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I. Introduction -

The investigations undertaken in this thesis dre the resutt of

two United States Air Force programs. These programs cal l for tele-

vision cameras to be carried by a balloon and a rocket.- There Is a
- • requirement for FM transmission of the video. In order to get the

best performance from the television system, preemphasis must be

• used.

A. Basic Television Camera

The composite video signal employed in television is made up of

two major parts. These parts are synchronization pulses and picture

• 
• information , coninonly called sync and video , respectively. Before

describing the video signal , the means of developing it should be de-

scribed . A standard black and white television camera has seven major

parts (see Block Diagram I-i ). These parts are: image tube, deflec-

tion yoke, horizontal and vertical sweep circuits, video amplifier,

sync generator, and power supply.

The power supply provides all necessary voltages to all the cir-

cuits , including the high vol tage necessary to accelerate the electron

beam In the image tube.

The sweep circuits generate saw— tooth-shaped signals which are used

to deflect the electron beam across the photo-sensitive surface of the

- image tube by means of the magnetic field produced by the deflection

yoke. The vertical sweep rate Is 60 Hz, and causes deflection from top

to bottom. The horizontal sweep rate is 15,750 Hz, and causes the beam

to move from left to right (as viewed from the back of the camera). The

scan pattern starts in the top left and Is deflected to the right side.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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This left to right movement takes approximately 15
1
750 second. The

beam is then very rapidly deflected back to the left; this is called

the horizontal retrace. While the beam has been moved from left to

right and back to the left, it has also moved down due to the vertical

deflection so that the next line will be lower than the previous line .

Standard TV uses an interl ace system so that only half the lines are

scanned (every other line) during each frame. This means that a 60 Hz

scan rate gives thirty compl ete pictures every second . The purpose of

the interlace system is to reduce flicker. A complete picture has 525

lines , or 15,750 30.

There are many types of image tubes used in television cameras. The

type used is not important to this discussion. The common types are

all sim i lar. They differ in aspec ts such as size, voltage requirements,

type of photosensitive surface, and light sensitivity . All types func-

tion in much the same manner. The type used for tests was a vidicon

image tube.

A vidicon tube has an electron gun in the back end. This produces

an electron beam aimed at a photosensitive surface in the front end .

The photosensitive surface is about one Inch In diameter. The sweep

circu its previously described sweep the electron beam across the screen.

• Light focused on this surface causes the beam to become modulated as

it sweeps past light and dark areas. This modulation is fed to the video

ampl ifier where it is amplified and combined with the sync pul ses to

produce composite video--the end product of the TV camera.

The picture tube in a monitor is very similar to the image tube

just described. The two major differences are screen size and the elec-

tron beam modula tes the photosensitive surface instead of being modu-

lated by it.

_____________________
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• Sync pulses are needed to synchronize the monitor ’s scanning to

the camera ’s scanning . If they are not synchronized , the p icture will

• 

- 

rol l (if the scan r~tes are close to being equal ) pr be indistinguishab l e

(if the two sweep rates are not wel l matched). This rolling can take

place in either horizontal or vertical dir,ctions , or both.

The sync pulses are inserted between scan lines , i.e. during the

retrace. Positive polarity of the video signal corresponds to white

or bright areas , and negative corresponds to black or dark areas. The

pulses are negative polarity relative to the video . This means that

the picture tube is blacked out during the retraces so these lines are

not seen. The vertical sync pulse is made to be twenty-one lines wide

to allow for its lower frequency and slower retrace.

B. Bandwidth vs. Resolution

Video bandwidth and horizontal resolution go hand in hand i~. tele-

vision . Vertical resolution is not dependent on the video bandwidth

at all. Vertical resolution is determined totally by the number of

scan lines per picture. Standard television has about 500 usable lines

of resolution from top to bottom . The other twenty—five are taken by

the vertical sync pulse and overscan at the top and bottom of the picture

tube (overscan is scanning beyond the top and bottom of the picture tube

-

• to produce a more pleasing picture). -

In order to have equal horizontal and vertical resolution there

- 

must be the equivalent of 666 lines of horizontal resolution . (This

Is determined by the 3 x 4 aspect ratio of standard television.) To

facilitate bandwidth calculation , assume the picture to be displayed

has 666 alternating black and white vertical stripes. As the electron

beam in the camera is swept across the screen, it w ill be modulated 

-•-—••-•-‘-•- • •--• • • • •• -- • • -- • • - - • • •- • • ••
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by the black and white stripe pattern. This modulation will appear

as a square wave. There will be 333 cycles during each scan, one black

and one white stripe making each cycle. This 333-cycle pattern will oc-

— cur in about 15,750 second--the time required to ‘scan across ~the screen.

• If the 333-cycle pattern in .0000634 second was continuous, it woUld

have a fundamental frequency of 5.24 MHz. If a lowpass filter with a

cut-off frequency of 5.24 MHz is used to set the bandwidth , a 666-l ine

horizontal resolution will result. Al though this is not a normal picture ,

this bandwidth is required to produce a sharp image of any vertical line ,

such as the corner of a wall or the edges of a vertical pole. In commer-

c ial telev is ion, the effective vertical resolution is about 400 lines.

This reduction from 500 lines to 400 lines is not a noticeable change

unless a very fine pattern is being displ ayed. Since the vertical

resolution is reduced in commercial television due to less than perfect

camera s and monitors , etc., horizontal resolution is intentionally

reduced to conserve bandwidth . The maximum video frequency is 4 MHz

for commercial stations. Tests here have shown that for our requirements

2 MHz will be the minimum acceptable video bandwidth . This conclusion

was obtained by putting a low-pass filter between the camera and monitor

and reduc ing the bandwidth.

C. Spectrum of Composite Video

There are several ways to display the video signal in order to deter-

mine its characteristics. Each method provides different informat~~
- about the waveform. The three most common ways are: ampl itude vs. an

x-y grid with a monitor , amplitude vs. time on an oscilloscope , and

ampl itude vs. frequency with a spectrum analyzer.

In a moni tor , an electron beam in the picture tube is modulated
• by the video signal while the beam is swept across the screen. This

5

—• ——-~- ——- —~--——_ _--— •——— ____ _____________ -• _ -- —-‘— -C -- ~~~~~~~~ -- -- ~~~~~~~~~~~~~~~~~~~~ — --- --- —----- --“-—-- ‘- • — • — “-———.- ••



rr ~~~~~ - - 
- - - -

~
—

~ ~~

---- - • - -- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

produces light and dark areas on the screen corresponding to bright

and dim areas on the face of the vidicon. - 
-

When the composite video waveform is displ ayed on an oscilloscope,

the first thing one sees is the repetitive sync pulses (see Fi’yure 1—2).

The vertical sync pulses will be spaced 16.6 milliseconds apart, and

the horizontal pulses will be 63.5 microseconds apart. The DC average

for the waveform will be zero. The sync pulses will go negative from

this value. The video (picture information) wil l go positive from the

average val ue. The more positive the video signal is, the brighter the

picture will be. The magnitude of the video for the brightest parts of

the picture will be about the same as the sync pulse magnitude, but of

opposite polarity. These features are the same as commercial television

video . 
-

Picture features can sometimes be seen in an oscilloscope display

and motion of an object in the picture can generally be detected.

Spectrum analysis of the composite video signal required an

ind irect approach due to the lack of equipment to displ ay a spectrum

from DC to 5 MHz. The method used was to ampl itude modulate a 1.2 GHz

carrier with the video signal and di splay this AM spectrum on a spectrum

analyzer (see Figure 1-3). The modulation/spectrum analyzer frequency

response is shown in Figure 1-4. This method worked very wel l for dis-

playing the wideband video spectrum al though the very low frequencies

were distorted by the 1.2 GHz carrier. The video is a wideband signal

by itsel f, but when translated to 1.2 GHz, it looks like a narrow band

spectrum and is easily displayed .

When the video spectrum of a blank scene (a surface with uniform

color and contrast, i.e. a wall with no discernabl e features) or wi th

the lens covered i s examined , one finds frequenc ies of 60 Hz and 15 ,750 
Hz6
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and their harmonics. Thi s is basically the spectrum of two additive

pulse trains at the vertical and horizontal scan rates (see Figure 1—6).

When the picture contains random objects, the spectrum looks similar

to the spectrum with a blank picture that has had noise added to the

areas between sync pulses. In both cases, very little can be seen

above 150 KHz (see Figure 1-6). FIgures 1-6 through 1—10 are reproductions

of the spectrum analyzer display that have been retouched to make them
• more clear. When the camera Is aimed at a grid of uniform vertical lines ,

a frequency component appears. As the grid is made finer or coarser

(farther or nearer the camera), the frequency component will move higher

or lower in frequency (see Figures 1-8, 1-9, and 1—10) . If two different

size grids are displ ayed simul taneously, both frequency components will

appear at reduced levels. If only part of the picture is displaying

a vertical grid , then the ampl itude of the associated frequency corn-

ponent will be reduced proportionately. There are frequency components

throughout bandwi dth in a random picture, but those above 150 KHz are

not seen because of their low energy level which is due to their low
• repetition rate; i.e. If the right half of the picture was black and

the left white, there would be a single step transient in each scan

line or a half-cycle high frequency burst too small to detect with

the spectrum analysis system used here.
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I I .  Effects of Noise on Picture Quality

Before dealing with improving signal to nois~ ratio in th~ trans—
- 

~
- mission link, it is important to know how noise affects picture qual ity.

For the purpose of this discussion noise will be defined as any con-

taminating signal. Noise of different frequencies manifests itself in

different ways. Most people are familiar with several types of noise

in television. The most common is called snow. This is comprised of

high frequency noise that causes bright spots. There are just as many

dark spots as bright spots, but due to the persistance of the phosphors

in the picture tube , the dark spots are generally not noticed . Another

common type of noise is from adjacent channels or from the sound carrier.

This interference produces a herringbone pattern on the screen. This

type of noise should not be of concern here because there will be no

sound carrier and adjacent channel s are not a problem with a good re-

ceiver. However, noise with frequencies in the middle of the video band

can cause a sim ilar effect to this kind of interference. Low frequency

noise can appear in two ways. One is loss of either horizontal or verti-

cal sync if the noise is near the sweep frequencies . The other is light

and dark bars across the screen.

The amplitude of noise that can be tolerated is greatly dependent

on the frequency of the noise. A test set-up was devised to gather

- information on this (see Figure Il-i). A white noise generator was

connected to a bandpass filter. The filtered noise was added to the

composite video and displayed on a monitor. The noise ampl itude was set

at the maximum l evel at which a useful picture was still present. What

is a useful picture is a matter of personal judgement and varies with

17 
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what is displ ayed. A poorer picture can be tolerated when watching

a parking lot for thieves than can be tolerated when giving prerecorded

lessons in teaching. The criterion used here wa~ to be able to recog-

nize objects in the picture . The low frequency e. of the noise level

was mostly dependent on when the monitor los t synchron izat ion. Thi s means

that low frequency noise l evels are somewhat independer .t. of what is being

displayed . Middle and high frequency noise level s are greatly dependent

on what is being displayed . If only large objects (relative to what

portion of the screen they fill) are displayed , a large noi se level can

be tolerated . If the scene is rapidly changing, a much lower level can

be tolerated regardless of object size.

The resul ts of the noise injection test are shown in Figure 11-2.

For this test, the v ideo level was held constant and the noise was

increased to the max imum poss ible level that still al l owed a useful

pic ture. A great deal more noise can be tolerated at low frequencies

than at high fr equenc ies. Th is is due to objects being badly di storted

by low frequency noise and still being recognizabl e while the high

frequency noi se tends to hide the objects more than it dis torts the

contrast level-s of the objects or upsets sync .

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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3 dB POINTS MAXIMUM
OF BAND PASS NOISE AMPLITUDE

FILTER millivolts

RMS PP

20 - 200 Hz 322 700

200 - 2 KHz 184 500

2K - 20 KHz 46 200

20K - 200 KHz 23 70
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III. Transmission System

The transmission system to be used will employ frequency modu—

lation (see Figure 111-1). The carrier frequency will be between

2.2 and 2.3 GI-Iz. A twenty MHz RF bandwidth will be used. This band—
• w idth w ill allow a ~ or modula tion index of between 1.0 and 1.5 for

the highest frequenc ies being transmi tted .

W ith most FM transm i ss ion systems , the frequency spectrum

is symmetrical about the carrier frequency . This is not the case

when transm itting composite video . Positive input vol tages deviate

the carrier to hig her frequenc ies and negati ve input vol tages

deviate the carrier to lower frequencies. Large input voltage

will deviate the transmitter further than small input voltages . The

composite video is not symmetrical about its DC average. The video

portion deviates the transmitter frequency up while the sync pulses

deviate the frequency down . This means that the lower sideband carries

the sync information while the upper sideband carries the picture infor-

mation. With a normal picture being transmitted , the upper and lower side-

bands are about the same width but different shapes (see Figure 111-2).

When the lens is covere d, the upper s ideband shr inks to almos t nothing

(see Figure 111-3). The unbalanced spectrum will sometimes make the

automatic frequency control in the receiver think the receiver is mis-

- tuned . Th i s ef fect Is small due to the low duty cycle of the sync

pul ses and i s not a problem .

It might be possible to use more of the RF bandwidth for picture

information and less for sync pulses and Improve picture quality under

21
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low s/n conditions. This could be done by reducing the sync pulses ’

amplitude relative to the composite video ampl itude. The ampl itude 0f

the sync pulses is not critical so long as they are not too smal l to

be separated from the composite video and will still produce blanking

during retrace . The noise level in the received signal is dependent

• on the bandwidth of the receiver but is independent of how this bandwidth

Is used. By using more of the bandwidth for the picture information

a higher signal to noise ratio may be obtained . This improvement is

F • at the expense of the signal to noise ratio of the sync portion of the

composite video signal . Due to the repetitive nature of the sync

pulses , a much poorer signal to noise condition may exist here than in

the video portion and still produce a useful picture.

In the FM transmission system to be used the noise picked up during

transmission and the noise generated by the receiver in Its RF and IF

sections is white noise. This white noise is bandlimited by the IF

section. The bandl imited noise signal and the transmitted signal are

both fed into the FM demodulator. The output from the demodulator

will contain noise as well as the demodulated signal , video in this case.

The noise power at the demodulator output is proportional to the square

of frequency; i.e. there is four times as much noise at 2 MHz as there

is at 1 MHz. This means that higher frequencies of the baseband signal ,

in this case composite video , will have poorer signal to noise ratios

than the lower frequencies. This combined with the higher sensitivity

of the televis ion system to high frequency noise means that the amount

of snow will in general be what will determine the minimum acceptable

signal to noise ratio for a transmission system.

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •
- - - -~~~~ 
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• IV .  WHY PREEMP HASI S

Tests have shown that the TV system is more sensitive to

high frequency noise than low frequency no ise. The noise level

out of an FM receiver at a particular frequency can be shown to

be proportional to the square of the frequency when the receiver

is operating above its threshold. Since there is more noise and

a greater sensitivity to noise at higher frequencies, the high fre-

quency noise (snow) is what will limit how low a signal to noise

ratio into the receiver will be acceptable.

The purpose of preemphasis in this system is to reduce the

effects of noise at the high end of the video . This can be accom-

• plished by placing a premodulation filter with amplitude character-

istics like those shown In Figure IV-la between the camera and trans-

mitter and also placing another filter with amplitude characteristics

like those shown in Figure IV-lb between the receiver and monitor

(see Figure IV-2).

• A filter wi th characteristics like those shown in Figure IV-la

will boost the amplitude of the upper part of the video spectrum

relative to the rest of the video . This means that the higher fre-

quenc ies will be emphasized prior to transmission——thus the name

preemphas i s.

The second filter , shown in Figure IV-lb will reduce the ampl i-

tude of the upper part of the video spectrum relative to the rest of

the video . In addi tion to filtering the video the noise must al so

pass through this filter.

The video must pass through both filters . If the two filters 
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are well matched, the v ideo leav ing the deemphas is filter will be
returned to its original form with the exception that it will be

band limited . The noise introduced during transmjssion and detec-

tion will only pass through the deemphasis filter and will be at-

tenuated.

If the transfer function of the fil ter in Figure IV— la is

H(f) then the filter in Figure IV-lb should have a transfer function

of H(f) . It is not alwa ys possible to real ize the H(-f) func tion

for a given H( f) function . This limits the choices for H(f) to

those func tions with real izable inve rses .

The general charac ter i sti cs of the two filters are determined

In part by the need for them to be inverses of each other up to Fc

(see Figure IV-l). They both drop off above Fc. This is the highest

frequency that need be transmitted or displayed . The preemphasis

filter cuts off the video at Fc to keep unnecessary signals from

deviating the transmitter and thereby increasing the required band-

width . The deemphasis filter cuts off the video signal at Fc to

prevent noise above Fc from reaching the monitor.

The slopes of the two fi l ters must be equal but opposite if

the received signal is to match the origina l video . In an FM

transmission system the noise power present increases with the

square of the frequency . Also the television system ’s sensitivity

to noise doubles with each decade inc rease in frequency . Since there

is a greater sensitivity to noise at higher frequencies and an increase

• in the level of noise present at higher frequencies , the deemphasis

filter must be made to decrease gain with increased frequency and

the preemphasis filter must increase gain with increased frequency.

The degree of preemphasis is determined by the slopes çf the filters ,

--



- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

steeper slope means more preemphasis. . -
•

The frequency Fp (see Figure IV-l ) where the preeniphasis

starts is determined by several factors . It must be low enough to

provide sufficient preemphasis but high enough that significant in-

creases in transmission bandwidth or reductions in transmitter de-

viation by frequencies below Fp are not necessary. The increase

in bandwidth or reduction in deviation could reduce the signal to noise

ratio of the lower frequencies to a point where they would be worse

than the higher frequencies.

As the degree of preemphasis is increased , the matching of the

two f i lters becomes very cr iti cal . Smal l ampli tude va ri ati ons due to

mismatched filters are no problem, but phase shifts can be. Phase

shifts can cause a ghosting effect which tends to blur the picture .

This matching problem makes a low order preemphasis desirable. If

the degree of preemphasis Is increased beyond that wh i ch is necessary

(how much is necessary will be shown later), the degree of filter

match i ng becomes unnecessari ly compli cated , and transmitter deviation

by low frequencies may have to be reduced to a point where a loss in

picture quality may occur. A best degree of preemphasis cannot be

specified without specifying what the picture to be televised will be.

This is due to the video spectrum being dependent on the scene being

tele vi sed .

Commercial FM radio stations use a single pole RC filter for
- 

preecuphas-is of the audio spectrum .1 There are two variations of pre-

emphasis used wi th FM-FM telemetry systems: linear and 3/2 tapers .2

These tapers are both IRIG standard and have been developed for use

In frequency modulating a carrier with VCO ’s (voltage controlled

oscillators ) that have been frequency modulated by the data to be

-- 

30
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telemetered . The amount of carrier deviation given to a particular

VCO is proportional to the VCO ’ s frequency (linear) or the 3/2 power

of the frequency (3/2). Figure IV-3 shows these three examples of

preemphasis. The points on the graphs for the two tapers represent

• the ampl itude of the individual channels in the multiplex system.

The points have been connec ted by lines to better show what character-

istics a fi l ter would be required to have to produce these tapers.

The designs of these two tapers and the filter used for commercial

FM are related to the presumed noise and s ignal spec tra involved .

I
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V. Preemphasis-Deemphasis Possibilities

The number of possible circuits to provide transfer functions like

those shown in Figure IV-l is almost endless. The purpose of this thesis

• is to find the best one for FM transmission of television from rockets

and balloons.

A single pole RC filter with its 3 dB point at 40 KHz (Fp) was

chosen for several reasons. One i s its simpl icity. Wi th this type

of circuit an accurate match between preemphasis and deemphasis fil ters

can be made so there is no picture degradation due to slight mismatch

of fil ters.

A second reason is the 20 dB/decade slope , as is provid ed by a

single pole filter , comes very clo se to the 23 dB/decade increase i n

degradation of the picture by noise. This 23 dB/decade increase is

the result of a 20 dB/decade increase in noise power from the FM de-

modulator and a 3 dB/decade increase In noise sensitivity of the tele-

vision system (see Figure 11-2). A 23 dBfdecade fil ter could be made

us ing acti ve fil ter techn iques bu t woul d be muc h more complex and two

inverse filters might not be realizable. It is the opinion of the writer

that the increase in compl exity and resulting reduction in reliability

outweighs the 3 dB/decade change in filter slope .

Spectrum analysis tests showed that about half of the power of the

composite video signal is bel ow 30 KHz. The ampl itude level of the fre-

• quencies drop gradually above 30 KHz. The 40 KHz 3dB point of the filter
- 

- 
allows the 20 dB/decade increase in gain without the need to significantly

reduce transmitter deviation or increase the bandwidth . If a 3 dB

point below 40 KHz is used much larger signals are encountered at the filter

output. This Is the result of lower frequencies with appreciabl e ampl i tude

being amplified and from the increased filter gain at high frequencies .

These larger signals require reducing deviation by lower frequencies or 

-~~~~~~~~---— -_- —  -
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increasing bandwidth. 40 KHz is also below the freo’iency at which noise

would become a problem without preemphasis; i.e. the picture will be

completely hidden by snow before noise below 40 KHz would become a prob-

lem . This was shown by the tests described in Chapter II.

The circuit shown in Figure v-i has the gain vs. frequency shown in

Figure V-2. The circuit is basica lly the video amplifier shown in the

RCA Linear Integrated Circuit Handbook. This amplifier has an RC fi l ter

placed on the non-inverting input. This circuit is AC coupled at both

i nput and output. The AC coupling allows the filter to be powered by

a single 15 volt supply. There are two parallel RC networks in cascade

on the input. The first provides the 40 KHz 20 dB/decade part of the

curve. The second RC compensates for a drop in amplifier gain above

• • 1 MHz. The slope of this fi l ter as actually measured is approximatel y

10 dB/decade. The RC filter never reaches its natural 20 dB/decade

slope due to other characteristics of the circuit. The poles and

zeros are too close together to reach the final slope for any of them .

It was found necessary to use two RC combinations in cascade ,just to

keep the slope at 10 dB/decade up to 3 MHz. When more filteri ng

was used to try to get the desired 20 dB/decade slope , the circuit

was unstable. The amplifier gives a 27 dB gain at low frequency while

the resistors on the input provide a 26 dB attenuation. The resultant

1 dB gain provides the proper signal level to give the desired deviation

of the transmitter by the video . The preemphasis peaks at 3 MHz and

drops rapidly above 4 MHz. The rolloff above 4 MHz is quite acceptable

since earlier tests have shown that an acceptable picture can be obtained

when the video spectrum is passed through a l owpass filter set for 2 or

3 MHz cut-off. The circuit is limited to a maximum gain of 23 dB

(amplifier and filter combined). When the circuit gain was increased

_— •• -
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- much above 23 dB It was on the borderline of oscillating. The differ-

ence between high frequency gain and low frequency gain is 22 dB (see

Figure V-2). This means that frequencies around 3 MHz are preemphasized

22 dB above frequencies below 10 KHz. 
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The deemphasis circuit and its gain vs. the frequency curve is

shown in Figures V-3 and V-4 respectively. The part of the circuit in

Box 1 is the inverse of the filter on the input o~f the preemphas i s

circuit. This provides restoration of the video signal. The part of

the circuit in Box 2 is a lowpass network to attenua te any frequenc y

above 2.5 MHz . The 3 dB point for this is about 2.5 MHz. The diode

across the input limits the input signal level into the fil ter. Shot

no ise or c l i cks  start to take over the pi cture as the rece iver nears i ts

threshold. Cl icks produce large spots, about 1/8 inch diameter on the

monitor. The clicks are much larger in amplitude than the video coming

‘ out of the receiver. The diodes clip off anything that exceeds this

forward conduction level at about .6 volts . The video signal should

- 
- never reach this level and so will not be affected by the limiting.

The cl icks w i l l  exceed the conduc tion level and the i r ampl itude wi l l  be
• limited to the conduction level . This reduces the degree to which the

clicks upset the picture .

The combi nation of both the preemphasis and deemphasis filters

produce the transfer curve shown in Figure V-5. The individual filters

are also shown. The flat part of the curve is shown at 0 dB. The corn—

• bined gain of the two filters and the transmitter-receiver system is

near 0 dB, but may be adj usted as required to provide the proper level

into the monitor.

• There was no appreciable phase shift produced by the circuits

below 100 KHz. The phase shift increased gradually from 100 KHz to

1.5 MHz and increased rapidly above 1.5 MHz (see FiguresV-6 and V—7).

Square waves of frequency below 1 MHz can be passed through both

filters in series with very littl e distortion , slight overshoot on the

lead ing edge above 100 KHz and small exponential decay on frequencies 

-~~~~~~~ -~~ 
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below 100 Hz due to AC coupling . A 2 MHz square wave passed through

both f ilters comes out more like a sine wave than a square wave . This

di stor tion of square waves above 2 MHz is expected due to the sharp

rolloff above 3 MHz .

The use of these filters provides an improvement of about 10 dB.

The RF level into the receiver can be reduced by about 10 dB below the

minimum required without the filters ( see Figure V-8). As the RF

l evel is gradually reduced wi thout the filters , the picture gradually

becomes snowy and eventually the picture is covered by snow . When the

RF level is reduced wi th the filters the picture remains clear of snow

until the rece iver threshold i s reac hed. When the thres hold i s reac hed

clicks start to overrun the picture and sync . The effect of the clicks

is reduced by the diode but cannot be eliminated . 
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VI . Conclus ion

With good signal strength to the receiver there is no noticeable

reduction in picture quality associated with the use of the preemphasis

• system previously described . The bandwidth reduction of the television

system by the preemphasis and deemphasis filters is only noticeable when

looking at very fine details of a scene and should be no handicap in

either the rocket or balloon television applications.

By adding the preemphasis and deemphasis filt~~-s to the television

transmission system the RF signal l evel into the receiver can be reduced

by as much as 10 dB below the level that was required wi thout the filters

and still get a useabl e picture . Reducing the signal strength to the

receiver by 10 dB is equivalent to moving the source three times as

far from the receiver. This 10 dB reduction in required signal strength

could allow for a 10 dB reduction in transmi tted power . In any case,

whether one increases distance , decreases transmitter power, or combines

these specification changes to the television transmission system, the

preemphasis system represents a substantial improvement over the system • -

that uses the video as it comes from the camera to modulate the transmi tter.

There is very little more that can be gained by preemphasis than the

circuits described here provide when used with the receiver and transmitter

used for these tests. The transmission system can operate down to the

rece i ver ’s threshold with good picture quality . Reaching the threshold

results in click nois€~. The effect of the click noise can be subdued by

limit ing the maximum signal ampl i tude with diodes. This only reduces

their effect; it cannot eliminate the click. Filtering will only smear

out the clicks it will not simply attenuate them . An explanation for this

- • • • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --- • -----~~~~~~• • - •-- --•-• • • ~~~ - - • -~~~ - --——-—- • • -- •---• - • -~~~~~~~~
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can be found in the book Principles of Communication Syste-~ t1 H. Taub

and EL 1. Schi lling . -If any further improvement is to be made, a lower

— receiver threshold must be provided . There is work being done in that

- 
regard , such as phase lock loop detection instead of discriminators ,

- : l ower noise amplifiers , and FM feedback. When a better receiver becomes

- available for this app ’ ication , a review of the preemphasis should be

done. 
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