>T]
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- 2 :
= ZSok (cosh ATe - 1) . 2 fM

T sinh ATe f]

2wl 1

tan"] (cosh AT, +1) tan x/2
2
4 ,Jcosh ATe -1-

2
ZSOk (cosh ATe - 1) ZfM

w
7T sinh Ay f 2

2
2 fyy Sk° (cosh AT, - 1) (8-14)

sinh ATe

where f1 is the video signg? Tine frequency (%) and th(fd is an integer.
After integrating the expressions according to Equation (B-5), k is

determined by the condition that

1 _]
2f S0 {cosh ATe - 1) tan

sinh ATe f!

_ 2
= 2fM Sok (cosh ATe -1 ’ (B-15)

s1nh-)\Te
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which follows from the results of Equations (B-13) and (B-14). Finally
solving for kz, it is found that

2 f! 1 f
K° = _tan 1 M (B-16)

fy £

Using this expression for k, the transfer function of the preemphasis

network becomes

1
2
£ Ty f
H()= [— ftant (15— (8-17)
fM f f
1
2
) f f
= tan~! M (T + 3 __) (B-18)
. i




APPENDIX C

SNR IMPROVEMENT THROUGH EMPHASIS IN THE FM
THRESHOLD REGION

In the previous appendix and in the main body of the report, the
signal-to-noise ratio improvement possible when using preemphasis/deempha-
sis on a FM channel was considered. At the time, the discussion was
1imited to high-input carrier-to-noise rétios, namely, where the carrier
is above the threshold Tevel and the M demodulator is operating over the
linear region of the output SNR - input CNR characteristic curve. By
making this restriction, it was‘possible to considerably simplify the
results.

In this appendix, the signal-to-noise ratio improvement through
emphasis at CNR's in the nonlinear region of the FM detection process is
considered. The calculation of noise effects in FM détection is usually
quite tedious and difficult mathematicaTiy. Physical insight into the
phenomena taking place, particularly in the case of the first FM threshold
in which the noise begins to increase precipitously, tends to become
obscured in the mathematical manipulations. However, there is an FM noise
analysis available which is suggested specifiéa?]y by experimental measure-
ments. This is S. 0, Rice's analysis (Reference 14), leading to the FM
noise threshold in terms of the expected number of "clicks" per second
at the output of an FM demodulator. It is found experimentalily that as
the input noise begins to increase, individual clicks are observed at the
demodulator output. When a television signal is transmitted by FM, the
upward clicks appear as white spots on the screen and the downward clicks
as bhlack spots, or vice versa, depending on the polarity of the connections.
As the carrier-to-noise ratio continues to decrease, the number of clicks
rapidly increases. It is at this point that the FM threshold is found to
appear experimentally (usually in the vicinity of CNR = 8-10 dB for modula~
tion indices greater than 10).

Following the analysis of Rice, the assumption is made that the total
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noise spectrum at the output of an FM discriminator, with unmoduiated
carrier plus Gaussian noise at the input, is the sum of the spectrum in
the high carrier-to-noise case (Gaussian distribution and a parabolic
spectrum) plus that due to the noise clicks. Thus, assuming a symmetrical
-rectangular IF filter of width BIF centered on fc to simplify the analysis,
it is postulated that the total one-sided noise spectral density is

‘ 2 2 2
N(F) = 228 _ 4 Gr_ By erfc VCNR (c-1)

Bip (NR /3

which holds only for 0 < f f-BIF/2 with erfc x = T-erf x, the compiemen-
tary error function. N(f) is approximately O for f » BIF/Z Equation
(€<1) is particularly valid in the important region in which the CMR is
large and f is small. It is the additional second term assumed due to

the clicks that gives rise to the threshold effect. As noted by Rice, and
as has also been verified experimentally, the rather simple form of Equa~
tion (C-1) leads to noise spectra1 density curves that agree quite well
with those found -using the more cumbersome, a]though perhaps more rigorous,
approaches to FM noise ‘analysis. )

From Equation (C-1) it is readily éppargnt that the clicks are assumed
to have a flat or white noise spectrum. This is valid providing the band-
width fM of the 10w—pass'f11ter following the demodulator is much less
than the spectral width of the noise clicks. Another way of stating this
is - since the width of the noise c¢licks is on the average much less than
T/fM, wherg fM is the video bandwidth, the noise pulses may be aﬁproximated
as delta functions of weight 2x. Note that Equation (C-1) introduces a.
nonzero'v§1ue for N(0), as is found in the exact analyses of others- inciud-
ing S. Q. Rice. ’

As an example, N(f) (the one-sided noise spectral density) is sketched
in Figure C-2 for the rectangular IF filter and input noise spectral density
of Figure C-1. Values of CNR = 2 and CNR = 10 have been assumed. For
this special case of a rectangular IF filter,

C-2



b8y i
n . .
o]
l ——
O pooBip foog 4B f
L ¢ 5

Figure C-1. One-sided Noise Spectral Density,
Rectangular Bandpass Filter

|
0.5
0.4
APPROXIMATION
0.3} CNR
N{f)
4TTBEF
0.2
. SPECTRUM DUE
TO GAUSSIAN ,SPECTRUM DUE
0.1 TYPE NOISE  / TO CLICKS
CNR =10 dB / e~ APPROXIMATION
0 e } i

0 6.1 0.2 0.3 0.4 0.5 046 0.7

Figure C-2. Approximate Output Noise Spectra Using "Clicks" Approach
FM Discriminator, Rectangular IF Spectrum

-

-3



N(f) T ( f \2 T
= + —— erfc /CNR . (C-2)
In By CAR BIF) =

The above results for the noise spectrum at the output of an FM detector
“have been verified experimentally by others. They note that although the
exact and approximate spectra differ substantially in the case of Tow
carrier-to-noise ratio {for exampie, CNR = 1.5), there are some conspicuous
similarities. For larger values of CNR the agreement between exact and
approximate noise spectra improves markedly (Reference 14).

The signal-to-noice ratio improvement through emphasis is defined to
be [Equation (3-8)]

) (S/N)0 emp N,

= = (C'3)
(S/N)o no emp Nop

where NOD represents the channel mean noise power when using the deemphasis
network and N0 represents the mean noise power with no deemphasis network.

The average noise power in the output channel without emphasis is

.F
N, = fo MONeE) oF - (C-4)

where fM is the cutoff frequenc& of the output baseband.filter. From
Equations (C-1) and (C-4} with fy < BIF/Z and CNR >> 1,

=
1

f f
M M
42 £2 f Aq2
— df + —— B erfc VCNR df (C-5)
0 o BIF CNR o fg_‘ IF

f, erfc v CNR {C-6)
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The average noise power in the output channel with emphasis is |

.F

M
N = [ —ME g c-7
o0 fo 1, () |2 (e7)
where IHp(f)]2 = k2 [T + (f/f,)2] (C-8)

is the square of the absolute magnitude of the preemphasis network response
(the inverse of the deemphasis network response) and f; is the frequency
break point with k the network coefficient. From Equations (C-7) and (C-8),

oD (C-9)

=
I}
=

=

—+

—h po—r
]

—_

o,
~h

Ay 2 BIF erfc v CNR

(C-10)

+
~
=
=

> £ L f
S 3 (?ﬁi - tan”! ?ﬁi)
k2 BIF CNR 1 1

4n% By erfc VONR g T
f, tan = — (C~11)
v 3 k2

funt
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Recall from Section 3.2.1 and Appendix B that the expression for the
coefficient k satisfying the power constraint of Equation (B-3) for a video
type signal is ’

f -
2 - Pt M i}
k Fotn (c-12)
f
f -1 M
1 M -
fy tan - (C-13).

when assuming that the preemphasis network has been adjusted so that its
break point frequency f, equals the -3 dB frequency f' of the video spec-
tral density envelope. Inserting Equation {C-13) into Equation (C-11)
yields the average noise power in the output channel with emphasis,

-1 "M
.?ﬁ- tan T,
42
+ ——B.. T, erfc v CNR
VR
Brp CNR M tanﬂl(ﬂw//%l)
+J4—Li B fyy erfc R (C-14)
3
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Using Equations (C-6) and (C-14) and recalling the definition of %,
the SNR improvement which results from preemphasis and subsequent deempha-
sis,”

N
G = _0_
NoD
R N :
: T ¥ 2B f erfer v CNR
B R 3. /3 TR M7
- , F, /T :
R 411'2 v t i M/ 1 4TF2 . .
g T12 T -1 + == B f, erfc  VCNR
BIF,CNR, LM [tan_l(fM /fl) -] v[?;f IF M
' (C-15)
fy? Bir SR '
+ erfc v CNR
3 ?IE CNR ‘fjif‘ | .
_' ' flz , . f f]_ . B
= [ ‘,_1]:'/_ ~ -1} +.J—I_—F erfc VCNR
IF tan " (f, /f 3
/1 (C-16)

For values of-large CNR (CNR greater than-10 dB), where the .number of
clicks per second is small enough to be negligible-and the Gaussian-type
output noise- dominates, the click noise term -

B
CTF .

— earfc V[Eﬁﬁ_
v 3 .

becomes negligible.and Equation (C-16) reduces to the familiar: form
[Equation (3-45)1,

2
Y 1
3f;2 [fM//fl —1]

tan'l(fM//fl)

% -

(C-17)
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= (C-18)

For values of CNR below 10, the intensity of the clicks increases markedly,
dominating the noise at the discriminator output and }esuTting in a sharp
increase in output noise, as evidenced by the approximate noise spectrum
for CNR = 2 sketched in Figure C-2. Due to the added presence of the flat
noise spectrum due to clicks, which is ndt affected by the emphasis process,
the signai-to-noise ratio improvement through emphasis decreases in the
threshold region.

This fact becomes apparent from an inspection of the sketches of
Figure C-3. The top curve, Figure C-3 (a), is an approximate output noise
spectrum corresponding to-a CNR = 2, whereas the bottom curve, Figure
C-3 (b), is an approximate output noisé'spectrum corresponding to a CNR =
10. For the case of the bottom curve (large CNR), the percentage of noise
passed through the deemphasis filter {ratio of transmitted noise power to
input hoise power) is considerably less than for the case of the upper:
curve (small CNR). The smaller the percentage of noise passed (or the -
greater the reduction in output noise- power), the greater the signal-to-
noise ratio improvement. A rectangular IF filter of width 4.2 MHz and a
deemphasis filter with a breakpoint at 250 kHz was assumed for both cases.

Figure C-4 is a plot of the signal-to-noise ratio improvement factor
X through emphasis versus input carrier-to-noise ratios, as derived in
Equation (C-16).
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