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Nonlinear Aperture Correction

by

0.VoEraude; IJN*mayeva

Discussed is a method of aperture correction, which can be called a method of

nonlinear aperture correction, equivalent in its action to the distribution of the

sigal into several levels with corresponding to each levels lying near the lever of

the black, incident frequency characteristic with its equivalent frequency bend, and

to each one of the levels, lying near the level of white, -frequency characteristics

having an ascend with its deSree of aperture correction.

Correction of linear distortions of the TV tract, especially the so-called aper-

ture correction leads. As is known, to a rise in the level of fluctuation inte.-

ferences in the TV tract. The deoree of aperture correction and the gpin in image legi-

bility connected with it is limited first of all by the increase in fluctud ion

interferences*

Foreign literature h published a reportC) in which in introduced a method at

ccmbetting the above mentioned limitation. This method consists in breaking up the

TV signal into two levels, Ofram black to ra7y 0 and Ofrca gray to white'e with indiv.Umol

amplification of these two levels in two amplification channels, in one of which

Rfrcm black to gay 0 no aperture correction is introduoed, and in the second wnee

Ofran gray to white 0 the correction is introduced with subsequent combination at

signals from these two amplification channels. The fluctuation interferences increase

thanks to aperture correction only in luminwus points of the image, where the inter-

ferenee effect of fluctuation interferences is particularly higbh. Zmg. clearness
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of dark details is lower than at an erdinary system of aperture coreeticea, vbloh,•"•

has no substantial effect on the general visual perception of olearness of the entire

image thanks to the low resolving power of the eye at poo illuminatione

The system. 9roposed in report 1.3 was reproduced by us and tested. These tests

showed that in dividing the signal into two levels only the effect of imSroving the

quality of the Image 9 offered by the dividing systemg Is small and cannot &

justify the greater complexity and difficulty in adjusting the system* It can be asown-

ad that the division of the signal into a greater number of levels with degree of apea-

ture correction ccreessonding to each level would give a greater effect, but it would

lead to an even greaters practically nonpermissible ccmplexity of the systems

The circuit of the correctoeformulate4 by the method of nonlinear aperture correc-

tion, is shown in figlo]

If we do not consider the nonlinear circuits contained in this system* circuits

serving for the obtainment of a definite amplitude characteristic of individual parts

of the corrector, then it will be analogms to the system of differential aperture

correction, described in reportM2•

In plate circuit of tube Ll of the system is cut in a circuit consisting of three

parallel branches: parasitic intercaseade capacitance Co, plate resistance R and sub-

sequent L-of circuit. The voltage from this circuit Is transmitted to the grid of

tube L3 of the system. On the other hand# the voltage from auti-Induction of the L

circuit, proportional to the second derivative of the input signal (v),i9 transmitted with

the aid of tuve &, which amplified this voltage and transforms its phase ,to gIri

of tube 15 adding this voltage with a certain proportionalit?4oeffiioent with the

vcltage , taken from the circuit in the general anode circuit of L3 and 15 tube*.

Self-induction of tho L circuit is shunted by a resistance Tsh, attenuating natural

oscillations of a parasitic circuit, forme•d by this self-induction and input parasi-

tic capacitance C4 of 1,4 tube* 2ke magnitude of this resistance is deter-
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mined by tformU

When the circuit paramters are Eajcted to optimum frequenc characteristieg

presented in form of C n 36, and R a 8 C , the described system realizes a practically

ideal aperture correction without phase distortions within limits of frequency band

from zeroto u," 4 inaccordancewith the lax "a I +a, vhere, I
aLv

- relative frequency* a-correction coefficient, presented in form of a - a - I$

where a - amplification factor of tube LO SS- curvature of tube 19 5.3- curvat•re

of tube 190

IrI

A o V

Figl.U Scmatle of the correcter

The expression given above for the coefficient a is valid for the discussed

system of aperture ccrrection and when considering the nonlinear circuits contained

in the systs, if under tube curvature we keep in mind its differential curvature

in the corresponding point of tube's amplitude characteristic.

In the cathode circuit of tube 1 is connected a system of crystal diodes and re-

sistors, which forms by a known method a nonlinear resistance, decreasing
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with the rise in potential of 94d of tube 1 in such a Vwyethat the de-

pendence of the plate current of this tube upon the potential of its grid, amplitude

characteristic of tubeeacquires the formshown in fig,2, analogous to the one which

is necessary for correction of ga6ras-characteristle of a receiving TV tube at a direct-

ed video signal (from black to white ), designated in figole The cur.ature of

this dependence-differential curvature . - decreases when changing over frcm black

level to white levels

The necessary binding of the black level on the grid of tube L3 is realized by

the known controllable system of binding with the aid of a double diode ½-.

Upon a change in the differential cuxva-

ture 5 it will be followed by a change in

coefficient a. At a black level, when the

value S3 is max',im- the value a is minn4zam.

Fig,2eDependence I - f (Uc) At very high values S the coefficient a

may acquire a value, close to - l. In this case the frequency characateristie of the

corrector will have the form of an incident curve a 1 -4, acquiring the value 0

at i 16 i~ee at W X '=-I At a distance frco the black level, when value S3 begins

decreasing, the value of the coefficient will rise, and at a value 30a n8n5 - the

coefficient a will acquire zero value. The frequency characteristic of the correetot

will have the form of a horizcntal straight line a ale

When apprcoching the white level, at further reduction in differential curvature

S3, the coefficient a# acquiring a positive value ,will rise, reaching maxlmum value

at the white level, where differential curvature 53 acquires miniuim value. Theare

will be a maximum rise in frequency characteristic of the aperture correctors

+, a.... 2. r.e a....-a"

In this way, the nonlinearily of the amplitude characteristic of tube L, entering

the channel of the basic signal of the aperture corrector (aperture type ccupenseato)e
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leads to the fact, that to each one of the signal levels, situated between the black

level aud the level of the signal. corresponding to differential curvature

corresponds an incident frequway characteritio with its equivalent frequency band,

and to each of the signal levels, situated between the levelcorreaponding to dif-

ferential curvature So*, and the white level, corresponds a frequency characteristic

with its depee of rise - degree of aperture correctioa.

The level of fluctuation interferences will be correspondingly mini•um at the

black level and will reach mexinam at the white level.

The described aperture corrector will bring in a certain nonlinearity into the

TV tract. This nonlinearity, in spite of the fact that it is analogous to the one,
bu

which is necessary for the correction of gaxrrs-chsracteristicz of a receiving TV tubel,

cannot serve for the correction of this gazns-cbaracteristic, because the form of the

nonlinearity of the basic channel ci the aperture corrector is determined not by the

condition of optin gsma-characteristic of the TV channel . but by the condition

of optizan suppression of fluctuation interferences near the black level

at optiniam visual perception of imege clearness. In order to obtain simultaneously

an optialm ga•e characterizt:c of the TV chasnsl in sequence with the described

aperture corrector 9 is connectel a cascade of gan•m-corrections, built around tubes

L6*17. The action of tube L is analogous to the action of tube L3 in the chAnnel of

the basic signal of the aperture corrector, but it brings in into the video signal

a nonlinearity of another sign , because the direction of the video signal on the

grid of tube L7 is opkosite the direction of the video signal on the grid of tube

In the special case, when the entire arrangement in faced with the requirement

of linearity of amplitude characteriatic, the cascade of gamm correction should

bring in a nonlinearity, reverse to the one,brought in by the basic channel of the.

aperture corrector. Gaimm of the entire arrangement will be equal to oneeAt a

variation in nonlinearity of the gan-correotion cascade, garu of the entire arrange-

ment may be obtained greater than or smller than one.
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The entire arrangement at ganermequal to one, appe~trs to be an arrangaet at

nonlinear aperture correction in the sense of a nonlinear dependence of the coeffSoient

of aperture correction a upon the level of the video signalo

To more sharply narrow the frequentcy band for video signal levelAesituated near

the black level, into the plate circuit of one of the amplification cascades to the

described aperture correctir is connected a circuit, similar to the CRIW circuits

tuned to the very same o somewhat higher boundary frequency 'A A 1 0
The frequency characteristic of the nonlinear aperture corr¢cto together with ite

amplification cascade at the black level 6pproaches the form of alpha = (I -' )

X (1 - ), and at the while level it is presented in form at4

AxOW0 too,
90, 90
go 80
70 70
60 60

166 ý a 4 08: 456 #4

a

Fig-.3.Theoretical frequency characteristics

In fig.3,a is given a frequency characteristics graph

arp o)(
at fbounad me and f bound n * 6,7 mc (w = 2Tf)*

In fig.3,b is given a frequency chcracteristicf graph

ate the very same values of boundary frequencies and are a 27*

If we should not conjider the rise of the frequency chanctexlstie

beyond the limitof boundary Crequency of 6#7 M, cut aroud

by the general frequency characteristic of the T7V tract* then the first ram lkepneoents
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and incident frequency characteristic with equivalent frequency band of the order

of 3,5 me, and the recond graph represents a frequency characteristic, the initial and

center sections of which have a rise, the form of which is practically determineds.

by the second multiple of the frequency characteristic expression

The form of the last section of the graph is predominantly affected by the

first mltiple of the expression of the frequency characteristi•, thanks to

which the rise in frequency characteristic is being more and more slowed down, and the

frequency characteristic, reaching maxi-um (a = 10) at a frequency of 409 me, after which

it drops sharply*

The frequency characteristics, correancnding to various levels of video signal ,

situated between black and white levels , are situated between the above mentioned

eraphs. It should be pointed out, that on the ascending as well as on the descending

sections of the frequency characteristics there are practically no phase distortions,

because the above described CoRLC circuit has a phase characteristic, which within

the limits of the frequency band ranging from zero to L$\ - deviates from the

linear law by not more than 50, and within the limits of frequencies ranging from

zero to Ca 2 -- e- it deviates from the linear law by not more than 180,

It is interesting to cmapare the above described system of nonlinear aperture

corrections with one of the possible systems of combining aperture and Sawa corree-

tions. Ordinarily are used in series connected aperture and gawqa-correction systei

whereby the aperture correction system is connected to a guma-correction system. In so-

me instances the apertuxe correction system is connected after preliminary ga-•correo-

tione

It is also possible to have a scheme of parallel-connection of aperture and gm

corrections, as shown in fig.4, when gamma correction is made only in the basic channel

of the aperture correotor*constructed by the method of combining the basic sigl
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and the signal of the second derivative. Such an arrangement of combining epertur.

and gamma corrections yes tested during the developunt of a correction block for

the video signal of a TV relay systea433 . but it was rejected in view of geater

frameu (repeats) of TV images, Uich rve been received at this arrangemeflte

In can easily be ahown, that the parallel

system, in this case, when gauma correction

Fig.4Scheme of parallel connaction is made of the TV receiving tube onlye
of aperture and gomm corrections.

appears to be a partial inccmplete case of

nonlinear aperture correction. In this case there is also a nonlinear amplitude char-

acteristic of the channel of the basic signal of eperture corrector, the curvature

of which drops during the chenEe over fm black to white level, but the

degree of this nonlinearity is insufficient to obtain - noticeable effect in reducig

the viz•ility of fluatuation intorferences in the blask zone and in the gay Zone

in particular., But there should be no TV irkage distortions of frame type (repeats).

In case when gam correction is made not only in the receiving TV tube (in black

zone) but alAo in the transmission TV tube (in white zone) and the general amplitude

characteristic of the M- corrector •as the form of (as shown in fig*5) the above men-

tioned image distortioas are pcssible. The fact is, the nonlinearity of the channel

of the basic signal of the aperture corrector will in this case lead to a reduction

in clearness in the white zone, since the curvature of the am. litude characteristice

grows during transition from the gray to the white level. But upon the attaiment

of the necessary clearness in the white zone a recorrection is neceseary in the gray

zone, causing blips in the transient characteri6tio, which do lead to frame type iz.CI

distortions (rep-_ats). Simnilar effe-.tsAf 0o

ýa the c bove described noclinear aperture 4
corrector (see fig.l),natarally, do I

not take place even in the Caaeevhen the F-1.5. Amplitude characteristic of
ga•na-,o oZetor
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gaame correction cascade contained in it is used for gans correction of the tans

mittng TV tube (in white zone).

To experimentally investigate and test the effectiveness of nonlinear aperture

correction was constructed an intermediate amplifierowhich includess nonlinear aperture

correctorconstructed in accordance with the schematic in fig.l., amplification stee

to aperture correc.eor, to the plate circuit of which is cut in a eircuitsimilar

to the CoRLC circuit of the nonlinear aperture corrector, and elements, inherent for

an ordinary intermediate amplifier, serving for the formation of blanking pulsesete,

The entire principal arrangement of this intermediate amplifier is shown in fig.6,

Tubes '3 L44 Lb 15 L6 L7 Le of this system correspond to tubes L1L4 15 L2 13
L6 17 of the system shown in fig.l. of the nonlinear aperture corrector, Tubes Lia

L2a L2b represent conventional video amplifier stages. Tube Lib represents an above

descrilod aplification stage,to the plate circuit of which is connected a circuit,

similar to a CoLRC circuit of a nonlinear aperture corrector. Tubes L14a Ll~b consti-

tute an anplifier of horizontal sync pulses, serving to control the binding of the

blacI level (bilt around tubes L5 L7). Tubes L 1,3b constitute the amplifier

of blanking pulses *introduced into the plate circuit of tube Le and then imitel by

crystal diodes.

The level of limitation of blanking signal is controlled by the change in value

of positive voltage on the diode plate, connected in series with anode resistor

of tube l6, and on the cathode of the diodeconnected in parallel to this resistor.

Tube L9 represents a video amplifier stage, in which with the aid of changing the

magnitude of cathode resistance is realized control of the output value of the video

signal; control of the input value of the videpipal is realized as usually from

the control desk*

Tubes Li0 Ll L12 represent Lutput cathode followers of intermediate amplifiew,

serving for the transmission of the video signal to the linear amplifier and to vkO

control devices. Controlling the derree of aperture correction (1F-rise) is done

FT-TT-62-l726/i*29
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by changing the negative bias on the g:id of tube Lh,. Controlling the deipee of

nonlinearity of the channel of basic aperture corrector signal is done by changing

the value of positive voltages on the cathodes of crystal diodes, connected into the

cathode circuit of tube 4. In zlis way is regulated the nonlinearity of the jp

correctd *built around tube io

In fig.7a and 7b are asohwn experimentally plotted (on ICBH-57) graphs of fro-

quemey characteristics of this intermediate amplifier, corresponding to black (a)

and white (b) levels, These characteristics by their forn correspond fully to the

theoretically calculated frequency characteristics of the device, shown in fig*3a

and 3b.

The rise in frequency characteristics

to beyond the limits of the second bounda- a5e 5

ry frequency - 6s7 me, determinable by the
circuit in the plate circuit of tube Llbo I

, ?j S745 j YS) aM

as already mentionedis clipped by the gzen-

eral frequency characteristic of the TV

tract, But, keeping in mind the necessi- Figo7o.-Perimontal frequency characteristics

ty of observing a TV image in the equicm-ant roan of the TV-center, the equip t of

which, including also the video control devices, ordinarily have a n1¢ch wider band of

frequencies, than the general frequency band of the TV-tract, for the purpose of ob-

taining a proper idea about the nature of the image at the receiving end of the

entire TV tract to the input of the intermediate amplifier yas attached a low fro-

quency filter, clipping the frequencies, lying above a frequency of 6 me. The echo-

=etic of such a filter is shown in fig.8a. This filter was designed and constructed

by the methoddescribed by L43 so that at a band pass of 6 me with a Irregularity

of 0.1 db the damping on a 6o5 =o frequency should be equal - 20 dbo

Experimentally plotted frequency characteristics and delay time characteristics

d t o of thia filter are shown in fig*8ob and a e

l.This filter yas desig•ed and constructed by ongriLeAolZvashova

nD."T-T62-t726/t+2 11



Although phase distortions on frequencies, close to boundary, In such a filter

are quite &Teat, this in of no sigificant importance, because in the given sone cc

frequencies the frequency characteristic of the very intermeol ate amplifier with

nonlinear aperture correction has already a greated drop and the level at spectral

components of the video signal in this range of frequencies, Is very umall, even

at a larger extent of aperture correction, taking place at the white levelo

In fig.9 (al$a2 $a3 ) are shown the plotted in this way amplitude characteristics

of the cascade built around tube L6 (of basic signal channel) of nonlinear

aperture corrector, plotted with the aid of a *step generator 8 at various nonlinear-

ity dearees of this cascade. The lower stages adhering to black level, are here mare

or less stretched, and the upper stages, adhering to the white level* more or less

compressed*

In figO9o(bl,b2sb3) have been plotted amplitude characteristics of tube La of

the gasra corrector a intended for correcting linearity of aperture corrector and

for the obtainermt of the given go-ma of the entire installation. The linear amUiulie

characteristic of the entire installation is obtained approximately by combining the

nonlincarity of the aperture corrector, corresponding to fig. 99a 2 and the nonlinearity

of germa corrector, corresponding to fig.9, b3 o.

,law

CO V

41.

Fig.e*Schematic of the 6 mc filter (a)its frequeny characteristio (b) and

time delay characteristic Ce).

The above described intermediate amplifier with nonlinear aperture correction



was tested in a Tidieon motion picture channel of the Moscow TV canter. To make a

comparisan was tested also the intermediate amplifier with in-sa fies combining the

linear aperture corrector and gwma corrector.

Testing the intermediate amplifier with linear aperture corrector shovedthat

combined application of ordinary linear aperture correction with gon -correctiaa

cannot raise the quality of the imsge because of the sharp increase in fluctuation

interferences during the introduction of aperture and Say=& corrections as well*

And in a normal vidicon motion picture charnel, employed by the Mojscow TV-center, in

which there Is no gan•.n correction and only linear aperture correction is used, the

fluctuation interferences, particularly noticeable in black and gray zones, do not

give the possibility od employing higher, , F.;9
/I relV'- Amplitudee. t, ea charaoter-

degrees of aperture ccrrectiot neeessary C, #I c ter-

for the obtainment of an imgae of greater clearness.

Tests of the above experimental intere4diate amplifier showed, that the introduction

of a nonlinear aperture correction, at a greater degree of nonlinearity, substantially

raises the quality of the TV image 9 increasing the number of brightness gradations

and improving the clearness of the image. At a sharp reduction in fluctuation inter

ferences in the black and pray zones- practicea disappearance of same , drop in Ima

clearness in dark and gray places of the image in real subjects of various plan

was practically unnoticeable* At the same time the image clearness in bright spots

of the image has risen sharply and in spit ' fluctuation interferences in the

bright spots are bece-ing noticeable, they had an ordered nature in form of a screen

corresIonding tQ a frequency of .5 mce (frequency with frequency characteristic maxlma

of the device at the white level), which interfere. very little with the observation

of the im•ge.

It can be assumed that the use in a rxeliminary amplifier of a complex system

of an anti-interference correction[59 63 with out out frequency of the order



of 5 me should in these conditions sharply reduce the visibility of the above a-

tioned interference-acreen and additionally improve the quality of the TV ima..
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