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VIDEOSY {EDBACK CONTROLLED
.~ AND BRI MPENSATION

Field of the Invention y
This invention relates to video signal processing apparatus and
parﬁCularly to apparatus employing non-linear video processing controlled
by feedback for enhancing certain parameters of displayed images.

Background of the Invention

In television systems, it is known to reduce onme or both of the
contrast and brightness of a reproduée’d image in order to inhibit "white-
spot blooming” due to excessive electron beam currents of the cathode ray
tube (CRT) display device, as well as to inhibit CRT drive and phosphor
amplifier saturation which tend to limit the "slew" rate of the electron
beam. This may be accomplished by directly sensing the beam current
and, in response, generatmg ‘a control signal for the contrast and/or

- brightness control sections of the system. The control signal may also be

generated by ‘detecting a characteristic of a video signal coupled to the
cathode ray tube. For example, U.S. Patent 4,599,643, entitled "Apparatus
Responsive To Plural Color Video Sigﬁals For Amplitude Limiﬁﬂg The
Video Signalé .To Assist Beam Current Limiting", issued to W. E. Harlan,
discloses combining the three color signals coupled to the cathode ray tube
and detecting the average of the white-going peaks of resulting signal
above a predetermined threshold to gemerate a contrast control signal.

- In U.S. Patent 5,003,94 entitled DYNAMIC VIDEO SYSTEM
INCLUDING AUTOMATIC CONTRAST AND "WHITE STRETCH" PROCESSING
SECTIONS" which issued to W. A. Lagom March 26, 1991, it is recogmzed
that, while it is desirable to prevent spot. bloommg, for example, by
automatically controlhng the contrast of the reproduced image, such
contrast reduction may reduce the contrast and subjective brightness of
the reproduced image. More specifically, Lagoni recognized that while it is
desirable to provide automatic contrast control apparatus to reduce the
amplitude of the luminance signal when the reproduced image includes
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white-going peaks exceeding a predetermined level corresponding, e.g., to
characters, mid-range luminance amplitudes will also-be reduced. This
results in a éontrast and subjective brightness reduction. '

- To evercome this problem, Lagoni proposed a system in which
a non-linear amplitude control section (hereinafter a "white stretch”
processor) is coupled in cascade with the contrast control unit to
dynamically emphasize mid-range amplitude luminance levels relative to
high amplitude luminance levels as a function of the a\?erage value of the
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luminance signal processed by the contrast control apparatus. For images

containing excessive white-going peaks but a low level average luminance
component -(hereinafter, a low "average picture level" or "APL"), the effect
is to decrease the amplitude of the white-going peaks while
simultaneously increasing the amplitude of mid-range luminance levels.
In this way, "white spot blooming"” (as well as CRT phosphor and driver
saturation) can b_e minimized while providing subjectively sharp, bright
images. :

_ mmary of the Invention
In a specific embodiment of the Lagoni apparatus discussed
above, the system includes a non-linear or "white stretch” processor, a
contrast control unit and a brightness control unit coupled in cascade.
Average. and .peak de_tectoi's- connected to the output of the cascade
connection provide indication of the average and peak values of the
processed video output signal. The n_onJ_inear or "white stretch" processor

" is controlled by a feedback signal developed by comparing the "APL" or

average. indicating signal with a reference level. The contrast control unit
is controlled by feedback also, the feedback being provided by comparing
a peak video signal level indicating signal a further reference level signal.
The present invention resides in part in the discovery that an
undes1rable interaction exists between the brightness control and the non-
linear or "white stretch” processing. Specifically, if a user adjusts the
brightness control to a relatively high setting, the non-linear (white
stretch) processing tends to be suppressed resulﬁng in a displayed image
in which low and midrange _luminancé signals are emphasized to a lesser-
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extent Conversely, 'if the brightness control is adjusted by-a user to a

YA N A
al

. .relatively low value, this results in an increase in the non-linear (whlte

stretch) processing -which | tends to over-emphasize amplification of the

" luminance signal for dark and medium brightness scenes.

The present invention resides in part in the recognition of the

foregoing undesirable interaction between the non-linear (white stretch)
processing and operation by the user of the brightness control. '

In accordance with the invention, the foregoing -undesirable
interaction may be minimized by deriving at least a portion of the

‘reference signal level for the non-linear (white stretch) processor from the

brightness control signal. .

In the following examples of the invention, one example will be
given demonstrating that if all of the reference signal level for the non-
linear (e.g., white stretch) processor is derived from the brightness control
signal, there will be no interaction at all between the non-linear and "
brightness control sections. Other examples will be given showing the

“desirable effects of attenuating and off-setting the brightness control

signal for developing the non-hnear (white stretch) processing reference
signal. : ' _
Video signal processing apparatus, embodying the invention,
comprises input means for providing a video input signal to be prdcessed

and output means for providi__ng a processed video output signal. A non-

linear video signal processor is coupled in cascade with a brightness
control signal processor between said input and output means. An
amplifier is provided, having a first input coupled to receive an average
picture level (APL) indicating signal, having a second input for receiving ‘a
reference level signal and having an output coupled to supply a control
signal to a control input of said non-linear video signal processor for
controlling a transfer characteristic thereof. Means are provided for
applying a brightness control signal to a control input of said lifiﬁhtness
control processors thereof for controlling the brightness.of said processed
video output signal. Circuit means are provided for deriving at least a
portion of said reference level signal for said amplifier from said '
brightness control signal supplied to said brightness control processor. so as
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to reduce a tendency for variations in the brightness control signal to alter
the non-linear transfer characteristic of the non-linear processor. '
In.an embodiment of the invention, described herein, ' the
reference signal- for™the amplifier is derived solely from the brightness
control signal. In another embodiment of the invention, the reference
signal is obtained by attenuating the brightness control signal and addmg a
relatively positive DC offset thereto. In a further embodiment of the
invention the reference signal is obtained by attenuating the brightness
control signal and adding a relatively negative DC offset thereto. |
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Brief Description of the Drawing
The foregding and further features of the invention are
illustrated in the accompanying drawing- where like elements are denoted
by like reference designators and in which:
FIGURE 1 is a block diagram of a telev1s1on receiver embodying

‘the invention wherein a reference signal for an amplifier is derived solely

from a brightness control signal supplied thereto;’

FIGURE 2 is a diagram illustrating the transfer characteristics
of a "white stretch" type of non-lmear processor suitable for use in the
example of FIGURE 1; '

FIGURE 2 is a block diagram of a second embodlment of the

~ invention wherein the reference signal for the amphfier is derived by

attenuating the brightness control 51gnal and adding a relative positive DC

offset thereto; and
FIGURE 4 is a block dlagram of a th1rd embodiment of the
invention wherein the reference signal for the .amplifier is derived by

- attenuating the brightness control signal and adding a relatively negative
'DC offset thereto.

. Detailed D ipti
- The television receiver 10 of FIGURE 1 includes a TUNER, IF
AMPLIFIER AND DETECTOR unit 12 having an input 14 for receiving an RF

- modulated TV input signal S1 from a suitable source (e.g., an antenna, a

cable or some other source) and providing a base band composite video
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dutput signal which is applied to a luminance/chrominance sﬁgnal
separator circuit' 16 which separates the baseband signal S2 into a
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‘chrominance component Cl1 and a luminance component Y1. The separated

components are-applied to respective ones of a color processor 18 and a
luminance signal processor 20 which provide respective processed output
signals C2 and Y2. The chrominance processor 18 may be of conventional
design for providing functions such as hue and tint control. The luminance
signal processor, embodying the invention, will be described later.

After chrominance and luminance signal processing in units 18
and 20 the processed signals C2 and Y2 are applied to a matrix circuit 22
which converts the processed luminance signals to component form (e.g.,
RGB form) for display by a video display unit 24. This unit may comprise a
direct view kinescope or a projection type of display and associated driver

.amplifiers To simplify the drawing, details of the sound processing and

the display sweep processing are not shown as these detalls are not

related to the invention.

The luminance signal processor 20 embodies the invention and
includes an input terminal 30 to which the luminance signal Y1 is applied
and an output terminal 32 for providing the processed luminancé output
signal Y2. The luminance signal processor 20 further includes a source 40
comprising an é.verage' picture level (APL) detector having an input
coupled to output terminal 32 and an output for prov1dmg an average
picture level (APL) indicating signal APL.

~ An amplifier 42 is provided having a first (non-inverting)
input 42 to which the average picture level (APL) indicating signal is
applied, having a second input to which a reference level signal Vr is
applied and having an output 48 for providing a control signal (Vc)
representatlve of a difference between the input 31gna1s supplied to the
amphfier 42. e - S

‘A non-linear processor 50, wluch may compnse a so-called
"wh1te stretch” processor as described in -the aforementioned Lagoni
patent, is provided for applying non-linear processing to the luminance
signal Y1. This processor is coupled in cascade with a peaking and contrast
processor 52 and a brightness control processor 54 between terminals 30

5
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and 32. Suitable implementations of these processors are described in the
afbrementioned Lagoni patent. These processors provide non-linear (e.g.,
white stretch) processing, peaking, contrast control and brightness control
processing to the luminance signal YI.

A user brightness control signal source 60 provides a
bnghtness control signal BC to the input 55 of the bnghtncss control
processor 34 for controlling the brightness of images displayed on display
unit' 24. This source may compﬁsc a potentiometer to which a supply
voltage is applied and having an output tap for providing a variable
brightness control voltage. In a preferred application it may comprise a
digital to analog voltage converter coupled to the output of the receiver
control microprocessor as is conventional practice in modern television
receivers. For purposes of the following discussion, it will be assumed that .
the brightness control signal increases in a positive direction when the
user selects a brighter .display.

" The control voltage Vc developed by the amplifier 42 is

LICIE I I
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'applied duectly to the control input of the white stretch processor 50 for

controlhng the input-output transfer characteristic thereof. This
characteristic is illustrated in FIGURE 2 where it is shown that an increase
in the control signal Vc results in a reduction in non-linearity. of the
processed video signal and a decrease in the control voltage Vc results in
an increase in non-lihearity of the processed video signal. As explained in
the aforementioned patent, this processing desirably provides enhanced
contrast. for displayed images in that the contrast level of low or mid level
images is enhanced. '

The luminance signal processor of FIGURE 1 further includes
means, comprising an electrical conductor 80, for deriving at-least a
portion of the reference signal VR supplied to the second input (46) of the
amplifier 50 from the brightness control signal BC provided by the )
brightness control $ignal source 60 which is supplied to the brightness
control input 55 of the brightness control
signal processor 54. :

The foregoing means, e.g., conductor 80, provides the

~advantage, in this embodiment of the invention, of completely eliminating
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the previously described undesirable interaction between the brightness
control and. the non-linear (white stretch) processing as will now be -
described in the followmg examples of overall circuit operation.

As a flrst example, assume, as in the aforementioned Lagom
patent, that the reference voltage Vr is a fixed (i.e., non-varying) voltage.
For this case, any change at all in the in the ‘average pictﬁre level APL will
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' ~alter the control voltage Vc and so will also alter the non -linearity
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provided by the white stretch circuit. For example, an increase in the user"
brightness control signal BC will increase the average picture level and so
will increase the value of the control signal Vc thereby resulting in the
non-linear processing provided by processor 50. Conversely, with a fixed
value of V1, any decrease in the user brightness control signal BC will
increase the average picture level and so sill decrease the values of the
control signal Vc thereby resultmg in the non-linear processmg provided
by processor 50.

' In accordance with the invention, the undesirable interaction
of the user brightness control 60 with the operation of the white stretch
processing 50 is avoided completely by means of electrical conductor 80

- which applies the brightness control signal BC directly as the reference
voltage Vr to the inverting input 46 of the amplifier 42. .By this means,.

any change what-so-ever in the value.of the user brightness control signal
BC is completely off-set by the change in the reference voltage Vr applied
to amplifier 42 and so has no effect at all on the value of the control .
voltage Vc. As an example, an increase of 100 mV in signal BC will result _
in an increase in 100 mV in signal Vr and so the output of amplifier 42
will remain constant since the APL signal will -also increase by the same

~amount. In other words, As a result, the user may alter the values of the

brightness control signal BC and so change the average picture level APL of
displayed images without changing, in any manner, the characteristics of .
the non-linear processing imparted to the luxmnance signal Y2 by the non-
linear (white stretch) processor 50. :

Advantageously, by making the white stretch processor 50

" independent of the setting of the user brightness control 60, images are
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displayed having improved cont‘rast regardless of the setting of the user
brightness control. : :

FIGURES 3 and 4 illustrate two modifications of the apparatus
of FIGURE 1 whlch"represent compromise conditions of interaction
between the user brightness control and the non-linear -characteristic
processing provided by white stretch processor 50. In FIGURE 3 the signal
BC is attenuated and offset by means of a network 90 comprising a resistor
R1, a resistor R2 and a terminal 300. Specifically, network 90 comprises a
connection of resistor R1 to the input 46 of amplifier 42 and a connection
of resistor-R2 from the input 46 of amplifier 42 to a source 300 of relative
positive potential +V. In operation, the ‘network 90 derives the reference

voltage Vr by attenuating (R1,R2) the brightness control signal BC and

adding a relatlvely positive offset voltage (+V).

‘Some effects of this modification are to provide a hlgher level
of the refe,rence voltage Vr with a measured contribution of the brightness
control signal BC. Visually, the effect is to increase the threshold at which
non-linearities provided by processor 50 take effect and to decrease 'the_
non-linearities as a percentage of the brightness control signal (e.g., in
proportion to the resistance ratio R1/(R1+R2)). The example of FIGURE 4 is
similar except that terminal 300 is grounded. This modification provides a
lower level of the reference voltage Vr with a measured contribution of
the brightness control. signal BR. Visually the effect is to ‘decrease the
threshold at which non-linearities "provided by processor 50 take effect
and to add an attenuated contribution of the brightness control signal BC
(the attenuation being determined by the ratio R1/(R1+R2)).

There has been shown and described herein video signal
processing apparatus including input means (30) for providing a video
input signal (Yi_) to be processed and output means (32) for providing a
processed video output signal (Y2). A non-linear video signal processor
(50) is coupled in cascade with a brightness control sig}lal processor (54)
between the input (30) and the output means (32). An amplifier means
(42) having a first input (44) coupled to receive an average picture level
(APL) indicating signal, having a second input (46) coupled to receive a
reference level signal (Vr) and having an output (48) coupled to supply a

8
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control signal (Vc) to a control input of a non-linear processor (50) for
controlling a transfer characteristic thereof. Means(60) are shown for
applying a brightness control signal (BC) to a control input (55) of a
: brightness contrél signal processor (54) for controlling the brightness of
5 the processed video output signa-l (Y2). Additionally, circuit means (80)
R1,R2,+V; R1,R2,Gnd) have been shown for deriving at least a portion of the
reference level signal (Vr) for the amplifier (42) from the brightness
control signal (BC) supplied to the brightiess control processor (54).
Various changes and modifications may be made to the video
10 signal processing appai‘atus described herein by the three specific
examples- given. The processing, for example, may be provided by either
digital or analog signal processing means. Other changes will be apparent
to workers of ordinarily skill in the art. The invention is defined by the
appended claims. '
15
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1. Apparatus, for use in a telev1smn system, compnsmg.
input means (30) for receiving a video input signal (Y1) to be

processed; :
‘output means (32) for providing a processed video output
signal (Y2); | '
' a source (60) for providing a brightness control signal (BC);
a source (40) responsive to said processed video output signal
for providing an average picture level indi_cating signal (APL);

amplifier means (42) having a first input (44) to which said
average picture level indicating signal is applied, having' a second input

'(46) to which a reference level (Vr) signal is applied and having an output

(48) for providing a control signal (Vc) representative of a difference

‘between the input signals supplied to said amplifier means;

. a non-linear processor (50) and a brightness control processor
(54) coupled in cascade between said input means and said output means

~ for applying non-linear processing and brightness control to said
_processed video. output signal; wherein

said brightness control signal is coupled to a brightness control
input (55) of said brightness control processor for controlling the
brightness of said processed video output signal;

said control signal (Vc) provided by said amplifier means is
coupled to a control input of said non-linear processor for controlling a
transfer characteristic of said non-lmear processor; said apparatus being .
charactenzed by . .

means for deriving at least a pomon of said reference signal
supplied to said second input of said amplifier means from said brightness

" control signal supplied to said brightness control processor.

2. Apparatus as recited in Claim 1 further characterized in that:
said means for deriving said reference signal (Vr) comprises

means (80) for applying said brightness control signal (BC) directly to said
‘second input of said amplifier means so that substantially all of said

reference signal is obtained from said brightness control signal.

10
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3 Apparatus as recrted in Clalm 1 further charactenzed in that:
~ said means for deriving said reference signal (Vr) compnses
means (R1,R2,+V) for attenuating said brightness control signal (BC) and
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- adding a relatively positive DC offset thereto.

4. Apparstus as recited in Claim 1, further characterized in

. that:

said means for deriving said reference signal (Vr) compnses
means (R1,R2,GND) for attenuating said brightness control signal (BC) and
addmg a relat1vely negatwe DC offset thereto.
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