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NON-LINEAR LUMINANCE SIGNAL PROCESSOR RESPONSIVE
TO AVERAGE PICTURE LEVEL (APL) '
OF DISPLAYED IMAGE
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Field of the Invention
This invention relates to non-linear video signal processors
generally and particularly to non-linear video signal processors responsive
to the average picture level (APL) of processed luminance signals for
effectively enhancing the contrast of displayed images.

Backgrou f the Inv

In U.S. Patent 5,003,394 of W. A, Lagoni, entitled DYNAMIC
VIDEO SYSTEM INCLUDING AUTOMATIC CONTRAST AND "WHITE STRETCH" -
PROCESSING" which issued Mar. 26, 1991, the advantages of using a "white
stretch” processing section in a television system are disclosed. White-
stretch processing emphasizes or boosts the amphtudes of mid-range
luminance amplitudes relative to high luminance amplitudes as a function
of a control signal representing the average picture level (APL) of a
dlsplayed 1mage in order to enhance the over-all contrast of displayed
images. ' ' _
In allowed U.S. Pat. No. 5,099,154 filed by W.A.Lagoni August' |
25, 1989, and entitted AMPLIFIER ARRANGEMENT FOR PROVIDING A
CONTROLLABLE NON-LINEAR TRANSFER CHARACTERISTIC USEFUL FOR
IMPROVING THE CONTRAST OF AN IMAGE, there is described a specific
implementation of white stretch processing smtable for use in Lagoni's
patented system. In an exemplary embodiment the Lagom white stretch
processing circuitry comprises a source of luminance input signal and a
source for providing a control signal representative of the average picture
level (APL) of displayed images. A first circuit means responsive to the
luminance input signal provides a first luminance output signal linearly
related to the luminance input signal and provides a second luminance
output signal non-linearly related to the luminance input signal.
Means are provided for applying the first and second luminance signals to
respective inputs of a "soft switch" or "blending” circuit which combines
the first and second luminance signals signals in proportions determined
by the APL representative control signal for providing a processed
luminance output signal exhibiting greater non-linearity for smaller values
of the APL control signal and exhibiting smaller non-linearity for greater
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ues of the APL control signal. Advantageously, by this means, the
goni system provides -enhanced contrast of displayed images.

Summary of the Invention

The present invention resides in part in recognizing that, in a
ecific embodiment of the above-described system, the processed '
minance output signal exhibits an essentially linear response to the input
gnal for relatively high values of the APL control signal. It has been
>und, in accordance with the invention, that this condition is undesirable.
he visual effect of allowing the processed luminance signal to be linearly
mplified for high APL values is that there is essennally no contrast
nhancement for this operating condition. -

The present invention is directed to counteracting the foregomg
roblem in such a manner as to ensure that under no circumstances will
he processed video output signal exhibit a purely linear response to the -
/ideo input signal in the over-all system. Advantageously, contrast
snhancement is thereby provided for all values of the average picture
level of displayed images. _

The present invention resides, in’ part, in recognizing that a
need exists for extending the range of automatic white stretch processing
for all values of the APL representative control signal. In accordance with
a second aspect of the invention, extended range white-stretch processing
is achieved by circuitry that prevents the ptocessed video output signal -
from exhibiting an essennally linear response to the video input 51gnal for
any level of the APL representative. control s1gnal

More specifically, video signal processing apparatus for use in a
television system and embodymg the invention, comprises a first source
for providing a video input slgnal to be processed and a second source for
providing a control signal representative of the average picture level (APL)
of images displayed by said television system. Signal processing means,
responsive to said video input signal, provides a first video output signal
linearly related to said video input signal and provides a second video
output signal non-linearly related to said video input signal. A first
‘combining means combines the first and second video output signals in
predetermined proportions to provide a third video output signal having
both linear and non-linear components; and a second combining means
combines the second and third video output signals in proportions
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determined by the control s1gnal for prov1d1ng a processed video outgut
signal.

Brief Description of the Drawing

' The foregoing and further features of the invention are
illustrated in the accompanying drawing, wherein:

FIGURE 1 is a circuit diagram of a television receiver
incorporating a "white stretch” non-linear luminance signal processing
apparatus embodying the invention; :

- FIGURE 2 is a circuit diagram illustrating details of the "white
stretch” non-linear video signal processing used in the receiver of FIGURE
1; AND : '

FIGURE 3 is a diagram illustrating the non-linear transfer
characteristics of the "white stretch” luminance non-linear signal processor
of the recexver of FIGURE 1. '

il ripti : o v

The receiver 10 of FIGURE 1 comprises a tuner, IF amplifier
and detector unit 12 having an input 14 for receiving an RF modulated TV
signal S1 and an output for prov1d1ng a baseband video output signal S2
which is applied to a chrommance/lummance signal separator 16 that
scparates the components of signal S2 into a luminance compoment Y1 and
a chrominance component Cl. The chrominance component Cl1 is applied
to a color processor 18 that provides conventional color processing (e.g.,
hue and tint control, auto-flesh tone compensation, etc. ) to provide a color
processed chrominance output signal C2 to one input of a matrix circuit 22.
The luminance signal Y1 is applied to a "white stretch" non-linear
processor 40 that provides a processed luminance output signal Y3 to a
peaking, contrast and brightness control processor 30 which, in turn,
provides a fully processed luminance output signal Y2 to the second input
of the matrix circuit 22 which generate RGB component video signals for
display by a video display unit 24. The processed luminance signal Y2 is
also applied to an average picture level (APL) detector circuit 50 which
generates a white stretch control signal Vc based on the average picture
level of images displayed by the video display unit 24 (e.g., a kmescope
and associated driver amplifiers).

The non-linear or "white stretch” video processing unit 40
comprises a first input terminal (41) to which the: video (luminance) input
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signal Y1 is applied for processing. A second input terminal (42) provides .

the control signal Vc representative of the average picture level APL of the
video signals Y2 displayed by the video display unit 24. Processing unit 40

further includes a signal processing means comprising a linear processor :
43 and a non-linear processor 44 an adder 45 and a "soft switch" 46. The ...

linear processor 43 and the non-linear processor 44 comprises a signal .
processing means (43, 44) responsive to the video input signal Y1 for
providing a first video output signal (Y4) that is linearly related to the
video input signal Y1 and for providing a second video output signal (Y5) .-
that is non—lmearly related to the video input signal Y1. A first comblmng
means, shown here as an adder 45, adds the first (Y4) and second (Y35)
video signals in predetermined propomons to prov1de a third video output
signal (Y6). A second combining means, comprising a "soft switch” 46,
combines the second (Y5) and third (Y6) video output signals m
proportions determined by the control signal Vc for providing a processed
video output signal Y3. This video output signal Y3 is subjected to peaking,
contrast and brightness control in-unit 30 and supplied to matrix 22 for
display on display unit 24 as previously described.

With the exception of the first combining circuit (e.g., adder 45)
the system described is much the same as that described in the

aforementioned Lagoni patent and allowed application (both 1ncorporated
herein by reference). The effect of this circuit, however, is to substantially -

alter the white stretch processing previously obtained. Recall that in the
prior art white stretch processing the soft switch combined the linear and
the non-linear processed signals to prdvide an overall transfer function
that exhibited an essentially linear response for APL's (average picture
levels) that were relatively high and provided . increased non-linearities as
the APL decreased.

In the present invention, the addmon of the linear and non-
linear signals in adder 45 provides a resultant signal Y6 that always has
some proportion of non-linearity in it. Accordingly, when the soft switch |
selects the signal Y6 or YS5.(the non-linear signal) in proportion to the
control signal Vc, the resultant signal Y3 always exhibits some degree of
non-linearity regardless of the proportions of the selected signals. Thus,
in the present invention, the luminance signal Y2 is always subjected to a
minimum degree of non-linear processing regardless of the average
picture level (APL) and so for any operating condition there is always at
least of minimum of contrast enhancement provided.
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FIGURE 3 illustrates this advantageous feature of the invention. -
This FIGURE illustrates the input/output transfer characteristics of the ,
non-linear (i.e., white stretch) processor 40. As shown, for a relauvely low _
value of the control voltage VC2, representing a low average picture level,
maximum non-linearity is exhibited. As the control voltage Vc increases to
a higher value VCI1, the non-linear characteristics decrease. At the highest
value of the control voltage VC. there is always some non-linearities

introduced into the luminance signal transfer characteristics. Aecordmgly,

unlike the known Lagoni system, the white stretch transfer charactenstlcs
never reach a point where the response is purely linear as illustrated by
the linear response characteristic 300 (a dashed line). Advantageously, the'
white stretch processmg of the present invention is always operative to
provide contrast enhancement for mid and low level video input mgnals
even where the average picture level is relatively high.

FIGURE 2 is an example of an analog circuit implementation of
the white stretch processor 40. It will be appreciated, of course that the ~
circuit functions may be implemented with digital processing elements
rather than analog elements. In FIGURE 2 the linear processor 43 is
implemented by transistor 196 and emitter resistor 206 which form a
voltage (emitter) follower and so provide a linear output signal in response
to the luminance input signal Y1. The non-linear processor 44 is
implemented by transistor 198 and resistors 261 and 216 which bias the
emitter of transistor 198 above ground. This transistor produces a non-
linear response to the input signal Y1 at its emitter as follows. If Y1 is less
than -the potential developed by resistors 216 and 261 (less Vbe) the
transistor will exhibit a linear characteristic but when the input rises to
where the base emitter junction thereof is reversed biased, the transistor
198 will turn off thereby exhibiting a non-linear characteristic. The adder
45 of FIGURE 1 is implemented by resistors 209 and 210 which add the
linear output of tramsistor 196 to the non-linear output of transistor 198
and so provide a output signal Y6 that includes both linear and non-linear
components. : :
The  remaining elements comprise the soft swuch 46.
Specxﬁcally, the output of the adder (resistors 209 and 210) and of the
non-linear amplifier (198) are applied to respective current source
transistors 224 and 230 which generate proportional output currents Ii
and I2. The current Il is applied to the joined emitters of a pair of current
splitter transistors 250 and 252 and the current I2 is applied to another
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pair of current splitter transistors 256 and 258. The bases of tramsistors
256 and 252 are biased by resistors 264 and 266 at a reference 'po’tcnuai
that is less than the supply voltage Vcc. The bases of transistors 258 and
250 are coupled to receive the control voltage Vc. A diode 270 limits the
maximum value of Vec. An output signal is provided by coupling the
collectors of transistors 256 and 250 to a common load resistor 253.
Accordingly, when the control voltage V¢ is relatively high, most of the
output ‘current is the linear and non-linear current I1 supplied by
transistor 224. Conversely, when the control voltage Vc is relatively low,
most of the output current is the non-linear current provided by uansiétor
230. For intermediate values of Vc, the output Y3 is in proportion to the
currents Il and I2 that-is controlled by the level of the control signal Vc.
‘While the invention has been illustrated using analog circuit ©
elements, it will be appreciated that the white stretch processing functions
may easily be implemented using digital techmques Other modifications
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will be apparent.
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1. Video signal processing apparatus for use in a television !
system, comprising: Lo
' a first input terminal (41) for providing a video input s1gna1 (Yl)
to be processed; S
a second input terminal (42) for providing a control slgnal (VC)
representative of the picture level of video sxgnals displayed by said
television system, _ :

- signal procéssing means (43,44) responsive to said video input
signal (Y1) for providing a first video output signal (Y4) linearly related to
said video input signal and for providing a second video output. signal (YS5)
non-linearly related to said video input signal; characterized by

first combining means (45) for combining said first and second -
video output | signals in predetermined proportions to provide a third video
output signal (Y6) having both linear and non-linear components; and
second combining means (46) for combining said second (Y5) and
third (Y6) video output signals in propomons determined by said control
- signal (VC) for providing a processed video output signal (Y3).

2. Video signal processing apparatus as recited in Claim 1
characterized in that: |

said first combining means (45) comprises adder means for _
~adding said first (Y4) and second (Y5) video output signals to produce said -
third video output signal (Y6); and

said second combmmg means (46) comprises a soft switching
circuit responswe_ to a maximum value of said control signal (VC) for selecting
one of said second and third video output signals as said processed output
signal, responsive to a minimum value of said control signal for selecting the
other of said second and third video output signals as said processed output
signal, and responsive to intermediate values of said control signal for
blending said second and third video output signals in proportion to the value
of said control signal between said minimum and maximum values.
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3. Apparatus as recited in Claim -1 charactenzed in that said first
combining means (45) comprises:

a first resistor (209) connected between an output of said slgnal
processmg means at which said first video output mgnal (Y4) is produced and
5 a first input of said sécond signal combining:means; and a » L

a second resistor (210) connected ‘between an output of said s1gnal
processing means at which said second video output slgnal (YS) is produced
and sald first input of said second signal comblmng means -
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