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[57] ABSTRACT 
A time-base correcting system primarily adapted for 
use in video tape recording equipment and providing 
synchronous lockup and time base corrected opera 
tion of the video-tape recorder in the playback mode. 
The system includes circuitry receiving phase alternat 

abandoned' ing line (PAL) composite television signals and which 
determines the burst switching sequence of the re 

U.S. ..................................... .. corded signal before stable is achieved‘ 

[511 Int. Cl.2 .......................................... .. now 9/44 8 Claims. 3 Drlwins Figures 
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1 

SWITCHING SEQUENCE DETECTOR FOR PAL 
COLOR TELEVISION 

Matter enclosed in heavy brackets I: ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This is a continuation of application Ser. No. 640, l 87 
?led May 22, 1967 and now abandoned. 
The present invention relates to systems for process 

ing color television signals and more particularly to 
systems for identifying the sequence of alternation of 
the color burst phase of a phase alternating line color 
television signal. 
Color television systems for broadcasting consist for 

the most part of three systems: NTSC (National Televi 
sion Systems Committee); PAL (Phase Alternating 
Line); and SECAM (Sequential and Memory). The 
NTSC system which is incorporated in the United 
States centers about the simultaneous transmission of 
all brightness (luminance) and color (chrominance) 
information and operates on 525 lines per frame with a 
3.58-MH2. subcarrier frequency. The SECAM system, 
developed by the French, transmits all the luminance 
and only alternating components of chrominance infor 
mation on every other television line. The PAL system 
now adopted- by most Western European countries 
incorporates a technique by which every alternate tele 
vision line has the phase of the R-Y chrominance infor 
mation and the burst keying signal switched by 180". 
Both PAL and SECAM operate on 625 lines per frame 
with a 4.43-MHz. subcarrier frequency. 

In reproducing color signals it is essential that the 
video signals be maintained in true phase with the ac 
tual time base. Otherwise, a loss of time base stability 
with resulting phase shift results in shifting of chromi 
nance and luminance components and resultant loss in 
the ?delity of the color picture. In transverse scan ro 
tary head recorders, the servo control must position the 
tape horizontally and control the angular velocity of 
the video heads to establish the head-tracking relation 
ship that existed during recording. A novel system pro 
viding high order time base stability for reproducing 
NTSC signals is disclosed in US. Pat. No. 3,100,816 
entitled “Timing Control for Signal Reproducing Sys 
tems," granted to CJ-l. Coleman, Jr. and P.W. Jensen 
and assigned to the assignee of the present invention. 
As will be hereinafter described, the present invention 
may be incorporated with this patented system to ac 
commodate PAL signals. 
The existence of three distinct color systems makes it 

desirable to provide tape recording equipment compat 
ible with all systems and to derive means for adapting 
existing recorders to accommodate the three systems. 
The sections of present NTSC recorders which have 
required investigation to accommodate the PAL and 
SECAM signals are the servosystem, the video process 
ing ampli?er, and especially the time-base correcting 
system. Principal variations from NTSC to be consid 
ered are the basic four-?eld per frame with the fields at 
a rate of 50 per second and a resultant 12.5 Hz. frame 
pulse rate, the use of a phase alternated color burst of 
4.43 MHz., the staggered vertical burst blanking, and 
operational problems which occur when color and 
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2 
monochrome signals are intermixed or interspliced for 
sequential playback via magnetic tape. 
Both PAL and SECAM systems differ from the 

NTSC system in the number of ?elds over which the 
color coding sequence takes place. in the NTSC system 
coding occurs over two ?elds. whereas the PAL and 
SECAM systems require four ?elds to complete the 
coding. Strictly speaking, four ?elds are required in the 
NTSC system before a field repeats exactly, eight ?elds 
are required in PAL, and twelve ?elds are required in 
SECAM. However, since a video recorder is only con 
cerned with the coding sequence, only the two-field 
sequence for NTSC and four-?eld sequence for PAL 
and SECAM are of primary concern. 

In the video recording process a pulse, known both as 
frame pulse or credit pulse, is superimposed on the 
control track signal. The pulse may be used for dual 
purposes-the program material of a tape or directing 
the recorder servo system when operating in the fully 
synchronous playback mode. ln the various systems, 
the edit or frame pulses are laid down in distinct se 
quences which are not compatible. in PAL, there is a 
four-?eld edit or frame pulse of l2.5 Hz. ln the NTSC 
color system, the edit pulse occurs during the vertical 
synchronizing pulse which follows the ?eld ending with 
a full horizontal line. A further factor of concern with 
the edit or frame pulses is that reproduction depends 
on the quality of which the pulses were originally laid 
down. Also, the pulses may have been inadvertently 
extinguished. 
The need for the edit or frame pulses for tape editing 

purposes is obvious and mandatory. However. for fully 
synchronous lockup of the video tape recorder in the 
playback mode, the present invention provides a net 
work not requiring recorded pulses. The pulses are 
generated within the reproducing circuit network and 
switching sequence detector circuitry determines the 
burst switching sequence of the recovered recorded sin 
signal before stable lockup is achieved. The necessary 
information for generating the correctly timed pulses is 
derived by comparing horizontal and vertical rate in 
formation and the burst switching information. For the 
PAL system, since there are 625 lines per frame, 25 
frames per second and the burst keying signal is 
switched 180° on alternate lines, the switching informa 
tion occurs at a rate of 7.8 kHz. 1n the recording pro 
cess, the 7.8 kHz. signal is derived from the input video 
signal as are the horizontal and vertical sync rate sig 
nals. 
Various advantages are realized from the present 

invention including that the presence or absence of edit 
pulses'is immaterial; lockup time is not appreciably 
increased over the monochrome case; and color signals 
may be recorded on any high-band recorder even if it 
has not been modified to produce edit pulses. Other 
bene?ts in deriving the switching sequence from the 
recovered signal rather than a reference signal are that 
if fully synchronous operation is not mandatory, but 
servo operation in the horizontal lock mode is desir 
able, it provides fast initial lockup and fast recovery 
from any servo upset. The servo simply locks up on the 
nearest horizontal line. 

SUMMARY OF THE INVENTION 

The circuit network of the present invention, for 
illustrative purposes, will be described as it has been 
adapted for use in video tape recorders type t signal 
reproducing system receiving PAL signals. The gated 



Re. 28,823 

:olor burst is extracted from the tape composite signal 
ll'ld applied to a signal shaping circuit which provides a 
.rain of unidirectional pulses-one per cycle of the 
Jurst subcarrier frequency. Simultaneously a burst-gat 
ng pulse (time related to sync) is received by an oscil 
ator generating a responsive sine wave signal coincid 
ng with the burst subcarrier frequency. The outputs of 
.he shaper and the oscillator are received by a phase 
:omparator providing a burst representative output 
tignal having a frequency dependent upon the phase 
tngle between the gated burst and the oscillator signal. 
I‘he comparator output is generally in the form of a 
square wave, which in the case of a PAL signal conse 
iuently shifts between two levels every other horizontal 
ine of the signal, hence, at a frequency of one-fourth 
.he line frequency. For the illustrated PAL embodi 
nent the comparator frequency is 3.9 kHz. which is 
)ne-half the standard 7.8 kHz. rate of color burst phase 
switching and one-fourth of the 15.6 kHz. line fre 
quency. The comparator output frequency is then dou 
Jled to produce a burst-switching sequence signal of 
:he desired frequency rate. As illustrated, frequency 
:loubling may be realized by passing the comparator 
autput through a differentiator to form a train of bidi~ 
rectional pulses, then a recti?er to form a train of unidi 
.‘GClIOHklI pulses of a rate coinciding with the burst 
phase switching rate. The unidirectional pulses are 
:onverted to substantially a square wave which square 
wave sets the phase of a ?ip-?op. The ?ip-?op is 
:leared by a train of horizontal sync pulses originating 
from the tape. The use of a ?ip-?op in this manner 
provides assurance of locking phase with the sync 
pulses and thus provides a square wave output for 
switching information that is fully synchronous with 
reference horizontal sync and with the reference color 
bursts. 
To further illustrate the nature of the present inven 

tion reference may be made to the drawings in which: 
FIG. 1 illustrates in block diagram form a burst 

;witching sequence detector of the present invention as 
adapted for use in PAL signal system; 
FIG. 2 includes a plurality of waveforms illustrating 

the operation of the phase comparator of the network 
of FIG. 1; and 
FIG. 3 illustrates a magnetic tape reproducing system 

incorporating the switching sequence detector of the 
present invention. 

PREFERRED EMBODIMENT 

Viewing FIG. 1 the switching sequence detector cir 
zuit network is referred to by the general reference 
:haracter l. A gated color burst having a subcarrier 
frequency F0 and originating from a color television 
signal source, for example, magnetic tape television 
recording, is received by a shaper or limiter circuit 2. 
The shaper 2 provides means for extracting the color 
burst from each line of a television signal. The output 
of the shaper 2 is a train of unidirectional pulses having 
a rate N0 coinciding with the subcarrier frequency F0. 
Since PAL signals have a subcarrier frequency of 4.43 
MHz, N0 coincides at 4.43 X [0“ p.p.s. 
A burst-gating pulse, which is horizontal synctime 

related, is used to start a 4.43 MHz. gated oscillator 3, 
which provides a reference signal in predetermined 
time relation to the horizontal sync pulse of each line. 
The oscillator output and the train of pulses are re 
ceived by a sample-and-hold phase comparator 4. The 
phase of the output of the oscillator 3 is constant with 
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4 
respect to the horizontal sync whereas the phase of the 
PAL gated bursts reverses every other line. The output 
of the comparator 4 is a burst phase representative 
signal whose value is a function of the phase angle 
difference between the oscillator 3 signal and the 
pulses from the shaper 2. 
The output of the phase comparator 4 is in the form 

of a square wave operating at a frequency Fl. When F0 
equals 4.43 MHz., F, equals 3.9 kHz. or one-fourth the 
line frequency and one-half the color burst phase 
switching rate of the television signal. Each edge of the 
square wave indicates the time when the burst is swing~ 
ing from the counter-NTSC phase (225") to the NTSC 
phase (135°). To more fully explain why a 3.9 kHz. 
square wave is obtained, consider FIG. 2 and the status 
of a PAL burst over four lines. For clarity disregard the 
25 H2. offset and consider the burst as it would be if it 
were not alternated 90° each line. Because the subcar 
rier frequency is 283% times that of the horizontal 
scanning frequency, (4.43 MHz. : l5.6 KAz.) the burst 
will drop behind 90° each line, as illustrated by the 
drawing of FIG. 2(a)-—2(d). FIGS. 2(e)—2(h) illus 
trate the behavior of the burst with the 90° alternation 
added. In line 2 (FIG. 2(f)) the advance of burst from 
l35° to 225° cancels the 90° lag. When the burst swings 
back to the l35°-phase position one line later (FIG. 
2(g)), the effect is a l80°-phase shift of line 3. This 
phase is also held for line 4 (FIG. 2(h)). Thus, there is 
an l80°-jump in phase each time the burst alternates 
from 225° to 135°-position. The addition of the 25 Hz. 
offset simply causes an amplitude modulation of the 3.9 
kHz. square wave. 
To obtain the 7.8 kHz. signal indicative of color burst 

phase switching rate there are provided means for dou 
bling the frequency F,, including a di?'erentiator 5, 
which forms a train of bidirectional pulses with the 
pulses in each direction of rate N,. The bidirectional 
pulses are then received by a full-wave recti?er 6 to 
form a train of unidirectional pulses of rate N, equal to 
7.8 X l0a p.p.s. The pulses of rate N, are then received 
by conversion means for converting the pulses to a 
continuous waveform of frequency F2. As illustrated, 
the conversion means includes an inductance-capaci 
tance ?lter network 7 generating a sine wave at the 
desired frequency F; of 7.8 kHz. The sine wave is then 
received by a clipper circuit 8 such that the signal takes 
the substantial ‘form of a square wave of the frequency 
F2. The square wave signal is then used to set the phase 
of a flip-?op switching circuit 9. The clear input termi 
nal C of the ?ip-?op 9 extends to a harmonic eliminator 
10 which receives 15.625 kI-lz. horizontal sync pulses 
and 31.5 kHz. equalizing pulses from the source of 
color television signals. The eliminator eliminates the 
equalizing pulses. Though ?ip-flop 9, as included, is not 
essential for acquiring a synchronized signal locked to 
a horizontal sync signal, it does provide assurance that 
the negative edges of the sync signal and the negative 
edges of the 7.8 kHz. square wave signal are in coinci 
dence, and locked up. Accordingly, the 7.8 kHz. square 
wave from the ?ip-?op 9 is, for example, ready for 
transmission to the processing ampli?er in the servo 
control system for precise control and correction of the 
head andthe capstan operations of a magnetic tape 
reproducing system. 
FIG. 3 illustrates the switching sequence detector of 

the present invention as it is incorporated in a magnetic 
tape type signal reproducing system to accommodate 
NTSC and PAL signals. For a detailed discussion of the 
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network as it is adopted for standard NTSC signals,‘ 
refer to the previously cited US. Pat. No. 3,l0(l,8l6. 
The system includes a supply reel II and a takeup reel 
12 between which a tape 13 is‘fedpast an operative 
zone. Within the operative zone, signal reproduction is 
effected by a head drum engaging the tape and a time 
wheel mechanism 15. The width of the tape 13 is 
guided or cupped by a guide 16 to conform to the 
circumference of the head drum. A drum drive motor 
18 rotates the head drum and timing wheel mechanism 
15 at a controlled rate. A drive capstan 20, when en 
gaged with a pinch roller 2] drives the tape longitudi 
nally past the operative zone. 
A magnetic pickup head 22 is positioned along the 

edge of the tape 13 to pickup previously recorded tim 
ing signals for speed control of the capstan 20 during 

28,823 

playback. Also, timing information from the timing ' 
mechanism 15 is received directly by a servocontrol 
system 23 for controlling the angular speed and phase 
of the rotary head drum. The servocontrol system 23 
governs the speed of the drum drive motor 18 and a 
capstan drive motor 25. 
Multiple heads are mounted on the drum and used in 

the illustrated transverse track recording and reproduc 
ing system. The heads are spaced such that at least one 
head is reproducing information at any given time. The 
signals from the different heads are fed to a switching 
network 28 including a plurality of switching circuits. ‘ 
The switching circuits operate synchronously with the 
head drum to recombine the signals into a single chan 
nel and reconstitute the composite television signal. 
Thereafter, the television signals are passed through 
demodulator and processing ampli?er circuitry 29 
which reforms the original signal. 
To effect color phase correction of great accuracy 

and stability, the composite signal is passed through a 
coarse correction circuit 30 and a ?ne correction cir 
cuit illustrated within the block diagram 3]. The ?ne 
correction circuit 31 as adapted for NTSC operation 
includes an input burst stripper circuit 32 which re 
ceives the signal from the coarse corrector 30 and 
extracts the horizontal sync pulse contained in the 
composite color television signal. The horizontal syn 
chronizing pulse is followed by the color burst. The 
horizontal sync pulse is then used with the burst strip 
per 32 as a timing reference for gating the subsequent 
color burst. The burst stripper 32 passes the color burst 
to a color burst gate 35, which selects particular parts 
of the waves of the color burst as samples of the actual 
phase of the color burst. Concurrently, a reference 
wavefonn generator 38 which is also tied to a reference 
synchronizing source of the subcarrier frequency pro 
vides a wavefonn in phase with the reference frequency 
of 3.58 MHz. coinciding with the subcarrier frequency 
of the NTSC signals. A time comparison is then made 
between pulses passed by the pulse gate 35 and the 
reference signal in a phase comparator 40. 
The phase comparator 40 develops an error signal 

which is processed by a control signal driver 42 to 
generate suitable control voltages for an electrically 
variable delay line 43. The composite color television 
signals from the coarse corrector 30 are also directly 
applied to the delay line 43 which effects precise and 
?nal adjustment of the time base in accordance with 
the phase comparison. The output signal for the system 
is then derived from a video ampli?er 45 coupled to the 
delay line 43. This output signal is well within speci?ed 
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standards and suitable for use in a color television 
transmitter. 
To this point, the discussion of FIG. 3 has dealt with 

the manner it is arranged for NTSC signals. If the color 
television signal source or tape l3 carries PAL signals, 
then the switching sequence detector circuitry ] of the 
present invention may be switched into the circuit. To 
accommodate the circuitry l, the input burst stripper 
32 may be keyed by a switch to a 625 line per frame 
composite PAL television signal. The burst gating pulse 
for the oscillator 3, the gated burst off the tape for the 
shaper 2 and the sync pulse for the harmonic eliminator 
10 may all originate from the input burst stripper 32. 
The 7.8 kHz. output from the sequence detector 1 is 
fed to the reference waveform generator 38 to control 
a switching mechanism and change the phase of the 
color burst reference waveform therefrom between the 
previously noted counter-NTSC phase (225°) and 
NTSC phase (135°). Simultaneously, the 7.8 kHz. sig 
nal may be fed back to the demodulator and process 
ampli?er 29 and the servocontrol 23 to control the 
capstan drive motor 25 and drum motor l8. Thus, the 
output signal from the video ampli?er 45 is then com 
patible with PAL standards. 

I claim: 
1. A system for developing a color burst phase 

switching sequence signal from a phase alternate line 
color television signal comprising in combination: 
means for extracting the color burst from each line of 

said television signal, said color bursts reversing 
phase every other one of said lines; 

means for generating a reference signal in predeter 
mined time relation to the horizontal synchronizing 
pulse of each line of said television signal, said 
reference signal having a constant pulse with re 
spect to said synchronizating pulses; 

means for comparing the phases of said color bursts 
and said reference signal to generate a burst phase 
representative signal varying in amplitude at half 
the color burst phase switching rate of said televi 
sion signal; and 

means for doubling the frequency of said burst phase 
representative signal to thereby produce a burst 
switching sequence signal at the color burst phase 
switching rate of said television signal. 

2. A system in accordance with claim I, further de 
?ned by the frequency doubling means including differ 
entiator and recti?er means coupled to receive said 
burst phase representative signal and generate a train 
of unidirectional pulses having a repetition rate numer 
ically equal to said color burst phase switching rate and 
conversion means coupled to said differentiator and 
recti?er means for converting said train of pulses to a 
continuous waveform at said color burst phase switch 
ing rate. 

3. A system in accordance with claim 2, in which the 
conversion means includes a shaping network for gen 
erating a continuous square wave at said color burst 
phase switching rate. 
4. A system in accordance with claim 3, further de 

?ned by a switching circuit receiving said continuous 
square wave and synchronizing signal, the conductive 
and nonconductive states of the switching circuit corre 
sponding to the polarity relationship of the edges of the 
respective signals. 

5. In a signal reproducing system providing a color 
television signal containing phase-related components 
of a subcarrier having a selected nominal frequency 
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vherein a color burst signal phase-related component 
5 included whose phase alternates in a known se 
|uence between two selected phases at a rate of one 
lalf the horizontal sync pulse frequency with its phase 
ilternated each reproduced line, the combination com 
arising. means for extracting the phase alternating 
:olor burst signal from the reproduced color television 
ignal. means providing a stable reference signal at the 
iominal subcarrier' frequency. means responsive to the 
)l'lLtSli alternating color burst signal for providing a 
ignal indicative of the known phase switching se 
iuence and rate of the color burst signal included in 
:ach reproduced line of the reproduced color televi 
ion signal. means coupling the phase switching indica 
ive signal to change the phase of the stable reference 
ignal to that of the selected phases, and means for 
:omparing the phase of the stable reference signal to 
he actual reproduced phase of the reproduced phase 
ilternating color burst signal to provide an error signal 
cpresentative of a difference in the actual phases. of 
he compared signals. 
6. A system in accordance with claim 5 further com 

irising means for adjusting the phase of the reproduced 
:olor television signal in response to the error signal. 
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7. A system for developing a color burst phase switch 
ing sequence signal from a phase alternate line color 
television signal comprising in combination: 
means for extracting the color burst from each line of 

said television signal. said color bursts reversing 
phase every other one of said lines; 

an oscillator responsive to a signal in predetermined 
time relation to the horizontal synchronizing pulse of 
each line of said television signal to be gated to gen 
erate a discrete reference signal at the color burst 
frequency having a constant phase with respect to 
said synchronizing pulses; 

means for comparing the phases of said color bursts 
and said reference signal to generate a burst phase 
representative signal varying in amplitude at half the 
color burst phase switching rate of said television 
signal; and - 

means for doubling the frequency of said burst 
phase representative signal to thereby produce a 
burst switching sequence signal at the color burst 
phase switching rate ofsaid television signal. 

8. A systerri in accordance with claim 7further defined 
by means for extracting a burst gating pulse from each 
line of said television signal in predetermined time rela 
tion to the horizontal synchronizing pulse of each line of 
said television signal, said burst gating pulse coupled to 
gate said oscillator. 

* * * * 


