
20820 16 "Method of and arrangement for digitizing a colour video signal"
A. Background of the invention A(1). Field of the invention. The invention
relates to a method of digitizing a colour video signal using transform
coding. The invention also relates to an encoding arrangement for putting
this method into effect. A(2). Description of the prior art. Over the years
a number of methods have been described for digitizing a PAL or an NTSC
colour video 10 signal; namely: a) pulse code modulation, abbreviated to
PCM; b) differential pulse code modulation, abbreviated to DPCM; c)
transform coding, abbreviated to TC. In PCM the video signal is sampled
with a pre- determined sampling frequency f which is at least equal to the
Nyquist sampling frequency. This results in video signal samples which are
quantised and encoded. That is to say, each video signal sample is
converted into a 20 code word comprising a predetermined number of bits.
This results in a digital colour video signal which has in practice a bit
rate of approximately 120 Megabits per second. A considerably more
advantageous bit rate is 25 obtained by the use of DPCM, in which the aim
is to reduce the redundancy in the colour video signal. To this end, in one
method of DPCM, this video signal is first sampled with the Nyquist
sampling frequency and a prediction 30 value is generated for each video
signal sample thus obtained. Instead of the video signal sample itself, the
difference between the video signal sample and its predic- tion value is
now quantised and encoded (see, for example,    



2 References 1 and 2). DPCM can be realized with compara- tively simple'
equipment and furnishes good results as long as no greater reduction of the
bit rate is required than a reduction by a factor of three (see, for
example, Reference 3). A completely different manner of redundancy
reduction is obtained by the use of TC (picture) transform coding; (see,
for example, the References 2, 4 and 5). For TC, the TV picture is, as it
were, divided into a large number of rectangular subpictures and each sub-
picture is thereafter assumed to be the sum of a number of mutually
orthogonal basic pictures B(O), B(1), ... B(N-1), each having its own
weighting factor y(O), y(1), 15   [err] y(N-1). Hereinafter these weighting
factors will be denoted coefficients, as is customary, and it is these
coefficients which are quantised and encoded. In practice, to determine
these coefficients, ' the video signal is first sampled at the Nyquist
sampling 20  frequency. The signal samples x(n) thus obtained may be used
directly, or after analog-to-digital conversion, for further processing.
The said subpicture is now formedn by N of these video signal samples,
which all belong to either the same line signal or to different 25  line
signals. When each video signal sample x(n) of this subpicture is
multiplied by a constant factor h(m,n) and the products obtained are added
together, the coefficient y(m) is obtained. Mathematically, this operation
can be expressed as follows: 30 [err] The constant factors h(m,n) may be
assumed to be the elements of an NxN-matrix H, which will be denoted a 35
transformation matrix. For black and white TV, where the video signal
represents only one time-variable quantity, namely the    3 



brightness, the basic picture B(O) represents the average brightness of the
subpicture and y(O) the amplitude value thereof. This coefficient is
consequently the most impor- tant coefficient and must therefore.be-
encoded with high accuracy. The  remaining basic pictures B(1), ... B(N-1).
furnish information about the  detail in the sub- picture. It appears that
the  coefficients y(1), ... y(N-1.) - associated with these basic pictures
may usually be encoded with considerably less accuracy. In practice the
coefficient y(O) is generally converted into a code word z(O) having eight
or nine bits, while- each of the remain- ing coefficients y(m) is converted
into a code word z(m) which comprises only 0, 1, 2, 3, 4 or 5 bits. As
almost all the code words z(m) obtained in this way have a word 15 length
which is less than the word length of the PCM coded video signal samples
x(n), the bit rate is also lower. By a suitable choice of the
transformation matrix H it is even possible to reduce this bit rate to a
value below the bit rate obtained by DPCM coding of the video 20 signal
samples. The transformation matrices which are most frequently used in this
connection are the Hotelling, the Fourier,. the Hadamard and the Haar
matrices. Although in black and white TV a further reduc- 25 tion of the
bit rate with respect to'the DPCM can be obtained by the use . of-transform
coding, the use of transform coding in the case of colour TV results in
hard- ly any reduction in bit rate,. even compared to PCM. For colour TV,
DPCM coding of the video signal samples should 30 be preferred...Reference
6 proves that in that case an additional reduction of the bit. rate can be
realized. In this Reference it is proved that the. PAL colour video -signal
can be sampled'with a sampling frequency f  which is twice as high as the
colour subcarrier frequency f[err] 35  provided the sampling instants
coincide only with the 45  and 225  phase positions of the colour
information signal. u(t).. Reference 7 describes that also the NTSC colour
video signal may be sampled with a sampling frequen-   



4 cy which is twice as high as the colour subcarrier frequency f [err]
provided the sampling instants alternately coincide first during two line
signals with the 45[err]  and 2250 phase positions and during two
subsequent line signals with the 135  and 313[err] phase positions of the
colour information signal u(t). B. Summary of the invention The invention
has for its object to provide a method of digitizing a PAL or an NTSC
colour video signal with which an attractive reduction of the bit rate is
realized relative to DPCM. According to the invention there is provided a
method of digitizing a colour video signal which is formed by a sequence of
line signals each comprising a superposition of a brightness signal and two
colour information signals u(t) and v(t) which are each formed by a colour
difference signal modulated on a subcarrier with a colour subcarrier
frequency f[err], the method 20  comprising the following steps: a)
sampling the colour video signal with a sampling frequency f which is equal
to twice the colour sub- carrier frequency f[err] and at instants which
coincide with the phase points [err] of the colour information 25  signal
u(t) in the line signal, M representing an integer, to generate video
signal samples x(n); b) forming subpictures  comprising Q video groups
which are each formed by a sequence of P video signal samples of the
relevant line signal and are associated with Q 30  consecutive line
signals; c) effecting in respect of each subpicture Hadamard transformation
to convert the subpicture into a group of coefficients consisting of N
coefficients y(m) which are each equal to the sum of versions of the
subpicture video signal samples which have been weighted with a factor 35
+1 or -1, wherein m = 0, 1, 2, ... -1 and wherein N is equal to the product
of P and Q; and d) converting each of the coefficients y(m) into a code
word z(m) which comprises a number of bits assigned to   



the relevant coefficient. Step a) defines the sampling mode of a colour
video signal as proposed in Reference 6 for a PAL signal. and in Reference
7 for a NTSC signal. This step a) in combination with step b) produces a
subpicture the picture elements of which (video signal samples) have been
shifted relative to each other from line to line. Step c) indicates that
for the transformation of the subpicture the Hadamard matrix is used. The
actual coding step d) results in the desired reduction of the bit rate. The
invention is based on the recognition of the following fact. As mentioned
in the foregoing, the mean brightness in black and white TV is represented
by the basic picture B(O) and the amplitude value of this mean brightness
by y(O). This means that when a subpicture is of a uniform grey colour,
only this coefficient y(O) differs from zero and only this coefficient need
be coded. 20 This is independent of the sampling frequency which is now
assumed to be equal to the Nyquist sampling frequency. Let now a colour
video signal which has been sampled at the Nyquisr sampling frequency and
which in addition to a constant brightness signal comprises only 25  one
colour information signal of a constant amplitude be considered. As in
black and white TV, the brightness of a subpicture may also be represented
by the single basic picture B(O). Although the colour information signal
has a constant amplitude the contribution of this signal to 30 a subpicture
can only be represented by the sum of a fairly large number of basic
pictures. The coefficients associated with the last-mentioned basic
pictures must all be encoded accurately. This is the reason why trans- form
coding applied to a colour video signal which has been sampled at the
Nyquist sampling frequency results in hardly any reduction in bit rate
irrespective of the type of transformation matrix used. The same appears to
be the case when the colour video signal is sampled with    6 



a frequency which is twice as high as the colour sub- carrier frequency f
and a transformation matrix is used which is not identical to the Hadamard
matrix. Using the invention it is achieved, for example, that in the
presence of a colour information signal of a constant amplitude the
contribution thereof to a subpicture can be adequately described by a
single basic picture, so that only the coefficient associated therewith
needs to be coded accurately. This achieves the intended 10 reduction of
the bit rate; this reduction amounts to, for example, a factor of 5. C.
Terminology 1.        A colour video signal is formed by a sequence 15 of
line signals each including the superposition of a luminance signal Y and
two colour information signals u(t) and v(t), wherein: [err] 20 Herein U is
proportional to B-Y and V to R-Y. The quantity B represents the blue
primary colour signal and R repre- sents the red primary colour signal. For
NTSC       = 1, and for PAL    is alternately +1 and -1 for consecutive
line signals. The quantity f   is designated the colour 25 subcarrier
frequency. When the colour video signal is now denoted by E, then this may
be mathematically written as: [err] 2.        The Nyquist sampling
frequency is a frequency 30 which is twice as high as the highest frequency
f in the colour video signal. This frequency f is higher than f D.
References. 1.        Differential Encoding of Composite Color Television
Signals Using Chrominance[err]Corrected Predic- tion; J.E. Thompson; IEEE
Transactions on Communications, Vol. COM-22, No. 8, August 1974, pages
11o6-1113.    7 2.        Picture Coding; A Review; A.N. Netravali, 



J.0. Limb, Proceedings of the IEEE, Vol. 68, No. 3, March 1980, pages
366-406. 3.        Digital Differential Quantizer for Television; 5  J.0.
Limb, F.W. Mounts; Bell Systems Technical Journal, Vol. 48, 1969, pages
2583-2599. 4.        Transform Picture Coding; P.A. Wintz; Procee- dings of
the IEEE, Vol. 60, No. 7, July 1972, pages 809, 820. 10  5.
Real-time orthogonal transformation of colour- television pictures; H.
Bacchi, A. Moreau; Philips Technical Review, Vol. 38, No. 4/5, 1978/1979,
pages 119-130. 6.        Digital-Video; Sub-Nyquist Sampling of PAL Colour
Signals; V.G. Devereux; BBC Research Department, Report. No. BBC RD 1975/4;
January 1975. 7.        Sub-Nyquist Sampled PCM NTSC Colour TV Signal
Derived from Four Times the Color Subcarrier Samples Signal; J.P. Rossi,
IBM 78, Conference Publication No. 20 166, pages 218-221. E. Short
description of the Figures. In order that the invention may be more fully
understood, reference will now be made by way of example to the
accompanying drawings, of which: 25 Fig. 1 shows the general structure of a
coding *           arrangement in which transform coding is used. Figures
2-10 show sampling instants, subpic- tures and colour information signals
u(t) and v(t), to explain the operation of the coding arrangement of Fig. 1
30 for the case of PAL and subpictures of mutually the same shape. Figures
11-17 show sampling instants, subpic- tures and colour information signals
u(t) and v(t) to explain the coding arrangement of Fig. 1 for the case of
NTSC and subpictures of mutually the same shape. Figures 18-22 show
sampling instants and sub- pictures to explain the operation of the coding
arrange-    



8 ment of Fig. 1 for the case of PAL and subpictures of a mutually
different shape. Figures 23 and 24 show sampling instants and subpictures
to explain the operation of the coding arrangement of Fig. 1 for the case
of NTSC and subpic- tures of a mutually different shape. Figure 25 shows
the preferred embodiment of the transform arrangement. Figure 26 shows the
preferred embodiment of 10 the auxiliary transformer for use in the
transform arrangement shown in Fig. 25. Figure 27 shows an embodiment of a
variable word length auxiliary coding arrangement. Figure 28 shows an
embodiment of a bit-assign- 15 ment memory 6 for use in the coding
arrangement of Fig. 1. Figure 29 shows a bit-assignment memory for use in a
coding arrangement which is suitable for processing NTSC colour video
signals. Figure 30 shows a control circuit for use in 20 combination with a
coding arrangement which is suitable for processing PAL colour video
signals. Figure 31 shows a control circuit for use in combination with a
coding arrangement which is suitable for processing NTSC colour video
signals. 25 Figure 32 shows an alternative embodiment of the
subpicture-forming circuit for use in the transform arrangement. Figure 33
shows the relationship between the address codes AD(O) and AD(1) used in
the subpicture- 30 forming circuit of Fig. 32. Figure 34 shows the 16x16
Hadamard matrix. Figure 35 shows, in the form of a Table, the number of
bits assigned to the different coefficients y(m). F. The coding arrangement
F(1). General structure Fig. 1 shows a coding arrangement the structure of
which is based on the method of the invention. A 



9 colour video signal [err](t), coming from a video signal source 1, is
applied to this coding arrangement. This video signal is applied to a
sampling device 2 which takes samples of this video signal and produces the
video signal samples  [err](qT) under the control of sampling pulses S(1)
occurring at a sampling frequency f[err] = 1/T. Herein it holds that q =
..., -2, -1, 0, 1, 2, ... These video signal samples are applied to an
analog-to-digital converter 3, which produces the digital video samples
[err](q). These digital video samples [err](q) are applied to a transform
arrangement 4, which will be further described hereafter and which: 1.
arranges the digital video samples into a subpicture consisting of Q video
groups associated with consecutive line signals, each video group being
formed by a sequence of P video signal samples of the relevant line signal;
2. transforms a subpicture thus formed into a coefficient group consisting
of N coefficients y(m) which are each 20  equal to the sum of the video
signal sample versions of the subpicture, these versions having been
weighted with a factor +1 or -1 using a Hadamard matrix, wherein m =O, 1 2,
... N-1 and wherein N is equal to the products of P and Q. If now a video
signal sample of the subpicture 25 is denoted x(n), then the relationship
between a coeffi- cient y(m) and the N video signal samples of the sub-
picture is defined by expression (1), for which it then holds more in
particular that h(m,n) = +1 or -1. As mentioned above, the factors h(m,n)
30 are the elements of a Hadamard transformation matrix H. The
transformation arrangement consequently produces.the *
coefficients y(m), which are applied to a variable word length auxiliary
coding arrangement 5, which converts each coefficient into a code word z(m)
having a 35    



10 suitable word length. This word length is determined by a quantity b(j).
which is produced by a bit-assignment memory 6 and is applied to this
auxiliary coding arrange- ment 5 through a control input 501. F(2).
Operation when using PAL colour video signals. As mentioned above, the
sampling frequency f[err] is equal to twice the colour subcarrier frequency
f This frequency f   is in a very special relationship with the line
frequency f1. Namely, it holds for PAL that: 10 f[err]= (i [err]) wherein i
is an integer. From this it then follows: 15            f  = (2[err]) f1 =
(6) This relationship between f  and f[err] has very special consequences.
Let it, for example, be assumed that the line signal having number r starts
at the instant t Let it further be assumed that the jth video signal 20
sample of this line signal is produced at the instant tr [err]. Let it now
be assumed that the line signal having number r+1 starts in a corresponding
manner at the instant to [err]  Then the [err] video signal sample of this
line signal occurs at the instant to  [err] 25 (j-1)T  [err]. Fig. 2
schematically shows, by way of illustration, by means of dots the instants
at which the video signal samples of the line signals having the numbers r
= 1, 2, 3, ... 8 are taken. However, in this Figure the line signals are
not shown consecutively, but 30 below each other and in such a way that
each line signal starts at instant t = 0, shown in the Figure. In essence,.
the Figure represents therefore a TV picture. In Reference 6 it is proved
that [err] must be chosen in such manner that at the sampling instants t,
35  the argument or phase point [err] of each of the goniometrical
functions in the foregoing expressions (2), (3) and (4) is equal to [err]
wherein M represents an integer.    



By way of illustration, the instants at which the video signal samples of
the line signals having number r = 1, 2, 3, ... 8 are taken are shown
again, on a smaller scale than in Fig. 2, by means of dots in each of the
Figures 3 and 4. In these Figures the starting moment t    of each of the
line signals is again fixed o,r at the instant t = 0 and  [err]  is chosen
equal to 0, so that A.t = T/4. In addition, Figure 3 shows for each line
signal the colour information signal u(t). The amplitude U is assumed to be
constant. In a corresponding manner Fig. 4 shows for each line signal the
colour information signal v(t), it being assumed that the amplitude V is
constant. For both Figures it is further assumed that i = 5 (see expression
5). From Fig. 3 it is seen.that at each sampling instant the colour
information signal u(t) has the same absolute value. More particularly,
this absolute value is equal to [err] From Fig. 4 it is seen that at each
sampling instant the colour information 20 signal v(t) also has the same
absolute value, which is now equal to [err]. The digital video signal
samples produced by the analog-to-digital converter 3 are arranged into
subpictures in the transform arrangement 4. Hereinafter 25  it will be
assumed that this subpicture has the shape shown in Fig. 5 and that P = Q =
4. Thus, this subpicture, which will be denoted by B1, comprises the
sixteen video signal samples indicated in Fig. 5 by the character "x". Now,
each full TV picture may be assumed, as shown 30 schematically in Fig. 2,
to be assembled from a plurality of such subpictures. As shown in Fig. 5 by
means of broken lines each subpicture may be assumed as having been
implemented from a plurality of squares of equal size, each comprising one
video signal sample. Such a square 35 is sometimes called a picture element
or Pel (= Picture element). It is then assumed that the colour video signal
E (see expression (4)) is the same for each point of such a picture
element.    



1 2 When a Pel having a standardised signal value +1 is represented by the
blank square shown in Fig. 6a and by representing a Pel having a
standardised signal value -1 by means of the hatched square shown in Fig.
6b, the sixteen mutually orthogonal basic pictures B[err](O), B1(1), ...,
B[err], shown in Fig. 7, can be assembled. These basic pictures can be
derived in the manner described in Reference 5 from the 4x4 Hadamard matrix
H4 shown in Fig. 8 and consist of completely "white" and completely "black"
Pels. As mentioned above, an orthogonal picture transform is based on the
idea that each of the subpic- tures shown in Fig. 2 can be described as. a
linear 15  combination of the sixteen basic pictures shown in Fig. 7, each
basic picture B[err](m) being multiplied by a predeter- mined coefficient
y(m). Because of the special manner in which the colour video signal is
sampled and by choosing "bidimen- *        20  sional" subpictures, each
row comprising the sane number of video signal samples, it is seen from
Fig. 3 that the contribution of the colour information signal u(t) to.each
of the subpictures is the same and that this contribu ion may be
represented by the auxiliary picture shown in 25 Fig. 9a. Herein the sign
"+" indicates that the colour information signal u(t) is positive at the
relevant sampling instant: more particularly it.is then obtained that u(t)
= [err]. The sign "-" then indicates that u(t) is negative at the relevant
sampling instant; more 30  particularly it is then obtained that u(t.)
=.[err] As now the absolute value of u(t) is the same at all sampling
moments, this auxiliary picture of Fig. 9a can *   be standardised and be
represented by the  auxiliary picture assembled from sixteen Pels anti
shown in Fig. 9b. 35 Since the Hadamard matrix, which also consists of
elemencs having mutually identical absolute values is used as the
transformation matrix, Fig. 9b and Fig. 7 can be    13 



compared with each other. From this comparison it is seen that the
contribution of u(t) to a subpicture is fully described by the contribution
of one single basic picture to this subpicture. For the numeration of the
basic pictures as used in Fig. 7 this is therefore B1(6). From Fig. 4 it is
seen in a corresponding manner that the contribution of the colour
information signal v(t) to each subpicture is the same and that this
contri- bution may be represented by the auxiliary picture shown 10 in Fig.
10a, which auxiliary picture can be converted into the auxiliary picture
shown in Fig. 10b. If now Fig. 10b is compared with Fig. 7, then it is seen
that the contribution of v(t) to a subpicture is also fully described by
the contribution of one single basic picture 15 to this subpicture, in this
case by B[err](7). As mentioned in the foregoing, the contribution of the
luminance signal Y to a subpicture is predominant- ly described by the
contribution of the basic picture 20 B (O) to this subpicture and,
consequently, by the coefficient y(O). The desired reduction of the bit
rate is now obtained by the fact that only the three coefficients y(O),
y(6) and y(7) must be encoded accurately. 25  F(3). Mode of operation with
NTSC colour video signals As mentioned in the foregoing, also in this case
the sampling frequency f  is equal to twice the colour subcarrier frequency
f[err]. However, this frequency is now in a different relationship to the
line frequency 30 f[err] than with PAL. More particularly, it holds for the
NTSC system that: [err]               (7) wherein i represents an integer.
This relationship between f[err] and f[err] has for 35 its result that when
the line signal having number r starts at the instant t [err] then for all
values of r t[err] it holds that its j[err]   video signal sample occurs at
the instant t[err]  



In Reference 7 it has been proved that  [err] t must be chosen so that
alternately for two line signals [err]t is first equal to At  and for two
subsequent line signals [err]t = [err] + T/2. In Fig. 11 the instants at
which the video signal samples of the line signals having numbers r = 1, 2,
3, ... 8 are taken are illustrated schematically, by way of illustration.,
by means of dots. In this Figure, as in Fig. 2, the line signals are shown
in a subjacent relationship and in such manner that the 10 starting instant
of each line signal coincides with the instant t = 0, shown in the Figure,
so that this Figure 11 also represents, as it were, a TV picture. Reference
7 further proves that [err]At  must be 15  chosen so that 2 [err], so that
at the sampling instants t the argument or the phase point 2[err] of each
of the goniometrical functions in the expressions (2), (3) and (4) are
alternately for two line signals first equal to [err] wherein,M = O  1, 2,
... and for two subsequent line signals [err] -20 A number of sampling
instants for the line signals having number r = 1, 2, 3, ...8 is indicated
by means of dots in each of the Figs. 12 and 13. In these Figures the
starting instant of each of the line signals again 25  coincides with t = 0
and    has been chosen equal to 0, so that   t  = T/4. In addition, the
colour information signal u(t) is shown in Fig. 12 for each line signal and
the signal v(t) is shown in Fig. 13. As in the foregoing let it also here
be assumed that U and V are constant 30 and that furthermore i = 5. Also
now it is seen from Fig. 12 and expression (2) that u(t) has the same
absolute value at each sampling instant. From Fig. 13 and expression (3) it
is seen that this also holds for v(t). Owing to the special position of the
sampling 35 instants the subpictures will now be chosen so that they have
the shape of the subpicture shown in Fig. 14 for P = Q = 4, which
subpicture will be denoted by C[err] Analogous to what has been said in
paragraph F(2), the 



1 5 sixteen mutually orthogonal basic pictures C1(O), C1(0), C1(15), shown
in Fig. 15 can now be assembled, it being possible to derive these basic
pictures from the 4x4 Hadamard matrix H shown in Fig. 8. Also here these 4
5  basic pictures consist of completely "white" and complete- ly "black"
Pels. From Figs. 12 and 13, respectively, it is seen that the contribution
of  u(t) and v(t), respec- tively, to each of the subpictures may be
represented by the subpicture shown in Figs. 16 and 17, respectively. 10
When comparing Fig. 16 and Fig. 17, respectively, with Fig. 15, it is seen
that the contribution of u(t) and v(t), respectively, to a subpicture is
fully described by the contribution of the basic pictures C[err](5) and
C[err](7) respectively, to this subpicture and consequently by the 15
coefficients y(5) and y(7). The desired reduction of the bit rate is now
also obtained as again only the coefficients y(O), y(5) and y(7) must be
encoded accurately. 20  F(4). Mutuall  different sabpictures Figs. 2 and 11
show how a TV picture can be divided into subpictures.  In these Figures
these sub- pictures all have the same shape, as a result of which the
colour information signal u(t) is fully described for 25 PAL by the basic
picture B1(6) and v(t) by B1(7), so that only the coefficients y(O), y(6)
and y(7) must be encoded accurately. For NTSC the colour information signal
u(t) is fully described by the basic picture C (5) and [err](t) by
C[err](7), so that only the coefficients y(O), y(5) and 30 y(7) must be
encoded accurately  In practice it appears advantageous to use several
subpictures of mutually different shapes and to define with each subpicture
shape a system of mutually orthogonal basic pictures which are derived from
a Hadamard matrix. This will be further 35 explained hereinafter for the
case where P = Q = 4. With PAL the subpicture B2 shown in Fig. 18 may 



be substituted for the subpicture B of Fig. 5. The system of sixteen
orthogonal basic pictures shown in Fig. 19    16 is associated with this
subpicture B[err`]. A basic picture B2(i) is derived from the basic picture
B1(i). To this end the rows of B[err](i) are shifted in such manner
relative to one another that this basic picture assumes the shape of the
subpicture B[err]. A TV picture can now be divided in the manner shown in
Fig. 10 into subpictures B  and subpictures B2. 1                    2 To
realize this, each line signal must satisfy the require- ment that it is
characterized by 16[err] + 12 video signal 10 samples. Herein j  represents
an integer. From Fig. 3 it can now be derived to what extent u(t)
contributes to the different subpictures. This contribution is schemati-
cally shown in Fig. 21. When this Fig. 21 is compared with the Figs. 7 and
19 then it is seen that this contri- bution is fully described by the basic
picture B1(6) or the basic picture B2(7). In a corresponding manner the
contribution of v(t) to the several subpictures can be derived from Fig. 4.
This contribution is schematically sh6wn in Fig. 22. When 20 this Fig. 22
is compared with the Figs. 7 and 19 then it is seen that this contribution
is fully described by the basic picture B[err](7), or by the basic picture
B2(6). If now y(6) and y(7) must be encoded with the same accuracy, 25 then
it is not necessary to know whether a subpicture B or a subpicture B2 had
bean transformed. In this case it is therefore sufficient to accurately
encode only the three coeffi ients y(O), y(6) and y(7). A similar method
may be used for NTSC. It is 30 then, namely, possible to take, in addition
to the subpicture C  defined in Fig. 14, one or more of the subpictures C2,
C3, C4 which are shown in Fig. 23. A TV picture can now be divided in the
manner shown in Fig. 24 



into subpictures C[err] and C[err]. A system of sixteen 35 mutually
orthogonal basic pictures is also associated with each of these subpictirs.
The subpictures associated with the subpicture C[err] may be denoted by
C[err], the.sub- pictures associated with C[err] by C2(.), etc. Also, these
17 subpictures may be derived from the basic pictures C[err] of Fig. 15. A
basic picture Cm(i) is now obtained by so shifting the rows of C1(i)
relative to each other that C1(i) assumes the shape of the subpicture
C[err] Herein m = 1, 2, 3, 4 and i = O  1, 2, ...  15. Analogous to the
foregoing it can now be derived that the contribution of u(t) to the
subpicture Cm is fully described by the basic picture Cm (5) It can also be
derived that the contribution of v(t) to the subpictures C and C3, 10
respectively, is fully described by the basic pictures C[err](7) and
C[err](7), respectively, and that this contribution of v(t) to the
subpictures C2 and C4, respectively, is fully described by the basic
pictures C2(6) and C4(6), 15 respectively. Thus, for NTSC, only the
coefficients Y(O), y(5), y(7)  and  y(O), Y(5), y(6)  , must be alternately
encoded accurately. G. Detailed construction of some components. G(1). The
transformation arrangement. 20            Fig. 25 shows the preferred
embodiment of the transform arrangement 4. It is arranged to divide the TV
picture into subpictures in the manner shown in Fig. 20 or Fig. 24. Let it
be assumed for the case considered here that P = Q = 4. To this end, this
transform arrange- ment comprises a subpicture-forming circuit 401 and a
transformation circuit 402. A cascade arrangement of Q-1 delay lines
404(1), 404(2) and 404(3) is connected to the input 403 of the circuit 401.
Each delay line has a time delay of (R-P)/fa seconds and accommodates R-P
30 video signal samples. Herein R represents the number of video signal
samples of a line signal and is equal to R = j.P.Q. + (Q-1)P= 16j+12. The
input 403 of this 



subpicture-forming circuit and the output of each delay line are connected
to a respective input of an OR-gate 35 circuit 406 via a respective
AND-gate 405(.). In addition, control pulses are applied to each AND-gate.
More particularly, four control pulses are first applied to AND-gate
405(3), then four pulses to    18 AND-gate 405(2), thereafter four pulses
to AND-gate 405(1) and finally four pulses to AND-gate 405(0). These
control pulses are produced by a modulo- 16-counter 407, to which the
sampling pulses S(1) are applied. Connected to this counter there is a
decoding network 408 having four outputs 408(.), which are each connected
to an input of an AND-gate 405(.). This decoding network 408 now produces a
logic "1" at its output 408(3) each time the counter has one of the
counting positions 1, 2, 3 or 4. A logic "1" occurs at the output 408(2)
each time the counter has one of the counting positions 5, 6, 7 or 8. A
logic "1" occurs at the output 408(1) each time the counter has one of the
counting positions 9, 10, 11, 12, while a logic "1" occurs at the output
408(0) each time the counter has one of the counting positions 13, 14, 15
or 16. Now the video signal samples x(n) of a subpic- ture occur
sequentially at the output of the OR-gate 406. 20 These video signal
samples are applied to the transforma- tion circuit 402, which is formed by
a cascade arrangement of a first auxiliary transformer 409, a memory 410
and a second auxiliary transformer 411. These auxiliary transformers are of
an identical construction and an 25 embodiment will be described with
reference  to Fig. 26. It should here be noted that the 4x4 Hadamard matrix
of Fig. 8 is associated with each of these auxiliary transformers. The
memory 410 may be formed by a RAM and is 30 used to store the signal
samples w(m) produced by the auxiliary transformer 409. Addressing of this
memory 409 is such that the signal samples w(m) stored therein are 



read in a different sequence than the sequence in which they are entered.
To this end, the address code produced 35 by a first or by a second address
generator 413 and 414, respectively, is applied to the address decoder 412
of this memory. To this end, each of these other generators 413, 414 is
connected to the input of the address decoder    19 412 via AND-gates 415
and 416, respectively, and an OR-gate 417. Applied to each one of the
AND-gates 415 and 416 there is a control signal which is generated by a
T-flip-flop 418 to which the output pulses of the decoding network 408 are
applied. The signal samples supplied by the memory 410 are applied to the
auxiliary transformer 411, which produces the coefficients y(m) serially
and at a rate f[err] 10            In this transform arrangement the
subpicture is assumed to be a 4x4 matrix X consisting of sixteen video
signal samples. This matrix X is multiplied in the auxiliary transformer
409 by the 4x4 Hadamard matrix H4, which results in the 4x4 matrix W with
the elements 15 w(m), in such manner that it holds that: [err] In order to
obtain, again using H4, the desired coefficients y(m), the matrix W must
first be transposed. This is realized by the use of the memory 410 and the
20 two address generators 413 and 414 under the control of which W is
entered row by row into the memory 410 and read again column by column. By
now multiplying the transposed matrix W by H4 a 4x4 matrix Y is obtained
such that: 25            Y = WH4 the elements of which are the desired
coefficients. Fig. 26 shows an embodiment of the auxiliary transformer. The
above-mentioned Hadamard matrix H4 is associated with this auxiliary
transformer. It has an 30 input 419 and an output 420 between which a
cascade arrangement of a number of auxiliary circuits 421(.) has been
arranged. Each of these auxiliary circuits has an 



input 422(.) and an output 423(.). A cascade arrangement of two delay
elements 424(.) and 425(.) is connected to the input 422(.). Inputs and
outputs of these delay elements 424(.) and 425(.) are connected in the
manner shown in the Figure to inputs of an adder arrangement    20 433(.)
by means of an invertor circuit 426(.), AND-gate circuits 427(.), 428(.),
429(.) and 430(.) and OR-gates 431(.) and 432(.). Control pulses which are
derived from the sampling pulses S(1) by means of a dividing circuit 434(.)
are applied to the AND-gates 427(.), 428(.), 429(.) and 430(.). The output
of the adder arrangement 433(.) is connected to the output 423(.) of the
auxiliary circuit through a delay circuit. In the embodiment shown, in
which the Hadamard transformation matrix H4 must be realized the auxiliary
transformer arrangement comprises two auxiliary circuits 421(1) and 421(2)
and the time delay of the delay elements 424(1), 425(1), 435(1) is equal to
T = 1/f [err] and the time delay of the elements 424(2), 425(2) and 435(2)
equal to 2T. The divider circuit 434(1) has a division factor of two and is
formed by one T-flip-flop. Divider circuit 434(2) has a division factor of
four and is formed by a cascade arrangement of two T-flip-flops. 20
Should a Hadamard transformation matrix H[err] be realized then it is
sufficient to connect a third auxilia- ry circuit 421(3) to the output
423(2), the time delay of the delay elements 424(3), 425(3) and 435(3)
being equal to 4T. The divider circuit 434(3) must then have a 25 division
factor of eight and may be formed by a cascade arrangement of three
T-flip-flops. G(2). The variable word length auxiliary coding arrange- ment
Fig. 27 shows an embodiment of the variable 30 word length auxiliary coding
arrangement 5. This coding arrangement has the above-mentioned input 501 to
which quantities b(1) are applied, which will be called bit- assignment
elements hereinafter. In addition, it has 



an input 502 to which the coefficients y(m) are applied 35 and an output
503 at which the code words z(m) occur. A number of auxiliary encoders, ten
in this case, 504(1), 504(2) ... 504(10), which in this case produce for
example 1, 2, 3, ... and 10-bit code words, respectively,    21 are
connected to the input 502. Via AND-gates 505(.) and an OR-gate 506 the
outputs of these auxiliary encoders are connected to the output 503. In
addition, this coding arrangement 5 comprises a memory 507 in which the
bit- assignment elements b(J) are temporarily stored. A decoding network
508, having ten outputs 509(.), is connected to this memory. Each of these
outputs is connec- ted to an input of an AND-gate 504(.). If now an element
b(j) is written into the memory 507 a pulse is supplied 10 from a
predetermined output 509(i) of the decoding network 508. This pulse is
applied to the AND-gate 505(i), which is connected to this output, in
response to which the code word produced by the auxiliary coding arrange-
ment 504(i) is applied as an output code word z(m) to 15 the output 503- It
should be noted that in many cases the bit-assignment element b(j) will
represent the number i of the auxiliary coding arrangement 504(i) the
output code word of which must be applied to the output 503 as 20 the code
word z(m). Only in the above-described embodiment i is also equal to the
number of bits in z(m).- It should also be noted that the relationship
between z(m) and y(m) may be a linear relationship; a non-linear
relationship is, however, alternatively 25 possible. As in the embodiment
described here the coeffi- cients y(m) are already available in digital
form, the auxiliary encoders 504(.) are each preferably formed as a memory,
for example a ROM, which is addressed by the coefficient y(m). 



In order to have the bit-assignment element b(j) occur sequentially, as is
assumed here, the bit- assignment memory 6 is preferably in the form of a
circu- lating shift register. Fig. 28 shows a schematic embodi- 35 ment
thereof. It comprises a shift register 601 having a total of 16 shift
register elements 601(j), each arranged to store a bit-assignment element
b(j). The content of this register is shifted by the pulses S(1). The
output    22 602 of this shift register is connected to the input 501 of
the variable word length auxiliary coding arrangement 5. To obtain the
circulating character the output 602 is also connected to the shift
register input 603. 5       As described in paragraph F(4), the system of
coefficients {Y(0), y(5), y(7) and y(O), y(5), y(6)} must alternately be
encoded accurately for the case of NTSC. This can be effected in a simple
way by implementing the bit-assignment memory 6 by means of two circulating
10 shift registers. This is schematically shown in Fig.29. The
bit-assignment memory shown there comprises the two circulating shift
registers 601 and 601', each being of the type shown in Fig. 28. Each of
these circulating shift registers has its input 602 and 602', respectively
15 connected to an input of a switching device 604, which is only shown
symbolically in the Figure and which is controlled by control pulses S(2).
The output 605 of this switching device is connected to the input 501 of
the 20 variable word length auxiliary coding arrangement 5. In the register
601 there are now inter alia stored those bit-assignment elements b(j)
which assign comparatively many bits to each of the coefficients y(O),
y(5), and y(7), while in the register 601' there are inter alia stored
those bit-assignment elements which assign comparatively many bits to the
coefficients y(O), y(5), y(6). G([err]). The control circuit. 



This paragraph contains a detailed description of the manner in which the
required control signals are 30 generated to control the above-described
arrangements. For the PAL system the control circuit shown in Fig. 30 can
be used. Let it be assumed that i = 284, so. that 4f   = 1135 f  and that a
total of 556 samples 1 are needed from each line signal which has a
duration 35  of 64 microseconds. This control circuit comprises a clock
pulse oscillator 701, which produces output pulses at a rate of f[err]  and
which is kept in a known and customary manner (for example by means of a
phase-locked loop) in    23 synchronism with the colour auxiliary carrier
which has the colour subcarrier frequency f [err] The output pulses of this
oscillator 701 are applied to a cascade arrange- ment of two frequency
multipliers 702 and 703 which each 5 have a multiplying factor of two. The
clock pulses produced by the multipliers 703 and occurring at a rate of 4f
are applied to a modulo-1135 counter 704. A decoding network 705 which
produces a signal a(t) is connected to this counter. This signal a(t) has
the logic value "O" as long as counter 704 has one of the counting
positions 1 through 23 and a(t) has the logic value "1" as long as this
counter 704 has one of the counting positions 24 through 1135. Together
with the pulses which are produced by the frequency multiplier 702 and
which occur at a 15 rate 2f[err] , this signal a(t) is applied to an
AND-gate 706 at the output of which the sampling pulses S(1) occur. More
particularly, the pulses produced by the multiplier 702 are passed by
AND-gate 706 when a(t) has the logic value "1". If, however, a(t) has the
logic value "O" 20 then these pulses are not passed by the AND-gate 706.
The control circuit shown in Fig. 31- may be used for the NTSC system. Let
it be assumed that i = 228, so that 4f   = 910 f  and that a total of 444
samples is 



needed from each line signal. This control circuit also 25 comprises a
clock pulse oscillator 701, which produces output pulses at a rate of f
and which is kept in a known and customary manner in synchronism with the
colour auxiliary carrier. The output pulses of this clock pulse oscillator
are applied to a cascade arrangement of two 30 frequency multipliers 702
and 703, each having a multiply- ing factor of two. The clock pulses
produced by the multiplier 703 and occurring at the rate 4f[err] are
applied to a modulo-910-counter 707. A decoding network 708 which produces
a signal c(t) and a signal d(t) is 35 connected to this counter 707. The
signal c(t) has the logic value "O" as long as counter 707 has one of the
counting positions 1 through 22 and c(t) has the logic    24 value "1" as
long as this counter 707 has one of the counting positions 23 through 910.
The signal d(t). has the logic value "1"  when, and only then, the counter
has the counting position 910. This signal d(t), in which 5 the pulses
therefore occur at a rate f[err], is now applied via two frequency dividers
709 and 710 to an exclusive-OR- gate 711, to which also the output pulses
from the multi- plier 702 are applied. Each of the frequency dividers 709
and 710 has a division factor of 2, so that pulses occur at the output of
the frequency divider 709 at a rate of [err] The last-mentioned pulses form
the control pulses S(2) which are applied to the switching device 604 of
the bit-assignment memory 6 of Fig. 29. Together with the signal c(1) the
output pulses of the exclusive-OR-gate 711 are applied to an AND-gate 712
which produces the sampling pulses S(1). G(4). An alternative transform
arrangement Fig. 25 shows an embodiment of a transform arrangement, the
subpicture-forming circuit 401 of which 20 has a number of delay lines
(three in this instance). 



This circuit 401 is particularly suitable to divide the TV picture in the
manner shown in Fig. 20 or in Fig. 24 into subpictures of mutually
different shapes. If, however, the TV picture is to be divided into
subpictures in the 25 manner shown in Fig. 2 or in Fig. 11, these
subpictures all having the same shape, then this subpicture-forming circuit
401 may be implemented in the manner shown in Fig. 32. This circuit
comprises two memories 436(1) and 436(2), which are each in the form of a
RAM (random 30 access memory) and which are used alternately. In such a
memory 436(.) the video signal samples of four consecutive line signals are
entered sequentially. In the embodiment shown it is assumed that each line
signal consists of 556 video signal samples. The 556 signal samples of the
35 first line signal of the said four consecutive line signals are stored
in those memory locations which have the numbers 1, 2,3, ... 556,
respectively. The 556 signal    25 samples of the second line signal are
stored in the storage locations having the numbers 557, 558, ... 1112,
respec- tively. The video signal samples of the third and the fourth line
signal are stored correspondingly. The video signal samples thus stored are
read in blocks of 4x4 signal samples, that is to say that at the output of
this memory there appears one after the other, the video signal samples
which were stored in the storage locations which have the numbers 1, 2, 3,
4, 557, 558, 559, 560, 1113, 10 1114, 1115, 1116, 1669, 1670, 1671, 1672,
respectively. Thereafter there appears at the output one after the other
the video signal samples which were stored in the storage locations having
the numbers 5, 6, 7, 8, 561, 562, 15 563, 564, 1117, 1118, 1119, 1120,
1673, 1674, 1675, 1676. A third and fourth block are thereafter read in a
corres- ponding manner. Through an AND-gate 437(.) the video 



signal samples appearing at the output of the memory 436(.) are applied to
the OR-gate 406 the output of which is connected to the input of the
transformation circuit 20 402 (cf. Fig. 25). In order for the memories
436(.) function in the above-described manner, each of these memories
comprises an address decoder 438(.) which each receive address codes D(.)
as well as a read-write signal F(.,t). 25 It holds that F(2,t) is the logic
inverted version of F(1,t) and that, if F(.,t) has the logic value "0" this
signal then functions as a write signal, so that it is possible to write
video signal samples into the relevant memory. If F(.,t) has the logic
value "1"   then it functions as a read signal, causing the content of the
relevant memory to be applied to its output. As shown in the Figure, these
write-read signals are also applied to the AND-gates 437(.). 35
These address codes and these read-write signals are generated by a control
circuit 439. This control circuit comprises a modulo-2224 counter 440 to
which the sampling pulses S(1) are applied and the    26 counting positions
of which are used as address codes AD(O). These address codes A.D(O) are
applied to a ROM 441, which furnishes the address codes AD(1). The
relationship between AD(o) and AD(1) is partly shown in Fig. 33. Further, a
decoding network 442 which produces a pulse at its output each time this
counter assumes the counting position one is connected to this counter 440.
This pulse is applied to a divide-by-two divider 443 (for example a
T-flip-flop) which produces 10 the read-write signal F(2,t) at its output Q
and the signal F(l,t) at its output Q. These signals F(1,t) and F(2,t) as
well as the address codes AD(O) and AD(1) are applied in the manner shown
in the Figure to AND-gates 444(.), the outputs of which are connected to
inputs 



of OR-gates 445(1) and 445(2), which produce the address codes D(1) and
D(2), respectively. More in particular, it holds that when F(1,t) has the
logic value  "0" that then D(1) = AD(O) and that D(2) = AD(1). If, on the
contrary, F(1,t) has the logic value "1", then it holds 20 that D(1) =
AD(1) and D(2) = AD(G). H. Final remarks I.        Fig. 25 shows
schematically how the transforma- tion circuit is preferably implemented by
means of two auxiliary transformers, the 4x4 Hadamard matrix of Fig. 8 25
being associated with each auxiliary transformer. Alter- natively, this
transformation circuit may be implemented in the manner described in
Reference 5. The video signal samples x(n) of a subpicture which are
sequentially produced by the subpicture-forming circuit 401 are then
considered, in accordance with expression (1) to be the elements of a
column vector X'. In a corresponding manner the coefficients y(m) produced
by the transformation circuit 402 are considered to be the elements of a
column vector Y' and the relationship between the vectors X' 35 and Y' are
given by, for example, the 16x16 Hadamard matrix H   in Fig. 34, so that it
holds that: [err]    27 II.       In the embodiments of the encoding
arrangement which were tested in actual practice N was chosen equal to 16.
The number of bits into which the coefficients y(m) were encoded is shown
in the Table of Fig. 35. More particularly, in this Figure, column m shows
the number of the coefficient y(m) and the column [err]  shows the number
of bits into which the relevant coefficient y(m) was encoded in a PAL
system, the TV picture having been divided into subpictures in the manner
shown in Fig. 20. 10  III.      In the foregoing it was assumed that each
coefficient is continuously encoded with the same number of bits. Such a
coding method is called "non-adaptive". 



Here it should be noted that also a so-called "adaptive coding method" may
be used, for example one of the methods described in Reference 4, but
preferably the method described in Netherlands Patent Application 8003873..
28 CLAIMS: - 1.        A method of digitizing a colour video signal which
is formed by a sequence of line signals each comprising a superposition of
a brightness signal and two colour information signals u(t) and v(t) which
are 5 5 each formed by a colour difference signal modulated on subcarrier
with a colour subcarrier frequency fsc  the method comprising the following
steps: a) sampling the colour video signal with a sampling frequency f[err]
which is equal to twice the colour sub- carrier frequency f   and at
instants which coincide with the phase points [err] of the colour informa-
tion signal u(t) in the line signal, M representing an integer, to generate
video signal samples x(n); b) forming a subpicture comprising Q video
groups which 15 are each formed by a sequence of P video signal samples *
of the relevart line signal and are associated-with Q consecutive line
signals; c) effecting in respect of each subpicture Hadamard transformation
to convert the subpicture into a group of coefficients consisting of N
coefficients y(m) which are each equal to the sum of versions of the
subpicture video signal samples which have been weighted with a factor +1
or -1, wherein m = 0, 1, 2, ... N-l and wherein-N is equal to the product
of P and Q; and 25  d) converting each of the coefficients y(m) into a code
word z(m) which comprises a number of bits assigned to the relevant
coefficient. 2.        An arrangement for digitizing a colour video signal
which is formed by a sequence of line signals 30 each comprising a
superposition of a brightness signal and two colour information signals
u(t) and v(t) which 



are each formed by a colour difference signal modulated on a subcarrier
with a colour subcarrier frequency f[err]    comprising: a) means for
sampling the colour video signal with a sampling frequency f[err] which is
equal to twice the colour subcarrier frequency f   and at instants which
coincide 5 with the phase points [err] of the colour information signal
u(t) in the line signal, M representing an integer, to generate video
signal samples x(n); b) means for forming a subpicture comprising Q video
groups which are each formed by a sequence of P video 10 signal samples of
the relevant line signal and are associated with Q consecutive tine
signals; c) means for effecting in respect of each subpicture Hadamard
trans- formation to convert the subpicture into a group of coefficients
consisting of N coefficients y(m) which are each equal to the sum of
versions of the subpicture video signal samples which have been weighted
with a factor +1 or -1, wherein m = 0, 1, 2, ... N-1 and wherein N is equal
to the product of P and Q; and d) means for converting each of the
coefficients y(m) into 20  a code word z(m) which comprises a number of
bits assigned to the relevant coefficient. 3.        A method of digitizing
a colour video signal, substantially as hereinbefore described with
reference to the accompanying drawings. 25  4         An arrangement for
digitizing a colour video signal, substantially as hereinbefore described
with reference to the accompanying drawings.    


