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An embodiment of the present invention pro- vides signal transition
enhancement circuitry with This invention relates to circuitry for signal
reduced delay in the signal path. transition improvement which is useful,
for exam-      The present signal transition enhancement cir- the for
enhancing chrominance signals in a color   5   cuitry includes a delay
circuit to which the signal is television receiver.
applied. The delay circuit has a plurality of output Signal transition
enhancement circuitry for use  terminals at which signals delayed by
different time in color television signal processing apparatus is  periods
are provided. The delayed signals are known from, for example, U.S. Patent
US-A-         coupled to multiplexing circuitry, the output termi-
4,553,042 and the article by Hartmut Harlos,  io  nal of which provides the
enhanced signal. The "Picture Signal Improvement In Colour TV Receiv-
multiplexer is conditioned by a transition detection ers", published in the
IEEE Transactions on Con-   signal, to couple input samples from the delay
sumer Electronics, Vol. CE-31, No. 3, August 1985.  circuit to its output
terminal in a predetermined The Harlos article describes an analog
processing  sequence. Nominally, when no signal transitions approach to
transition enhancement and U.S. Pat-  15  occur, the multiplexer is
conditioned to couple an ent US-A-4,553,042 describes primarily a digital
intermediate one of the plurality of output terminals approach to
transition enhancement. In both sys-   to its output terminal. tems, signal
transitions having slopes greater than    An embodiment of the present
invention, given a predetermined value are detected. Responsive to    by
way of example, will now be described with the detected transitions,
circuitry is employed to  20  reference to the accompanying drawings, in
which: hold the initial amplitude value of the transition for  FIGURE 1 is
a block diagram of a signal transi- substantially the duration of the
transition and      tion enhancement apparatus embodying the thereafter the
final value of the signal transition is  present invention; and coupled to
the signal output device. The transition   FIGURE 2 is a time versus
amplitude waveform is shortened to the time required to switch between   25
drawing useful in describing Figure 1. the initial and final values of the
transition, which  This invention may be realized in either analog time is
typically much shorter than the original   or digital form with the
appropriate choice of delay transition time. The Harlos system accomplishes
and multiplexer elements. Thus, the interconnec- this function by
incorporating a series switch in the  tions may be single conductors (for
the case of signal path followed by a storage capacitor having   30  analog
circuitry) or multiple conductor busses (for one terminal coupled to a
point of fixed potential.  the case of parallel bit digital circuitry).
Depending The series switch is maintained closed until a tran-  upon the
choice of circuit elements, additional sition is detected, at which time
the switch is    compensating delay elements may be required be- opened.
The value of the signal at the beginning of  tween certain circuit
elements; however, one skilled the transition is stored on the capacitor
and output  35  in the art of circuit design will readily be able to to
further processing circuitry. A predetermined   include such elements. time
after the switch is opened it is returned to the  Consider a color
television system. In such a closed condition to couple the incoming signal
to    system, two signals, a luminance signal and a the capacitor and the
further processing circuitry.  chrominance signal, are generated and
processed. In US Patent US-A-4,553,042, input signal, re-  40   Both of
these signals are derived from red, green presented by, for example, binary
samples, is ap-  and blue image information signals from, for exam- plied
to a serial shift register. Responsive to the  ple, a color TV camera. The
chrominance signal is detection of a signal transition, samples are routed
a combination of two color difference signals that around ones of the shift
register stages to effec-  are ultimately separated and processed in a TV
tively eliminate samples representing the transition   45  receiver. The
luminance and chrominance compo- per se. The eliminated samples are
replaced with   nents being derived from the same signals original- samples
representing the end points of the transi-  ly have like bandwidths.
However, because the eye tion so that the output of the shift register de-
is less sensitive to color than it is to luminance, the velopes the signal
transition in one sample period  chrominance information is band limited in
order which is substantially faster than the original transi-  50  that
color video signals can be transmitted in the tion time.
same channel frequency space as black and white A disadvantage of both of
the aforedescribed    video signals, that is in order to be backwards
systems is that they tend to delay the point in time  compatible with black
and white broadcast signals. that the transition occurs. A TV receiver that
has     Band limiting the chrominance signal tends to such circuitry
incorporated in the chrominance sig-  55  lengthen its high frequency
signal transitions rela- nal path must include compensating delay circuitry
tive to corresponding transitions in the luminance in its luminance signal
path to account for the    signal. This mismatch of transitions between lu-
additional chrominance signal delay.               minance and chrominance
signals tends to blur 
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reproduced images and/or to produce      is greater or lesser than that
illustrated in waveform incorrect colors along edges of the reproduced
A, the enhanced transition may occur subsequent images. Thus, it is
desirable to enhance chromin-  and prior to the midway point respectively.
Nomi- ance signal transitions that have been stretched by  nally, the
displacement will occur within one sam- band limiting the signal.
Typically, the transition   5   ple period of the midpoint if the system
compo- enhancement is  performed  on  demodulated        nents are selected
to accommodate the average baseband color difference signal chrominance
sig-  amplitude/duration of the band limited transitions. nal components.
In FIGURE 2, waveform C represents the en- Referring to FIGURE 2, waveform
A is intended  hanced signal transition corresponding to waveform to
represent a signal transition that has undergone   10  A. Waveform C is
produced by holding the value of band limiting. Signal transitions having a
slope less  sample S0 (time = 70 ns) for four sample periods than the slope
of waveform A are considered to    and then advancing the value at sample
S9 (t = generally be unaffected by band limiting. Signal  700 ns) by four
sample periods and holding this transitions originally having slopes
greater than  value for four sample periods at which time the waveform A
are considered to be band limited to a   15  system outputs the incoming
signal unaltered. slope approximating the slope of waveform A. If the
Referring to FIGURE 1, the signal which is signal is sampled at a rate of
four times the color  subject to transition enhancement is applied at
subcarrier frequency (sample periods of 70 ns for  terminal 10. In a TV
receiver, for example, this NTSC signals) the fastest possible,
non-band-limit-  signal may be one of the color difference signals ed
transition is represented by waveform B. Thus,  20  derived from a
chrominance signal demodulator. waveform A may, to a coarse approximation,
repre-  The input signal is coupled to a shift register in- sent any
transition having a slope falling between  cluding the cascade connected
delay stages 12a- waveform B and waveform A.                        12h.
The input signal is presumed to be a pulse The transition enhancement
circuit to be de-   code modulated digital signal occurring at a sam-
scribed will locate the enhanced transition at ap-  25  ple rate of four
times the color subcarrier, thus, the proximately the midway point of the
transition of  delay stages may be realized with, e.g. parallel bit,
waveform A. If waveform A is a band limited repre-  binary latches, which
latches are clocked synchro- sentation of waveform B, then the enhanced
transi-  nously with the input sample rate. If the input signal tion is
displaced by the interval [err] It will be readily  were an analog signal,
the shift register may be appreciated that to match luminance transitions
30  preceded with a sample-and-hold circuit, and the with corresponding
enhanced chrominance transi-   shift register may be realized with charge
transfer tions, the luminance signal should be delayed by  devices (CTD's).
the displacement interval. Since the displacement     In the illustrative
embodiment, each delay interval varies, the luminance delay may be se-
stage delays the applied signal by one sample lected to equal the mean
value of the possible  35  period [err] Signal samples are accessed at
output displacement intervals, i.e. approximately 140 ns  taps OT1 - OT9
located at the input to the first delay for the illustrative example. If
corresponding lu-  stage and at the output of all of the delay stages.
minance transition slopes are detected, it is possi-  The nine output taps
OT1-OT9 are coupled to a ble, with variable delay lines, to make the com-
nine-to-one multiplexer 16. Multiplexer 16, respon- pensating luminance
delay period substantially  40  sive to control input signals from counter
20, selec- equal to the displacement interval, at least to within  tively
couples the samples provided from output one-half of one sample interval.
Note in the illustra-  taps OT1 -OT9 to its output connection 17. tive
example the chrominance channel is arbitrarily  The input signal at
connection 10 is also ap- assumed to be band limited to approximately 650
plied to a signal transition detector 14 which may kHz (measured between
the 10% to 90% points).    45  be similar to the transition detectors
described in Those persons skilled in the art of video signal  the
aforementioned references. Transition detector processing will appreciate
that R-Y and B-Y color  14 provides an output signal upon the detection of
difference signals are band limited to approximate-  a signal transition
having a slope of magnitude ly 500 kHz and that wideband I color difference
greater than a predetermined value. The output signals are band limited to
approximately 1.3 MHz.  50  signal from the transition detector is applied
to the Thus, depending on the actual bandwidth of the    set input of the
set-reset flip-flop 22. Flip-flop 22 signals being processed, the number of
sample     responsive to the output signal from the transition delays used
in the transistion enhancement appara-  detector enables AND gate 24 to
pass a clocking tus must be selected accordingly. In addition, the  signal,
CLOCK, to a clock input, CK, of counter 20. 



enhanced transition will occur midway between the   55  The signal CLOCK
provides pulses synchro- actual transition only for transitions having the
nous with the occurrence of input samples at input amplitude/duration
illustrated in Figure 2 (waveform  10. The clock pulses may occur at the
sample rate A). If the amplitude/duration of the actual transition  or a
multiple or submultiple of the sample rate 3    5                 EP 0 278
708 B1                   6 depending upon the particular application.
Respon-  tap are provided to the output 17. sive to the signal CLOCK,
counter 20 also provides   When the enhanced signal transition occurs a
reset signal after counting nine clock pulses,  across one sample period of
a four times subcar- which reset signal is applied to the reset input, R,
rier sample rate, the transition is faster than the of flip-flop 22.
Responsive to the reset signal, flip-   5   bandwidth of a TV receiver
system allows. There- flop 22 disables the AND gate 24 inhibiting counter
fore, it may be desirable to include a low-pass filter 20 until the
occurrence of the next detected signal  18 in the signal output path.
Alternatively, the coun- transition.
ter 20 may be arranged to substitute the count Counter 20 is arranged to
count from 0-8 and   value of 0 for the count value 5 during the counting
resets to 0 concurrently with AND gate 24 being   10  sequence, and then
continue the count from 6-8 in disabled. Multiplexer 16 is responsive to
the count  normal fashion. In this instance, the output signal, values
provided by counter 20 to couple its cor-  during a transition, would
consist of five samples of responding input terminals 0-8 to its output
termi-  the initial value of the transition, the sample value nal 17.
Consequently multiplexer 16, in the ab-   of the midpoint of the transition
and four samples sence of detected signal transitions, couples the   15  of
the end value of the transition. The enhanced center tap, CT, of the shift
register to the output  transition would now  occur over two sample
terminal 17. When a transition is detected and    periods, and have lesser
bandwidth than the transi- counter 20 sequences through the count values 0-
tion enhanced over one sample period. 8, multiplexer 16 sequentially
couples its corre-      Another alternative arrangement which simpli-
sponding input terminals 0-8 (and back to 0) to its  20  fies the circuitry
is to substitute a five-to-one mul- output connection. Thus, when a
transition is de-  tiplexer for multiplexer 16. In this instance, output
tected, the sequence of samples applied to output  taps OT1, OT3, CT, OT7
and OT9 would be coup- terminal 17 are accessed from taps CT, OT6, OT7,
led to the five multiplexer input terminals 3, 4, 0, 1 OT8, OT9, OT1, OT2
OT3 and OT4 in the recited     and 2 respectively. Counter 20 in this
instance order.                                       25  would be a modulo
5 counter arranged to count The system is arranged with sufficient delay in
clock pulses occurring at one-half the sample rate. the transition
detection circuitry such that counter  The output samples before the
enhanced transition 20 does not start sequencing through its count    would
switch between the value of samples S0 and values until the beginning of
the signal transition is  S1 and the output samples after the enhanced
available at the center tap, CT, of the shift register.  30  transition
would switch between the value of sam- Successively accessing samples from
taps CT,      ple S9 and the next successive sample value. This OT6, OT7,
OT8, OT9, at the sample rate cor-       modulation of the output signal,
which is undesira- responds to sampling the same sample value for    ble,
is substantially eliminated by the low-pass filter five sample periods or
holding the initial value for  18. five sample intervals. Effectively, the
sample occur-   35  The circuitry of the illustrative example is de- ring
at time 70 ns is held until time 350 ns in   signed to enhance transitions
of signal frequency FIGURE 2. After accessing tap OT9, multiplexer 16  band
limited to approximately 650 kHz. For signals switches to tap OT1.
which are band limited to lower or higher fre- When multiplexer 16 accesses
the sample at     quencies more or less shift register stages will be tap
OT9 the entire signal transition is resident in  40  required respectively.
The size of the multiplexer the shift register. The samples designated
S0-S8 in  and counter will be changed accordingly. FIGURE 1 are available
at taps OT9, OT8, OT7,        It is contemplated that variations on the
system OT6, CT, OT4, OT3, OT2 and OT1, respectively.     may readily be
implemented without straying from During the sample period after the
multiplexer ac-  the invention. For example, a transition detector cesses
tap OT9, all sample values are shifted right-  45  may be utilized which
calculates the duration of ward in the register and concurrently
multiplexer 16  each transition and programs the multiplexer to accesses
the sample at tap OT1. At this time, the  sequence the delayed samples such
that the en- sample designated S9 in FIGURE 2 is available at  hanced
transition always occurs at the midpoint of tap OT1. During the subsequent
four clock cycles  the band limited transition. In addition, in the envi-
(sample periods) the sample S9 is shifted through   50  ronment of a TV
receiver, the transition detector 



delay stages 12a-12d and multiplexer 16 succes-   may be designed to
respond to signal transitions in sively accesses, at the sample rate, taps
OT2,    both the chrominance channel and the luminance OT3, OT4 and CT. The
sample designated S9,        channel. Further, in the context of video
signal which corresponds to the end point of the signal  processing, the
invention may be implemented to transition is thus output for five sample
periods. At  55  enhance luminance transitions in, for example, a this time
the counter automatically resets inhibiting  video cassette recorder. the
scanning action of the multiplexer and the successive signal samples
occurring at the center 4    7                 EP 0 278 708 B1
8 Claims                                                 one to n, and the
signal delay provided by successively numbered ones of the parallel 1. A
signal transition enhancement apparatus           outputs increases in
equal increments, one of comprising:
said ordinally numbered outputs having a num- a source of signal;
5       ber closest to the value (n + 1)/2 is coupled by a signal input
terminal coupled to said         said multiplexer to said signal output
terminal source of signal                                   in the absence
of said control signal. a signal output terminal; a signal transition
detector (14), coupled to  6. The apparatus set forth in Claim 5 wherein
said source of signal, for generating a control  10  said multiplexer,
responsive to the values gen- signal on the occurrence of signal
transitions;    erated by said counter, couples the n parallel
characterized by:                                  outputs to said signal
output terminal in the signal delay means (12a-12h) coupled to
order of: said output numbered closest to the said signal input terminal,
having a plurality of  value (n + 1)/2, to successively increasing out-
output terminals (OT1-OT9,CT) wherein a dif-  is   put numbers up to n,
then to the output num- ferent signal delay is provided between said
bered one, followed by successively increasing input terminal and each of
said plurality of       output numbers up to and including said out- output
terminals;                                  put numbered closest to the
value (n + 1)/2. multiplexing means (16,20), coupled to said plurality of
output terminals and respon-  20  7. The apparatus set forth in any one of
the sive to said control signal, for selectively cou-  preceding claims
wherein said multiplexing pling, in a predetermined sequence, ones of
means includes a low-pass filter (18) coupled said plurality of output
terminals to said signal  between said multiplexer and said signal out-
output terminal, and in the absence of said        put terminal. control
signal coupling an intermediate one   25 (CT) of said plurality of output
terminals to said  PatentansprUche signal output terminal, said
intermediate one of said plurality of output terminals providing a  1.
Schaltung zur Verbesserung des Signalaber- signal delay, less than the
greatest signal de-    gangs, umfassend: lay and more than the least signal
delay pro-  30      eine Signalquelle; vided by said ones of said plurality
of output         eine mit der Signalquelle verbundene terminals.
Signal-Eingangsklemme; eine Signal-Ausgangsklemme; 2. The apparatus set
forth in Claim 1 wherein             einen Signallbergangs-Detektor (14)
der said delay means includes a serial-input-  35      mit der Signalquelle
verbunden ist, um beim parallel-output shift register.
Auftreten von SignalUbergingen ein Steuersi- gnal zu erzeugen,
gekennzeichnet durch: 3. The apparatus set forth in Claim 2 wherein
mit der Signal-Eingangsklemme verbunde- said multiplexing means includes a
multiplexer     ne Signalverzdgerungsmittel (12a bis 12h), die (16) for
selectively coupling ones of the par-  40  eine Vielzahl von
Ausgangsklemmen (OT1 bis allel outputs of said shift register to said
signal  OT9, CT) haben, wobei eine unterschiedliche output terminal; and
Signalverzbgerung zwischen der Eingangs- a counter (20) responsive to said
control       klemme und jeder der Vielzahl von Ausgangs- signal for
generating a predetermined se-          klemmen vorgesehen ist; quence of
values at a predetermined rate, said  45     Multiplexmittel (16, 20) die
mit der Vielzahl sequence of values being applied to said mul-      von
Ausgangsklemmen verbunden sind und 



tiplexer for determining the sequence that said    auf das Steuersignal
ansprechen, um wahlwei- parallel outputs are coupled to said signal out-
se in einer vorgegebenen Folge gewisse Aus- put terminal.
gangsklemmen aus der Vielzahl mit der Signal- 50      Ausgangsklemme zu
verbinden und bei fehien- 4. The apparatus set forth in Claim 3 wherein n
dem  Steuersignal eine dazwischenliegenden parallel outputs, n, being an
integer, are con-    Ausgangsklemme (CT) aus der Vielzahl mit der nected
from said shift register to said mul-       Signal-Ausgangsklemme zu
verbinden, wobel tiplexer and said counter is a modulo n coun-      die
dazwischenliegende Ausgangsklemme aus ter.
55       der VieIzahl eine Signalverzdgerung vorsieht, die kleiner als die
grolte Signalverzdgerung 5. The apparatus set forth in Claim 4 wherein
und grofer als die kleinste Signalverzbgerung said n parallel outputs are
ordinally numbered,    ist, die durch die gewissen Ausgangsklemmen    9
EP 0 287 708 B1                        10 aus der Vielzahl vorgesehen wird.
Revendications 2. Schaltung nach Anspruch 1 , bei der die Ver-    1.
Dispositif d'amelioration de la transition d'un zdgerungsmittel ein
Reihen-Eingangs-Parallel-      signal comprenant: Ausgangs-Schieberegister
enthalten.           5           une source de signal; une borne d'entree
de signal reliee a ladite 3. Schaltung nach Anspruch 2, bei der die Multi-
source de signal; plexmittel einen Multiplexer (16) zur wahlwei-
une borne de sortie de signal: sen Verbindung eines der parallelen Ausgange
un d~tecteur (14) de transition de signal, des Schieberegisters mit der
Eingangsklemme   10   relie a ladite source de signal, generant un sowie
signal de commande a l'apparition des transi- einen Zahler (20) enthalten,
der auf das        tions de signal, caract~ris4 en ce que: Steuersignal
anspricht, urn eine vorgegebene           des moyens (12a-12h) de
retardement de Folge von Werten mit einer vorgegebenen            signal
relifs a ladite borne d'entr~e de signal, Rate zu erzeugen, wobei die Folge
der Werte  15    ayant une pluralite de bornes de sortie (OT1- dem
Multiplexer zugefUhrt wird, um die Folge       OT9, CT) dans lesquelles un
retard de signal zu bestimmen, mit der die parallelen Ausgan-
different est fourni entre ladite borne d'entr~e go mit der
Signal-Ausgangsklemme verbunden         et chacune des bornes de la
pluralitM de bor- werden.                                             nes
de sortie; 20          des moyens (16, 20) de multiplexage, re- 4.
Schaltung nach Anspruch 3, bei der n parallele     lies & la pluralit4 de
bornes de sortie agissant Ausg~nge des Schieberegisters mit dem Multi-
en rdponse audit signal de commando, afin de plexer verbunden sind, wobei n
elne ganze          relier selectivement, suivant une s9quence prd- Zahl
ist und der Zahler ein Modulo-n-Zdhler        determinee, I'une de la
pluralite des bornes de iSt.                                       25
sortie a une borne de sortie de signal, et en l'absence de signal de
commande, de relier 5. Schaltung nach Anspruch 4, bei der die n
une borne intermediaire (CT) de la pluralite de parallelen Ausgange der
Reihe nach von 1 bis       bornes de sorties & une borne de sortie de n
beziffert sind und die von aufeinanderfolgend    signal, ladite borne
interm6diaire de la pluralite bezifferten Ausg~ngen der parallelen Ausgan-
30   de bornes de sortie fournissant un retard de ge vorgesehene
Signalverz6gerung in gleichen       signal, moindre que le plus grand
retard de Schritten zunimmt, wobei einer der der Reihe       signal et plus
que le plus petit retard de signal nach bezifferten Ausgange, der eine dem
Wert       fourni par l'uno des bornes de la pluralit6 des (n + 1)/2
nachste Ziffer hat, durch don Multiple-  bornes de sortie. xer bei
fohlendem Steuersignal mit der Signal-  35 Ausgangsklemme verbunden wird.
2. Dispositif selon la revendication 1, caracteris6 en ce que lesdits
moyens de retardement _64.  Schaltung nach Anspruch 5, bei der der Multi-
comportent un registre A d calage entree- plexer in Abhangigkeit von den
vom Zahler          serie-sortie-parallble. erzougton Werten die n
parallelen Ausgange   40 mit der Signal-Ausgangsklemme in der Rei-       3.
Dispositif selon la revendication 2, caracterise henfolge verbindet: den
Ausgang, dessen Zif-       en ce quo lesdits moyens de multiplexage for dem
Wert (n 41)y2 am nachsten ist, der         comportent un multiplexeur (16)
pour relier sd- Reihe nach die dann zunehmenden Ausgangs-
lectivement l'une des sorties paralleles dudit 



Ziffern bis hinauf zu n, dann don Ausgang mit  45  registre a d~calage a
ladite borne de sortie de der Ziffer 1 , gefolgt von der Reihe nach zu-
signal, et nehmenden Ausgangs-Ziffem  bis hinauf zu               un
compteur (20) agissant en rdponse au- dem Ausgang und diesen einschlie8end,
des-         dit signal de commando afin de gdnerer une son Ziffer dem Wert
(n + 1)/2 am nlchsten ist.     s~quence pr6determinee de valeurs selon un
50     taux preddtermin6, ladite sdquence de valeurs 7. Schaltung nach
einem der vorhergehenden An-         6tant appliqu~e audit multiplexeur
pour d6ter- sprache, bei der die Multiplexmittel ein Tief-     miner la
sequence selon laquelle lesdites sor- paBfilter (18) enthalten, das
zwischen dem Mul-    ties paralleles sont couplees A la borne de tiplexer
und der Signal-Ausgangsklemme liegt.      sortie de signal. 55 4.
Dispositif selon la revendication 3, caracteris6 en ce que les n sorties
paralleles, n dtant un entier, sont connectees & partir dudit registre A
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ledit multiplexeur et on ce quo le compteur est un compteur modulo n. 5.
Dispositif selon la revendication 4, caracterise en ce que lesdites n
sorties parallbles sont   5 numdrot~es ordinalement de 1 A n, at le retard
de signal, fourni par I'une, successivement nu- mdrot~e, des sorties
parallbles, augmente so- Ion des increments 6gaux, I'une des sorties
numeroteos ordinalement ayant un numero le  10 plus proche de (n +1)12 est
relieo par ledit multiplexeur h la borne de sortie de signal en l'absence
de signal de commande. &  Dispositif selon la revendication 5, caract~risd
15 en co que ledit multiplexeur, agissant en r6- ponse aux valeurs generees
par ledit comp- tour, relie aux n sorties paralleles de ladite K>     borne
de sortie de signal selon l'ordre suivant: la sortie portant le numero le
plus proche a la  20 sortie de valeur (n + 1)/2, aux numeros de sor- ties
augmentant successivement jusqu'& n, puis & la sortie numeroteo 1, suivi
par les numeros de sorties augmentant successive- ment jusqu'a et y compris
la sortie portant le  25 num6ro le plus proche de valeur (n + 1)/2. 7.
Dispositif selon l'une quelconque des revendi- cations pr~cdentes,
caract6rise en ce que les moyens de multiplexage comportent un filtre  s0
passe bas (18) relie entre ledit multiplexeur et ladite borne de sortie de
signal. 35 40 45 50 55 7    


