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1. The person nominated for the grant of the patent has 
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2. The person nominated for the grant of the patent is the 

applicant of the basic application listed on the patent 

request form.

3. The basic application listed on the patent request form 
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(57) Claim

1. A method of encoding a television signal in compatibility with a

standard aspect ratio television signal, comprising the steps of:

filtering said television signal to obtain a wide-image picture signal; 

filtering said television signal to obtain an additional information signal; 

processing said additional information signal to form at least one

horizontal border signal; and

combining said wide-image picture signal and said at least one horizontal 

border signal to form a standard aspect ratio picture signal; wherein

said processing step includes the steps of modulating said additional information

signa! onto a subcarrier signal to produce a modulated subcarrier signal having

substantially no horizontal low-frequency components, and furthe,’ processing said

modulated subcarrier signal to form said at least one horizontal border signal.
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• ’ COMPLETE SPECIFICATION FOR THE INVENTION ENTITLED:

"Letterbox extended television system."

: : : I

The following statement is a full description of this
invention, including the best method of performing
it known to me:- <
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PHN 13359 i A
Letterbox extended television system.

'The invention relates to a television system in which a wide-image 

picture having, for example a 16:9 aspect ratio is transmitted within a standard width 

picture having, for example a 4:3 aspect ratio, whereby a letterbox-like aspect is 

obtained, and in which additional information is transmitted in at least one horizontal

5 black bar adjacent to said wide-image picture.

Such a television system is described in WO-A-89/05555 (BBC). In 

extensions of current composite TV systems such as PAL, SECAM and NTSC it is 

often necessary to transmit additional analog or digital information in the same channel,

10 for example, for extra resolution or for realising a wider image in what is called a side 

panel system. This means that sub-channels within such a channel must be found in 

which this additional information can be transmitted for use in an adapted receiver.

When transmitting picture formats having an aspect ratio of more than 

4:3, a possible solution is to transmit the picture (partly or not partly) in letterbox. In

15 these cases no ordinary video information is transmitted during a number of picture 

lines which are visible in the standard receiver. Consequently, these lines can be 

utilized to transmit additional information for an adapted extended receiver. Both digital 

and analog additional information is possible.

As described in WO-A-89/05555, the additional data is at a sufficiently

20 low level to be substantially invisible when viewed on a conventional receiver. The data 

levels are positioned above and below black, so that the mean level is black. It was 

expected that the synchronization circuits see the data as a line of black so that the 

additional signals do not interfere with the receiver synchronization circuits.

25

It is an object of the invention to provide a letterbox extended television

system in which interference of the additional signals with the receiver synchronization

circuits is substantially completely excluded. It is a further object to reduce the

visibility of the additional signals upon display on a standard receiver.
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For this purpose, one aspect of the invention provides a method of 
encoding a television signal in compatibility with a standard aspect ratio television 
signal, comprising the steps of:

filtering said television signal to obtain a wide-image picture signal; 
filtering said television signal to obtain an additional information signal; 
processing said additional information signal to form at least one

horizontal border signal; and
combining said wide-image picture signal and said at least one horizontal 

border signal to form a standard aspect ratio picture signal; wherein
said processing step includes the steps of modulating said additional 

information signal onto a subcarrier signal to produce a modulated subcarrier signal 
having substantially no horizontal low-frequency components, and further processing 
said modulated subcarrier signal to form said at least one, horizontal border signal.

The invention also provides for an extended television signal in which a 
wide-image picture signal and at least one horizontal border signal together form a 

standard aspect ratio picture signal, wherein
an additional information signal modulated onto a subcarrier signal 

forms a modulated subcarrier signal having substantially no horizontial low frequency 
components, said modulated subcarrier signal after further processing forming said at 
least one horizontal border signal.

The invention further provides for a method of decoding an extended 
television signal in which a wide-image picture signal and at least one horizontal 
border signal together form a standard aspect ratio picture signal, and in which an 
additional information signal is encoded within said at least one horizontal border, said 
method comprising the steps of:

separating said at least one horizontal border signal from said extended 
television signal; and

regaining said additional information signal from said at least one 
horizontal border signal having substantially no horizontal low-frequency components; 
wherein said regaining step includes the step of demodulating a modulated subcarrier 
signal to produce said additional information signal. The invention further provides for 
a decoder for implementing the decoding method.
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Advantageous embodiments of the invention are set out in the sub
claims.

It was found that, to avoid synchronizing problems in standard receivers, 
the signal to be additionally transmitted (which signal may also substantially exceed the 
blanking level, dependent on the amplitude) should not comprise any low-frequency 
horizontal components.

These and other (more detailed) aspects of the invention will be 
described and elucidated with reference to the drawings and some examples.

In the drawings;
Fig. 1 shows a wide-image picture transmitted within a standard aspect

ratio format;
Fig. 2 shows a possible average horizontal spectral distribution of an 

analog additional signal;
Fig. 3a shows a possible frequency diagram of an additional signal after 

low-pass filtering and modulation; ' "
Fig. 3b shows the additional signal of Fig. 3a after low-pass filtering 

with a low-pass filter having a Nyquist edge;
Figs. 4a and 4b graphically show the dependence of the relative display 

luminance on the subcarrier phase;

$
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Fig. 5 shows an embodiment of an encoder section according to the 

present invention; and

Fig. 6 shows an embodiment of a decoder section according to the 

present invention.

5

Fig. 1 shows a "letterbox" transmission format in which a wide-image 

picture 1 and at least one horizontal border 2a, 2b together form a standard aspect ratio 

picture.

10

Fig. 2 shows the average horizontal spectral distribution of a television 

line. If such a signal were directly inserted into the horizontal borders, synchronizing 

problems would occur, the severity of which depends on the amplitude of the signal, 

(in fact, it may comprise, for example, a negative DC component). Also, such an

15 additional signal will exhibit a relatively large visibility in a standard receiver. The 

present invention offers a solution to the last-mentioned two problems.

The solution to possible synchronizing problems is to render the 

additional signal free from low-frequency horizontal components, especially from DC

20 components. In a preferred embodiment, the spectrum of the additional signal is 

inverted by means of a modulation on a subcarrier which should have a frequency 

which is as high as possible but is smaller than the video bandwidth. If the bandwidth 

of the additional signal is limited to this subcarrier frequency minus, for example, 500 

kHz, the first 500 kHz is free from power after modulation. Synchronizing problems

25 are hereby avoided as standard receivers use the lowest frequencies of the television 

signal to obtain the horizontal and vertical synchronizing signals therefrom. Moreover, 

as a consequence of this modulation, the additional signal obtains a random appearance 

reducing its visibility.

The video channel band limitation of approximately 5 MHz (dependent

30 on the transmission standard) reduces the signal to a vestigial sideband signal, which is

also necessary to avoid distortion of the original low-frequency components (generally,

single sideband modulation would thus not be possible). The frequency spectrum of

such a vestigial sideband signal is illustrated in Fig. 3a. A low-pass filter having a

Nyquist edge may be used, thus rendering it unnecessary in the extended receiver and

I
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reducing the visibility of the signal in a standard receiver. Fig. 3b illustrates the 

frequency spectrum of the signal of Fig. 3a after low-pass filtering with a Nyquist 

edge.

Since the extended receiver must demodulate the signal again, for which

5 purpose it should know the exact subcarrier phase, the chrominance subcarrier may 

advantageously be used as subcarrier onto which the additional information signal is 

modulated, because its phase is known. This technique is equally usable in NTSC and 

SECAM systems.

In principle, any other subcarrier frequency may of course be used

10 (which has advantages relating to the perceptibility of the generated color patterns in 

the standard receiver); however, it is then a problem that the subcarrier phase for the 

extended receiver should be additionally transmitted. In this case the subcarrier 

frequency should preferably be chosen to be such that components are produced in both 

U and V having the highest possible temporal frequency. In the case of PAL the

15 subcarrier frequency should then preferably have a value of (2n + l)*Fl/2, see

EP-A-0,390,271 (PHN 12,893). In NTSC the same subcarrier frequency is preferably 

to be chosen, but it should also change 180 degrees in phase in a field-alternating 

manner, so that the additional information is transmitted in what is commonly referred 

to as the "Fukinuki hole", see EP-A-0,120,390 (Hitachi).

20 Another possibility is to render the subcarrier frequency to be a (simple)

rational factor of the PAL subcarrier frequency (for example, 9/10).

A result of the spectrum inversion is that the high-power components 

will now be at high frequencies (starting from the spectral distribution of Fig. 2) and

25 thus are subjectively less perceptible, but moreover a major part of them will be

filtered out by the luminance notch filter which is present in substantially all standard 

receivers.

The result of the modulation on the PAL subcarrier is that a horizontal 

low-frequency color pattern will be visible in the standard receiver; however, since

30 there is no associated low-frequency luminance pattern, the luminance of this color 

pattern will be small.

The phase of the. chrominance subcarrier in the relevant video lines can 

be freely chosen with reference to the phase of the U subcarrier (for example, 0, 90,

ί
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PHN 13359 5
180 or 270 degrees, but preferably 45 or 135 degrees) and can be shifted by 0 or 180 

degrees in any arbitrary pattern as a function of the line number. Herein, the use of a 

U subcarrier means a modulation of the additional information signal onto a color 

subcarrier having the same phase as the one onto which the U color information is

5 modulated, and the use of a V subcarrier means a modulation of the additional

information signal onto a color subcarrier having the same phase as the one onto which 

the V color information is modulated.

The PAL television system does not comply with the constant-luminance 

principle. Consequently, the display luminance is not solely determined by the

10 luminance signal Y, but also by the chrominance signals U and V, of which the U

signal appears to have a higher influence on the display luminance than the V signal for 

most brightness settings. Therefore, if one desires to encode an additional information 

signal as invisibly as possible and one has to choose between modulation onto the U 

subcarrier or onto the V subcarrier, the V subcarrier, i.e. a phase shift of 90°, is

15 preferred. However, if one is prepared to allow a slightly greater complexity, a phase 

shift of 45° or 135° appears to yield the lowest display luminance for all brightness 

settings.

Figs. 4a and 4b illustrate for several brightness settings this dependence 

of the relative display luminance on the phase of the subcarrier with reference to the

20 phase of the U subcarrier. In Fig. 4a, curve a corresponds to a zero brightness setting, 

curve b to a brightness setting of -0.1, and curve c corresponds to a brightness setting 

of -0.2. In Fig. 4b, curve a corresponds to a zero brightness setting, curve b to a 

brightness setting of +0.1, and curve c corresponds to a brightness setting of +0.2. 

These setting values are to be related to the video signal which has an amplitude

25 between 0 and 1. It follows from Figs. 4a and 4b that the visibility of the additional 

signal will decrease if the picture is darkened, whereas the visibility of the additional 

signal will increase if the picture is made brighter.

If the additional signal is vertically correlated, its vertical correlation and 

30 hence its visibility can be greatly reduced by the alternating phase techniques to be

described below.

A U subcarrier having a phase which is shifted in a line-alternating

manner by 0/180 degrees or a constant-phase V subcarrier fcvs the very favorable

property that the visibility of color patterns will be reduced in the standard receiver as

I
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a result of the operations around the PAL delay line present in every PAL television 
receiver. The reduction is caused by the fact that in standard PAL receivers, U signals 
present at the input and the output, respectively, of the PAL delay line are averaged, so 
that an additional signal modulated onto the U subcarrier with a line-alternating phase

5 is cancelled by this averaging operation and is therefore invisible upon display on
standard PAL receivers. Also, in standard PAL receivers, V signals present at the input 
and the output of the PAL delay line are subtracted, so that a constant-phase additional 
signal modulated onto the V subcarrier is cancelled by this subtracting operation. Such 
cancellation is obtained for components which are transmitted in double sideband

10 around the subcarrier. The latter remark is an argument in favor of arranging the 
above-mentioned filter with a Nyquist edge in the extended receiver instead of in the

. extended transmitter, so that the signal transmitted by the extended transmitter has 
components transmitted in double sideband which can be cancelled by the PAL delay 
line. Therefore, one of these two possibilities is preferred for PAL.

15 Two other possibilities are either a V subcarrier line-alternating by 0/180
degrees or a constant-phase U subcarrier, whereby in both possibilities the phase also 
changes 0/180 degrees in a field-alternating manner so that in a first approximation the 
color patterns produced in the standard receiver will have a 25 Hz repetition frequency 
which is hardly visible. In NTSC, the use of correspondingly field-alternating I or Q

20 subcarriers is also a sensible method.
These alternating phase techniques can be represented by the following

table, in which:

t
1
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F-sw : Field-alternating ±1 F : FALSE

L-sw : Line-alternating .+ 1 T : TRUE

PHN 13359

10

PAL

F-sw L-sw | U V

-----:------------ +-------------------
F F j 15

F T j 2 6

T F j 3 7

T T ! 4 8

Table 1.

NTSC 

I Q

1 5
2 6'
3 7

4 8

5

As noted above, numbers 2, 3, 5 and 8 of the 8 possibilities are 

15 preferred for PAL. Numbers 3, 4, 7 or 8 are preferred for NTSC. The functions

themselves can be determined easily from the existing V switch signal and the field 

number (1 or 2) within a*frame.

A small negative DC offset of, for example 5 % of the difference 

20 between the maximum white level and the maximum black level can be added to reduce

the visibility to a further extent; such a small DC offset will not cause any 

synchronization problems. However, it turned out that better results can be obtained if 

no negative offset is applied.

To reduce the visibility upon display on the standard receiver, the peak- 

25 to-peak amplitude of the horizontal border signal is maximally about 60% and

preferably about 20% of the black/white level difference, as the amplitude should have 

such a value that the signal can be regained with a satisfactory signal-to-noise ratio for 

the extended receiver and at the same time is minimally visible in a standard receiver. 

When the peak-to-peak amplitude is limited in this way, differential phase problems can

30 be substantially excluded so that any measures of reducing differential phase problems 

are not necessary.

Fig. 5 shows different possibilities for the encoder section (the broken

lines indicate the implementation possibilities among which a choice can be made).
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Firstly, the additional and, for example analog input signal on input line 

41, whose value is assumed to be unequal to zero during the "black bars" (horizontal 

borders) and to have preferably a spectral distribution in accordance with Fig. 2, is 

multiplied by a given factor (generally < 1) by multiplier 43; this multiplication may

5 be effected at any arbitrary place in the encoder. Subsequently the signal is band- 

limited by band-pass filter 45 (only if this is not yet the case; dependent on the 

application) to the subcarrier frequency minus the bandwidth which should be free from 

power (for example, 500 kHz). Subsequently the signal is modulated on the U(I) or 

V(Q) subcarrier by modulator 47., Thereafter multiplier 49 multiplies the signal line-

10 wise by +1 or -1 in accordance with a given line-alternating and/or field-alternating 

function mentioned above with reference to Table 1. The change of sign may be 

effected by placing multiplier 49 at any arbitrary point before the offset addition by 

adder 53.

As set out above, the output signal of multiplier 49 may be Nyquist

15 filtered by Nyquist filter 51. Finally a small negative offset δ can be added by adder 

53. The encoded horizontal border signal is available on output line 55 for combination 

with the wide-image picture signal to form the standard aspect ratio signal.

Fig. 6 shows the corresponding decoder section in which, with respect to

20 Fig. 5, exactly the complementary operations are carried out. The encoded horizontal 

border signal is present on input line 61. If no filtering with a Nyquist edge (filter 51 

of Fig. 5) has taken place in the encoder, it should take place in the decoder (filter 

51A).

The signal on input line 61 or the output signal of Nyquist filter 51A is

25 applied to multiplier 49A for a change-of-sign operation which is to proceed

, synchronously with the change of sign at the encoder side and may be effected at any 

arbitrary position. If no field-alternating change of sign is used, the synchronicity of the 

change of sign is easily obtained by means of the V switch signal which is already 

available in each PAL receiver. If a field-alternating change of sign is used, it should

30 be indicated in one way or another in the video signal which field is present in a frame

at a given instant.

The output signal of multiplier 49A is applied to demodulator 47A.

Demodulation is to be effected at the same phase as in the encoder. This phase is

directly determined from the chrominance subcarrier regenerated via the color burst. A

ί ί
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PHN 13359 9

low-prss filter 63 subsequent to the demodulator 47A is used to suppress the 
component at the double subcarrier frequency and (if added at the encoder side) the DC 
component shifted towards the subcarrier frequency.

Finally multiplier 43A multiplies the output signal of low-pass filter 63
5 by a known factor 6 so as to bring it to the correct amplitude level. The decoded 

additional information signal is available on output line 65.

When transmitting, for example, a picture signal having an aspect ratio 
of 16 : 9 in a letterbox format, only 431 lines per picture instead of 575 lines can be

10 transmitted. The additional signal then comprises preferably line difference signals 
which can be used in a decoder according to the invention so as to obtain a 575-line 
picture signal again.

The above description shows preferred embodiments of the invention, but
15 should not be limited thereto, as those skilled in the art will be able to conceive many 

modifications thereof which are within the scope of the following claims.



PHN 13359 10 18.01.1994

Ν'

1 ?

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of encoding a television signal in compatibility with a
standard aspect ratio television signal, comprising the steps of:

5 filtering said television signal to obtain a wide-image picture signal;
filtering said television signal to obtain an additional information signal; 
processing said additional information signal to form at least one

horizontal border signal; and
combining said wide-image picture signal and said at least one horizontal

10 border signal to form a standard aspect ratio picture signal; wherein
said processing rtep includes the steps of modulating said additional information

signal onto a subcarrier signal to produce a modulated subcarrier signal having 
, substantially no horizontal low-frequency components, and further processing saidt . :

modulated subcarrier signal to form said at least one horizontal border signal.
15 2. A method as claimed in claim 1, wherein said additional information

signal is low-pass filtered before said modulation or wherein said modulated subcarrier 
signal is high-pass filtered.
3. A method as claimed in claim 1, wherein said subcarrier signal has the
frequency of a standard chrominance subcarrier or of said standard chrominance

?.G subcamer multiplied by a simple rational factor.
. 4. A method as claimed in claim 1, wherein said subcarrier signal has the
*< frequency of a standard chrominance subcarrier and a phase shift of between 45° and
• 135°, borders inclusive, with reference to a color subcarrier having a phase equalling£ - '

the one onto which U color information is modulated.
25 5. A method as claimed in claim 1, wherein said subcarrier signal has the

frequency of a standard chrominance subcarrier and a line-alternating and/or field- 
alternating phase shift.
6. A method as claimed in claim 1, wherein said at least one horizontal
border signal has a peak-to-peak amplitude of less than about 60%, preferably less than

3 0 about 20%, of a difference between a maximum black level and a maximum white
level of said television signal.

An extended television signal in which a wide-image picture sigral and
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at least one horizontal border signal together form a standard aspect ratio picture 
signal, wherein

an additional information signal modulated onto a subcarrier signal 
forms a modulated subcarrier signal having substantially no horizontial low frequency

5 components, said modulated subcarrier signal after further processing forming said at
least one horizontal border signal.
8. A method of decoding an extended television signal in which a wide-image 
picture signal and at least one horizontal border signal together form standard aspect 
ratio picture signal, and in which an additional information signal is encoded within

10 said at least one horizontal border, said method comprising the steps of:
separating said at least one horizontal border signal from said extended

television signal; and
• regaining said additional information signal from said at least one• I - ; ■ ■

horizontal border signal having substantially no horizontal low-frequency components; 
..1-5 wherein said regaining step includes the step of demodulating a modulated subcarrier
·’. signal to produce said additional information signal.

♦ it
9. Apparatus for decoding an extended television signal in which a wide- 
image picture and at least one horizontal border signal toge'./er form a standard aspect 
ratio picture, and in which an additional information signal is encoded within said at 
least one horizontal border, said apparatus comprising:

means for separating said at least one horizontal border signal from said 
extended television signal; and

means for regaining said additional information signal from said at least 
one horizontal border signal having substantially no horizontal low-frequency

25 components; wherein said regaining means include means for demodulating a
modulated subcarrier signal to produce said additional information signal.
10. Apparatus as claimed in claim 9, wherein said modulated subcarrier 
signal has the frequency of a standard chrominance subcarrier or of said standard 
chrominance subcarrier multiplied by a simple rational factor.

3 9 11. Apparatus as claimed in claim 9, wherein said modulated subcarrier
signal has the frequency of a standard chrominance subcarrier and a phase shift of
between 45° and 135°, borders inclusive, with reference to a color subcarrier having a
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phase equalling the one onto which U color information is modulated.
12. Apparatus as claimed in claim 9, wherein said modulated subcarrier 
signal has the frequency of a standard chrominance subcarrier and a line-alternating 
and/or field-alternating phase shift.
13. Apparatus for encoding a television signal substantially as described 
herein with reference to the accompanying drawings.
14. Apparatus for decoding a television signal substantially as described 
herein with reference to the accompanying drawings.

DATED THIS eighteenth DAY OF January 1994

N. V. PHILIPS’ GLOEILAMPENFABRIEKEN
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Abstract:

Letterbox extended television system.

In a method of encoding a television signal in compatibility with a 
. standard aspect ratio television signal, in which a wide-image picture (1) and at least

one horizontal border (2a,2b) are transmitted within a standard aspect ratio picture 
(Fig. 1), and in which an addi tic nal information signal is encoded within said

5 horizontal border (2a,2b), said additional information signal is encoded in such a way 
that a horizontal border signal having substantially no horizontal low-frequency 
components is produced (Fig. 3a).
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