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1. -7 NON-LINEAR CUSTOMER CO\ITRAST CONTROL FOR

A CO_CR TELEVI SIGN WTH AUTOPI Xr «« ce ¢ <" FTht’siinvehtd onirel ates to
an arrangenent for 5 .cohtroll | ng the- confrast of, bl 8GISSor + ecei ver

or nonitor and, in particul ar, to-Ekrcuitry’ debre 0xt endi 419"t e range of
cust omer contrast control of a television receiver, or nonitor, having

aut omati ¢ contrast W{MWWMRCON’IRASTCONTRO&F@HH n ~
and b gt nose. of a 1 epr AOLOR TELEVISIONTITIEAORKT 3, (0 e th
automatic contrast control to inhibit "white spot blooming" is
described in USP 5, 00%&1 E)n %—til tfetlhﬁ% %/NQM Grrdn! @ES{?M I NCLUDI NG
AUTOVATI C N ST PROCESSIFNG SECT] ONS.

Autorrati.5c cﬁﬁiltl' & & id tﬁ“é’ésm EPERNCT PTagNOBILEH ARd) m

where " pix" nﬁné@la@bttbetiﬁ&m ff@f e;neﬁaitfge the pmgertsts du@&smef det ai | -
eas due to permtting

shar pness | | hI| whi t e

hi gh cont raQP"Fg Hed stﬁgF?é’éE%eTf{r‘%Y‘?fghﬁ mgmtofnﬁ’é’é@ng\hen t he

ZI tgnal tpeakautaﬁattm tudmstheobhmrrcapaﬁmty t hreshol d. . t S

Aut omati ¢ contrast co irc systens is
showmn in FIG 1. For gé gcﬁ rﬂgﬁlsﬁﬁ gyétgﬂggqfﬁg&“"w“ YBOI"[IOHS of a TV
syst enﬁd)aenndtqmaucaﬁyt cnuuaoldmlmmastofam&mghmesmvohta arepaodusebwn i n

FIGURE 1. 2 38°1 For_ c}amﬂ@f%rwg i Gtk &uto}rﬁ‘%‘i&? d&aﬂb?%mbﬁ and’

auxiliary vi respec .vel Yy, €O BI ¢t ure-
i n-picture (@Ilnillbﬂoc‘ﬂhﬁér spotileaming’ Iﬁodémb IléduﬁPaﬁ 83 3%er

g?ptc L?![ g R filed IPENINIC PIDECISYSTEMANCLODING A Mbm‘lggggeB o and
h oni nanceﬁémﬁf%ﬁﬁ%ﬁfé&#ﬁm?&%ﬁéégﬁé SRGIENE™"® ey
&,ﬂ V\ﬂow OUIAmltbﬁ}jaa%ce domrdst)corhkule (ﬁdﬁchgm a@s&%fésgbdcméwi "autopiky ngl S
I C are a L e .orepec e_| 8 %8 ? £ %llon
13r, 13b, aﬁﬁl 18y PHhe! © f ‘ihlfc' g events, loss of g
g?g%a: : ; ﬁsmm'pmsstm tlhgthgﬁt(@hltb) Lm'eab)damsltogrlﬂeorr(xggoawﬁﬂecol ort
o section
(e.qg.,. ?péx%ébm %Lﬁ% gtoggn xi‘l'gb{(;:g(;u gcﬁ%h? i)n g Fivers (e.g.
17r, 17b annmaggs when phmtsugeak m?:@ergnam))below the blooming =
20 thresh_old

Auto:natxc contrast control cn'cmtry used in modern

TV systems is shown in FIG. 1 .For ease of illustration, only those
 portions of a TV system deemed pertinent to a discussion of the
invention are shown in FIGURE 1.

25 Reférring to FIGURE 1, there is shown main and
auxiliary video inputs 1 and 3, respectively, coupled to a picture-
in-picture (PIP) processor S which is also controlled by a receiver

~ control 7. PIP processor 5 provides signals (C and Y) to luminance
circuit 9 and to chrominance circuit 11, The outputs of luminance

30 . and chrominance circuits 9 and 11, respectively, are applied to a
matrix' 10 whose outputs are red (r), blue (b), and green (g) color
signals which are applied to respective inputs of a contrast control
section 13r, 13b, and 13g. The contrast control section (e.g., 13r,
'13b and 13g) is responsive to the red (r), blue (b) and green (g)

35 color signals and its outputs are applied to a brightness control

- section (e.g., 15r, 15b and 15g) whose outputs are coupled via
* drivers (e.g., 17r, 17b and 17g) to a picture tube (e.g. 19).
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2 ' The automatic cont rast_control arrangerrent I ncl udes a
conbi ‘ner circuit 47 for. cLerl Vi ng-a confbicned" Si g I\/h/) -~ from
thé outputs of the brighifness :section. <The conbrn S|«gna cer {i.

SUMY) as used herein and in the clainsrappended hereto is &

representative of t | um nance. co nent he e. The
coﬁbl ned signal (SUNﬁ;)he'l Quigmg ? g) 98&“12% 3%?‘%83{“%‘3 }Pccl f’légag 41
conpri sed cﬁmblmalcu@ainedﬂofoﬂﬁlemvdng a "combimed" asignab@{eughoSE M put i s

fed back f h
L P el B it B 0 pigha i Tyl B a2,
| oop 41 cafiye.j §MM}5ba&s used hereinanst lngthet:@&m%t&wesde ahﬁrcﬁmflﬁer 51

def tspet | 14 f
Iﬁell Qgﬁb?r%‘i) g rcw t&? ﬁﬂgm@%ﬁbﬁémﬁggﬁﬁfo tagr rcrllqﬁﬁlﬁ%l%? of %hg
contrast demagesl The c@@bﬂl‘l@ﬁ W@h?ﬁ Heshem prorgssed Fb@30%ain of the

ContraSt Jaﬁxtog%gtél%uﬁe&l'e Ii%edoaenalpm qmtebt@i- 49eagdrg rast control
sectl on

contrast com éWPFogguW?‘PS %\Wf’iﬁd?i"é%ﬁ‘fgﬁ‘ﬂ g@éff%ryjcgﬂtcﬂlﬁt orer

Contrast csuhtfel iuput @Pminsl Ll@es;faﬂwmmmncontrol Se.ctmmr(d)ar,odabsor 63,

" sl ifﬂ)'nf'eihevi?”d Retios T cetobl Jo8 4 compl g A8 R oo and
blr 13 ?rgtn tnefsdetbhtba'{ @ecomparaﬂoroﬁo and rbuffenpriic m68631 aeldbaomloopu ng
'gorrpl enenté)@gg 23%6&%8 Eh aoutp ut #ﬁhﬁ?ﬂ ﬁ) ggﬂn igl,%lgsﬂil ncI ude

pul ses whi&€h and thel $epus. comtols (tesadn ]éﬁ V\a’} &UHTok he

CUSI OMer ' ;oo AhicH Wet@¥mines tIREIIOSES. 1oapsn aa.;ii@{g%ﬂl\lﬂﬂngagﬂtfrlﬂéstem §d| t 8. ca

herei n as ‘custoner gontr sip s. The g

corrplbﬁenthﬂﬂ"FiS)sePgon }kf-‘rdm?@e & gﬁiﬂeogg &t cﬂ?@?ﬂpFBﬂ@Q&O‘FCEQ and is
Aol 111 er Gor 3 esa%‘“p“-”"pﬁ%t“"h“ﬁﬁ‘? e B e ed Pl se 'si gnal
(ggl\l) and gtébS ﬁlﬁ%’t ﬁﬁt ?l% 535 Iecewcffnﬁppg%gdb'and bgffered gul se
wi dth nodul at ed out pQonprdss esortrol unit. mameludeshat conRBoA gomﬂr;ulml ch are

Fopreoont dBtoBrbBE DB . ey arbAIGBERE dd S | ‘ngag% B iect e

capac? Oor The zma:noqmcemrpﬁlssm used wmcmm@ldmaamu funerors pm@auééd by
anpl i {1 er Va%sa(l% &P &fﬂtfa“s 3nd bn?ﬁtﬁb%%r CgREASheC@BRY 8Pl Lage (Vo) at

node 670
: m1croprocessor 63 and a swuchmg element represented by N63, a
pulse signal (PS) and its logical complement PSN are. generated.
. The pulse signals PS and PSN include pulses which are pulse width
25 modulated (PWM) to represent “the customer's contrast control
settings, also defined and referred to herein as customer control
steps. The signal PSN (which is the logical complement of PS) is
produced at node 29 of microprocessor 63 and is apphed to the
~ input of the buffer amplifier 65.
30 Amplifier 65 is responsive to the pulse width
~-modulated pulse signal (PSN) and produces at its. output node 75
amplified and buffered pulse width modulated output pulses (in
phase with the PS signal) which are then applied to the input of a
low pass filter 67. Filter 67 represented by a series-connected
35 resistor R7 and a shunt-connected capacitor Cl1, filters the pulse
width modulated signals produced by amplifier 65 to: produce a
DC user contrast control voltage (V¢) at node 670 which is applied

to terminal 13.
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I.n the arrangement shown in FIGURE 1, an automatlc beam current

I|mter 52 is also coupled to terni naI,f13ﬁ $8qu tf tapacitor Cl
of 'l ow pass filter 67 i§"share;d'by . c‘ircwts GM%g dé/%l to filter

and store the re‘spective contrbl :5 Moltades generat'ed by.USer‘ contrast
~control unit 60, aut

, ma ~ beam ,current 52 and aut onatic
contrast control unlfn e mangﬁrwsnﬁoﬁmvm %If{lggzﬁg/é P¥¥%Ger oss
capaci t or Yehm Scureat dimiter §2niy o woupled ho ltaﬂnmaiuaB cont roI vol t ages

' ted trol 6 4 For th
ambod nenCansARenily.; a1 AL, % Dlss ek 87418 shassd &% corrent
(DC). cont lcmmnr&(] ob2vahdadk tovdijlter andc stores thendrespective reontrolg gain, and -

th f t t
cont ol vRBHER, WhetaR BY user coftfsd Wl e O alifoiteutn™ (B¢
[ This cor besmncsrrent ligitar™$2 andh antematiepconrashaconmdl aimivi 4k, portions
of the prfﬁfez%%ﬁgl vollegh ng?&f dRYeRed 42Pads @ﬁb’m?la@l F’Bskﬂds"% going. |

As shown cont rast contro autopi x) 41
i ncl udes gopebinagiane fortheo ingividu ﬂetcééﬂép t N ﬁﬁé&ﬁsgeneﬁt@ﬁ’ bﬁe whi t e- goi ng

port.ion Oth%lpﬁﬁf@S§gd 32'pdagqe output 20 - signal SUMWY. The out put
volta of white ngé hecto °d9 coupl ed to cogpaéaator 50. Peak
det edt®r 49 and conpfhithe sEb meHFeSI?R‘F’Hng‘ diS; FSEELadRat he contrast
control v%&n&eu@ mef dixict ocurrent (BC) homemk eomtrol wdtagde t(We)l unmi nance

output ' gelo il 15, inreaBF aRESC Al BRRR ARG TR 10 00

some si gnand, thate d&urd:qsmg f &tedﬁ)ﬁkccbmm;stl control t veltagsmdd ejver whi ch
| h
L0, conc ek SRR e ciBbling gl olrdd? * [Ty LOABHIAT s Lot

adj udtS t hthe ofunther WI@EHOBV&%Q’W'@CQDES poriigngcpbcthe, dprogessade t he

cont r ast t s nanner
The exteng o a%e W ﬁttéligh(ﬁ)(s 8&@3 aré s'iﬁ?gc a refer ence to
curve A of FI GURE 2,AHHNaVa aut ﬁﬂ?“’éﬁ tcé’PFﬁqlia’PmM

 FI GURE 2, (4 )ilmlatﬁ;c(ludwas)peideet&nbﬁswtﬁmﬁm depebis uHe péaksol ts) of

the vi deo QUEI'P wYute-ggmg portion of the processed luminance output :

20 signal SUMY. The output voltage of white peak detector 49 is
coupled. to. comparator 50. "Peak .detector- 49 and comparator 50

. are arranged to decrcase the conmtrast control 'voltage as a function
of the peak amplitude of the luminance output signal when the
peak exceeds a predetermined reference voltage.

25 A problem with the TV system of FIGURE 1 is that, for
some signals, the autopix feedback loop limits the range over
which the contrast control may vary. A drawback of -_this;
limitation is that since .autopix is a relatively new feature, a

. ¢ustomer/user trying to adjust the contrast may believe the TV

30 set is defecuve because the contrast .cannot be made to vary in

the accustomed manner. e -~

The extent of the lumtauon may be better apprecmted
by reference to curve A of FIGURE 2, which shows the SUMY
output at terminal 14. In FIGURE 2, the ordinate (y axis)

35 represents the amplitude (in volts) of the video output voltage
(SUMY) produced at terminal 14 of FIGURE 1, and the abscissa (x
axis) represents the 63 control steps (or settings) available to the
customer/user to mcrease (gomg from step zero to step 63) the
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( SUwWY) _ produced at termnal 14 of FIGURE 1, and the absci ssa (x .axi s)
represent$ the 63 contral steps- (or setti rags) avdi'l-abl‘'e to-the "¢ ° .
custoner/user to i ncrease-/(gm ng forom &t ép” zeJror tae %1:e°p BRI3I6he .

4 contrast. Curve A shows the VI DEO-or” SUW Output for-the ”

condi ti on when the autopi x loop 41 is closed; i.e., there is feedback-
via the feecntrastl odpurve Ar showsr then¥MIDEOt or cSIﬂiM‘EsOuﬁpat rfionathel3.

It is seen u lyi n; o '

custorer s ORISR HACE 3 %ﬁwp%ﬁfdg%?&ém‘fiié@% 1S USRS |

cust onmer covidr éhesf a@ko@@om Itfrem depwinal il to contrast terrhmall d3.the

operation of the autopf xsf&R ﬂbﬁfﬂi Wi m%ﬁtﬁﬁt varies Hﬁg ﬁ?l lity to
ol /'step eo~ou

alter the contrast aboye contr JI W th put
vol t agedbei$§PRBFE W tABpFRSIOMALS ;mt@ veieps. nm!ag range frema zsyet ton

whi ch theorzt.i CH&WcPéﬂVf&eﬁs%mﬁﬁ daﬂﬁdlokte‘iise%ovenﬂ the respdfsé! {sSt 21

may be effegtive I,cant s, ntiqQn-resides, in
part, in th@ %?géﬁgﬁh?lﬁﬂerépOPhefptnhﬁbAgfﬁ E‘T:Fsdé@ﬁ (iHﬁbts the part,
in the userisc abilivy tto akteenthet faenualsualmwl 0611_1\1/:“61 step QUIStwirhr than ﬁ 5
_exerci se cqptyr.as 0 S t he
Tivent on. \ideB°butflt Y¥lmee being held at AppPRimHYaae Suibr o tHES
circuikfy iim a systamewhmhalhepmmnlky epiromdes i forab3t coptrotiusteps, roatlyl i near

control vﬁ hils he contrast control section in a
: T bkS e fRRLY ﬂ'
20 manner o e%(?end tlﬁg rane ove§ which't he user can control the .

contrast of the TV reAgpl nts invention resides, |in Pashr it cthear enmbodi ment,
the TV Sys%&b%ﬁﬁiéﬁ‘eéf Fhe problefi 'Asdused! aebvéeaﬁaogngﬁl t 2 {Rr pgdit ness

cortrol sectio each one o tness control

Q tan

sections h&HGHEIG: §xtend tgﬁdr@lﬁeplﬁ"sefaﬂé‘ ﬁj‘t ?hq HEISEOSE aBf t he
contr &s§ cmewiseswnmt conttedi ng coupled to the inputs of the brightness
comtrol sectron” COLGl ry syHeHEGnBby e bl iebitSa TS 0,15,
- contrast awespongjveneomtrasnt coiitrol vokaegti generativeg ocirpwitsy ofs t he :
o gnal | AR Rty Chedderd abrOugERF A e 43*9412 3o PABF D gnal
i s coupl ed Vl@étawerwhlch 18 tappdiedp 6o sthef contrast icgmtrads sectbor riml asect i on and
the i oyt s nindd}® 1o extend the range over which the user can control the

contrast of the TV receiver. -

In a particular embodiment, the TV system includes a
contrast control section and a brightness control section with each
one of the -contrast and’ brightness control sections having inputs

25 and outputs and with the oufputs of the contrast control section
" being coupled to the inputs of the brightness control section.. Color
signals are applied to the inputs of the contrast control section for
processing the color signals via the contrast and brightness control
. - sections. The outpufs of the brightness .control section are ° '
30 combined for producing a combined signal. A feedback loop
(autopix) respomsive to the combined signal is coupled  between
the outputs of the brightness control section and the inputs of the
contrast control section. The feedback loop functions to limit the
range over which the contrast can vary. User responsive contrast
35 .control voltage circuitry is coupled to the input of the contrast
control section and applies to it a contrast control voltage which is
a non-linear function of the customer control signals for extending

the range over which the user can vary the contrast.
: o ThlsSheetHasBeen Replaced
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.contrast control section. The feedback Ioop functlons to I|mt ‘the

‘range” over which the coQt tast ‘Gan. varyf User respon 8§,§§tt6r ast 3 5
~control: vol tage ci rcuitry is Goup] ed to thé. |np.ut <0 fhe r ast
control section and appl ies to it.a coltrast comnta’ol-Noltage Whith is.

a non-|inear- functlo h metr_coptrol si.gnals for extending

the range over whi ch h% g?gﬁh%g}%tﬁ?vé lik¢. feference

In the accohme}erlgtzdSadﬁngtd i like r ebmpomnEnts; and:har acteristics denote |ike.
conponents; and . I | ock

~diagram of a knovvn l%'isys%se_ﬁfsggﬁ%éheh?a&- SS(E%F?@ggggﬁg&argér wi ng of

t he Vi deo knepmx TH| sxgtem; (SUMY) as a function of customer control

steps or a closed | @MGURE 2! isngaam@m%ogpgpaag?%o mgﬁ %e. ear

mett c di agr am

(corrpensat
of a cont r&ﬂv@gﬁtﬁ%la ?unctx@ rofu CustoReId grRFol sepsforta elosest loep with t he
circuit oflifbf#RAudc€ompensated) and non-lme&' Oﬁe‘iwa%e(g) it a |

3

typi cal pul se width I dglat ed pul se.si na espo to several
cust omer control . 318 a schematic a4‘3I°§'I&5 CARE of the
cont r ast Cmncmnlcmiiddamghh'& 1mxmdmrfohm@1thuﬂi5)m’cu¢@mifrFIGﬂEE for

. the Of fn IP.op | i near _ (unconpensat ed) and non-1|inear (conpensated)
condi t1'ons;” and -FIGURE 5 is a drawi ng of the contrast

 control voltage FIGURE 34t ivoa drawing offea typival opulse ewidthor t he cl osed
“loop line d ar, ons.
oo 1 neSodulEOEEEARt oASpORIY AP SR EBOEH

gener ati ndt8PStuit enbodying the invention and | n particular, to an
aﬁpllfler/fllter 81 esm u 0 nplifier’
65 of gl GURE 1 FIGURE™ {3° er1 ?nbg%a é%%%@ﬁ&ﬁﬁbl vol?%ho t he
appl ikati & 8 Bunghion %Icé’étqmﬂfﬁ §¥5'éﬁ eﬂs@Gn@Pegolﬁ%shm@ént rol pul se

Z ingnal fﬁ:’ﬁsg?f*?“‘“) gahé ngfllmwiélcgcm ?efsxlgatr?el n&‘bﬂhhh&ﬁ% Ieﬁag%de grgt on

out put terninal gﬁmpf g s‘%% é "grﬁﬁ?é?eﬁ&‘ag voliage

pul | -up rasi 8t fnncRiou oofa customer cn‘ontﬂ)lvstaps chiSI‘she scimspdi }mbp/ilmear
(uncompensated) and non-linear (compensated) conditions.

20 FIGURE 3 shows a user contrast control voltage
generating circuit embodying the invention and, in pélrticular to
an amplifier/filter 81 which may be substituted for the buffer
amplifier 65 of FIGURE 1. .

Refemng to FIGURE 3, there is shown the application
25 of a pulse width modulated customer-contrast control pulse signal

(PS) to the gate of a switch N63 for controlling its turn-on and

turn-off and the logmal complement signal (PSN) generated at

output terminal 29 of microprocessor 63 which is conmected via a

pull-up resistor R1 to a source of +5 volts. PSN is applied via

30 resistor R2 to the base of an NPN bipolar transistor Q1 whose
emitter is grounded. - A resistor R4 is Tonnected between the
" collector of Q1 and a node 71 -and a resistor R3 is connected _
between node 71 and a power terminal 17 to which is applied Ve
- volts which may be, for example, a positive 12 volts.

35 A mnonlinear low pass filter 73 is connected between
node 71 and the base of an NPN bipolar transistor Q2 operated as
an. emitter follower. The filter. 73 includes a resistor R8 connected
between node 71 and the base of Q2, a diode D1 havmg its —
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3 0 resistor R2 to the base of an NPN bipolar transistor QL V\hpse
emtter i’s grounded. A resistor.,R4 ist cbnnect e befween he "¢ collector

of- QL and a node 71 and=~4 resjstor R3 §s° co,nneCt el EA 36&7&55%en node 71 and .

a power terminal 17.to which Is applied Vec “eeVoLt's whiceh ‘may be, for
exarrple a positive 12 volts. 3 5 - A nonlinear |ow pass filter
73 i s conrathede beonwsoted to nmtéenlanddwshanbdeecmtnamedxlﬁw il obase

L Toe ot oo RRB RS Sacitor GBS Wgﬁt’ehteb&t‘é (EE5a |l uas
havi ng it ground. T cathode '

connected to node 71 (%ﬂéctap?ﬂe%z)r}g EéHJBetz?ﬁﬁﬁal 17 anafitgz and a

capaC|tor C2 connecte
The cdl | e&maittess 1@0@&@%& éa oumtﬁrnpdm 37 ahdgrqun I§tumemtter i s

connect.ed ehetg&t PU4iBIOr RISETSonnebted BIGeR Wole 75 andpiduid. ! gl St Or R

I S connec

may be of ?Wep§§¥r§e4{9 eéjgls ‘f’ﬂ"‘?‘e?"?@? °f thc Sﬁ“&JFiFP ass ’i:%lﬁhéi ‘é%lb\ev?:/\ggn

node 75 afRIGIURE dstis ceminedted betwdeﬁr rmdel 753md ¢dﬁﬁr£@&:¢ﬁrol°~s i n Fl GURE

ermingt Tl 17 of dhe REFEIC SALH SAOURECE, SoelBtorcRT 0z cn or m nal

13 aild) gr condected betizenn rmdBU Ja,ndarcomrmt controhetcamtingl X heindbr k 41

00 20 g G Rbalirol "C1°E0 BdnLIAY tckth! et FOIREF BRSO
in - per incBIGURE b, Aol eutgutwéthmmutﬂpm ngswork 4173ndi an  now be.

d' Scussedo outpyt, off the beam lﬁﬁiétr ’i:h%%ut ‘52“%&'%}‘06&1 eg:te& MgacgortBi nati on of Rs,

ctions to produce non-l1near direct current (DC) 20
contrast E‘?frﬁt"rﬂﬁ tage (Vc). In the circuit of FIGURE 3, capacitor

CZd; $5 39' at ed f(r]lomt@glef ati G mfPﬂie &%mw\bﬁm Qaﬂn@en% gha][]gjedcz
and/ or I SCnar | rat e en urne 0}
i s char geB3RC ‘?ﬁé %Pl ’é‘%lecﬁ’ﬁbh? 117108 n&AT R’?t%ﬂfkl?gfa is

t ur ned- ondis@ugiestharges via D1 (poled to conduct in 25 the forward

Theretore) & he-char §arke B hebber 75! 6l comini BF'R8) 18 F and e

Therefore, the char
and C2 functmns to produce a non-linear direct current (DC)

20 contrast control voltage (V¢). In the circuit of FIGURE 3, capacitor
- C2 is isolated from C1 (and terminal 13), whereby C2 can be
charged and/or discharged at different rates. When Q1 is fully
turned-off, C2 is charged by the series combination of R3 and RS.
- When QI is turned-on, C2 discharges via D1 (poled to conduct in
25 the forward direction) which shunts R8, and the parallel
 combination of R3 and R4. Therefore, the charging time constant
(Tc) is approximately (R3+R8)(C2) while the discharge time |
constant (Td) is approximately (R3 in parallel with R4) multiplied
‘by (C2). For R3 = 1.8K ohms, R§ = 10K ohms, and R4 = 4.7K ohms,
.30 the series resistance of R3 + R8 is approximately 12K ohms and
the parallel combination of R3 and R4 1§ approximately. 1.3K -ohms.
'Consequently, it is evident that the charging time constant (Tc) is
more than nine (9) times greater than the discharge time constant
(Td). The unequal charge and discharge times of network 73 in
35 FIGURE 3'prbduces the various curves shown in curves B of - -
'FIGURES 2, 4 and 5.
| To better understand the role played by filter 73 note
that in the circuit of- FIGURE 3 (as in FIGURE 1) the user can vary
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(Tc) i.s approximately (R3+R8)(C2) while the di schar,ge tine. - const ant

(Td)“is dpproximtely (R3.in parallel \Mth R4)  fruletd g .by (C2). For
R3 = 1.-8K ohnms, R8 = 10K ohns,- and R4 = 4. 7K ohgs,; %‘QOA ﬁ erl.es -
resistance of R3 + R8 is appI’OXI rrately=12K ohns 'amd”’ - the parallel

nbi nat i f R3 a t 3K tl
o evi dent UTRIEATh e dacseaie) ke COBMESE iR BAoPIGRE  The wasel'y Aatigine (o).
tlh nmes gregu%@mh stéd by sdnarpgedmmlgn%%gaa%lse w;%(gthdhg{duTitedup&maﬁl
-.charge an e r F £es t he

sTRRANESE of e e SR A o THE DS Sigh
. %r Ibfa);J tS e?uqmrdduccdmalt ttgnmxmlezﬁl aﬁedlebynfqrbpmcexsqr reaseethe logi¢adt in the
te Of -
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at term na m cro rocassor are ogical enent _of the

PS signal s éWdeISE PP 5e8 £ AE Vﬂléﬁgeolﬁvf’lwéo ensurgumeer P8y 81. As
shown i n FoBUNB33Andt kit iBfthostep TiH) aoauect cdrrmuo(ldlcs)elevanalf stﬁ‘ﬁdi)@mdl VI ded

0,0, 0L S, 1 o o> Bl ” B4R AT, o,
current (d@p lisvéividedsirtoi 68esgual (incmmbntsu&ath oe&uhstsmecebdanngNGB is fully
t d- t
o bidhe, %H*r%%%'gﬁggﬁuls%t AT Sic e &E?éa‘?ep R The RYE G eat e

t hg{]ht ?'?’Hl) pmmus stepr bM dipd63: eThms, the 6§hlgglhu vej hpulsei yidth e((I‘d'l)Ggul se

W ma

be 1 5 expresse %&?W)%ﬁéméﬁiﬁgapﬁk?ﬁ d durat I on d
whi chli5s eﬁﬁﬁl’estsé TPF pﬁﬂ%/ &r where | TPt ke gnpulseowidtheduration pul se
is high anghléhiis & |@@9FH st TIE witlege PPHS & ithe 18Mgth of tiM@ Yh&'g the

5090 Sl BB L 5 Bl b 1S s lis i) S0 o e
pul se trai Waaping eﬂetlengthe afrrnhndl 13d ferhigh (e. ggrmH)atrefsus éige further
o o1 <4 DU ok RSy 1 B o i 6 Bl G0
train20 ('I'H/’I‘p)(lOO%)] of the pulse train applied to the amphfier/ﬁlter '
' - combination. As further detailed below, the direct current (d.c.)
level of the contrast control voltage is varied by varymar the duty
cycle of the pulse train.
" For. ease of explanation, we shall first ¢xamine the -
25 response of the circuit of FI'GURE_ 3 for two end point conditions.
In the discussion to follow, it is assumed that when PS is "low" or
0", PSN is "high" and of sufficient amplitude to fully turn-on Q1
and that when PS is "high" or logic "1", PSN is "low" or "0" and of
. such an amplitude to fully turn-off Ql. '
30 - 1. First, at step 0, PS is "low" or "0", PSN. is "high" and
- Q1 is on hard. For this condition, the Voltage divider network of
R3 and R4 causes the voltage at node 71 to be approximately
equal to 8.6 volts. The base of Q2 will be less than, but close to,
that voltage and the voltage at the emitter of Q2 (node 75) will be
35 approximately 0.7 volt below the Q2 base voltage. This condition
defines the minimum voltage produced at the emitter of Q2 and

the minimum voltage (vc) produced at output node 670 and , _
/
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For ease of explanation, we shall first exam ne the 29 response of the

circuit of FIGURE 3 for\t)vxo end p-0| nt rcondl ti on's *s.d.é g dirscussion to
follow, it is assuned that vvhen PSis =Iovvc0frr |srh|gh and
of sufficient anplitude to full y t urn-em ~en “ecamd - that WnenfrPS is "high"

Surno3re gpptfgNd Serhiihh 15 yhichns Toprovimftly sl | LY Vel 0! ' Yoy

i s "high" anshown mﬂ[ﬂJBEShérmd Bor this conditi on the vol tage divider

netur Ko o yorrs. I RSB 8%V LA Ol BB PR ”"“ef ’

t hat .vol taé@wanlﬁ‘fﬂemmlageﬂhtlstﬂdl)ed‘ﬂmd-@& @Binceo@ i$)nosi- | be 3 5

ggflrgéss n?tdﬂwa& vaotﬁe mggvebf ag%egaggeuhw@%?téﬁﬁe‘s %gg%@gﬁan of |

mi ni mum ug fopthe gaittes Aolloneer aC!lOﬂ of Q2,

8 zthel vcrta e dﬁfpﬂaaﬁésslkmmhnss vmpwwﬁh% 1%1 [b%gg 9volts
% S

as shown i;n Fl.GU at a

b on S oG AR Bebise sument fnto QP ForoYae Volts; the.
t ur ned- of fvolRigecelr@p acrossnR3 &nd Renm%lb&gassmwal%eb@f Q@ is coupled via -

t he: ie Ny Of n Vcec v Duet the emtter -
ol | chidr - BEERARUBHAG™OF volt, yhSTRy 3" sbliaveceb B sl G BAIF) e

rel ati vel pppreximatedyngl$ volts. fAssuinimgoi VBE idweep ofir apptoximaely?. For
nguﬁgga![ otlg @6\/%&5"0&{% Be/?lvca#mgérogfag O&hé@b??gg?atm{hgebase
of @@ is approxi eY? ts_lasasimwnsmmézia VBRugithp of

appr oxi mapgddimum vo@mFeV(JVMAM‘Q)rVVéMQSX ‘ﬁ‘l‘b ﬁ.edkﬁ ﬂ{Etérﬁftté}f of2 s then

\G/I&p{ QE%W?M 9 vol nmaxi num

S as, s
BQ@DQPRWBP ttPeFeféﬁmfi sldpisand hence at node
670 and aappr@dmmteiyrmmlvol& while theaﬁﬁhhnuﬁﬁtﬁimﬂep (SJMIN Sr Wile the

I gy 0 Moty Y. PEERABNY, o 0hSSies e e
cont r ast comrpblstwpstm be us¢d/cho bm]ryveﬂm adlcmcontrast \O‘:tintmi( &oftage’. 9
2%23? ni‘ﬁt"' ) BB 2 GpinfBhif A8 (o209, o8 RoBRGARRY, Tor e
(D) 20 value (e g - IG 9 volts). As noted above, for the embodiment
shown, it is assumed that increasing the direct current (DC)
contrast control voltage (Vc) corresponds to increasing gain, and
therefore increasing contrast, and that decreasing the DC contrast
* control voltage (Vc) con'esponds to decreasing gain and contrast
25 Also, in contrast to the known circuit of FIGURE 1, in circuits
embodying the invention, the dc confrast control (V¢) is not
increased (decreased) linearly as a function of increasing
(decreasing) steps (settings). :
_ To better appreciate the effect of the mon-linear
"~ 30 compensation provided by the invention, reference is made to the
circuits of FIGURES 1 and 3 and~w the clirves shown in FIGURE 4.
Referring back to the circuit of FIGURE 1, the amplifier 65
functions to charge capacitor C1 with a charging time constant (Tc)
which is nearly equal to the discharging time constant (Td). As a
35 result, in the circuit of FIGURE 1, the pulse signal causes the
- contrast control voltage produced at the emitter of Q2 and across
capacitor Cl to increase linearly as the control settings are
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contrast control vol tage (Vc) corresponds to mcreastng gai.n,. .and

t hereforé increasing contrast,-and that decreas;l ng st he 1 ast

control- vol tage (Vc) coFT/esponds ‘to deereaSI g ¢ ,ga:r;‘ﬁrré“Dggﬁ 25 Al so,
in contrast to the knowdi circait «of FFGURE 1, inccirreuits <" enbodyl ng .

t he i nventi,on, Coptra trol (.Vc not t ncreased

(decreased)mﬂeﬁ’éﬁalg’ gbt gﬁl%ffe_ﬁﬁgﬂéréfaﬁﬁgf??en lopp @PEIatioRy Pfst eps

(setf! ngs). tléleoeucmt of FI(t}URE ﬂ01§)erébghbmoaﬁm ﬂ@ftFIGIQRE]gt of the . g
non-|inear 3 conpepsation proyi de op, reference is nmade

to the circuits OP%®E S e éﬁhﬁgﬂﬁﬁg jc E%Ehfsﬁm BRI GURE

;1 Refoonditionb ¢etbeno thé coutput wft aufo;ﬁkGélRExsl ndtheormmedted | &y fidde
uncti ops t c st a

i ch 122 0l DR SufRE bt ylbAdl, 6 PisEh Ml SRR VeRe,

resul t, invalee cof capprozimareiyrE 9.L ¥a tﬂe dsulfer thiegmeto cassemer heontrol

cont r ast CQp odsewﬁ%)aqs rQQH&e%fa& ‘W“com &101 et 3T AR5 63rd

capaci t or o' ncrease |near Settings are
9 |CN§F%@§édeﬂéﬁﬂ OSNP-GB The resul t of t he open | oop operation of

‘the circuit of FI CURERfdrsins0ubkitd FIGURE 8 rEéﬁJFt‘Eaf‘ in network 73
ci.rcuit of °FI GURE ondi tion

Note that i e for th
Note AL e Eaciing ks camsaits (L) 13 malee dhvch hoaater ghan 12 n'
contrast f@@ﬁdlﬁrgboﬁiwl ; Q{:gdﬂ%taﬂtl S’ﬁd)' | QR sbquéﬂtlm Qhé(tcéﬂ)é‘h loop ch? ue of
approxwrae A €. 7l 0C, i rol 3P
(setting) ¥ tég\?alpﬁg $ ﬁy fL Q afil fih@t G@rd&
cust oner coeadsltostingrease slowly f0r the lovRWaineanf lmstormer FOAIRR 3, recal |

tg?g;t 13? tn ﬁé@%ézgm&gﬁdl SC %r 9 h% w@?aﬁfﬁ’%d? u‘s-gcélr%@duenfspmit he

‘open Ildbp dod to mcrsasagaomoqwkbw edp cpatamer’s) and at

de 670 | f
Control | ConrdleRetting), i s) ot kit bb%oﬁ‘“m'" STRELAY gﬁ e is

small 1 5Thipdsiilys re t%ﬁgﬁfﬁh\g&pwn\gap st oner
control - seigitingswnwierA, txhexspekrﬁdbnlm tﬁzit @ﬁetd‘kﬂnpahmcdl Qmilxn@ﬂaéﬂﬁ‘a
This is illustrated b curve B, of n ur
curve A i € RSSO IPHY o BiASbibe: BOnCHIRPPROAES ClRser) curvep
i ncreddes Moras ¥ duhytibhaof tinereasing ocgstonwiredoftrohesteps qisettings).
Therefore, by making the charging time constant greater than the
discharging time constant (TC > Td) the contrast control voltage
(V¢) produced at the output of the filter 671 and applied to
~ terminal 13 of the contrast control section tends to be less than
25 the value of V¢ produced when Tc¢ is approximately equal to Td.
" The end points of curve A and. curve B are different because of
the additional voltage drop across R8. However, if Q2 were a
much higher gain device, the two end pomts would be much
. closer. : '
" 30 The smaller increments of control voltage (Vc) for the
lower valued control steps geneéfated by ‘the circuit of FIGURE 3
(as compared to the circuit 'of FIGURE 1) effectively reduces the
drive and the gain of the contrast control section 13b, 13g, 13r for
the lower valued customer control steps. Consequently, when the
35 control voltage Vc of curve B of FIGURE 4 is applied to terminal 13
and the feedback loop is closed (i.e., autopix 41 is connected in
circuit) the response of the system is as shown in curve B of
FIGURES.
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20 A as a function of increasing custon;er control, steps (,settrngs)

Therefore, by making the_ghargi ng time constant of _{2[%
di scharging tine constant (TC.> Td) th'e cont rast fon Vb ragé (Ve)

produced at the output of therfilter 671 and appfléd’to “ “fermnal 13

of the contrast contr ny d lﬂgg %ﬁsl ﬁg he al ue of Vc
produced when Tc is a&?gﬁaf P&%& ngvo s 00 V? EEn¥ B nts of _
curve A anFIGURE Bt applisd ftor tamninalc 43s of othe contraSheoathdﬂtsmtndn vol t age

drop across, r??ﬁs W%e hﬁ@%%‘bﬁ a1 is clgi%f'ﬂnﬂ' 8pefatig! ”{lﬂ%\fs iltePe

two end poi

i ncr enent s FHGUBA rbicopspagds (toc the (ﬁﬁlldigon f01' whieh nedadddkantrol steps
gener at2d yynneeted teUtdmiihal I3UYE the RGB(IE eeﬁuhig el U of

" FI GURE 1) ffec v.eI r equges the rive e contrast
contr ol PPB X@&g af lélaﬂ

control -

it eps. Foﬁ&nqeemlof BIG’!l FREhé ﬂl&u-a;eg\tthel pe mek I wne;pfthgijrvedB of FI GURE
is a | edbac oop, .S cl ose
aut opi 5%1%@@%%%@% c*r?iglt 60 eﬁ}ﬂﬁﬁﬁ e’} égﬂgﬁg fo t‘f*@c‘gﬁst é'llhlel S as
shovvn in ceomerdd wbltage indreais- dinearly from step 0 to step 21 and th?n _
E n \Y;

FI GURI':1 91 g?iﬁnmgs )t O%é%ilggg\l& ngc%ﬂﬁpﬁp %géﬁﬁ%&%g%%ﬁ%% X&e& vari es
when the autlopi ool £ontast (thewsto.asurepdd GIRE fsillustrates-ItheRE 5 .
corr espondgided 18opORNIdME b?rtmeﬂw&uwtghéi%bs an‘épnﬂggm&g

I d 1 I d
R S e T o

i lk.ustrat esxﬂ;ﬂﬁ“x@ﬂenﬁtr! ef FIGURE]Q’: conne%t&d ithi efrehdt] tigie ebﬁ&!élt 60 of
nect ed in ta e | ncr.eases

- FIr&U
BN negs':{} f?’8 Feﬁaﬁe§o°¥?’éﬁ‘ ﬂ:n&ehoe’t‘ﬁgql% 8%)%%931211 ftpaﬁ tep 89t he rest of
t he cust on@fhuspiit isl evident fpom( an esxaminatiodlof cadye B nof FIGURE theret o,

cirouit vndR ‘?@E Eontrai ot VOfiage is AW CiespBRly/ B RIS IoeA o 1 or
anplifier eenwbl FstquEoner Wi ranghevhich expends fromf stepe0 06 & GRIRE 3

connect ed ?i@gc guit, the control 1 5 voltage varies over -a range
ext endi ng m ste 0 step 49. Thus, it is evident from an

t
exam 3;9[ i on of Curve%fgf tﬁﬂ&) EGURE 2 Wthh ShOWS the response of
the video output voltage (the SUMY " signal at terminal 14), which

is indicative of the video output, as a function of the customer
control steps (settings). - As discussed above, for the known
. combination of amplifier 65 and filter 67, the customer control is
25 limited to the first 21 steps (settings). In contrast, for the
amplifiex/filter 81 of the invention in combination with filter 67
producing the responses shown in curve B of FIGURES 4 and 5,
customer control exists over a range extending from step 0 to step
_ 42. Thus, non-linearizing the control voltage applied to terminal
30 13 as a function of customer control steps as shown in curves B of
FIGURES 4 and 3, results in the-SUMY Butput response shown in
curve B of FIGURE 2. Consequently, in circuits and systems
embodying the invention, the luminance is made to be coatrolled
over a range of 42 customer control steps, whereby the contrast
35 control has been expanded over a much wider range than that
available with the linear contrast control circuit of FIGURE 1.
In FIGURE 3, the non-linearization of the contrast
control voltage (Vc) was achieved by inserting a network 81
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,that the contrast control voltage is now responsiye. to custonmer

control steps over a r‘~a.nge whi ch ext ends. from’st Epx@Al cg@i,yjseast . step:
-49. 20 _ Ref er back :to FIBURE 2 ‘Wi ch shows the T esponse of .
the vi deo output voltage (the SUMY styhal "at ‘térfmhal 14)°" which is

i ndi cati veybrisea wEdgs o gmu bhILRNIO) bR R  control

steps (settl di,scussed aboy for the conbl ation of
anplifi erS}BBlg &f @P@Clé‘ﬁ tthat (,ﬂ,usstl@’fgff E@?ﬁqﬁ oq:oqlgnbg Obﬁlﬂﬁﬂeg)’to t he

first 21 gimMindaypiihl “ﬂié pulse GofithasE . mfeozzléae s1gna1 am'tfuhehbhl bfer 81 of

t he |nvent|on in co |on with filter I.oduci responses
shown i n CEESE &R ﬁ@?%%@?lymg stBﬁBPhE‘?ﬂ'Fﬁ?f?' %?s over a

rangeslextxefdhhngxgnaim t6 ep Lntar @ 'uglﬁer fﬁtgr cdmbinativin- | i neari zing the
control. vol tage app u omer
control steps as sh Pn&é‘ﬁ/rﬂf gin?e % &;%é%%;@gﬁ%s in the
SUMY out podinr és poarded shywasing . pulse ovidik mOdIUIEtu@JREI-k)WEMQBemJent ly, in
circuits yRL€e y t t u n s made to
be controﬁq‘lrbq%(ﬁl 6 H@Brem%terﬁggﬂzﬁ Wﬁ&@ugy@ér&g% @(Iﬂsét E:oagﬁ‘ %Xr eby the
contrast g yvariashtby| using Bebﬁ satea mareldi rsehmghowmrrhngwnt han that
ava' gt?l thefit.| | ' e 2811 C kiR, czit wictﬁh CHE t:hef idVetn 4s the

RE 3, E zg

e

I n F e no aearl zatl on contr ast on r ol t age

(Vc) was RIS 69@& HEEH (FPTEETH "8’1‘“35‘ control volta sed of an
ampl i fi erwhith ﬂ@rnlndte-unela@wfmmnf oftge duty cycle ehqhbdphReapRieci at ed

that a simlar result could be obtained by. non- Ilnear|2|ng t he pul se
~width of the pulse signal as-a function of custoner control steps and
appl ying the "non-linearized" pulse 5 wdth signals to a linear
anplifier filter. conbination. In the circuit of FIGURE 3,
the duty cycle of the pulse - train is varied by using pulse width
nodul ati on. However, it ' shoul d be appreciated that the duty cycle of
the pul se train nmay be varied by using a bit rate nmultiplier schene or
other known 1 0 arrangenent. 1In all.instances, the teaching of the
invention is the production of a direct current (d.c.) contrast

control vol.tage (Vc) which is a non-linear function of the duty cycle
of the pulse train. - K -
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. CLAIMS,.. cre cere ], A
vi deo signal processing Systemr corrpf,I Sfl Jp [¢ O ‘a_video si gnal  ~
procegsrng—ch‘erﬁﬁe‘l‘_(‘g“m"ll)( for 5 ¢ proc;esstng: We%egcsénm (c,y); .

a contr on (<3r;13g; r1r3bf) -coupl et 0 said” vi deo si gnal
proces ﬁmnmllma iﬂont rolling a contrast paranmeter of said video
si gnal ; a peakMiﬁor (41) coupled to said video
si gnal 1 0 processing channel for detectlng peak vi deo signal |evels that

exceed a threshold | evel and c01r1£ to said contrast contr,o) section

for modifying said dontradtV TOFESSIRG s Y St LOMPTiSNglet ect ed

peak signal Ievels; ahddast grglnalf xb))cessmg channel (9,10,¥tRnfor( 63, 81, 671)
coupl to_said. on% @t cont rol section for receiving a

user - genePEPEES @r@nal (PS) and for nodifying said
contrast paraneter raorcdnm*s'trd:qntml secnoneébimiggﬂcﬁbéacdupw tgesaidt ed

control. Sggf?d fsxg{xﬁl rocessing ch:mxgelI ﬁﬁfh éﬂfgllhg-l% o?irt&%?ss' ng system of

Claim1, characteri ze | near nodifyi-ng nmeans
i ncl udes Rarametsas off saide videw) signakeandar gi ng time constant is not

~equal to its di SCharag iped! Héﬁc%inilﬁ‘tcoupled to said video sx%nafhe vi deo
si gnal, processin s Im2, 25 yr.t her ct ed in that the

charg%g PIoRess g? etectng P?Q*an"lfiﬁe a%&qaiaf@/ieﬁg rﬁqa,t,e constant.

4h ThetVI éﬁébdéd waﬂu@smazsem lsatﬁi eoup l%dilctal Baid contrasi Ltfdrh?dil

characterized in pon-lii near modifying means

a first aMpfH9en e.f.or( I{B‘g‘?ﬁm nﬁ‘gnc?ﬁ%ﬁt fP(?FXIPQ \}pn)éesponses g‘?

user - genedefeeted opealassignaht levelsi’ g:haraciarizbdvbyg an out put;

a.second arrpl i fier Qﬁ@%n%] r‘ggl 391?1 &%%lgade? szﬁﬁt Qhﬁm'ast cox?t?gl 35

whérein said | ow pass 1'87CO bet ween t put of sai d
fir sl Sanpseatiomf qreaneexarmgmensarpmn@rat achiconteassnaontrol signal (

and for modifying said contrast parameter non-linearly in
response to said user-generated control signal.

2, The video signal processing system of Claim I,
20 further characterized in that said non-linear modifying means
includes a low pass filter (73) whose charging time constant is not
equal to its discharging time constant.

: 3. The video signal processing system of Claim 2,
25 further characterized in that . the chargmg time constant is greater
than the dlschargmg time constant.

4, The video s1gnal processing system of Claxm 2,
. further characterized in that said non-linear modifying means
30 includes: : P '
a first amplifier (N63) having an input for receiving
said user-generated contrast control signal and having an 'output;.
- a second amplifier (Q2) having an input and an output;
and o : : | ' '
35 . wheréin said low pass filter is connectéd between the
output of said first amplifying means and the input of saxd second
amplifying means.
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arrpl i fying neans. o e 13
. 5. 'The vi*deo si gnal proc_e$5| ng System,of CI ai m 4r I\.../\ E%H%e

characterized in that said | dw pass ficl ter.incl udes .an RC - _met wor k
(R8, C2). 5 6. The vi déb srgnal Processi ng system of Claim

ey and o oot o e e 0 g R LS

part of tHarthssi characierzedyinsshat aaish 0%@@56 ofiiendngludes aneR&ively | ow

i npedance xf ) olarity of signals. 10- 7. The
vi deo si grﬁ}wg);r ocgssslogg 'Eyst emof Caiml, *  further characterized in
that said non-linear nodifying neans produces a contrpol voltage (Vv4) -

appliegl to said Cont6a8frheooidea sign ﬁx%bs.ﬁﬁ | SydtemPepsClaim 33 d

user - gener trast C trol . The
vi deo si Q@F%&r §§ar°ﬁ‘§“-§9€ %aéﬁ& n&é net °f¥u%'i°rlié¢e%r%r%?élsé9¥ zed in
t hat. sai d (R®) raa&nsrapad1mmc2ashndomtdmue (D1) a:ommebtddPSa‘.rosschudes pul se

i oL G it oy, Ul B, R 10,

TL is therthatindlyofowi ampedance shynil fer ioner glodavivel of ségmalsve, and TP is

equalléo TH plus TL; and wherein the anplitude of said control voltage
i's a non-linear function of TH TP. 25 :
. 7. The video signal processing system of Claim 1,

further characterized in that said non-linear modifying means

produces a conwrol voltage (V4) applied 10 said contrast control
i section in response to said user-generated contrast control signal
15 (PS). '

8. The video signal processing system of Claim 7,
further characterized in that said user-generated contrast control
signal (PS) includes pulse width modulated rectangular pulses

20 - whose duty cycle is defined as TH/TP where TH is the length of

' time the pulse is relatively positive, TL is the length of time the
pulse is relatively negative, and TP is equal to TH plus TL; and
wherein the amplitude of said control voltage is a non-lmear ,

_ fuucnon of TH/'I‘P C _ | .
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