ADJUSTMENT OF SCAN VELOCI TY MODULATI ON AS A FUNCTI ON OF

. SELECTED SHARPNESS This invention relates to adjusting the |evel
of beam scan vel ocity nodulation in a raster scao‘@i n Msplay. 5
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video signal in a manner that enphasizes ransi‘tions i-n | um nance t hat
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fielcri1 generated by this coil adds to or subtracts from the. magnetic
15 field produced by the main horizontal deflection coils. The
auxiliary coil modifies the horizontal scanning rate so as to
emphasize transitions between light and dark areas of the display.
For example, at a transition from black to white in a given
horizontal scan line, the beam scanning speed is increased
20 approaching the transition, thus making the display relatively
darker in the black area. Upon passing the transition into the
white area, the beam speed is decreased such that the beam
dwells relatively longer dnd the screen phosphors appear brighter
than they would otherwise. The reverse occurs in passing from
25 light to dark. The same idea is applicable to lower gradations of
luminance change than a sharp transition.
Scan velocity modulation is only one of several techniques
which affect viewer perceived picture sharpness and can
complement other techniques such as edge replacement and
30 luminance peaking. Scan velocity modulation has advantages over
peaking because it emphasizes transitions by modifying scanning-
speed without a corresponding increase in beam current, as
compared to luminance peaking, which increases noise amplitudes
and which, because it modifies beam intensity, may undesirably
35 increase beam spot. _
Picture sharpness may be manually controlled by controlling
luminance peaking amplitude and the degree of edge replacement
. iprovided. " In this situation,; scan velocity modulation can work at
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gonpl.enment other techni ques such as edge replacenent and 3 0 | um nance
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manner which is coordinated with edge replacement processing
and luminance signal peaking, such that scan velocity modulation .
15 does not defeat full user control of picture sharpness adjustment.
In an inventive arrangement, a scan velocity modulation
circuit is responsive to a video signal for modulating the scanning
of an electron beam in a picture tube in accordance with the video
content of the video signal. A video processing stage is also
20 responsive to the video signal and modulates the intensity of the
electron beam. A control circuit varies the amount of electron
beam intensity modulation and the amount of electron beam
scanning modulation.
FIGURE 1 is a block diagram, functionally illustrating an
25 embodiment of an inventive scan velocity modulation circuit with
sharpness control. ' _
FIGURE 2 is a schematic diagram showing a particular
execution of the circuit according to FIGURE 1.
FIGURE 3 is a plot of scan velocity modulation amplitude and
30 edge replacement/peaking amphtude as a function of user
selected sharpness.
In FIGURE 1,.a cathode ray tube or picture tube 32 of a
television receiver, :video terminal or the like, is responsive to a
luminance signal Y that controls the beam intensity drive, RGB,
35 produced by a video driver circuit 34. To increase display
sharpness, the television receiver circuits include a scan velocity',
modulation section 36, an edge replacement processor 38 and a
luminance - peaking.-circuit 42, ‘



-ln an inventive arrangenent, a scan velocity nodul ati on circuit is
responsive to a video signal for nodulating the scanning of an

el ectron beamin a picture tube in accordance with the video cont ent
of the video signal. A video processi@p stage is also 20 responsive to the
vi deo signal and nodul ates the intensity of the el ection beam A
control circuit varies the amount of el ectron beamintensity

nodul ation and th t ianS3@N N '
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ark or dark to light. Picture sharpness is increased by causing
the beam to pass more slowly than nominal, or even briefly to
dwell, on the brighter side of a luminance transition, and to pass

15 more quickly than nominal on the darker side of the transition.

Luminance signal Y also is processed with respect to the

video drive of the electron gun in picture tube 32. Sharpness
control in the video processing path provides control of beam
current intensity, as opposed to the movement of the beam across

20 the screen in the scan velocity modulation path. Edge
replacement processor 38 is operable to adjust the contour of
luminance signal Y to provide an enhanced luminance signal YE,
by means of edge switching functions. Luminance signal YE is
then coupled to luminance peaking circuit 42, which further

25 adjusts the contour of the luminance signal during horizontal
scanning. This provides additional, enhanced sharpness by
introducing preshoots and overshoots to the luminance signal at
signal transitions. The resulting edge corrected and peaked
output signal YPE is coupled to video driver 34 to produce, in

30 conjunction with chroma information, the RGB drive signal for
picture tube 32.

According to an inventive feature, as shown in FIGURE 1, the

amount of scan velocity modulation is reduced as a function of a
user's selection of a sharpness level. The user input may be

35 generated by a manual, user control stage 45, such as an infrared
signalling device that interacts with an infrared receiver, not
shown in FIGURE 1. User control 45 is coupled via a signal line 24
to a microprocessor controller 47, which also controls other



drivi‘ng a scan velocity nodul ation (SVM device 56, such as an 5
-auxiliary deflection coil nounted on picture tube 32, or auxiliary
el ectrostatic deflection plates, not shown. Raster scanni ng on the

screen of picture tube 32 is acconplished by nounting horizontal and
vertical deflection coils in a deflectdon yoke 58 against the neck and
funnel of the picture tube. 10 The derivative dY/dt of |um nance
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control 45 'Saﬁ Oulﬂp%g p\ﬁl'naz"i1 3t Q/ngéolﬁr%egsﬂbr 62, and is coupled to a scan
velocity modulation driver 37 that produces drive current to scan

20 velocity modulation coil 56 on picture tube 32.

Scan velocity modulation control section 36 is partially
included in video processor 62, where amplifier 54 is internal to
the IC and is part of a scan velocity modulation and control
amplifier which receives the differentiated luminance signal at

25 pin 23. The 'output signal VSVM of amplifier 54 at pin 21 is
variably limited, under control of a DC voltage developed at a limit
input pin 22. The effect of limiting output signal VSVM, is to limit
the drive current supplied to SVM coil 56 when the differentiated
luminance signal amplitudes become éxcessive. Advantageously,

30 this limit point is not fixed but is controlled by microprocessor 47
of the television receiver. Furthermore, controlling the point at
which SVM limiting begins is just as effective in controlling
perceived sharpness as controlling the linear gain in the SVM
processing channel.

35 According to an inventive feature, user sharpness input,
provided by manual, user control stage 45, is supplied to
microprocessor 47. Microprocessor 47 then produces DC control
level outputs for edge replacement section 38, luminance peaking



t:0 a mcroprocessor controller 47, which also controls other

4 . selections, such as channel vol unme, color, or tint.

Advant ageousl y, m croprocessor 47 controls scan vel ocity nodul ation
section 36 via a control line 21_ edge repl acenent processor 38 via a
control line 22, and | um nance péaklng circuit 42 via a control .line

23, 5 each as a functlon of the sharpness sel ection established on

si gnal troIIed by, e.g.
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adjustment, and to stay at maximum response when the.

15 sharpness adjustment is greater than a predetermined, e.g.

~° nominal, level of user selected sharpness.

' Limit input pin 22 is coupled to resistors R1 and R2, which
form a voltage divider between ground and a +9V DC supply.

_ When an emitter-follower buffer transistor Q1 is cut-off, the DC

20 voltage, VIt, at limit input pin 22 is set to 4.5 volts. Transistor Ql,
acting as a threshold device, begins to conduct when the voltage at
its base, as established by the voltage across a capacitor C2, falls
below that necessary to forward bias the emitter-base junction,
i.e. at about 3.8 volts in the illustrated embodiment. '

25 Microprocessor 47 controls the voltage on capacitor C2 by coupling
the capacitor to a CNTL output of the microprocessor via a resistor
R7. Microprocessor 47 varies the voltage Vctl at the CNTL output,
based on the amount of user selected sharpness established on
signal line 24 by user control stage 45, shown in FIGURE 2 as an

30 infrared remote control 68 and an infrared receiver 69.

When, the voltage on the base of transistor Q1 is higher than
3.8 volts, the scan velocity modulation control voltage at limit
input pin 22 stays at 4.5 volts, as set by resistors Rl and R2. As
microprocessor 47 reduces the voltage across capacitor C2,

35 transistor Q1 conducts a proportionally higher current, pulling
down the limit pin voltage through resistor R1, and controlling the
limit input over a range that is less than the range of voltage
variation provided by the CNTL output of the microprocessor.
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25 +pin 23. The output signal VSVM of anplifier 54 at pin 21 is
variably limted, under control of a DC voltage devel oped at a limt

i nput pin 22. The effect of limting output signal VSVYM is to limt
the drive current supplied to SYMcoil 56 when the differentiated

| um nance signal anplitudes becone excsive. Advant ageously, 3 0 this
limt point is not fixed but is controlled by m croprocessor 47 of
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vel ocity nodul ation drive acengn
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sharbness” the SO i, 1RSI FoRED BLARY R B BRsBcee o
par anet er for resistors to the CNTL output of microprocessor 47 via a resistor -
R5. A filter capacitor C1 is coupled to edge control input pin 16.
* Microprocessor 47 produces an additional DC control voltage,
15 Vlp, coupled to luminance peaking circuit 42 via control line 23.
When peaking control voltage Vlp is varied over its full range of
sharpness adjustment values, the peaking preshoot and overshoot
output responses track across the entire range.
Sharpness control outputs which control the luminance
20 signal drive to the electron gun are provided by the CNTL output
and the luminance peaking control PEAK output of the
microprocessor, over the full sharpness selection range that is
user controlled. Although scan velocity modulation control is also
supplied by one of these microprocessor control outputs, the
25 action of transistor Q1, conducting only when the control voltage
Vetl falls below a threshold level, produces a fixed maximum scan
velocity modulation drive when user sharpness selections are
between maximum and nominal levels, with decreasing drive
being produced only thereafter. In this way, when the user
30 selects a sharpness below nominal, the tendency of scan velocity
modulation to oppose the user's selection is progressively
decreased. Thus, at some point, when the user desires a softer
picture, the SVM drive is automatically and correspondingly
reduced to prevent the SVM circuit from adversely counteracting
35 picture softness control..
As a specific exdmple of user selected sharpness control of
SVM, edge replacement and luminance peaking, consider an input
Y signal which is a 50 IRE T/2 black-to-white step. When Vctl is



scan- vel ocity nodul ati on, on the other hand, is arranged to vary over
its . full range across a nore |imted range of sharpness adj ust gent
and to stay at nmaxi numresponse when the. 1 5 sharpness adjustnent is

~ greater than a predetermned, e.g. nom nal, |evel of user selected

* shar pness. Limt input pin722 is coupled to resistors Rl and R2,
whi ch forma vol tage divider between ground and a +9V DC supply.

When an emtter-follower buffer transistor is cut-off, the DC 20
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control X%Rla eit Idmt input pin 22 stays at 4.5 volts, as set by
resi stor %ﬁ'{!’ m croprocessor 47 reduces the voI t age across

capacitor C2, 35 Id rc&nﬁrmtprth@l scandvelosity pnoﬂutatimnadﬂiyehbgmmcur rent,
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M Croprocessog .smaller range, between a minimum level of 0.5V ‘and a nominal
15 or intermediate level of 4.5V. Above the 4.5V level, any further
increase in control voltage Vctl produces no significant further
increase in SVM drive current. '



6 Mnimum limting and maxi mum scan velocity nodul ation are
achi eved and mai ntai ned at and above a nom nal user selected— ——

sharpness, i.e. at and above the m dpoint. Between nori ' L ni mum
sharpness, the limting follows voltage Vctl at the ﬂ’dmimt”lmm'r "
In.contrast, the voltage Ve at edge 8ontrol input pin 1™ ¢ t varies s
‘proportionately with the voltage at the CNTL out put of m cr opr ocessor

47, over the full range of user sel ected sharpness. To produce this
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accordance with said control signal.

2. A circuit according to Claim 1 characterized in -
that said control signal comprises a sharpness control signal
representing sharpness of a picture displayed on said picture
tube.

3. A circuit according to Claim 2 characterized in
that said video processing stage contains at least one of a
luminance edge replacement section and a luminance peaking
section (42), said one section being responsive to said sharpness
control signal.

4, A circuit according to Claim 2 characterized in
that said video processing stage contains both a luminance edge
replacement section (38) and a luminance peaking section (42),
both sections being responsive to said sharpness control signal.

5. - A circuit according to Claim 1 characterized in
that said control signal varies the amount of electron beam
scanning modulation in the same sense as it varies the amount of
electron beam intensity modulation. ' '



picture, the SVYMdrive is automaticall y' and correspondi nglLy- reduced to
prevent. the SVMcircuit from adversely counteracting 3 5 p| cture—seft-ness__

control . As a specific exanple of user sel ecte
control of SVM edge repl acenent and | um nance peakl %m; I’,I
I nput Y signal which is a 50 IRB®DT/2 black-to-white stept

7 - made to vary over its full range of MN = 0.5V to MAX = 7.8V, the
edge repl acenent output paranmeter, Tr, varies over its full range,
bet ween 240 nS and 60 nS, where Tr = 10 to 90 percent transition rise

time. Simlarly, when ¥ctl ig dﬁ?éﬂl?%&\é?dl ?h?o FC&Ythsbherziat?lt%rslﬂﬁg'rrlolr‘fg

range, the | nance peakl n ar ame

full range bﬂ'{%eé?i' ll%@ﬁa\im SpQver a Frsbr@é’iﬁ&of’ﬁ\‘?‘ﬂ@?cent of
transition a_(rMIN-MAX)anﬂlhednevdmyimg\anme amcgump@fﬁkggmmﬁ mﬁam)armarnmyh Gs,
vari es over . t
in percent quSdr M’ lt6b@m?$¢%ﬁjéMH\P§[-fWﬁPl I&[%e#ﬁé??yt \ée;zago

vel ocity noduabmsoralt!i |saed conteok signal varigsitovsar antange géevaliesm a zero
current | evetmaifeN) MTNa 1N@MINALP%Knt9{|86ﬁIFstC'r'5ﬁ twﬁ@rYe\Lar%‘@)th‘@”e”

Vctl is made to varé smal | er rang& | evel of
0.5V and a nBmapat fSCICGFOi"ntb@F‘Hboﬁcéf‘a”}ge\}B Blratwrwve;\b%e '{‘Ilueraf!‘@v’

I evel, any further increase in control voltage Vctl produces no

significant further 7. ' "A Gréuit nac%\é% Yoe EHifCY! characterized ‘in
that said control means includes a threshold circuit (Q1)
responsive to said control signal for supplying an input signal
(VIt) to said scan modulating means, a threshold level produced
by said threshold circuit, establishing said smaller range of values.

8. A circuit according to Claim 1 characterized in
that said control signal comprises a sharpness control signal
representing sharpness of a picture displayed on said picture
tube, said sharpness control signal reducing the sharpness
produced by said scan modulating means as said control signal
reduces the sharpness produced by said video processing stage.

9. A circuit according to Claim 8 characterized in
that said sharpness control signal varies from maximum
sharpness control to minimum sharpness control for
correspondingly varying the sharpness produced by said video
processing stage from maximum to minimum, whereas said
sharpness control signal varies from a point intermediate of
maximum and minimum sharpness control for varying the
sharpness produced by said scan modulating means from
maximum to minimum.

10. A circuit according to Claim 9 characterized in
that said control means includes a threshold circuit (Q1)
responsive to said control signal for supplying an input signal
(V1t) to said scan modulating means only when said sharpness
control signal varies from said point of intermediate sharpness
control to said minimum sharpness control.



8 WHAT IS CLAIMED | S 1. A scan velocity nodul ation circuit
conpri si ng: a picture tube (32); a source of a
vi'deo signal (Y); a video processing stage. LBB._AZ 34}-coupfed
to said source for. nodulating an intensity of an electron

pi cture tube responsive to said vide@ signal; ““IW““
nmeans (36, 56) responsive to said video signal for nDduI g ®
said el ectron beamin accordance with video contéent of said V|deo si gnal ;

a source (45) of a control signal; characterized by control
means (47) coupled to spid Aléﬁeuw&é‘@oﬁamga (3! Wit el difiradiefizERAM at i ng
means for concurrently varyi an anmount O

el.ectron beaméi ensity

nodul ati on phadsaidl egnuel an@PH%occb‘i“BE’é§§| dgmicraprogessorn (4hbunt of

el ectron beggyFe¥ive Nto NB4id! 2ontrol psngdmeﬂbm*gsaaaﬁvecmﬁ pictureit i ng nmeans in
accor dance wbt h_said control signal. : A circuit according
to Claim 15PBEPRrized in that said control si gnal conpri ses a sharpness
control signal representlng shar pness of a picture displayed on said

picture tube. 81r€‘uﬁi 58&5%1%%@ ¢179n ¢ 01 @RirAttetized in

S“F‘L%CESLLé‘igag&at;&?}raéé‘c&%@éég%& BSnCRES 221 (9% P SBIEAK| YEHh VPRGN (42).
sai d one seGiir} BS! §Mdr E5RABSI dENAI varied ahdrwhésls splits into two
. supply signals, the first supply signal (Ve) being supplied to said
video processor stage and the second supply signal (VIt) being
supplied to said scan modulating means.

13. A circuit according to Claim 12 characterized in
that said first supply signal is supplied to an edge replacement
section (38) within said video processor stage.

14. A circuit according to Claim 2 characterized in
that the second supply signal is supplied to said scan modulating
means (36, 56) via a threshold circuit (Q1) for varying the
sharpness produced by said scan modulatihg means over its full
range of values, as said microprocessor output signal varies over a
smaller range of values than the range of output signal values
required to vary the sharpness ~p"roduced by said video processor
stage over its full range of values.

15. A circuit according to Claim 1 characterized in
that said control means varies the amount of electron beam
scanning modulation by varying a point where limiting begins in
said scan modulation means.

16. A scan velocity modulation circuit comprising:

a picture tube (32);

a source of a video signa'l (Y);

scan modulating means (36, 56) responsive to said
video signal for modulating scanning of said electron beam in
accordance with video content of said video signal;



control signal. 4. A circuit according to Caim 2
characterized in that said video processing stage contains both atuomnance
edge repl acement section (38) and a | uninance peaki ng
'sections being responsive to said sharpness control Bm,ml"""ﬁl’”ﬂm
A circuit according to Claim 1 chaddcterized in that sai ¢ cant mol ssi gnal
varies the ampbunt of el ectron beam scanning nodulation in the sane sense as
it varies the anmount of electron beamintensity dul ati on
6. Acircuit accordian§ousce @ o %h‘éﬁ%cﬁ%‘FF?@ 4’95?5%&°&t%nt r ol
si gnal vari §§6rﬁ\lercl@alfa'ciéﬁizé@nﬂ? of values (M N-NAX) when varying the

t of elect b t ti p N SHARP
“TVRX SHARP) of val LeCOnSiRl” B3RS ST oFOURIgHatS st oidfliptifRY edfsr
val ues snal fer \(d\!‘lyl\hg WMuhtt béine aitxonf |h&am reeg@ing emodalation t he
armunt of ehﬁf& gag% rr{BgﬂH% Oﬂle‘aﬁgr tscdofiAnde@RBRh said
: accordi ng to

Acirc ( cterlze in that said-control
rreans i ncl uskarpnessr eomeral sigedht (Q) responsive to said control signal
for supplying an input signal (Mt) to said scan nodul ating neans, a

t hreshold | evel produ Y . . . .
P clefl A circuit according to Claim 16 characterized in
that said control means comprises a microprocessor.



by sai'd threshold circuit, establishing said snmaller range of val ues.
8. A circuit according to Claim 1 characterized in that said contro
signal conprises a sharpness control signal representing sharpness of a
pi.cture displayed on said picture tube, said sharpness control signal
reduci ng the sharpness produced by said scan nodul ati ng neans as said
control signal reduces the sharpness produced by said video processing
st age. 9. Acircuit at@rding to Claim 8 characterized in
"that said sharpness control signal varies from maxi mum sharpness control to

M ni mum shar pness C%%I@STWN?%F mdyggbaw M@guﬂ]@r@ﬁr pness

produced by said vi processi n |me wher eas

sai d sharpness coftrol Agy ﬂﬂ%ﬂ@%@ %ﬁ% ate of maxi mum
and m ni num shar pness control for varying the sharpness produced by said

scan nodul ating neans from nmaxi mumto nini mum 10. A circuit
according to Claim 9 characterized ABStiRgcFai d control rreans i ncludes a
threshold circuit (Ql), responsive to said control si naI supplying an
i nput signal (Mt) to/saMCTOPIACHHRNI SPNATIFR AL O ia}rbl shar pness

control si gae¢ondanices witlpnussai dopoioliedofshianpeesyedekcricahar ﬂﬁmsa)mputrol to
said mni ”“E'ig%*&i"ﬁ”‘éaapﬁé’é‘%% video processor and to a scan velocity
5 modulation circuit for concurrently varying in the same sense the
amount of picture sharpness produced by the scan velocity
modulation circuit and by the video processor.

10
FIGURE 1



11: A'circuit according to Caim | characterized in that said control
means cqQnprises a mcroprocessor (47) responsive to said control signal
representative of picture sharpness,. 1 2. Acircuit
according to Gaim 11 characterized in-that -said mcroprocessor generates .
an out put signal (Vctl) which varies as said control signal varies and
which splits into two supply signals, the first supply signal (Ve) being
supplied to said video processor stage # the second supply S|gnal (Mt)
being supplied to said scan nodul ati ng neans. A circuit
according to daim 12 characterized in that said first supplii ) gnal is
supplied to an edge repl acerg 1g3@ct on (38) within said vide rocessor

st age. © 14, A t atcording CH Rﬁh&ﬁnl 2 cha leri zed in
that the second supply signal is supplied to sai ¢ scan nodplatijng neans
(36, 56) via a threshold circuit (Cﬂ) for varylnn' 5 sq4 prg ed by

e al uds thamn t he
sl] prdduced py

d dul at
ichops ocgasor - oul FEBBE, fnaflbvar | b UMe
range of j’EPLVi ues req

said video pr he over [ il : 1 5.
A circuit accprding ﬁb a381 gi?r cterized infthat said &0 nmeaps
vari es the anpunt of le n sg¢anni ng nDduIJiLon by vpr Hg I nt

where [imtin
scan velocity
(32);

|
begi ng i ﬁf i d s an dulatlo Kkans
on

nodul atf on_chrcujt conprisi VSVM a |ctur3.21tube

dy | f
/ot 36 [ AME SVM
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a source of a video signal (Y); scan nodul ati ng neans (36, 56)
responsive to said video signal for nodul ating scanning of said-electron
beamin accordance with video content of said video signal; i

a source (45) of a user selectable sharpness control signal; characterized
by control neans (47) coupled to said nodul ati ng neans for varying an
anount of electron-beanfscanningvnndulaé%gn produced by said scan
nodul.ati ng means. in accordance with sai har pness control signal

17. Acircuit ' to Claim16 characterized in that said control
means conprikses a m crofrocessor.
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