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The present invention relates to a controllable non-lmear _

- processing circuit, and more particularly to such a circuit for enhancing the
contrast of a video 1mage

In concurrently flled u.s. patent apphcauon Serial No. RCA

'85.479, entitled "A Dynamic Video System Including Automatic Contrast

and "White-Stretch’ _Proc'essir_ig Sections”, the advantages of using a "white-
stretch” processing section in ‘a television system are disclosed. White-

. stretch emphasizes or boosts the amplitudes of mid-range luminance

amplitudes relative. to high luminance amplitudes as a function of a control
signal representing an image characteristic in order to enhance the contrast
of the reproduced image. The advantages of white stretch processing are
briefly discussed in the present application. .. However, the present
application primarily concerns an advantageous arrangement for providing
a controllable non-linear gain characteristic which may be employed to
produce white-stretch. -

_ According to an aspect of the invention, the non-linear

- processing apparatus includes first and second amplifiers arranged for

producing linear and non-linear output signals in response to an input

~ signal and a "soft-switch" for combining the output signals in accordance

with a control signal. Specifically, in accordance with another aspect of the
invention, the first and second amplifiers comprise voltage-followers

- having their inputs coupled in parallel and their outputs coupled together.

by a first resistor of a resistive voltage divider.. A bias voltage is coupled
to the second amplifier so that the second amplifier will be cut-off before
the first amplifier. Before the second amplifier cuts-off, the output signals
provided by the amplifiers have the same am‘plitude and no current flows
through the first resistor. After the second amplifier cuts-off, current
flows through the first resistor, and by voltage division action of the:
voltage divider, an attenuated version of the output signal of the first
amplifier is developed at the output of the second amplifier. As a result, a
linear output signal is produced at the output of the first amphfler and a -
non-linear output S1gnal is produced at the output of the second amphfler
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anplitudes relative to hi gh lum nance airfplitudes as a function of a control

signal representing an i mage characterisg{ic in order to enha t
comtrast of the reproduced i mage. .The a%vant ages of white s?{(glf\cgg’zn?
processing are briefly discussed in the present application. However, the

t licati d t f
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arranged for producing Il néar and non- ou s Inresp
an i nput sFharactenstie ambfa blmcdccrdxagmmwﬁbawargtuméimngua whitezsweioh

‘accor da5‘Cetransfer function;

FIGURES 2A and 2B respectwely show 'a schematic of an
arrangement of first and second amplifiers for implementing certain blocks
of the apparatus of FIGURE 1B and éssociate_d transfer functions;

: FIGURES 3A and 3B show current sources also utilized in the
10 implementation of the apparatus of FIGURE 1B;
_ FIGURE 4 shows a schematic of a current steering network for
implementing another block of the apparatus .of FIGURE 1B; '

FIGURE 5 shows alternate current sources which may be

utilized in place of those shown in FIGURES 3A and 3B;

15 FIGURE 6 shows a schematic of the complete implementation of
the apparatus of FIGURE 1B unhzmg portxons shown in FIGURES 2A and 3A,
3B and 4; and

- FIGURE 7 shows how the white stretch apparatus of FIGURE 1B
may be utlhzed in a television system.

20 In the FIGURES, the same reference numbers have been
assigned to the same or similar elements. :

- In the followmg description, it is assumed that posmve going .
portions of the luminance s1gnal correspond to whlte-gomg portions of a
reproduced image.

25 _ ~ Turning now to FIGURE 1A, a white stretch gain characteristic is
shown. The gain characteristic includes a family of non-linear transfer
functions ‘having an increased gain (slope) for mid-range and lower level
luminance amplitude levels compared with high luminance amplitude

. levels. The degree of non-linearity increases as an inverse function of the
30 magnitude of a control signal VC For- the highest magnitude (VCI) of

control szgna_l VC’ the gain characteristic collapses to a linear transfer
function. For lower magnitudes (e.g., Vc2<V Cl)’ 'the_, transfer functions

~ become more non-linear.
An effective way of generatmg the transfer function of FIGURE

35 1Ais shown in FIGURE 1B. An input voltage at an input 182 is coupled in
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with a control signal. Specifically, in accordance w th another aspect of
t he invention, the first and second anpll lers conprise volta (o] o)
havi.ng their i nputs coupled in parallel anmd their outputs cougfg @ég
by a first resistor of a resistive voltage divider. A bias voltage is

coupled to the conda lifie t hat th sec lifier | |
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and output 192 is that shown in FIGURE 1A.

-The implementation of amplifiers 184 and 186 of the block
diagram of FIGURE 1B is shown schematically in FIGURE 2A. The transfer
functions for the amplifiers of FIGURE 2A is shown in FIGURE 2B.

10 The voltage at input 194 (corresponding to the input voltage
182 of FIGURE1B) is coupled in parallel to the bases of PNP transistors 196
and 198. Transistors 196, 198 are configured as emitter followers, with
respective collectors connected to ground and output voltages developed at

respective emitters. The emitter of PNP transistor 196 is connected to the
" 15 source of supply voltage VCC through resistor 206 and develops an output

signal across resistor 206 at output 208. Emitter-follower 198 develops an
output voltage across the series connection of a load resistor 216 and a bias
voltage supply 218 at output 214. The value of the bias voltage provided

by supply 218 is set so that trans_xstor 198 is cut-off at a desired break
20 point level (V) of the input signal. Transistor 196 continues to conduct

after the break point level. As a result, emitter-follower 198 has a smaller
dynamic range than emitter-follower. 196. A resistor 210 is connected
between outputs 208 and 214. o
While transistor 198 is condﬁcting, .the output voltages at 208
25 and 214 are substantially identical and are linearly related to the input
voltage. In addition, no attenuation of the output signal at 208 occurs since
no current flows through resistor 210. 'However, when transistor 198 turns
off, current flows through resistor 210. At and beyond that point (VB ), the
output signal at 208 continues to be unaltered, but an attenuated version
30 of the output signal at 208 is produced at 214 due to the voltage division
between resistors 210 and 216. Break point Vg is determined by voltage‘

supply- 218 and the DC bias existing at the base of transistor 198. The ratio |
of the slopes of A2 and A1 shown in FIGURE 2B is determined by the ratio

of resistors 210 and 216.
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~ . :
| i near. out put si gnal is produced at the out put of the first arrpllfler and a
non- Imear‘*output signal is produced at_ghe output of the se gsM7fier.
-2 -'For a detail ed under standi ng of t he present invention, qmf\erence
shoul d be made to the acconpanying drawings in which: FIGURES 1 A and 1B

[pnectively Show & SRS 31 hiap, SIPCKRARIAE of et Tok b
. ‘the output voltages of FIGURE 2A to currents. These currents are applied
to "soft-switch" 188 compnsmg a current steering network, as will be
- explained below. As shown in FIGURE 3A the linear voltage signal
5 developed at output 208 is applied to one input 220 which is coupled to
the base of a transistor 224. In a corresponding manner, the non-linear
voltage signal developed at output 214 is applied to an input 226 which is
coupled to the base of a transistor 230. Transistors 224 and 230 have thelr
respective collectors coupled to the current steering circuit discussed in
10 connection with Figure 4. In- response to the voltages applied to the bases
of transistors 224 and 230, resp_ectlve collector currents 236 and 238 are |
developed. .The emittérs of transistors 224 and 230 are connected to.
respective emitter resistors 244 and 246.  Resistor 244 is coupled directly
to ground and resistor 246 is coupled to ground through bias voltage
15 “source 248. Resistor 246 has a-lower value than resistor 244 in order to
equalize the black to white d1fference of the linear and non-linear signals
currents. The bias provided by bias voltage 248 introduces an offset used
to equalize the DC components of the two output currents.
o ‘Soft-switch 188 can be implemented as current steering
20 differential amplifiers as shown in FIGURE 4. Transistors 224 and 230
- operate in the same manner discussed above in connection with FIGURES
3A and 3B. Transistors. 250 and 252 form a differential amplifier
configuration for steering current 236 flowing in the collector of transistor
224 between signal output terminal 192, to which a load resistor 253 is .
25 connected for developing an output voltage, or to power supply V-, asa

function of control voltage V.~ applied to the base of tramsistor 250.
Differential transistor pair 256, 258 similarly steers current 238 flowing in
the collector of transistor 230 as a function of control voltage V- applied to
the base of transistor 258. As a result, the current flowing through load |
30 resistor 253 is a controllable combination of linear and non-linear currents

236, 238. -
A voltage source 259 coupled to the bases of transistors 252,
256 establishes the range in which current steering is continuously
controllable. As is known, the range of differential input voltage _fof which
35 the output current of a differential amplifier will respond to the input
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FI'GURES. 2A‘and 2B respectivel y show a schematic of an arrangenment of first

and, second“amnplifiers for inplenenting certain blocks of the \ar of
FI GURE 1B and associ ated transfer functi ;S:IS; FI GURES 3A -and ﬁﬁgﬁoﬁ’gZ?rent
soOurces also utilized in the inplenmentation of the apparatus of FIGURE 1 B;

. . AL . Py :
oother bl oltigd! if UG 150 niYORET, ThESChliRle MONRAL Y, VATPETRBhIAS
current soudIDCameSHONdsy tycapproximately nthe awisldle ofsoatrlovanges FFOURES 3A

and 3B; F| GuRgEnitudesvef a:ommmﬂrmbltagefvgebeiowpltm evolngpgee providddobyofsotifee
apparatus of FIGURE 1B utilizing porticohs shown in FI GURES 2A and 3A,
259, transistor 256 conducts more heavily than transistor 258 and

5 transistor 252 contructs more héavily than transistor 250. As a result, the
output voltage developed ‘across load resistor 253 has a greater
~ contribution from the non-linear current (provided by transistor 230) than
from the linear current (provided by transistor 224). * For magnitudes of
control voltage .VC above the voltage provided by source 259, transistor
10 250 conducts more heavily than 'transistor 252 and transistor 258 conducts
more heavily than transistor 256. As a result, the output voltage '
developed across load resistor has a greater contribution from the linear
current provided by transistor 224 than from the non-linear current
provided by transistor 230. Accordingly, the gain characteristic between
15 input 182 and output 192 is as shown in FIGURE 1A.
_ The circuit of FIGURE 4 produces a signal inversion between
~ input 182 and output 192. In some applications this signal inversion is
undesirable. An . alternative arrangement for the current sources shown in
FIGURES 3A, 3B and 4, which does not result in a signal inversion, is shown
20 in FIGURE 5. In this arrangement, the input voltages applied to inputs 220
and 226 are coupled to the respective emittérs of transistors 224 and 230
instéad of to the respective bases. Inputs 220 and 226 are coupled to the
respective emitters of transistors 224, 230 through. respective resistors
261 and 263. Also, in the circuit of
- 25 FIGURE 35, bias voltage source 248 is coupled to the bases of the transistors
224 and 230. - Resistor 261 has a higher value than resistor 263 to
compensate for the black to white .difference between the two input
voltages developed at 220 and 226, and resistor 246 is made smaller than
- resistor 244 to compensate for the -difference between the DC components
30 of the two input voltages. | ' .

. FIGURE 6 shows the complete implementation of the block
diagram of FIGURE 1B. FIGURE 6 shows the circuit portions previously
discussed in connection with FIGURES 2A, 3A, 3B and 4 coupled together.
However, certain practical modifications have been made.
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3B and 4 and Fl GURE 7 shows how the white stretch apparatus. of FI GURE 1B

may . be utrlrzedlnateIeV|S|on system |n the FI GURES, the s r nce
nunbers have been assigned to the sane ordq5| m | ar el enents. ﬁﬁ?‘% §§,2r79
follow ng description, it is assuned that positive-going portions of the

| nance stanal cor RPARICYg: Ylohia SRGRS LA Butle S TSRS R,

gai-n char aceroittert follower UL as sbowhyimFIGAIRE 2dgrist prondtled (asnat Thesin's

having an lmlzﬁ@é%éug@&)n bis tiepaolfape division@f ﬁfﬁbl&ov\srtag@VVhC between a
resistor 261 and a resistor 216'. Resistor 216 shown in FIGURE 2A

5 corresponds to the Thevin's equivalent of resistors 216' and 261. In like
manner bias voltage 248 associated with the current source for the non-
linear input voltage as shown in FIGURES 3B and 4, is provided by the
voltage division of supply voltage VCC between a resistor 263 and a
resistor 246'. A voltage .d_iv'ider including resistors 264 and 266

10 correspond to voltage source 259 coupled to the bases of transistors 252
and 256 as shown in FIGURE 4. Perhaps of greater significance, is the '
addition of a diode 270 coupled -between V~ control input 190 and the

junction of resistors 264 and 266 with a sense for preventing control
voltage V.~ from exceeding' one diode voltage. drop above the voltage

15 -developed at the junction of resistors 264 and 266. This prevents

distortion in the output signal (YOUT) at high magnitudes of .control voltage
Ve | |

The manner in which the controllable non-linear gain

characteristic signal processing circuitry described with reference to

20 FIGURES 1-6 may be employed in a television system to perform white- "
stretch processing is shown in FIGURE 7. With reference to FIGURE 7, the
non-linear gain characteristic c1rcu1try is incorporated within a wh1te-

stretch processing unit 136. The control voltage for white-stretch
processing unit 136 (indicated as control signal Ve A in connection with

25 FIGURE 7 is produced by a conu'ol signal generator 140, as will be
explained below. .
Specifically ‘with respect to FIGURE 7, a composne video
provided at an input 142 is separated into two components: a luminance
signal prov1ded at an output 144, and a chrommance signal provided at an
30 output. 146. . -
¢ _ The  chrominance sigrial is processed in a well known manner in
processor 148 for producing red, green and blue color difference signals r-
Y, b-Y and g-Y. The color difference signals are coupled to a matrix 152.
- Chrominance processing unit 148 and matrix 152 may be included in an
35 integrated circuit (IC) 154. - '
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| um nance. appl i twude-d evel s conpared Wi th high [um nance anplitude |evels.

The degreé-of Hon-linearity increases as gn I nverse function g AV 54 7
magni tude of a control signal V[err]. 'For "t he hi ghest nagni tude efr
~of control signal V[err] t he gain characteristic coI I apses to a linear

R ' B cor TN TR 06D, 6 oyt i Bf#cs?%sgf S
ransfer fu cp @se rgeeives dheneopireh sigralr (J.$ \Hﬂ”teéﬁfé’ at
an input 18%11'(3S o‘ﬁ?ﬁw §fjgﬂzﬂ of white-stretch processing unit 136 is coupled to a
peaking circuit 156 for improving the sharpness of the image. The output
5 signal of peakmg circuit 156 is coupled. to integrated circuit 154.

For luminance signal processing, integrated circuit 154 includes.
contrast control unit 158 and a brightness control unit 160. User
adjustment elements for contrast and brightness are symbolically
represented by potentiometers 159 and 161, respectively, although in

10 modern televisions systems, they commonly include microprocessor
~controlled digital-to-analog converters. . The processed luminanace signal is
coupled .to matrix 152 where it is combined with the color difference
signals to produce low level red(r), green(g) and blue(b) color signals.
Horizontal and vertical retrace blanki_ng pulses, HB and VB, respectively,

15 generated in a deflection processing section (not shown) are inserted, by
matrix 152" in the 1,8,b color signals in order to prcvent the display of
horizontal and vertical retrace. lines. . _

The low level 1, g, b color signals are amplified by drive
amplifiers 164r, 164b, and 164g, to produce R, G, B drive signals suitable

20 for dnvmg respective cathodes of a kinescope 166.

In order to prevent spot blooming, as well as d1splay driver and
phosphor saturation, due to excessive white-going signal peaks,
corresponding, €.g., to characters, a peak detector 168 detects the white-
going peaks of a luminance-representative signal, generated within control

25 signal geherator 140 as will be explained below, and, in response,
generates a control signal for contrast control unit 158. Whenever white-
-going peaks exceeding a threshold corresponding to spot blooming are
detected, the contrast is automatically reduced. | '

Unfortunately, the automatic contrast control apparatus affects .

30 all amplitudes uniformly since contrast control unit 158 has a linear gain
-~ transfer function. As a result, mid-range as well as high amplitudes tend
to be reduced, resulting in a reduction of the subjective brightness of the
image. White-stretch processing unit 136 counteracts this action in the
following way. |

This Sheet Has Been ﬂ

L



ng I parallel}t/g thellsgpugrhof a Ilnear arrpllfler 184 and to the input of a
nli near afrpl I er e out put sign of anplifiers 18 8

. coupl ed f[o a "soft-swtch" 188, which cd%b'l nes the-linear and® ﬂ#h%qaﬁZ?ir
out put signals in accordance with control vol tage V[err] to.develop a final

and”out put 1921 s 1 nat DEHRRITeT, saleR B & i B SrliES cRFeleh Dptdec e,

- 184 d 18 | R
FIOURE 24 1 1788 Q?“#V%H"é‘?ﬁ‘ osP ?“5* e Buctago WlpschE e Saituier.
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_ brightness is low, control s1gnal CA causes the degree of non-linearity of
5 _whlte stretch processing unit 136 to be increased (see FIGURE 1A for VCZ)

As a result, mid-range amplitudes of the luminance signal are increased '
relative to high amplitude levels. Since white-going peaks corresponding
to small image areas do not significantly affect the average level, an |
automatic contrast reduction in response to excessive white-going peaks,
10 ' tending to further reduce mld-range amplitudes, will be compensated for
by the white stretch gain increase applied to mid-range amplitudes. ~ In
this way, spot blooming, as well as display driver and phosphor saturation,
_are minimized while providing subjectively sharp, bright images. - | |
 As earlier noted, for automatic contrast and white stretch
15 control it is desirable to detect the peak and average, respectively, of a -
signal representing the luminance component of the reproduced image
after image -characteristics, such as contrast and brightness, have been
adjusted so that the respective control signals will properly reflect the
content of the reproduced image. The TA7730 luminance processing IC
20 commercially available from Toshiba provides at an output terminal a
luminance-representative signal derived by combining r,g,b color signals
which have been subjected to contrast and brightness control.
Unfortunately, a luminance or luminance representative signal reflecting
contrast and brightness control processing is not provided by other ICs, e.g.,-
25 such as the TDA4580 available .from Valvo, as is mdlcated with respect to
IC 154'in FIGURE 1.
Control signal generator 140, w1th which the concurrently filed
Lagoni patent application entitled "CONTROL SIGNAL GENERATOR FOR A
TELEVISION SYSTEM" is particularly concerned is directed to this problem.
30 Control signal generator 140 combines the r,g,b. color signals produced at
respective output terminals of IC 154 to produce a signal at least .
-approximately - representing processed luminance information. However,
the resulting "summed luminance" signal contains pulses corresponding to
the'high level (e.g., in the range of -100 to -160 IRE) retrace blanking |
35 pulses contained in the r,g,b signals which are combined, unlike the
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182 of FI GURE M) is coupl ed in paral I el to the bases of PNP transistors

196 and*198:-Transjstors 196, 198 are con§| gured as emtter. fq d(i:g\/\?5547(?/\kth
respective. collectors connected to ground” and output voltages dével oped at
respective enmitters. The emitter of PNP transistor 196 is connected to the

source of s e e s ' e I an pyt put
si gnal acrogg&rréesﬁ‘/?%lg’mgagé {1g1%\¥ %@@gga E*’n ht m O\C}/e(frj ﬁ fac\;lel b%g an
out-put vol t signals rares combised | bngIGnﬁ%t@‘NQ)rbléﬁkmgl padsesearet addethc dihe¢ pulses
bi as vol tag@oﬁﬂﬁﬁé& 8118a astuxﬂerBU‘lu@ﬁﬂanJé1%1gﬁélu%xQénd hg J?ifi’é.%m‘tﬂ,i tl?élSw the
provi ded by, f@ é 18 S@g :{2{? t ransr st &8 E cut of f ia\
desired brel Cg‘gl vel and wilk)thgrefore substanda Yna? eqt dhsi §Y%‘iagf%’a ue (as
conti nues twalbrxiucﬁe FPdak-td- beabrealoeppl Acdordénglyfsa &omsoll signal derived by
emtter-fol| gf'&Em%gghgaiv&aﬁgaba%e of the summed signal would not accurately -
represent the brightness of the reproduced image. Control sigral generator
140 also includes provisions directed to this problem.
Specifically, with respect to control signal generator 140, the
10 rgb color signals produced at respective output terminals of IC 154 are
summed by means of a resistive combiner comprising resistors 171, 173,
. 175. The resultant summed signal, produced at the common junction of
resistor 171, 173, 175, is coupled to the base of an emitter-follower
amplifier 177. An output signal is developed across a load resistor 179 at

15 the low impedance emitter output of emitter-follower 177.
A resistor 181 coupled between a supply voltage source (VCC)

and the emitter of emltter follower 177 raises - . :
the conduction threshold of emitter-follower 177 so that substantially the
entirety of the white-going summed signal above the black level is
20 provided at the emitter output, but the pulses, corresponding to the
retrace blanking pulses of the r,g,b, color signals, are removed. Thus, due
to the increased bias applied to the emitter, the detected average value and
the resultant white-stretch control signal, VC A are relatively reliable
representations  of the average lummance component of the reproduced
25 image. .
_While-resistors 171, 173 and 175 can be proportioned
according to the well known luminance matrix equation to accurately
.pro'duce a luminance signal, a ratio of 1:1:1 has been found to be adequate
in practice for providing a processed luminance-repfesentative component
30 suitable for white-stretch processing control.’

The average value of the summed output signal is developed by
an average detector 183, which may simply comprise an R-C low pass
filter. The value of the white peaks of the summed output signal are
detected by peak detector 168. A suitable peak detector, which is capable

35 of responding .to very sharp peaks, is disclosed in U.S. patent application
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.dynamc range than em.tter-fol I ower 196. A resistor 210 i s connect ed
betyveen out’ puts 208 and 214. Wil e tranSJBtor 198 is conductl ﬂ@a%ge‘rﬁjt put

vol t ages at 208 and 214 are substantialT¥y

identical and are I

refated to the input voltage. In additiQn no attenuation of the out put
signal at 208, occurs si cury t hr ou .esisto ver,
when transiST !!!JHISQQE 5@85& ff‘é#t \/\/Pet“l"ﬁ@ghwlﬁésﬁgec ¢ 10 E\flyegﬁd
beyond thatm?lm (IVBQYId )thetxlimne%m(}‘.ﬁs.l wmlﬂeagezm casignedeso tthebsame
unal tered, but_ an attgﬁl d verS|gn of tgﬁaﬁgﬁput signal at 208 is
produced at3SSAEAYE &S, vaet FFESAY, 2BP Ween resistors 210 and 216.
Break point VB is det’@ﬂtﬂmethetfy has| bege tlyysrated 1andindescibedC whats igHatst | ng
at the §asepr%§eﬁf Ubiisii&ed 98- bENG 'Freféred embodiment

10

-of the present invention, it will be appreciated that changes and

mod1flcat10ns may occur to those skilled in the art. For example, while
amplifiers 184 and 186 shown in block form in FIGURE 1B are illustratively
implemented as emitter-followers as shown in FIGURE 2A, other follower
amplifiers and other amplifier configurations may be employed. It is
intended that the following claims cover all of such and other modifications

- which fall within the scope of the present invention.

\
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of the skamgs of* A[err] and Alerr] shown in FIGURE 2B is determ ned by the
rati p of resistors amumm"mﬂ" [1 FI GURES 3A and 3B snow schenati cs
of circuits for con l,uml \qu't.ages of FI GURE 2A RCAugserms
These currents are appl ied 't o" " sbf t* swi.t ch” 188 conprising a current
steering network, as wll be explained below. As shown in FI GURE 3A the

| i near wvol tq_g‘qm'sgnal devel oped at output 208 is applied to one input 220 
which is ‘cpupl ed to ' . _ _ '

1. Apparatus for producing a controllable non-linear transfer
characteristic, characterized by:

a first amplifier (184) for linearly amplifying an mput signal
with a first gain to,prov:de a linear signal; :

a second amplifier (186) for non-linearly amplifying said input
signal with a second gain in a first amplitude region of said input signal
and with a third gain, different from said second gain, in a second '
amplitude region of said input signal to provide a non-linear signal; and

a signal combiner (188) coupled to said amplifiers for
controllably combining the linear and non-linear signals in response to a
control signal (190) to provide an output s1gna1 havmg said controllable
non-linear transfer characteristic.

2. Apparatus as recited in Claim 1 characterized in that:
said output signal is related to said input signal by a gain
characteristic including a family of functions between a linear gain
" function and a non-linear -gain function, the degree of non-hneanty being
determined by said control signal.

3. Apparatus as recited in Claim 2 characterized in that:

said non-linear gain function has a greater gain for amplitude
levels of said input signal below a.predetermined level than for amplitude
levels above said predetermined level. '

4. Apparatus as recited in Claim 1 characterized in that:’

‘said first and second amplifiers exhibit different dynamic
ranges, said amplifiers having respective inputs coupled in common for
receiving said input signal and have respective outputs _coupled together
by a network (210, 216, 218) for producing said linear and non-linear
signals for application to said signal combiner. |

5. Apparatus as recited in Claim 4 characterized in that:
said first and second amplifiers have substantially the same
gain for at least a range of levels of said input signal; _
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“t He- hase of a t-ransi st correspondl ng manner, the non-1| i near
vol{a_ge “STQTI'a dev mﬁm BHilZM Is applied to an i nput 226 which is
coupled to the bas | 2300 29r ansi stors 224 andR©20 83a%&/ t hei r
respective col lectors coupled to the current steering circuit discussed in
connection with Figure 4. In response to the volta ges applied to the bases
of transistors 224 aid2sgondesmplificre (188) dst biasedr ta pus-affcatadd differemte

devel oped.jeJde oFMsdideifpdt stgS 1Bk si s inBBfieR @ gpnect ed to
respective emtter resistors Resi stor 244 jis cotgg}_ %)gdl rectly
t

to ground and. resi st$3td 20BtPLS c‘lfuﬁla%l %‘BPBfISEﬁ&thFB‘é@]ﬁ biage é%our ce
-248. Resi ¥lemen¢ 6314 of | avwesltxge udividem (286)2491601 @t i n order to equalize

the black to white dif{gLenge off (A HudER adl bl linkhi $8ensls 0P povided by

a tap on said voltage divider.

N 6. Apparatus as recited in Claim 5 characterized in that said
- first and second amplifiers comprise respective voltage follower amplifiers.

7. Apparatus as recited in Claim ‘1 characterized in that:
said - linear signal and said non-linear signal comprise
respective signal currents; and

said  combining circuit includes a current steering network
(188).
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currents, The bjas provided by bias voltage 248 introduces an offset used
t o equahki-ze-t-he DC conponents of the two output currents. Sofﬁ~§w85c¢7ﬂ88
can be inplenented as current steering differential anpl i fiers as Shown in
FIGURE 4. Transistors 224 and 230 operate in the same nanner discussed
above in connection with Fl GURES 3A %@r ansistors 250 and 252 form a
differential anplifier configuration ering current 236 flowing in
the coll ector of transistor 224 between signal output term nal 192, to

Yo pover supply V[ enff. Blesene IRUBGER  pBASERSC o HoiPuRBal, LatheetD [ 225 0T
‘the base ofunciaesi gereraren. eg.f ffer cimplementatingsi whitgaistresds, ofs58 sinilarly,
steers gur hgmindmce fighaINg SPecifically, first (196) and second (198) emitter-
follower amplifiers have their inputs coupled in parallel and their
outputs coupled in series via first resistor (210) of a voltage divider.
A second resistor (216) of the voltage divider is coupled to a point
(218) of reference potential. A bias source is coupled to the second
10 amplifier, e.g., via the second resistor of the voltage divider, so that
the dynamic response of the second amplifier to an input signal is
limited with respect to the first amplifier. The output signal of the
first amplifier is linear and an output signal developed at the output
of the second ampliﬁer is non-linear. The linear and non-linear
15 output signals are combined by a current steering network (188) in
response to a control signal (Vc) -repré'sentative of a charac'tefistiq of

a processed version of the luminance signal.
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thé’'col |l ector of transistor 230 as a function of control voltage V[err]
.apptied to-*the base of transistor 258. As a result, the current flow ng

t hrough | oad resistor 253 is a controll able conbi nati on of I|inear and
non-linear currents 236, 238. A voltage source 259 coupled to the bases of
transistors 252, 256 establ.ishes the ge in which current steering is
cont i nuously controllable As is knomﬂggthe range of differential input
voltage for which the output current of—~a differential anplifier wll
respond to the input

T FIG. 1A

Y\ (IRE)
FIG. 1B
184\ _ | .
—»| LNEAR | ] 192
FUNCTION | ™| ooer |-
YIN >7" . - SWITCH | Your
'NONLINEAR | -
182 "|_FUNCTION [ 183

186/_ 190" 4\/
A

Thﬁfﬁiﬁliiilﬂﬁlﬁﬁ
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-5 voltage I S. about +150 n1||IVO|tS "The vol t age prOV|ded ‘by vol t age
soufce 259 Corresponds to approxi mately the middle of control range. For
magni t udes of control voltage V[err] bel ow the voltage provided by source
259, transistor 256 conducts nore heavily than transistor 258 and
transistor 252 contructs nore heavily.thQan transistor 250. As a result,. the
output voltage devel oped across | oad ré%&§tor 253 has' a greater

contribution fromthe non-1linear current(provi ded by transi stor 230) ‘than -
fromthe linear current (provided by transistor 224). For magnitudes of
control voltage V[err] above the voltage provided by source 259, transistor
250 conducts nore heavily than transistor 252 and transistor 258 conducts

¢ FIG. 2A
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nor & heaV|Iy than .transistor 256. As a result, the output voltage devel-oped
acy ess. tead—r€si stor has a greater contrlbutlon fromthe linear current
provi ded by transistor 224 than fromthe non-linear current provided by
transi stor 230. Accordingly, the gain characteristic between input. 182 and
output 192 is as shown in FIGURE 1A. Thg,circuit of FIGURE 4 produces a
- signal inversion between input 182 an .Aéiput 192. In sone appllcatlons
~thirs signal inversion is undesirable. An alternative arrangenent for the
current sources shown in Fl GURES 3A, 3B and 4, which does not result in a
signal inversion,.is _showm in FIGRE 5. _In this arrangenent, the | nput

“voltages applied td i nputs 220 and 226 are coupied to the re_,p,qggtlve

emtters of tran5|$tors 224 and 230 \{—r
| o _ 192

i :
: :
i o
] t
i 25? 256 ;
' 250 258 P
; . _l_ b~ y
E 259/_'_]; E
5. = =
LN INONUN A1
220 236 226 28 C.
LINEAR _o04” NON-UNEAR ) V290
VOLTAGE 24 TNOLTAGE

SIGNAL SIGNAL

" FIG. 4
- j_'ikm

"FIG. 5 +iu~' - : NONUN.
| 224;& ' 2230'

246
261
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|nstead of , to the respecti ve bases. Inputs 220 and 226 are coupled to. the
respectlve ‘emitters of transistors 224, 230 through respective resistors
261 and 263. Also, inthe circuit of FIGURE 5, bias voltage source 248 is
coupled to the bases of the transistors 224 and 230. Resistor 261 has a

hi gher val ue than resistor 263 to conpepsate for the black to white

di fference between the two i nput volt devel oped at 220 and 226, and

resi stor 246-is made snaller ‘than resistor. 244 to conpensate for the -

di fference. bet ween the DC components of the two i nput vol tages. FlI GURE 6
shows the conplete inplenentation of the bl ock diagramof FlIGURE 1B. FlI GURE
.6 shows the circuit portionsé?reviously
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dlécussed in connectlon with FI GURES 2A, 3A, 3B and 4 coupl ed together.
Howevere, eerf/al n practical nodifications have been nmade. -6 - In.the

| at er ~regard bi as vol tage source 218 associated:with enmitter follower 198
as shown in FI GURE 2A, is provided (as a TheV| n's vol tage source) by the
vol tage division of supply voltage V[% between a resistor 261 and a
resi-stor 216'. Resistor 216 shown in RE 2A corresponds to the Thevin's
~egui val ent of resistors 216" and 261. In like :
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manner bias voltage 248 associated with the current source for the ()i il
‘linear input voltage as shown in FIGURES 3B and 4, is provided by the

vol tage division of supply voltage V[err] between a resistor 263 and a
resistor 246'. A voltage divider including resistors 264 and 266 correspond
to vol tage source 259 coupled to the bhses- of transistors 252 and 256 as
shown in FI-GURE 4. Perhaps of greater significance, is the addition of a

di ode 270 coupl ed bet - 8@1}{{- jaunction of
resistors 264 and 266 k@&%&% n 9% @ﬁtﬁ%ﬁ‘?@&ta e V[err]
from exceedi ng ofONTBOLLABLENON: ﬂé‘ANSF%@HMR&) at the.

junction of resistUSEFA4FORAMPROVING THECONTRASTIOFANMMAGEhe out put
signal (Y[err]) at high nmagnitudes of control voltage

The present invention relates to a controllable non-linear

processing circuit, and more particularly to such a circuit for enhancing the
contrast of ‘a video image.

In concurrently filed U.S. patent application Serial No. RCA
85.479, entitled "A Dynamic Video System Including Automatic Contrast
and 'White-Stretch’ Processing Sections", the advantages of using a "white-
stretch” processing section in a television system are disclosed. White-
stretch 'emphasizes or boosts the amplitudes of mid-range luminance .
amplitudes relative to high luminance amplitudes as a function of a control
signal representing an image characteristic in order to enhance the contrast
of the reproduced image. The advantages of white stretch processing are
briefly discussed in the present application. However, the present
application primarily concerns an advantageous arrangement for providing
a controllable non-linear gain characteristic’ which may be employed to
produce white-stretch.

According to an aspect of the invention, the non-linear
processing apparatus includes first and second amplifiers arranged for
producing linear and non-linear output signals in response to an input
signal and a "soft-switch" for combining the output signals in accordance
with a control signal. Specifically, in accordance with another aspect of the
invention, the first and second amplifiers comprise voltage-followers
having their inputs coupled in parallel and their outputs coupled together
by a first resistor of a resistive voltage divider. A bias voltage is coupled
to the second amplifier so that the second amplifier will be cut-off before
the first amplifier. Before the second amplifier cuts-off, the output signals
provided by the amplifiers have the same amplitude and no current flows
through the first resistor. After the second amplifier cuts-off, current
flows through the first resistor, and by voltage division action of the
voltage divider, an attenuated version of the output signal of the first
amplifier is developed at the output of the second amplifier. As a result, a
linear output 'signal is produced at the output of the first amplifier and a
non-linear output signal is produced at the output of the second amplifier.
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Vierr]. The manner in which the controllable non-linear gain characteristic
_signal processing circuitry described with reference to FIGURES 1-6 may be

enpl oyed in a tel evision systemto performwhite- stretch processing is
shown in FIGURE 7. Wth reference to FIGURE 7, the non-linear gain

characteristic circuitry is incorporatgd within a white- stretch processi ng
unit 136. The caontrol voltage for white-stretch processing unit 136

(indicated as control signal V[err] in connection with FIGURE 7 is produced
by a control signal Fgengraétailed4Gndastabding bef akpl preseslt Havewdompeci fical ly
W th respegkebcd! SHIBH be InG@EMLS € atclfifbanying drawings in which:

: FIGURES 1A and 1B respectively show a white-stretch gain
characteristic and a block diagram of apparatus having a white-stretch
transfer function; | _

FIGURES 2A and 2B respectively show a schematic of an
arrangement of first and second amplifiers for implementing certain blocks
of the apparatus of FIGURE 1B and associated transfer functions;

FIGURES 3A and 3B show current sources also utilized in the
implementation of the apparatus of FIGURE 1B;

FIGURE 4 shows a schematic of a current steering network for
implementing another block of the apparatus of FIGURE 1B;

FIGURE 5 shows alternate current sources which may be
utilized in place of those shown in FIGURES 3A and 3B;

FIGURE 6 shows a schematic of the complete implementation of
the apparatus of FIGURE 1B utilizing portions shown in FIGURBS 2A and 3A,
3B and 4; and

FIGURE 7 shows how the white stretch apparatus of FIGURE 1B
may be utilized in a tglevision system.

In the FIGURES, the same reference numbers have been
assigned to the same or similar elements.

In the following description, it is assumed that positive-going
portions of the luminance signal correspond to white-going portions of a
reproduced image.
| Turning now to FIGURE 1A, a whxte stretch gain characteristic is
The gain characteristic includes a family of non-linear transfer
functions having an increased gain (slope) for mid-range and lower level
luminance amplitude levels compared with high luminance amplitude

levels. The degree of non-linearity increases as an inverse function of the
magnitude of a control signal V. For the highest magnitude (Vo) of

control signal V., the gain characteristic collapses to a linear transfer

function. For lower magnitudes (e.g., VC2<VC1)' the transfer functions
become more non-linear.

shown.

An effective way of generating the transfer funcnon of FIGURE
1A is shown in FIGURE 1B. An input voltage at an input 182 is coupled in
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provided at an input 142 is separated into two conponents: a |uminance
. signal provided at an output 144, and a chrom nance si gnal

provi ded at an
out put 146. The chrom nance signal is processed in a well

known manner in
processor 148 for producing red, green and blue color difference signals r-
Y, b-Y and g-Y. The color difference

rT_{s;i_gnal s are coupled to a matri x 152.
Chrom nance processing unit 148 and rix 152 may be included in an
integrated circuit (1C) 154.

‘parallel to the input of a linecar amplifier 184 and to the input of a

nonlincar amplifier 186. The output signals of amplifiers 184, 186 are

coupled to a “soft-switch™ 188, which combines the linear and non-linear
output signals in accordance with control voltage Ve to develop a final

output signal at an output 192. The gain characteristic between input 182
and output 192 is that shown in FIGURE 1A.

The implementation of amplifiers 184 and 186 of the block
diagram of FIGURE 1B is shown schematically in FIGURE 2A. The transfer
functions for the amplifiers of FIGURE 2A is shown in FIGURE 2B.

The voltage at input 194 (corresponding to the input voltage
182 of FIGURE 1B) is coupled in pamllel to the bases of PNP transistors 196
and 198. Transistors 196, 198 are configured as emitter followers, with
respective collectors connected to ground and output voltages developed at
respective emitters. The emitter of PNP transistor 196 is connected to the
source of supply voltage Vo~ through resistor 206 and develops an output

signal across resistor 206 at output 208. Emitter-follower 198 develops an
output voltage across the series connection of a load resistor 216 and a bias
voltage supply 218 at output 214. The value of the bias voltage provided
by supply 218 is set so that transistor 198 is cut-off at a desired break
point level (Vg) of the input signal. Transistor 196 ‘continues to conduct

after the break point level. As a result, emitter-follower 198 has a smaller

dynamic range than emitter-follower 196 A resistor 210 is connected
between outputs 208 and 214. -

While transistor 198 is conducting, the output voltages at 208
and 214 are substantially identical and are linearly related to the input
voltage. In addition, no attenuation of the output signal at 208 occurs since
no current flows through resistor 210. However, when transistor 198 turns
off, current flows through resistor 210. At and beyond that point (Vp), the
output signal at 208 continues to be unaltered, but an attenuated version

- of the output signal at 208 is produced at 214 due to the voltage division
between resistors 210 and 216. Break point Vg is determined by voltage

supply 218 and the DC bias existing at the base of transistor 198. The ratio
of the slopes of A, and A; shown in FIGURE 2B is determined by the ratio
of resistors 210 and 216. |




-7 - The lum nance signal is coupled to white stretch processing unit 136
‘whi ch al so receives the control signal V[ferr] generated by generator 140.
The output signal ‘of white-stretch processing unit 136 is coupled to a

peaking circuit 156 for inproving the sharpness of the image. The out put
signal .of peaking circuit 156 is coupled to integrated circuit 154. For
| um nance signal processing, integrated circuit 154 includes contrast

control unit 158 RIGURBSI §Al aads3BOosHoW! someiniatit8Oof WiritedforStomvrting

potent fomfée“‘i’“? ‘é""‘gr%?i‘ gﬁ“@?@ﬁ?ﬁﬁf’ecﬁ*ﬁﬁ iPhesk GEREFRCRIC dpBlica
syst ens,tot h#sf nspmmgr@mwee%ts@teenng network, as will be

explamed below As shown in FIGURE 3A the linear voltage signal _
developed at output 208 is applied to one input 220 which is coupled to
the base of a transistor 224. In a corresponding manner, the non-linear
voltage signal developed at output 214 is applied to an input 226 which is
coupled to the base of a transistor 230. Transistors 224 and 230 have their
respective collectors coupled to the current steering circuit discussed in
connection with Figure 4. In response to the voltages applied to the bases
of transistors 224 and 230, respective collector currents 236 and 238 are
developed. The emitters of transistors 224 and 230 are.connected to
respective emitter resistors 244 and 246. Resistor 244 is coupled directly
to ground and resistor 246 is coupled to ground through bias voltage
source 248. Resistor 246 has a lower value than resistor 244 in order to
equalize the black to white difference of the linear and non-linear signals
currents. The bias provided by bias voltage 248 introduces an offset used
to equalize the DC components of the two output currents.

Soft-switch 188 can be implemented as current steering
differential amplifiers as shown in FIGURE 4. Transistors 224 and 230
operate in the same manner discussed above in connection with FIGURES
3A and 3B. Transistors 250 and 252 form a differential amplifier
configuration for steering current 236 flowing in the collector of transistor
224 between signal output terminal 192, to which a load resistor 253 is
connected for developing an output voltage, or to power supply Veer as a

function of control voltage Vc applied to the base of transistor 250.

Differential transistor pair 256, 258 similarly steers current 238 flowing in
the collector of tranmsistor 230 as a function ‘of control voltage Ve applied to

the base of transistor 258. As a result, the current flowing through load

resistor 253 is a controllable combination of linear and non-linear currents
236, 238.

A voltage source 259 coupled to the bases of transistors 252,
256 establishes the range in which current steering is continuously
controllable. As is known, the range of differential input voltage for which
the output current of a differential amplifier will respond to the input
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controlled digital-to-anal og converters. The processed | um nanace signal is

coupled to matrix 152 where it is conbined with the color difference
signals to produce low | evel red(r), green(g) and blue(b) color signals.
Hor.i zontal and vertical retrace blankigg pul ses, HB and VB, respectively,
generated in a deflection processing section (not shown), are inserted, by
matrix 152 in the r,g,b color signals in order to prevent the display of

nor i zont alyoRage g 181 J8GA1 4187 ARRNIES. Tﬂ_@ev%l%el 6lidea By @oﬁﬁé;srsoﬁf&nal s
are anpli 4

164 R G B
drive si ghg scg%ﬁééﬂ\ag ?gfaﬂﬂrlpg{'ﬁ@te?%;‘b&cm Qleca?t hﬁﬂﬁgobfraﬁg% neffope 166.

In order MAgNdes ok sonuploypltage ¥e helowatheyivaltage provided source
259, transistor 256 conducts more heavily than transistor 258 and
transistor 252 contructs more heavily than transistor 250. As a result, the
output voltage developed across load resistor 253 has a greater
contribution from the non-linear current (provided by transistor 230) than
from the linear current (provided by transistor 224). For magnitudes of
control voltage VC above the voltage provided by source 259, transistor
250 conducts more heavily than transistor 252 and transistor 258 conducts
more heavily than transistor 256. As a result, the output voltage
developed across load resistor has a greater contribution from the linear
current provided by transistor 224 than from the non-linear current
provided by transistor 230. Accordingly, the gain characteristic between
input 182 and output 192 is as shown in FIGURE 1A.

The circuit of FIGURE 4 produces a signal inversion between
input 182 and output 192. In some applications this signal inversion is
undesirable. An alternative arrangement for the current sources shown in
FIGURES 3A, 3B and 4, which does not result in a signal inversion, is shown
in FIGURE 5. In this arrangement, the input voltages applied to inputs 220 .
and 226 are coupled to the respective emitters of transistors 224 and 230
instead of to the respective bases. Inputs 220 and 226 are coupled to the
respective emitters of transistors 224, 230 through respective resistors
261 and 263. Also, in the circuit of |
FIGURE 5, bias voltage source 248 is coupled to the bases of the transistors
224 and 230. Resistor 261 has a higher value than resistor 263 to
compensate for the black to white difference between ‘the two input
voltages developed at 220 and 226, and resistor 246 is made smaller than
resistor 244 to compensate for the difference between the DC components
of the two input voltages.

FIGURE 6 shows the complete implementation of the block
diagram of FIGURE 1B. FIGURE 6 shows the circuit portions previously
discussed in connection with FIGURES 2A, 3A, 3B and 4 coupled together.
However, certain practical modifications have been made.
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phosphor saturation, due to excessive white-going signal peaks,
corresponding, e.g., to characters, a peak detector 168 detects the white-
goi ng peaks of a |um nance-representative signal, generated within contro
signal generator 140 as will be expl aiined bel ow, and, in response,
generates a control signal for contra®t” control unit 158. VWhenever mhlte-
goi ng peaks exceeding a threshold corresponding to spot blooning are

detected, the cont l. ce I

automati c contrast rl'&o{he 3?t% E?’é‘#’uz’ %%lf 0(3? gpur%%p%? gggocﬁ%[lbflo si nce
cont r ast eswitter ofollayer 188 afashawni i FIGIIRE 2Aanist provided t(asna 'lﬂsﬁvanlsesul t,
m d- r angerdtgaesoures) Hiyg nharmhagcddsvnsemd afosupplyevobagk Vegultctwgenm a
reduct i Or}eglfst(;[rhEGber{de Cat Irgselstt()?;'I gfg ne?(esxstor rﬁ6 shown in FIGURE 2A

corresponds to the Thevin's equivalent of resistors 216’ and 261. In like
manner bias voltage 248 associated with the current source for the non-
linear input voltage as shown in FIGURES 3B and 4, is provided by the
voltage division of supply voltage V.~ between a resistor 263 and a
resistor 246'. A voltage divider including resistors 264 and 266
correspond to voltage source 259 coupled to the bases of transistors 252

and 256 as shown in FIGURE 4. Perhaps of greater significance, is the
addition of a diode 270 coupled between V¢ control input 190 and the

junction of resistors 264 and 266 with a sense for preventing control
voltage V.~ from exceeding one diode voltage drop above the voltage

developed at the junction of resistors 264 and 266. This prevents
distortion in the output signal (YOU 1) at high magnitudes of control voltage

Ve

The ‘manner in which the controllable non-linear gain
characteristic signal processing circuitry described with reference to
FIGURES 1-6 may be employed in a television system to perform white-
stretch processing is shown in FIGURE 7. With reference to FIGURE 7, the
non-linear gain characteristic circuitry is incorporated within a white-
stretch processing unit 136. The control voltage for white-stretch
processing unit 136 (indicated as control signal Vea in connection with

FIGURE 7 is produced by a control signal generator 140, as will be
explained below.

Specifically with respect to FIGURE 7, a composite video
provided at an input 142 is separated into two components: a luminance
signal provided at an output 144, and a chrominance signal provided at an .
output 146.

The chrominance signal is processed in a well known manner in
processor 148 for producing red, green and blue color difference signals r-
Y, b-Y and g-Y. The color difference signals are coupled to a matrix 152.

Chrominance processing unit 148 and matrix 152 may be included in an
integrated circuit (IC) 154.
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i mge. Wiite-stretch processing unit 136 counteracts this action in.the
*foll owm ng way. -8 - The control signal (voltage), V[err], for white
stretch processing unit 136 is derived in response to the average val ue of
the |unm nance- representative signal o be discussed bel ow. Wen the
average image brightness is low, control signal V[err] causes the degree of
non-linearity of white stretch processing unit 136 to be increased (see

FI GURE 1A for V[ erfie: luminance signal is coupled to white stretch processing unit
136 which also receives the control signal V- generated by generator 140.

The output signal of white-stretch processing unit 136 is coupled to a
peaking circuit 156 for improving the sharpness of the image. The output
signal of peaking circuit 156 is coupled to integrated circuit 154.

For luminance signal processing, integrated circuit 154 includes
contrast control unit 158 and a brightness control unit 160. User
adjustment elements for contrast and brightness are symbolically
represented by potentiometers 159 and 161, respectively, although in
modern televisions systems, they commonly include microprocessor
controlled digital-to-analog converters. The processed luminanace signal is
coupled to matrix 152 where it is combined with the color difference -
signals to produce low level red(r), green(g) and blue(b) color signals.
Horizontal and vertical retrace blanking pulses, HB and VB, respectively,
generated in a deflection processing section (not shown), are inserted, by
matrix 152 in the r,g,b color signals in order to prevent the display of
horizontal and vertical retrace lines. |

The low level r, g, b color signals are amplified by drive
amplifiers 164r, 164b, and 164g, to produce R, G, B drive signals suitable
for driving respective cathodes of a kinescope 166.

In order to prevent spot blooming, as well as display driver and
phosphor saturation, due to excessive white-going signal peaks,
corresponding, e.g., to characters, a peak detector 168 detects the white-
going peaks of a luminance-representative signal, generated within control
signal generator 140 as will be explained below, and, in response,
generates a control signal for contrast control unit 158. Whenever white-
going peaks exceeding a threshold corresponding to spot blooming are
detected, the contrast is automatically reduced.
| Unfortunately, the automatic contrast control apparatus affects
all amplitudes uniformly since contrast control unit 158 has a linear gain
transfer function. As a result, mid-range as well as high amplitudes tend
to be reduced, resulting in a reduction of the subjective brightness of the

image. White-stretch processing unit 136 counteracts this action in the
following way. '
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As a result, md-range anplitudes of the |um nance signal are increased
srelative to high-anplitude | evels. Since white-going peaks corresponding to
smal | image areas do not significantly affect the average |evel, an
automatic contrast reduction in response to excessive white-going peaks,
tending to further reduce md-range arplitudes, will be conpensated for by
the white stretch gain increase applied to md-range anplitudes. In this

way, spot bl oon ngTHRas c¥Rirbl a_s?!gﬂz'il_s?lf??\lfagy),i Wel anlorpmﬁw(%'iré@}igfr@&éﬁgf}\e are

m nim zed while providing subjective y_sharp,CAbrl ght 1 nages. ear

not ed, f omitut3émas i derived rias responisehia ehstaverage calue 0of ithei imiimancebl e to
det ect t ligpRRBkiaWE AYEHAIf BETSERIKE! BeloW. 2 WheRathe! GREFRRimage! NE

| um nanc RN 18w, B6ndrEP sPEhI© CI Xagguses the degree of non-linearity of

white stretch processing unit 136 to be increased (see FIGURE 1A for VCZ)‘
As a result, mid-range amplitudes of the luminance signal are increased

relative to high amplitude levels. Since white-going peaks corresponding
to small image areas ‘'do not significantly affect the average level, an
automatic contrast reduction in response to excessive white-going peaks,
tending to further reduce mid-range amplitudes, will be compensated for
by the white stretch gain increase applied to mid-range amplitudes. In
this way, spot blooming, as well as display driver and phosphor saturation,
are minimized while providing subjectively sharp, bright images.

As earlier noted, for automatic contrast and white stretch
control it is desirable to detect the peak and average, respectively, of a
signal representing the luminance component of the réproduced image
after image characteristics, such as contrast and brightness, have been
adjusted so that the respective control signals will properly reflect the
content of the reproduced image. The TA7730 luminance processing IC
commercially available from Toshiba provides at an output terminal a
luminance-representative signal derived by combining r,g,b color signals -
which have been subjected to contrast and brightness control.
Unfortunately, a luminance or luminance representative signal reflecting
contrast and brightness control processing is not provided by other ICs, e.g.,

such as. the TDA4580 available from Valvo, as is indicated w
IC 154 in FIGURE 1.

Control signal generator 140, with which the concurrently filed
Lagoni patent application entitled "CONTROL SIGNAL GENERATOR FOR A -
TELEVISION SYSTEM" is particularly concerned is directed to this problem.
Control signal generator 140 combines the r,g,b color signals produced at
respective output terminals of IC 154 to produce a signal at least
approximately representing processed luminance information. However,
the resulting “summed luminance” signal contains pulses corresponding to
the high level (e.g., in the range of -100 to -160 IRE) retrace blanking
pulses contained in the r,g,b signals which are combined, unlike the

ith respect to
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after image characteristics, such as contrast and brightness, have been
.adjusted so that the respective control signals will properly reflect the
content of the reproduced inmage. The TA7730 | um nance processing |IC
commercially avail abl e from Toshi ba p_ré)yi des at an output termnal a

| um nance-representative signal derived by conbining rg,b color signals

whi ch have been subjected to contrast and brightness control.
Unfortuna&

Coner S ATEICE i MDA o SReSTAD Y, Suriien e (19
e.g., suchigaals gee m@mda\bﬁqu&b%‘r?‘feorhl%‘élf’\?& PYLSES 5 a6 gﬁged ﬁ?et rpulses
respect t@on@indd innaFkékdnted. lufiinaned signaalexgmersignificaady hetdwwitiech t he
concurrenpiXyf 44l and will therefore substantially affect the average value (as
well as the peak-to-peak value). Accordingly, a control signal derived by
detecting the average value of the summed signal would not accurately -
represent the brightness of the reproduced image. Control signal generator
140 also includes provisions directed to this problem.
' Specifically, with respect to control signal generator 140, the
r.g,b color signals produced at respective output terminals of IC 154 are
summed by means of a resistive combiner comprising resistors 171, 173,
175. The resultant summed signal, produced at the common junction of
resistor 171, 173, 175, is coupled to the base of an emitter-follower
amplifier 177. An output signal is developed across a load resistor 179 at
the low impedance emitter output of emitter-follower 177. -
A resistor 181 coupled between a supply voltage source (VCC)
and the emitter of emitter follower 177 raises
the conduction threshold of emitter-follower 177 so that substant_ially the
entirety of the white-going summed signal above the black level is
provided at the emitter output, but the pulses, corresponding to the
retrace blanking pulses of the r,g,b, color signals, are removed. Thus, due
to the increased bias applied to the emitter, the detected average value and
the resultant white-stretch control signal, VC A are relatively reliable

representations of the average luminance component of the reproduced
image. ' ' '

While resistors 171, 173 and 175 can be proportioned
according to the well known luminance matrix equation to accurately
produce a luminance signal, a ratio of 1:1:1 has been found to be adequate
in practice for providing a processed luminance-representative component
suitable for white-stretch processing control.

The averagé value of the summed output signal is developed by
an average detector 183, which may simply comprise an R-C low pass
filter. The value of the white peaks of the summed output signal are
detected by peak detector 168. A suitable peak detector, which is capable
of responding to very sharp peaks, is disclosed in U.S. patent application
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Lagoni patent application entitled "CONTROL SI GNAL GENERATOR FOR A

s TELEVI SION SYSTEM' is particularly concerned is directed to this problem
Control signal generator 140 conbines the r,g,b color signals produced at
respective output termnals of 1C 1540 produce a signal at |east :
approxi mately representing processed Pdninance I nformati on. However, the

resulting "sumred | um nance" signal contains pul ses corresponding to the
hi gh | evgl

cont ai net ‘i‘agef‘ﬁ‘e“’br‘*3?@??3%?@“&% ;%Q%r teﬁ_%lg#gﬁgnelvgﬁ Luﬁ%ﬁ%'?lﬁw & pulses

July 14, 19897in the name of G.A. Whitledge and assigned to the same
assignee as that of the present application.

While there has been illustrated and described what is at
present considered ‘to be a preferred embodiment
of the present invention, it will be appreciated that changes and
modifications may occur to those skilled in the art. For example, while
amplifiers 184 and 186 shown in block form in FIGURE 1B are illustratively
implemented as emitter-followers as shown in FIGURE 2A, other follower
amplifiers and other amplifier configurations may be employed. It is
intended that the following claims cover all of such and other modifications
which fall within the scope of the present invention.
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9- summred | uni nance signal produced-by the TA7730 IC, in which r,g,b
:si gnal s are conbi ned before retrace bl anking pul ses are added. The pul ses

lcg\r)te?i ﬂmumllﬁmﬂmﬁ“l um nance signal extend significantly bel ow the bl ack

e substantially affect the average value (as well as

t he peak-t%-pealk value). Accordingly, a control detecting
t he average val ue of the sumed si gna1”/\bul d no Sﬁzﬁ@% 5 I"!/‘\srBﬁENa ent the
bri ght ness of the reproduced i mage.. Control si |_oBERAREDr 140

d al so
i ncl udes xﬁisons directed to this problem Specifically, Wtth—tespect to

control signaF génerator 140, the r,g,b color signals produced at
respective output termnals of IC 154 are

1. Apparatus for producing a controllable non-linear transfer
characteristic, characterized by:

a first amplifier (184) for linearly amplifying an input signal

with a first gain to provide a linear signal;
_ a second amplifier (186) for non-linearly amplifying said input

~signal  with a second gain in a first amplitude region of said input signal
and with a third gain, different from said second gain, in a second
amplitude region of said input signal to provide a non-linear signal; and

a signal combiner (188) coupled to said amplifiers for
controllably combining the linear and non-linear signals in response to a

control signal (190) to provide an output signal having said controliable
non-linear transfer characteristic. '

2. Apparatus as recited in Claim 1 characterized in that:
said output signal is related to said input signal by a gain
characteristic including a family of functions between a linear gain

function and a non-linear gain function, the -degree of non-linearity being
determined by said control signal. '

3. Apparatus as recited in Claim 2 characterized in that:
. said non-linear gain function has a greater gain for amplitude

levels of said input signal below a predetermined level than for “amplitude
levels above said predetermined level.

4. Apparatus as recited in Claim 1 characterized in that:

said first and second amplifiers exhibit different dynamic
ranges, said amplifiers having respective inputs coupled in common for
receiving said input signal and have respective outputs coupled together
by a network (210, 216, 218) for producing said linear and non-linear
signals for application to said signal combiner.

5. Apparatus as recited in Claim 4 characterized in that:

said first and second amplifiers have substantially the same
gain for at least a range of levels of said input signal; '

.Th'is' Sheet Has Been Reﬂlacext ' | REPLACEMENT SHBET
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surrrred__by—n@&ns——e‘f—a—r'es—stlve conbi ner conprising resistors 171, 173, 175.

* The resultant aI produced at the common junction of resistor

171, 17 uﬂ‘ﬁl@ to the base of armsrgmvprm{so ET!»Ir anplifier 177.
St

An outp Ve oped acr oss re the | ow
|rrpedance emtter output of emtter= ¥§r| O &EPLAE{EPMI 181 coupl ed

bet ween a supply voltage source (V[err]) and t he emtter of emtter
that Csubst ant | al | 9iichaceRpd Anplier  oRinR ef olp Siarh o 8didfue’: ne
bl ack | d9e¢l jof saidvinmy signahdhami -’eatlérflwt ponp, lfmt(t% pul ses,
correspondi ng to tsafd reitpate ofl sdildi BehplifisisSa coipled qOQem@pltsy &l gnal s,
are rem\{gﬁl\en;rhéﬁﬂ) of a voltage divider (210,216); and
' at least one of said linear and non-linear signals is provided by
a tap on said voltage divider.

6. Apparatus as recited in Claim 5 characterized in that said
first and second amplifiers comprise respective voltage follower amplifiers.

7. Appafatu’s as recited in Claim 1 characterized in that:

said linear signal and said non-linear signal comprise
respective signal currents; and o

said combining circuit includes a current steering network

(188).
7 iﬁTiffliﬁITﬁn i




to the increased bias applied to the enmtter, the detected average val ue
.and the resultant white-stretch control signal, V[err], are relatively .
reliable representations of the average | um nance conmponent of the
reproduced i mage. Wi le resistors 171, 173 and 175 can be proporti-oned
according to the well known | um nance _ng_ri X equation to accurately produce

a lum nance signal, a ratio of 1:1: a@é?r?en found to be adequate in
practice for providing a processed [ e-representative conponent

suitabl e for white-st AMPRLIGER ARRANGEMENT FORMBRORUEHIGWAI ue of the
sunmed out put si CENTRDIJEXBLENTONY INEARVER ABSFER CHARALEERIYICh may
sinply comprise an Rt HOHIMPROVING THE CONTRAST OF AN IMAGE

The present invention concerns a non-linear transfer

function generator, e.g., for implementating “white stretch” of a

- luminance signal. Specifically, first (196) and second (198) emitter-
follower amplifiers have their inputs coupled in parallel and their
outputs coupled in series via first resistor (210) of a voltage divider.
A second resistor (216) of the voltage divider is coupled to a point
(218) of reference potential. A bias source is coupled to the second
amplifier, e.g., via the second resistor of the voltage divider, so that
the dynamic response of the second amplifier to an input signal is
limited with respect to the first amplifier. The output signal of the
first amplifier is linear and an output signal developed at the output
of the second amplifier is non-linear. The linear and non-linear
output signals are combined by a current steering network (188) in
response to a control signal (Vc) ‘representative of a characteristic of
a processed version of the luminance signal. |

Figure 6




filter. The value of the white peaks of the sumred output signal are

. detected by peak detector 168. A suitable peak detector, which is capable
of responding to very sharp peaks, is disclosed in U S. patent application
-1 0- serial nunber 380,697 entitled "Peak Detector Wth Feedback"”, filed on
July 14, 1989 in the name of G A Witledge and assigned to the sane

assi gnee -as that of the present appli catli/%’n. Wil e there has been
illustrated and described what is at

four() FIG. 1A
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present considered to be a preferred enbodi nent of the present invention,

It wll be appreciated that changes and nodifications nay occur to those
skilled in the art. For exanple, while anplifiers 184 and 186 shown in
block formin FIGURE 1B are illustratively inplenmented as emtter-followers
as shown in FIGURE 2A, other follower anplifigrs and other anplifier
configurations may be enployed. It is intend that the follow ng cl ai ns
cover all of such and other nodifications which fall within the scope of

the present invention.
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what is claimed : - 1. Signal processing apparatus, conprising: a first
.amplifier responsive to an input signal for producing a first signal
linearly related to said input signal for a given range anplitude range of
said input signal; a second anplifier responsive to said input signal for
produci ng a second signal, said second signal being linearly related to
said input signal for a first portion of34&id given anplitude range of said
i nput signal, said second anplifier being cut off for a second portion of
said given anplitude range;_ a voltage_divider having_ first_and second ends

and a tap point peiween said first and second ends, a—188

Ve .
253\f - ‘
- - 192

Y SSpRpE e

y
2
—f

Premm— e e —m—— - ——————

LN INONLIN 190
22 23 226 238 VC
LINEAR NON-LINEAR 230
VOLTAGE 224 "X\ OLTAGE
SIGNAL ~ SIGNAL |
244
' 246 FIG. 4

yIUN

FIG. 5 ¥ INONLIN
224‘3 ‘Azao |

_—
244 ; 246
261‘\5_:b i 1: e
< -~ 263 < > -
— 220 —226
/\ /k
LINEAR ' NON-LINEAR
o VOLTAGE | VOLTAGE

SIGNAL




said first signal being coupled to said first end of said voltage divider
.to produce a first internediary signal at said first end of said voltage
di vi der which corresponds to said first signal, said second signal being
coupled to said tap point of said voltage divider to produce a second

I nternmedi ary signal at said.tap point which corresponds to said second
signal for said first portion of said gi #d® anplitude range of said I nput
signal and which corresponds to a voltage divided version of said first
signal for said second portdon of said given anplitude range of said input

signal ;- and neans responsi to a controtésignal for controllably conbining
said first and second inte diary§§ignal to produce a conbi ned signal.
o o Q
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2. The apparatus of claim1l, wherein said conbining nmeans conprises mnmeans
*for producing first and second signals representative of said first and
second internediary signals, respectively; and neans responsive to said
control signal for controllably conbining said, first and second
representative signals. 3. The apparatus of claim2, wherein said first and
second internediary signals are respectiX® first and second vol t age
signals; said first and second representative signals are respective first
and second current signals; and said conbining neans conprises a current
steering network responsive to said control signal for controllably
conbining said first and second qﬂrrqgt
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claim4, wherein each of said first and Second:!

flo794-2 oPos

4. The appar atus of claimi1, V\:heI’GI n said vol tage di vi der

e

sai d given anplitudé rande df Said inpuj,signal. gla%%rhegggfggwsm%g&ﬁ ;

foll ower anplifier. _ 1o L, oS PO phged Z

What is claimed :-

1. Signal processing apparatus, comprising:

a first amplifier responsive to an input signal for producing a first signal
linearly related to said input signal for a given range amplitude range of said
input signal;

a second amplifier responsive to said input signal for producing a second
signal, said second signal being linearly related to said input signal for & first -
portion of said given amplitude range of said input signal, said second amplifier
being cut off for a second portion of said given amplitude range;

a voltage divider having first and second ends and a tap point between said
first and second ends,

said first signal being coupled to said first end of said voltage divider to
produce a first intermediary signal at said first end of said voltage divider which
corresponds to said first signal,

said second signal being coupled to said tap point of said voltage divider
to produce a second intermediary signal at said tap point which corresponds to .
said second signal for said first portion of said given amphtude range of said
input signal and which corresponds to a voltage divided version of said first
signal for said second portion of said given amplitude range of said input signal;
and

means responsive to a control signal for controllably combining said first
and second intermediary signals to produce a combined signal.

2. The apparatus of claim 1, wherein said combining means comprises

means for producing first and second signals representative of said first
and second intermedia:y signals, respectively; and

means responsive to said control signal for controllably combmmg sald
first and second representative signals.

3. The apparatus of claim 2, whercin said first and second intérmediary*
signals are respective first and second voltage signals; '

said first and second representative signals are respective first and second
current signals; and

said combining means comprises a current steering network responsive to
said control signal for controllably combining said first and second current
signals.

4. The apparatus of claim 1, wherein said voltage divider establishes a
bias voltage coupled to said second amplifier for causing said second ampliﬁet to
be biased to cut off during said second portion of said given amplitude range of
said input signal. :
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5. The apparatus of claim 4, wherein each of said first and second
amplifiers comprises a follower ampliffer.
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