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VIDEO SI GNAL ‘PROCESS! NG | ke A

-1- ' RCA 85,499

The present invention concerns video signal processing.

_FIGURE 1 shows the gamma of various aspects of a video signal
transmission system, with curve la representing the transfer characteristic
of the transmission side, curve 1b representing the transfer characteristic
of the picture tube (CRT), and curve Ic representmg the overall transfer
characteristic.

The transmitted video signals of the NTSC, PAL‘_and SECAM
television (TV) standards have a gamma of 0.45 to 0.5 while the picture
tube of color television (CTV) receivers have a gamma of 2'.8~ to 3.1. As a
result, the overall transfer curve (light in to the camera - light out from

‘the picture tube) is not linear and the overall gamma is in practice about

1.35 instead of a unity gamma. This implies that the exponential transfer
characteristic of the picture tube is not fully compensated, leading to
compression of the dark picture portions of the display. Such compression

- causes picture details near black to be lost, and colored areas to fade to

black. Concurrently, whites are excessively amplified with respect to the
dark portions to the point of often reaching picture tube saturation and
blooming. A linear overall transfer characteristic avoids this black
compression and can be obtained by an additional gamma correction of 0.8
in each of the red, green, and blue (R, G, and B) amplifiers in the television
receiver. However, picture tubes have a relatively small dynamic range of

~light output which cannot be enlarged without reaching picture tube

saturation causing blooming. Therefore, gamma correction to increase
amplification of dark image areas causes a signal compression of the high
signal level whites. This is illustrated by Figure 2a showing a gamma
corrected ramp signal. Peak white must be kept at the same level as in the
uncorrected case, the dashed line to avoid picture tube blooming. As a
consequence, the upper portion of the ramp signal has a reduced slope -as
shown in Figure 2b. The viewer perceivés this as a lack of contrast in grey
to white picture areas resulting in washed -out pictures. In such an event,
the improvement of contrast of low-brightness ,portions of the image is
obtained at the expense of high-brightness contrast .deterioration.
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_Thre present invention concerns video signal processing. 5
FIGURE 1 shows the ganmma of various aspects of a video signal
transm ssion system wth curve la representing the transfer characteristic
of the transm ssion side, curve |b representing the transfer characteristic
10 of the picture tube (CRT), and curve 1lc representing the overall
transfer characteristic. _2. The transm Riad g4igigo signals
of the NTSC, PAL and SECAM - tel evision (TV) standards have a gamma of
0.45 to 0.5 while the picture

i According to an aspect of the invention, the perceived contrast

of an image is improved by non-linear processing of the video signal.
More specifically, a video signal is separated into a low level amplitude

5 signal portion (near black) and a higher level amplitude signal portion
(near white) for separate non-linear processing of each signal portion. The
low-level amplitude signal portion is non-linearly processed and combined
with the original linear signal. In accordance with a further aspect of the
invention, the higher level amplitude signal portion is non-linearly

10 processed and high-pass frequency filtered, and combined with the
original linear signal. In accordance with an even further aspect of the-
invention, the non-linearly processed low level amplitude signal portion
and the non-linearly processed and high pass filtered high level amplitude
signal portion are combined with the original linear signal to produce a

15 gamma corrected. video signal with enhanced detail signal contrast in the
grey to white picture areas.

The invention will be described by way of example with
20 reference to the drawings in which: :

FIGURE 1, previously described, shows transfer characteristics
of a transmitter, a television receiver, and the overall television system
including the transmitter and receiver. : _

FIGURE 2, previously described, shows a graphical

25 representation of a ramp signal which has undergone gamma correction
useful in understanding an advantage of the arrangement of Figures 3 and
4,

FIGURE 3 shows a block diagram representation of an
exemplary arrangement according to an aspect of the ‘present invention.

30 FIGURE 4 shows a more detailed block diagram representation
of the arrangement of Figure 3 according to an aspect of the present
invention. : )

' FIGURES 5 and 6 show time and frequency domain waveforms,
respectively, useful in understanding the operation of the arrangement of

35 FIGURES 3 and 4. '
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tube of color television (CTV) receivers have a gamma of 2.8 to 3.1. As a

15 result, the overall transfer curve (light in to the canera - |ight out
from t he picture tube) is not linear and the overall gamma is in
practice about 1.35 instead of a unity gamma. This inplies that the
exponential transfer characteristic of the picture tube is not fully
conpensat ed, | eadi ng to corrpressign of the dark pict RICeA 85 499ns of.
the display. Such cg sion 20 caug pi.cture detai)s near .black to be
| ost, and col ored ar fhgthqws a °t5¥159ks° PG HagrIR . ofndy SUCHte

excessi vel yn@rmh'eﬁiasdmm d¢fh thespemangementieof FIGUREC $oacdarding otot ranogsint
of often rea ngfp,!h ehk‘tlﬂvéﬁﬁéﬂ ation and bl oom ng. A linear
overal | tra fﬂgé’ av0|d g@q b] a . corrprtesEio Pnd can
be obt ai ned by an ad o‘f‘?‘ ‘féﬁ gpagc8d1agram of"the ‘preferred
5 circuit lmplemcntanon of thc arrangement of FIGURE 4 according to still
another aspect of the present invention. :
In the figures, corresponding elements are identified by the

same reference numbers.

10

FIGURE 3 shows a block diagram representation of the subject
arrangement coupled between a luminance-chrominance processor 10 and
a video output amplifier 12 of a color television receiver. While similar
arrangements are used in the green (G) and blue (B) channels, only the

15 arrangement for the red (R) channel is shown. The R output signal of
processor 10 is shown by way of example to be linear ramp 14 with a
superimposed detail signal 16 indicated by the short vertical lines. The
detail signals 16 are video signals at frequencies higher than 0.5 MHz and
correspond to picture details smaller than 1.2 cm in the horizontal

20 direction on a 28 inch screen size color television receiver.

The R signal is coupled to a non-linear or soft signal splltter 18
which "gradually" splits the signal into a low level portion (black to grey
picture area) and a high level portion (grey to white picture areas). The .
high level signal portion is filtered by a high-pass filter 20 which can

25 include capacitor C. The low level signal.is DC coupled to an adder 22. The
high pass filtered portion of the high level signal is AC coupled to adder 22
through capacitor C. The original R signal, the low level signal portion and
the high-pass filtered high level portion are combined by adder 22 to
produce the output signal coupled to amplifier 12. The addition of the low

30 level portion (black to grey) to the R signal provides gamma correction.
The further addition of the high-pass filtered portion results in contrast
enhancement of the high level (grey to white) video detail signal.

FIGURE 4 shows the arrangement of FIGURE 3 in greater detail.
‘The waveforms of FIGURES 5 and 6 help illustrate the operation of the

35 arrangement of FIGURE 4. Waveform 5a shows the input signal V;
composed of a staircase 15 and a superimposed detail signal 16 at about
2MHz. Waveforms 5b and .5c show the "soft" signal splitting performed by
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25 in each of the red, green, and blue (R, G and B) anplifiers in the

t el evi si on receiver. However, picture tubes have a relatively small:
dynam ¢ range of | i ght out put which cannot be enl arged wi t hout

reachi ng picture tube saturation causing bloom ng.. Therefore, gamm

correction to increase anplification of dark |magea S a
signal conpression of the high 30 si g‘ﬁ‘a‘l | evel whites. T‘i&g gg%ﬁs

i | I'ustrat ecndpliragusignah splitémd8a ghiote that theordifferendial aamplitydeal of Fépk

white nust Qadlsy &kr&i&%ssﬁ{@ th&tv8f W%grﬂdﬁil mcrea§é‘§corl1h€c§lﬁﬂ SRS, ahde
dashed line,to avoi'Fe BI cture tu

upper portiba SAug ﬁnﬂ‘@‘\tgﬁﬁﬁaﬁ%s b redifc ‘!ﬂe&ﬁg redg)onsqu h'g\ﬁnsigqﬁl
Figure 2b. spiittingeierflateas eshaen t by sthas carrespinding clrequenty iresppmsg Survest o
whi te pisct usfe RRGEARES esdlct.i NYiddd Wafue arplifie QUi Ariveh Nby UdhadBs SVERAd
V, via respective resistors, Rl and R2, where R2 has a value equal to that
of R1. The decreasing differential amplitude of V, represents a gradual
variation of gain of video output amplifier 12 from 60 to 30 corresponding
to a gamma of 0.8. This is illustrated in FIGURE 6a and a' showing the sum
10 of Vy and V, The differential amplitude (contrast) decreases gradually
toward higher signal levels, A high frequency detail signal V4 is derived
by passing V3 through a high-pass filter 20. The output voltage and the
frequency response of Vg is illustrated by FIGURES 5d and 5d'. Voltage V4
is coupled capacitively (through capacitor C2) to video amplifier 12 for
15 producing the signal Vi + V4 shown in FIGURE 6b and 6b'. A 6 dB boost of
the detail signal is obtained by the relatively low value coupling resistor
.R4 (value = R1/2). Coupling capacitor C2 prevents any brightness signal
(DC component) from being added to the input of video amplifier 12.
FIGURE 6¢c and 6c' illustrate the drive current is which is similar to the
20 inverted amplifier 12 output voltage. The low frequency staircase signal
of FIGURE 6c is similar to that of FIGURE 6a but the detail signal is strongly
boosted to obtain an enhanced contrast of picture details in bright areas.
The average beam current does not increase significantly due to the AC
coupling. A small amount of V3 is also added through coupling capacitor C1
25 and resistor R3 (value = 5R1) to avoid color desaturation in large, bright
picture areas.

FIGURE 7 shows a schematic of an exemplary nonlinear signal
processor accordmg to the present invention. RGB processor 10, integrated
circuit TDA3506 manufactured by, e.g., the Philips Corporation of the

30 Netherlands, drives video output amplifier 12 via resistor 30. Feedback
resistor 32 defines the gain of the amplifier 12. The spot cut-off voltage of
the picture tube is set to 150 volts by biasing resistor 34 for the condition
when drive current is is equal to zero. This condition requires an
appropriate  CRT grid number 2 adjustment (not shown).  Automatic

35 kinescope biasing (AKB) circuit 36 sets the black levels of the outputs of
processor 10 such that i5 is zero for a black signal. The bias current of Q3
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the i nprovenent of contrast of | ow brightness portions of the image is
obtai ned at the expense of high-brightness contrast deterioration.
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-5 - RCA 85,499
flows through resistor 30 into processor 10 and causes a black level of 2
volts as indicated at V1. '

Transistor Ql is a unity gain inverter and DC level shifter.
Differential amplifier Q2, Q3 and Q4 provide the signal splitting as shown
by the waveforms of FIGURE 5b and Sc. The bases of Q3 and Q4 are biased
so that for a signal corresponding to a black image, Q3 is conducting and Q4
is cut off. Current source Q2 inverts the s1gnal so that current ip is in phase
with voltage V.

The increasing ramp voltage V| generates an increasing ramp
current iy which adds to the drive current is into amplifier 12 and
produces the gamma correction. Current iy is of same shape as voltage V,
of FIGURE 5b. The emitter voltage of Q2 is coupled to the base of Q4 via
resistor 38. The increasing voltage V; causes the emittér voltage of Q2 to
decrease and the base voltage of Q4 decreases until Q4 starts conducting.
As a result, voltage V3 of FIGURE 5c gradually increases and the slope of
Vo gradually decreases. Feedback resistor 40. provides a smooth
changeover of the collector current of Q2 between Q3 to Q4 as shown by
waveforms 5b and S5c. A further increase of Vi causes i to remain

constant and V3 to increase at the same rate as V;  This is obtained with

Q4 having a gain of one due to the values of resistors 38, 40 and 42.

The separated medium to high level signal V3 developed across
resistor 42 is fed to emitter follower QS5 which drives a high-pass filter
including a resistor 44 and a capacitor 46. A small amount of V3 signal is
fed to the output amplifier 12 via a capacitor 48 and a resistor 50. As
earlier noted, this AC coupled wide band signal improves color saturation

- in bright picture areas which otherwise would be slightly desaturated due

to signal compression caused by gamma correction. The medium to high
level detail signal voltage V4 is amplified by an amplifier including

“transistor Q6 to obtain a 6 dB boosted detail signal. The detail signal is

coupled to the output amplifier 12 via a capacitor 54 and a resistor 52.
Also as earlier noted, the advantage of the AC coupling is improved
brilliance (contrast of details) without increasing the average beam current
and without changing the black level.

FIGURE 8 shows the circuit diagram - of the preferred
embodiment of a non-linear video processor according to the present
invention using a TDA3552 integrated circuit as signal source 10. The
circuit employs an active-load video output amplifier as amplifier 12.
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- 2- According to an aspect of the invention, the perceived

contrast of an inmage is inproved by non-linear processing of the video
si gnal . More specifically, a video signal is separated into a | ow
| evel anplitude 5 signal portion (near black) and a higher |evel
anplitude signal portion (near white) for separate non-Iinear
processi ng of each signal portion. Thé- | ow- | evel anRGALDB489 gnal
Ioort i on | sVolesgd i feedback pnsow@\&deuaﬂ? e@sgbdoaem to o?bhirhh & leworiinpedance
i near si 0 c a further aspect of the i nventi on,
t he hi ghe%raI en\}lqung%ﬁft ?935 Zl portion is non-linearly

An input cmltter follower Q10 acts as low impedance source for
- video voltage Vi. The differential pair Q12, Q13 splits the video voltage V;

S into the low and high brightness signals I and V3.  Transistor Q12 fully
conducts at signal levels corresponding to very low image brightness.
Thus, resistors 68 and 70 are coupled in parallel causing output amplifier
12 to produce a gain of 60. The signal splitting of this circuit produces a
drive current I2 in place of voltage V, shown in FIGURE 4.

10 Transistor Q12 conducts less as Vj increases, and a gain of 30 is -
reached when transistor Q12 is cut off. The gradual change of gain of the
output amplifier, as effected by I, produces the desired gamma correction.
Transistor Q13 starts to conduct before transistor Q12 goes into cut-off at a
medium brightness signal level and produces voltage V3 at its collector.

15 Voltage V3 represents picture information containing brightness levels

-~ between grey and peak white. Signal voltage V3 is applied to emitter
follower Q14 .driving a high-pass filter including resistor 72 and capacitor
74. This high-pass filter separates the signal V4 corresponding to grey to
white area detail signal used for contrast enhancement. Signal Vg is

20 amplified by transistor Q15 to produce a detail signal which is coupled to

- amplifier 12 via capacitor 82 and resistor 84. As mentioned earlier, a.
‘'small amount of the V3 signal is AC fed directly to output amplifier 12 via
capacitor- 76 and resistor 79.

The bases of transistors Q12 and Q13 are biased at fixed

25 relative potentials established by diodes DI and D2. A resistor 78
produces a quiescent current of 03 mA through transistor Q13, preventing
transistor Q13 from being cut off by signal peaks at grey level.

The spot cut-off voltage of the picture tube (not shown) is set
to approximately 160 V at the. cathode 80 by setting the black level

30 voltage at the emitter of transistor Q10 to 3.5 volts, and by appropriately
adjusting the grid No. 2 voltage of the CRT.

The present circuit does not require alignment between . the
RGB channels to avoid trackmg errors. This is due to the gradual signal -
splitting. , :

35 The present arrangement makes use of the fact that the eye
appears to be more sensitive to contrast éhanges in small picture areas, as
opposed to changes extending over large areas. Frequencies produced by
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10 processed and 'high-pass frequency filtered, and conbined wth

the’ original linear signal. In accordance with an even further aspect-
of the ~invention, the non-linearly processed |ow | evel anplitude
signal portion and the non-linearly processed and high pass filtered
hi gh [ evel amplitude signal portion are conbined with the origina

| i near signal to produce a 15 gammgcorrect ed video si qgél g'gt‘@genhanced
detail signal contrast in the y to white picture Ba
The i nventploturw details Qfemdmhadtd)yugla)brtgiht@sanqrbebw&tm and AC coupled to

the main video signal. This results in a significant improvement of the
brilliance without increasing the average beam current. The AC coupling
only increases the so-called detail contrast, while DC brightness signals and
5 large area contrast are not affected. The picture tube can be driven to
higher beam currents during small area details than during large area
signals before picture tube blooming occurs. This improvement of
brilliance is of "particular importance with very large picture tubes which
appear dimmer and less contrasty than smaller tubes because the large
10 tubes are limited by gun, shadow mask, and phosphor to ‘about the same
peak beam currents as the smaller tubes while the picture is spread out
over a much larger area. '
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20 r ef er enee—t+o—the—d+rawngs—n whi ch: FI GURE 1,
previously described, shows transfer characteristics of atransmtter,
a tel evision :Imﬂ mlm overal | teglevision system e t he
transmtter a l I VH'l"”ﬂl -§- FI GURE 2, previ ousl§%séc§rjflggd, '
shows a graphlcal representatlon of a ranp S|gnal whi ch has under gone

ganma correction S@;ﬁgful i n under st andi ng an advant age of the

arrangement -of Fi gur
bl ock di agram representation of an
an aspect of the pre ent
det ail ed bl ock di agr
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means for dividing (18) a video signal (V1) into a first
signal (V2) corresponding to relatively low amplitude levels of said
video signal (V1), and a second signal (V3) corresponding to
relatlvely higher amplitude levels of said video signal (V1),

means for high- pass frequency filtering (20) said second
signal (V3), and
' means for combining (RI,RZ,R4)said video signal (V1),
said first- signal (V2) and said high-pass frequency filtered second
signal (V4) to produce a combined signal (i5).

2. The apparatus of claim 1 characterized in that said
means (18) for dividing gradually divides said v1deo signal (Vl) into
said first (V2) and second signals (V3).

: 3. The apparatus of claim 1 characterized in that .said
high-pass frequency filtered secend signal (V4) is AC coupled (C2) to
said means for combining.

4, The apparatus of claim 3 characterized in that said
first signal (V2) is DC coupled (R2) to said means for combining.

5. The apparatus of claim 4 characterized in that said
means for combining comprises an adder.

6. The apparatus of claim 1 characterized in that said
video signal (V1) is at least one of red, green, and blue signals.

7. The appa'rstus of claim 4 characterized in that at least
a portion of said second signal (V3) is AC coupled (C1) to said means
for combining.
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’ {
of the arrangenent of Figure 3 according to an aspect of the present 7
I nventi on. FIGURES 5 and 6 show time and frequency domain

wavef or s, respectively, useful |n understandl ng the op[gégugyug@ t he
arrangenment of 3 5 FIGURES 3 and 4. =7 |

ABSTRACT

VIDEO SIGNAL PROCESSING

A nonlinear video signal processing system provides

gamma correction to improve rendition of picture details near black.

5 In addition, picture brilliance is improved using a brightness and
frequency dependent enhancement circuit providing increased detail
signal contrast in bright picture areas. In each color channel, the
respective color signal (R,G,B) is gradually separated (18) into 2 low
level amplitude signal . portion (V2) and a higher level amplitude

10 signal portion (V3). The higher level amplitude portion (V3) is high-
pass frequency filtered (20). The low level signal portion (V2) and
the high-pass filtered higher amplitude signal portion (V4) are added
(R1,R2,R4) to the 6rigina1, linear video signal (V1 or R) for producing
a combined signal (i5) coupled (12) to the kinescope. The low level

15 signal portion (V2) is DC coupled (R2) to the linear signal (V1) and
the high level signal portlon is AC (C2) coupled to the linear signal
(V1).

his Sheet Has Been Relplaced i




- 3-
circuit
anot her-

present invention.

FI GURE 7 shows a detailed schematic diagram of a
i mpl ement ati on of the arrangement of FIGURE 4 according to
aspect of the present invention.
a detailed schematic diagramof the preferred 5
t he arrangenment of FIGURE 4 according to_ still

FI GURE 8 shows
circuit inplenmentation of
anot her aspect .of the
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Iln the figures, corresponding elenents are identified by the sane

reference nunbers. 10 FI GURE 3 shows a bl ock di agram
representation of the subject arrangenent coupl ed between a

I'uni nance- chr om nance processor 10 and . a vi.deo output anplifier 12 of
a color television receiver. ‘Wile simlar arrangenents are used in
the green (G and blue (B) channels, the 1 5 arrangenent for the red
(R) channel is shown. The R output S|gﬂgﬂ .processor 10 is shown by
way of exanple to be linear ranmp 14 with a superi nposed detail signa
16, indicated by the short vertical lines.- The

L)

WHITE

b)

FIG. 2

EXCESSIVE WHITE
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detail signals 16 are video signals at frequencies higher than 0.5 M4z and
correspond to picture details smaller than 1.2 cmin the horizontal 20
direction on a 28 inch screen size color television receiver.

The R'signal is coupled to a non-{inear or soft signal splitter 18

whi ch "gradual ly" splits the signal into a low | evel portion (black to grey
picture area) - .and a high | evel portioq%ZBrey to white picture areas). The
hi gh |l evel signal portion is filtered a high-pass filter 20 which can 25
i nclude capacitor C. The low | evel signal is DC coupled to an adder 22. The
- high pass filtered portion of the high level signal is AC-coupled to adder

22 t hrough capacitor C. The original R signal, the |low | evel signal
“portion and the high-pass filtereg high | evel portion are conbi ned by
adder 22 to . olri
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produce the output signal coupled to anplifier 12. The addition of the Iow
30 level portion (black to grey) to the R signal provides gama

correction. The further addition of the high-pass filtered portion
results in contrast enhancenent of the high level (grey to white)

vi deo detail signal. FI GURE 4 shows the arrangenent of
FIGURE 3 in greater detail. The f&forns of FIGURES 5 and 6 help
illustrate the operation of the 35 arrahgenment of FIGURE 4. Waveform b5a
shows the input signal V[err] conposed of a staircase 15 and a
superinposed détail signal 16 at about 2MHz. Wavefornms 5b and 5c¢c show

the "soft" signal splitting perforned bxu
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-4 - nonl i near signal splitter 18.- Note that the differential

anplitude of V[err] gradual |y decreases and that of V[err] gradually
i'ncreases. The sumof V[err] and V[err] equals the input voltage
Verr]. The frequency response of the signal
5/8
TIME DOMAIN . ~ FREQUENCY DOMAIN
Ad _
008 '
} a)
- f
4MHz
-1
0dB
+—
4MHz
A .
0dB
+— f
4MHz
A
' 0dB .
V4 u ’ d)
o ——I|{fikl—
_ : >
\\\L l : 600KHz YMit 2,
N
FIG. 5
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" splitting is flat as shown by the corresponding frequency response curves
5 of FIGURES 5a'-c'. Video output anplifier 12 is driven by voltages

Vferr] and V2 via respective resistors, RL and R2, where R2 has a
val ue equal to that of RL. The decreasing differential anplitude of
V[err] represents a gradual vari ation of gain of video out put

anplifier 12 from60 to 30 corr_espondiﬁyp to a gamma of 0.8. This is
illustrated in FIGURE 6a and a' show ng the sum 10 of V[err] and V[err].
The differential anplitude (contrast) decreases gradually . toward
hi gher signal levels. A high frequency detail signal V4 is derived
by passing V3 through a high-pass filter 20. The output voltage and the
frequency response of V[err] is illustrated by FIGURES 5d and 5d'. Voltage
Vlerr] is coupled capacitively (through capacitor C2) to video
anplifier 12 for ' _ .

TiIME DOMAIN FREQUENCY DOMAIN

b)
— ~—» f
.500KHz  4MHz
Ad
0dB
C)
500KHz . 4MHz
-/

—~\
FIG. 6
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1.5 producing the signal V[err] + V[err] shown in FIGURE 6b and 6b'. A 6 dB

boost of the detail signal is obtained by the relatively |ow value
coupling resistor R4 (value = R1/2). Coupling capacitor C2 prevents
any brightness signal (DC conponent) from bei ng added to the input of
video anplifier 12. FI GURE 6¢c and 6¢' illustrate the drive 'current i5
which is sinmilar to the 20 inverted %ﬁ&lfier 12 output voltage. The | ow
frequency staircase signal of FI E 6c is simlar to that of FIGURE
6a but the detail signal is strongly boosted to obtai n an enhanced
contrast of picture details in bright areas.. The average beam current
does not increase significantly due to the AC coupling. A snal

anmount of V[err] is also added through coupling capacitor Cl 25 and
resistor R3 (value = 5R1) to avoid color desaturation in |arge, bright

+12V

100 2

0
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L |/ 1K CATHODE
Al G )|
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SAMPLING |

FIG. 7
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piscture areas. FIGURE 7 shows a schematic of an exenplary

nonl i near signal processor -according to the present invention. RGB
pf ocessor 10, integrated circuit TDA3506 manufactured by, e.g., the
Philips Corporation of the 30 Netherlands, drives video output anplifier
12 via resistor 30. Feedback resistor 32 defines the gain of the
anplifier 12. The spot cut-off voltage "the picture tube is set to
~150 volts by biasing resistor 34 for the condition when drive
current i5 is equal to zero. This condition requires an appropri ate
CRT grid nunber 2 adjustnment (not shown). Automatic 3 .5 ki nescope

biasing (AKB) circuit 36 sets the black |evels of the outputs of
processor 10 such that ¢g |a=ze£o for a black signal. The bias current of

B
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g
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x
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flows F’Qrough resistor 30 into processor 10 and causes a bl{‘@lck Ie%u%'fﬂo;

(g

-1-
VIDEO SIGNAL PROCESSING

The present invention concerns video signal processing.

FIGURE 1 shows the gamma of various aspects of a video signal
transmission system, with curve la representing the transfer characteristic
of the transmission side, curve 1b representing the transfer characteristic

10 of the picture tube (CRT), and curve lc representing the overall transfer
characteristic. |

The transmitted video signals of the NTSC, PAL and SECAM

- television (TV) standards have a gamma of 0.45 to 0.5 while the picture
tube of color television (CTV) receivers have a gamma of 2.8 to 3.1. As a

15 result, the overall transfer curve (light in to the camera - light out from
the picture tube) is not linear and the overall gamma is in practice about

1.35 instead of a unity gamma. This implies that the exponcatial transfer
characteristic of the picture tube is not fully compensated, leading to
compression of the dark picture portions of the display. Such compression

20 causes picture details near black to be lost, and colored areas to fade to
black. Concurrently, whites are excessively amplified with respect to the
dark portions to the point of often reaching picture tube saturation and
blooming. A linear overall transfer characteristic avoids this black
compression and can be obtained by an additional gamma correction of 0.8

25 in each of the red, green, and blue (R, G, and B) amplifiers in the television
receiver. However, picture tubes have a relatively small dynamic range of
light output which cannot be enlarged without reaching picture tube
saturation causing blooming. Therefore, gamma correction to increase
amplification of dark image areas causes a signal compression of the high

30 signal level whites. This is illustrated by Figure 2a showing a gamma
corrected ramp signal. Peak white must be kept at the same level as in the
uncorrected case, the dashed line to avoid picture' tube blooming. As a
consequence, the upper portion of the ramp signal has a reduced slope -as
‘shown in Figure 2b. - The viewer perceives this as.a lack of contrast in grey

35 to white picture areas resulting in washed out pictures. In such an event,
the improvement of contrast of low-brightness portions of the image is
obtained at the expense of high-brightness contrast deterioration. '

i
1
!
i
i
§
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volts as_indicated at V1. - Transistor QL is a unity gain

i nverter and DC | evel shifter. Differential anplifier 2, B and 4
provirde the signal splitting as showmn 5 by the waveforns of FI GURE 5b
and 5c. The bases of @ and Q4 are biased so that for a signal
corresponding to a black inmage, @ is conducting and Q4 Is cut off.
Current source @ inverts the signal so-2hat current i2 is in phase
with voltage V[err]. The increasing ranp voltage V[err]

generates an increasin curr

Crrent 15 into anpl PeBIRaE ta,ah sspeck, of dfeetivERBomAE Rethe ik Capiras
Current i2 isobfasaimagshdpeimprovedt Ayeny-linear proceys@mpouhe Thideensignal.

vol tage of Q2Mdcrecopudifichilyy theideassigahl @ sdparated into a low level amplitude

5 signal portion (near black) and a higher level amplitude signal portion

(near white) for separate non-linear processing of each signal portion. The

low-level amplitude signal portion is non-linearly processed and combined

with the original linear signal. In accordance with a further aspect of the

invention, the higher level amplitude signal portion is non-linearly

10 processed and high-pass frequency filtered, and combined with the

original linear signal. In accordance with an even further aspect of the

invention, the non-linearly processed low level amplitude signal portion

and the non-linearly processed and high pass filtered high level amplitude

signal portion are combined with the original linear signal to produce a

15 gamma corrected video signal with enhanced detail signal contrast in the
grey to white picture areas.

The invention will be described by way of example with
20 reference to the drawings in which:

FIGURE 1, previously described, shows transfer characteristics
of a transmitter, a television receiver, and the overall television system
including the transmitter and receiver.

FIGURE 2, previously described, shows a graphical

25 representation of a ramp signal which has undergone gamma correction
useful in understanding an advantage of the arrangement of Figures 3 and
4,

FIGURE 3 shows a block diagram representation of an

exemplary arrangement according to an aspect of the ‘present invention.

30 FIGURE 4 shows a more detailed block diagram representation
of the arrangement of Figure 3 according to an aspect of the present
invention. )

FIGURES 5 and 6 show time and frequency' domain waveforms,

. respectively, useful in understanding the operation of the arrangement of
35 FIGURES 3 and 4.

This is the replacement shest

Date: A6 0 9% -



resistor 38. The increasing voltage V[err] causes the emtter voltage of
@ to decrease and the base voltage of 4 decreases until 4 starts
conducting. 15 As a result, voltage V3 of FIGURE 5c gradually increases
and the sl ope of V[err] gradually decreases. Feedback resistor 40
provides a snooth changeover of the collector current of Q2 between
@B to A as shown by wavef ornms 5b.and 5c. further increase of

A

V[err] causes i | . ' .
o) aresem Lerr ] SGER g IR WaiyodELRSSE 8Ll
due to the vaimplememtatian sebrthe3grrangement of FIGURE 4 according ‘F‘ﬂe“‘“m(’)‘er '
separ at ed nedagpect ofhilgh preseat iavemidn. V3 devel oped across resi stor 42
: ﬁcr Egi }20 emtter . foll Z-TGU&Q@ gRLGHs A 'd\éﬁglea Sindhiab@S dialgtdnh &3f the preferred
i s g-? rgisrclzgit O{mp emaep\tan%ncg at l:tz(l)rrrand'gc'mcﬁt s&a lFJIGwnt{ a%]::or\éEnGgr rtl) ssthg_nal

another aspect of the present invention.

[n the figures, corresponding elements are identified by the
same reference numbers.

10

FIGURE 3 shows a block diagram representation of the subject
arrangement coupled between a luminance-chrominance processor 10 and
a video output amplifier 12 of a color television receiver. While similar
arrangements are used in the green (G) and blue (B) channels, only the

15 arrangement for the red (R) channel is shown. The R output signal of
processor 10 is shown by way of example to be linear ramp 14 with a
superimposed detail signal 16, indicated by the short vertical lines. The
detail signals 16 are video signals at frequencies higher than 0.5 MHz and
correspond to picture details smaller than 1.2 cm in the horizontal

20 direction on a 28 inch screen size color television receiver.

The R signal is coupled to a non-linear or soft signal splitter 18
which “gradually” splits the signal into a low level portion (black to grey
picture area) and a high level portion (grey to white picture areas). The
high level signal portion is filtered by a high-pass'fﬁlter 20 which can

25 include capacitor C. The low level signal is DC coupled to an adder 22. The
high pass filtered portion of the high level signal is AC coupled to adder 22
through capacitor C. The original R signal, the low level signal portion and
the high-pass filtered high level portion are combined by adder 22 to
produce the output signal coupled to amplifier 12. The addition of the low

30 level portion (black to grey) to the R signal provides gamma correction.
The further addition of the high-pass filtered portion results in contrast
enhancement of the high level (grey to white) video detail signal. -

' FIGURE 4 shows the arrangement of FIGURE 3 in greater detail.
The waveforms of FIGURES 5 and 6 help illustrate the operation of the

35 arrangement of FIGURE 4. Waveform S5a shows the input signal V;
composed of a staircase 15 and a superimposed detail signal 16 at about
2MHz. Waveforms 5b and Sc show the "soft” signal splitting performed by
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fed to the output arrpllfler 12 via a capacitor 48 and a resistor 50.- As 2
5 earlier noted, this AC coupl ed wi de band signal inproves color

saturation in bright picture areas which otherwi se would be slightly
desat ur at ed due to signal conpreSS|on caused by gama correction.
The nmedium to high level detail gnal voltage V4 is anplified by an
anplifier including t ransi st or ﬁo obtain a 6 dB boosted detai

signal . The denklinpasisignal splittegp 18¢oulpted thet the diffesentisdnpmplifude pf Ypa a
capaci tor 54 gmadumllyedecreagesSZnd that of Al3S@ratualgrinteasesot dthe $une didV@anage

of the AC COUW?”Q qudls | (R ey volta e byl *Iﬁgcﬁ'eﬁﬁan %g%OE%d%QhLSQI

wi t hout 1 ncreas t he ﬁverage angi n

cu
bl ack | evel . 1“9“3 1s flat as”sh ‘PY L% cUFRsRending, fregpenay, t’e%!’i%‘&‘r 6ﬁ\’|r"°sof
the pref ePr ed®f FIGURES 5a'-c’. Video output amplifier 12 is driven by voltages V| and

V, via respective resistors, R1 and R2, where R2 has a value equal to that
of R1. The decreasing differential amplitude of V, represents a gradual
variation of gain of video output amplifier 12 from 60 to 30 corresponding
to a gamma of 0.8. This is illustrated in FIGURE 6a and a' showing the sum
10 of V; and V, The differential amplitude (contrast) decreases gradually
toward higher signal levels. A high frequency detail signal V4 is derived
by passing V3 through a high-pass filter 20. The output voltage and the
frequency response of Vg4 is illustrated by FIGURES Sd and 5d'. Voltage V4
is coupled capacitively (through capacitor C2) to video amplifier 12 for
15 producing the signal V; + V4 shown in FIGURE 6b and 6b’. A 6 dB boost of
the detail signal is obtained by the relatively low value coupling resistor
.R4 (value = R1/2). Coupling capacitor C2 prevents any brightness signal
(DC component) from being added to the input of video amplifier 12.
FIGURE 6¢c and 6¢c' illustrate the drive current is which is similar to the
20 inverted amplifier 12 output voltage. The low frequency staircase signal
of FIGURE 6c is similar to that of FIGURE 6a but the detail signal is strongly
boosted to obtain an enhanced contrast of picture details in bright areas.
The average beam current does not increase significantly due to the AC
coupling. A small amount of V3 is also added through coupling capacitor Cl
25 and resistor R3 (value = 5R1) to avoid color desaturation in large, bright
picture areas. ’ |
FIGURE 7 shows a schematic of an exemplary nonlinear signal
processor according to the present invention. RGB processor 10, integrated
circuit TDA3506 manufactured by, e.g., the Philips Corporation of the
30 Netherlands, drives video output amplifier 12 via resistor 30. Feedback
resistor 32 defines the gain of the amplifier 12. The spot cut-off voltage of
the picture tube is set to 150 volts by biasing resistor 34 for the condition
when drive current is is equal to zero. This condition requires an
appropriate CRT grid number 2 adjustment (not shown). Automatic
35 kinescope biasing (AKB) circuit 36 sets the black levels of the outputs of
processor 10 such that i5 is zero for a black signal. The bias current of Q3
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35 enbodi rent of a non-linear video processor according to the present
I nvention using a TDA3552 integrated circuit as signal source 10. The
circuit enploys an active-load video output anplifier as anplifier 12.

.S
flows through resistor 30 into processor 10 and causes a black level of 2
volts as indicated at V1.

Transistor QI is a unity gain inverter and DC level shifter.
Differential amplifier Q2, Q3 and Q4 provide the signal splitting as shown

S by the waveforms of FIGURE 5b and Sc. The bases of Q3 and Q4 are biased
so that for a signal corresponding to a black image, Q3 is conducting and Q4:
is cut off. Current source Q2 inverts the signal so that current i is in phase
with voltage V.

The increasing ramp voltage V| generates an increasing ramp

10 current i which adds to the drive current i5 into amplifier 12 and
produces the gamma correction. Current iy is of same shape as voltage V,
of FIGURE 5b. The emitter voltage of Q2 is coupled to the base of Q4 via
resistor 38. The increasing voltage V| causes the emitter voltage of Q2 1o
decrease and the base voltage of Q4 decreases until Q4 starts conducting.

15 As a result, voltage V3 of FIGURE 5c gradually increases and the slope of
Vo gradually decreases. Feedback resistor 40 provides a smooth
changeover of the collector current of Q2 between Q3 to Q4 as shown by
waveforms S5b and Sc. A further increase of V| causes ip to remain
constant and V3 to increase at the same rate as Vi This is obtained with

20 Q4 having a gain of one due to the values of resistors 38, 40 and 42.

The separated medium to high level signal V3 developed across
resistor 42 is fed to emitter follower Q5 which drives a high-pass .filter
including a resistor 44 and a capacitor 46. A small amount of V3 signal is
fed to the output amplifier 12 via a capacitor 48 and a resistor 50. As

25 earlier noted, this AC coupled wide band signal improves color saturation’
in bright picture areas which otherwise would be slightly desaturated due
to signal compression caused by gamma correction. The medium to high
level detail signal voltage V4 is amplified by an amplifier -including
transistor Q6 to obtain a 6 dB boosted detail signal. The detail signal is

30 coupled to the output amplifier 12 via a capacitor 54 and a resistor 52.
Also as earlier noted, the advantage of the AC coupling is improved
brilliance (contrast of details) without increasing the average beam current
and without changing the black level. '

FIGURE 8 shows the circuit diagram of the preferred

35 -embodiment of a non-linear video processor according to the present
invention using a TDA3552 integrated circuit as signal source 10. The
circuit employs an active-load video output amplifier as amplifier 12.
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'\_—6'- Vol tage feedback is provided via resistor 64 to obtain a | ow
| npedance . summi ng point at its input 66. An i nput

emtter follower QLO acts as | ow i npedance source for vi deo vol tage

Mlerr]. The differential pair Q2, QL3 splits the video voltage V[err] 5
into the low and high brightness signals I[err] and V[err]. Transistor
Q2 fully conducts at signal |evel sgcorresponding to very | ow i mge

bri ght ness.

out gut anpl i fVglta sﬂciét?fclksngoé'o@ﬁieﬁn% Qe§$t%é88&'p ogcl)sl'}ltgﬁgﬁr gégll ?{n}gféﬁéﬁ%@g

this circuit PHeBiRgePoLpt at Rs input 66.

An input emitter follower Q10 acts as low impedance source for
video voltage V. The differential pair Q12, Q13 splits the video voltage V,

S . into the low and high brightness signals I and V3. Transistor Q12 fully
conducts at signal levels corresponding to very low image brightness.
Thus, resistors 68 and 70 are coupled in parallel causing output amplifier
12 to produce a gain of 60. The signal splitting of this circuit produces a
drive current [2 in place of voltage V, shown in FIGURE 4.

10 Transistor Q12 conducts less as Vj increases, and a gain of 30 is
reached when transistor Q12 is cut off. The gradual change of gain of the
output amplifier, as effected by I, produces the desired gamma correction.
Transistor Q13 starts to conduct before transistor Q12 goes into cut-off at a
medium brightness signal level and produces voltage V3 at its collector.

15 Voltage V3 represents picture information containing brightness levels
between grey and peak white. Signal voltage V3 is applied to emitter
follower Q14 driving a high-pass filter including resistor 72 and capacitor
74. This high-pass filter separates the signal V4 corresponding to grey to
white area detail signal used for contrast enhancement. Signal Vg4 is

20 amplified by transistor QIS5 to produce a detail signal which is coupled to
amplifier 12 via capacitor 82 and resistor 84. As mentioned earlier, a
small amount of the V3 signal is AC fed directly to output amplifier 12 via
capacitor- 76 and resistor 79.

The bases of transistors Q12 and QI3 are biased at fixed

25 relative potentials established by diodes DI and D2. A resistor 78
produces a quiescent current of 0.3 mA through transistor Ql3 preventing
transistor Q13 from being cut off by signal peaks at grey level.

The spot cut-off voltage of the picture tube (not shown) is set
to approximately 160 V at the cathode 80 by setting the black level

30 voltage at the emitter of transistor Q10 to 3.5 volts, and by appropriately
adjusting the grid No. 2 voltage of the CRT.

The present circuit does not require alignment between the
RGB channels to avoid tracking errors. This is due to the gradual signal
splitting.

35 The present arrangement makes use of the fact that the eye
appears to be more sensitive to contrast changes jin small picture areas, as
‘opposed to changes extending over large areas. Frequencies produced by
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drive current 12 in place of voltage V2 shown in FIGURE 4. 1 0

Tr ansi st or QL2 conducts less as V[err] increases, and a gain of 30 is
reached when transistor QL2 is cut off. The gradual change of gain of the
output anplifier, as effected by 12, produces the desired gamma correction.
Transi stor QL3 starts to conduct before transistor QL2 goes into cut-off at
a medi um bri ght ness signal |evel a produces voltage V3 at its
collector. 1 5 Voltage V3 represents picture information containing

bri ght ness | eRigluse detailsof vpediugy &y highl beighkneshiare boostegnand S tapgeledat s
applied to emhet arain videbokiganker Thi dtfsuangl a Riglifipans ihptdvemennadfudieng

resi Sf 0{/472 aﬂ'@llﬁﬂ@é‘c\bhﬂfmt 1ncreZﬁng Tthbs %ﬁﬁl fc% ff. S?H@rﬂteéoﬁ@
ilo%'??ast eﬁﬁr Sponfeasgssl g‘ha“P' eﬁ detail contrast Shile &a{mgﬁtngss s1gnale
S large area contrast are not affected. The picture tube can be driven to

higher - beam currents during small area details than during large area
signals before picture tube blooming occurs. This improvement of
brilliance is of particular importance with very large picture tubes which
appear dimmer and less contrasty than smaller tubes because the large

10 tubes are limited by gun, shadow mask, and phosphor to about the same
peak beam currents as the smaller tubes while the picture is spread out
over a much larger area.
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;20 arrpl | fi ed—by—transi-stor—Qt5to produce a detail signal which is coupled

to arrpllfler 12 vi or 82 and resistor 84. As nentioned
earl.er, “ “ﬂ“l“ﬂ m the V3 signal is AC fed directly to output
anpl |f|er 12 \Y; 76 and res§ stor 79. The

e — o

bases of transistors Q12 and QL3 are biased at f|xe(;I 125 ‘erae[atd NVERFEN
potentials established by diodes D1 and D2. A regl storgi8 ; ‘LD profluces
a qui escent current of CLAIM®A through transistor QL3 prevent+rg '
transi stor QL3 from being cut off by signal peaks at grey |evel.
The spot cut-off voltage of the picture tube (not shown) is set. to
approxi mately 160 V at Lhe \Gdenosignab prpcessing napparatus| sharacesrszedsdy:

voltage at the emitter Qb h¢ oyl AAUIdEO(118) 3 Fiddd tsignanVy) amer Aprfidtel y

5 signal (V2) corresponding to refatively low amplitude levels of said
video signal (V1), ‘and a second signal (V3) corresponding to
relatively higher amplitude levels of said video signal (V1),

means for high-pass freque'ncy filtering (20) said second

signal (V3), and

10 . means for combining (R1,R2,R4)said video signal (V1),

- said first signal (V2) and said high-pass frequency filtered second .
signal (V4) to produce a combined signal (i5). |

2. The apparatus of claim 1 characterized in that said
15 means (18) for dividing gradually divides said video signal (V1) into
said first (V2) and second signals (V3).

3. The apparatus of claim 1 characterized in that said
high-pass frequency filtered second signal (V4) is AC coupled (C2) to
20 said means for combining.

4. The apparatus of claim 3 characterized in that said
first signal (V2) is DC coupled (R2) to said means for combining.

25 5. The apparatus of claim 4 characterized in that said
means for combining comprises an adder.

6.- The apparatus of claim 1 characterized in that said
video signal (V1) is at least one of red, green, and blue signals.
30 :
7. The apparatus of claim 4 charactenzed in that at least
a poruon of said second signal (V3) is AC coupled (Cl1) to said means
for . combining.

s Sheet Has Been Replaced’
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adj usti ng the grid No. 2 voltage of the CRT. The present

‘circuit “does not require alignment between the R& channel s to avoi d:
tracking errors. This is due to the gradual si gnal splitting. 35
The present arrangenent nakes use of the®fact that the eye. m,_.,‘..__._....m...*aﬁp,p.eal;s.wto

be nore sensitive to contrast changes in snmall picture aneas;;
opposed to changes extendi ng over |ar IR BTRESCT Fr equen:_m es p

. M@E@?}d by

VIDEQ SIGNAL PROCESSING

A nonlinear video signal processing system provides

gamma correction to improve rendition of picture details near black.

5 In addition, picture brilliance is improved using a brightness and
frequency dependent enhancement circuit providing increased detail
signal contrast in bright picture areas. In each color channel, the
respective color signal (R,G,B) is gradually separated (18) into a low
level amplitude signal portion (V2) and a higher level amplitude

10 signal portion (V3). The higher level amplitude portion (V3) is high-
pass frequency filtered (20). The low level signal portion (V2) and
the high-pass filtered higher amplitude signal portion (V4) are added
(R1,R2,R4) to the 6riginal, linear video signal (V1 or R) for producing
a combined signal (i5) coupled (12) to the kinescope. The low level

15 ‘signal portion (V2) is DC coupled (R2) to the linear signal (V1) and
the high level 51gnal portlon is AC (C2) coupled to the linear signal
(V1).

This Sheet Has Been Repla
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-7- picture details of nmediumto high bright ness are boosted and AC

‘coupled*to the main video signal. This results in a significant
I mpr.ovenent of the brilliance without increasing the average beam
current. The AC coupling only increases the so-called detail contrast,
whi | e DC brightness signals and
1/8
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5. large area contrast are not affected. The picture tube can be driven

to hi gher beam currents during small area details than during |arge
area signals before picture tube bloom ng occurs. Thi s i nprovenent
of brilliance is of particular inportance with very |arge picture tubes
whi ch appear dimrer and | ess contrasty than smaller tubes because the

| arge 10 tubes are limted by gun, srrﬁ? w mask, and phosphor to about the
same peak beam currents as the s |IGer tubes while the picture is
spread out over a much |arger area.

E

WHITE

-
N
FIG. 2

EXCESSIVE WHITE
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5. " non-1linear processing nmeans (18,20,C2) for processing said
input video signal (VI) to produce an output video signal (i[err]), said

non-. | i near processing neans being characterized by:

a) means (18) for gamm correcting at |east the | ow frequency bl ack
to grey picture area conponents of said input video 10 signal (V) to
obtain a first signal (VI+VI2); é b) means (18, 20, C2). for
anplifying the high frequency c &g%nents of grey to white portions of
said input video signal (VI) for obt ai ning a second signal (V4); and

c) means (22) for conmbining said first and second 15 signals to produce
sai d out put video signal. :
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2. The video processing systemaccording to claiml1l, wherein said

‘non-1|inear processing neans (18,20, C2) conprises nmeans for
splitting the relatively |low anplitude portion and 20 the relatively high
anpl i tude portion of said input video signal and coupling the
relatively |l ow anplitude portion of said input video signal to sai d

gamma correcting neans and coupling t5§/$el atively high anplitude
portion of said input video signal to¥satfd anplifyi ng neans.

TIME DOMAIN FREQUENCY DOMAIN

L

4MHz

d)

d —> {
600KHz HMit2,
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25 3. A systemaccording to claim2, wherein the splitting neans

(18) conprises means (@, @; Q10, QL2) which applies decreasing gain to
the first signal portion with increasing anplitude thereof for effecting
the - said gamma correction. 30 4. A system according to
claim2 or 3, wherein the deriving means (18, 20) conprises neans (4;
QL3, Q14) which applies 5/8
TIME DOMAIN _ FREQUENCY DOMAIN
Ad
0dB
> {
4MHz
Al
0dB
b)
T — f
500KHz  4MHz
. C)
T — {
500KHz 4MHz
/
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9. increasing gain to the second signal portion with increasing
anplitude t hereof and neans (20) for high pass filtering the second
signal portion to enhance the high frequency conponent (V4) of the
second signal portion.
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5. ' 5. The apparatus of claim2, 3, or 4 wherein the conbining

means ebnprises an adder. 6. The apparatus of claim2, 3, 4
or 5 wherein said first signal portion (V2) is DC coupled (R2) to
said -neans for conmbining (Rl, R2,R4). 10 7. The apparat us of
claim2, 3, 5 or 6, wherein said enhanced hi gh frequency conponent
(V4) is AC coupled (C2) to said meansaffg conbi ning (R1, R2, R4).
w
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15 . " 8. The apparatus of any one of claims 2 to 7, whessi-fr BP

| east a - portion of said second signhal portion (V3) is AC coupled (Cl)
to said means for conbi ni ng. 9. The apparatus of any
one of clainms 2 to 8, wherein said 20 spritting neans (18) gradually

di vides said input video signal (V1) into said first (V2) and second

(V3) signal 'portlonsl. ABSTRACT

'VIDEO SIGNAL PROCESSING

A nonlinear video signal processing system provides

gamma correction to improve rendition of picture details near black.

5 In addition, picture brilliance is improircd using a brightness and
frequency dependent enhancement circuit providing increased detail
signal contrast in bright picture areas. In each color channel, the
respective color signal (R,G,B) is gradually separated (18) into a low
level amplitude signal portion (V2) and a higher level amplitude

10 signal portion (V3). The higher level amplitude portion (V3) is high-
pass frequency filtered (20). The low level signal portion (V2) and
the high-pass filtered higher amplitude signal portion (V4) are added
(R1,R2,R4) to the original, linear video signal (V1 or R) for producing
a combined signal (i5) coupled (12) to the kinescope. The low level

15 signal portion (V2) is DC coupled (R2) to the linear signal (V1) and
the high level 51gna1 portion is AC (C2) coupled to the linear signal
(V1).

Figure 7
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-10. The apparatus of any precedi ng cl.aim wherein..said |nout vi deo o

si‘gnal (V1) is a red, green or blue video signal 25 LEPL AL

nmet hod of processing an input video signal (V1) defii v

(10) conprising the step of non-linearly processi ng -

i nput video signal (V1) to produce an ouput vi deo signa. 3

said non-linear processing step characterized byl tMe fur;agher_
CLAIMS i

1. A video signal processing system comprising

a source (10) of an input video signal (VI); and

5 non-finear processing means (18,20,C2) for processing said
input video signal (VI) to produce an output video signal (is), said non-
linear processing means being characterized by:

a) means (18) for gamma correcting at least the low
frequency black to grey picture area components of said input video

10 signal (VI) to obtain a first signal (VI+VI2);

b) means (18,20,C2) for amplifying the high frequency
components of grey to white portions of said input video signal (V1) for
obtaining a second signal (V4); and

c) means . (22) - for combining said ﬂrst and second

15  signals to produce said output video signal.

2. The wdeo processmg system according to claim 1, wherein
_ sald non-linear processing means (18,20,C2) compnses
means for splitting the relatively low .amplltude portion and
20 the relatively high amplitude portion of said input video signal and
coupling the relatively low amplitude. portion of said input video signal to
said gamma correcting means and coupling the relatively high amphtude
portion of said input video S|gnal to said amplifying means.

25 3. A system according to claim 2, wherein the splitting means
(18) oorriprises means (Q2,Q3; Q10,Q12) which applies decreasing gain
to the first signal portion with increasing amplitude thereof for effecting the

- said gamma correction.

30 4. A system according to claim 2 or 3, wherein the deriving
means (18,20) comprises means (Q4; Q13, Q14) which applies

This is the replacement sheet

AN .. 51 6 200



10 - a) gamma correcting at |east the | ow frequency
bllack to grey picture area conponents of said input video signal (V1)
to obtain a first signal (V1+V2); _ ) anpl i fying

t he high frequency conponents of grey to 5 white portion of said input

vi deo signal (V1) for obtaining a second9signal

increasing gain to the second signal portion witti increasing amplitude
thereof and means (20) for high pass filtering the second signal portion to
enhance the high frequency component (V4) of the second signal portion.

5 5. The apparatus of claim 2, 3, or 4 wherein the combining
means comprises an adder.

6. The apparatus of clairh 2, 3, 4 or 5, wherein said first signal
portion (V2) is DC coupled (R2) to said means for combining (R1,R2,R4).

10
7. The apparatus of claim 2, 3, 5 or 6, wherein said enhanced
high frequency component (V4) is AC coupled (C2) to said means for
combining (R1, R2 ,R4).
15 8. - The apparatus of any one of claimé 2 to 7, wherein at least a

portion of said second signal portlon (V3) is AC coupled (C1) to said
means for combmmg

9 Theﬁ-apparatus.of- any ohé of claims 2 to 8, wherein said
20 splitting means (18) gradually divides said input video signal (V1) into said
first (V2) and second (V3) signal portions.

10. The apparatus of any preceding claim, wherein said- input
video signal (V1) is a red, green or blue video signal.
25 _ .
11. A method of processing an input video signal (V1) derived
from a source (10) comprising the step of non-linearly processing
(18,20,C2) said input video 'signal (V1) to produce an output video signal
(is), said non-linear proéessing step characterized by the further steps of
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(-‘_\/4)‘; . c)  conbini n'g (22) said first and second signals

to produce sai d output video signal. 10 _ 12. A nethod
according to claim 11, further conprising conbining a portion of the
hi gh anplitude signal portion with the i1gput vi deo signal (V1).

a) gamma correcting at least the low frequency black to
grey picture area components of said input video signal (V1) to obtain a
first signal (V1+V2);

b) amplifying the high frequency components of grey to

5 white portion of said input video signal (V1) for obtaining a second signal

(va);

c) combining (22) said first and second signals to
produce said output video signal;

10 12. A method aocbrding to claim 11, further comprising
combining a portion of the high amplitude signal portion with the input
video signal (V1). '
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ABSTRACT

VIDEO SIGNAL PROCESSING

A nonlinear video signal processing system provides

' gamma correction to improve rendition of picture details near black.

In addition, picture brilliance is improved using a .brightness and
frequency dependent enhancement circuit providing increased detail
signal contrast in bright picture areas. In each color channel, the
respective color signal (R,G,B) is gradually separated (18) into a low
level amplitude signal portion (V2) and a higher level amplitude
signal portion (V3). The higher level amplitude portion (V3) is high-
pass frequency filtered (20). The low level signal portion (V2) and
the high-pass filtered higher amplitude signal portion (V4) are added
(R1,R2,R4) to the 6riginal, linear video signal-_(-V'I. or R) for producing
a combined signal (i5) coupled (12) to the kihéséopé The low level

'signal portion (V2) is DC coupled (R2) to the lmear signal (V1) and

the high level SIgnal portion is AC (C2) couplcd to the linear szgnal
(V1). . _ .

Figure 7
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