20820 16 "Method of and arrangenent for -digitizing a colour video signal"”
A. Background of. the invention A(1). Field of the invention. The invention
relsates*to a nethod of digitizing a colour video signal mggﬁ form
-coding. The invention also relates to an encodi ng arranget ' rgutting
thi's nethod into effect. A(2). Descﬂlptlon of the prior art. Over the years
a\munber of nethods have been described for digitizing a PAL or an NTSC

col our video 10 _signal: nanely: pul se code .npdul ati o abbreviated to
b by | HRERSHe PRI 2Pl SETCBHETRBALE ST, O ELTARARR & WP hesIoPOM | o)

transf or nvtddongigadbteviated to TC. In PCMthe video signal is sanpled -
wth a pre- determ.ned sanpling frequency f which is at |east equal to the.
Nyqui st sanpling frequency. This results in video signal sanples which are
quant i sed and encoded. That is to say, each video signal sanple is
converted into a 20 code word conprising a predeterm ned nunber of bits.
This resu ts [ colour VIon signal which has in practice a bit

‘ Ve e econd. A considerably nore

dvantagemg$2b|r1ehaeofstﬂs ¢hVanmednby the use of DPCNl in which the aim

t d th d h '
method of PO thi i aBserann EedReBll ro kel ar RSl 17 O

sanpl i ng #reqhencyvaﬂQOaspgeaicuﬁengsmraabﬁ@rmscgﬁhenated for each video

signaf sanple thus ohtaipednthBat 839o0et el 420 o3 WiRlodalp! € itself, the
di fference between the video signal sanple and its predic- tion value is

nOM/quant?%%ﬂnéﬁﬂeﬁhcﬁﬂﬁdPE§één€fGhléx&ﬁﬁped into effect.
A(2). Description of the prior art.

Over the years a number of methods have been

0 described for digitizing a PAL or an NTSC colour video

signal; namely:
a) pulse code modulation, abbreviated to PCM;
'b) differential pulse code modulation, abbreviated to

e, DPCM; '

s ¢) transform coding, abbreviated to TC.

a In PCM the video signal is sampled with a pre-
determined sampling frequency fs 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

2 code word comprising a predetermined number of bits. This’
8 results in a digital colour wvideo signal which has in
h practice a bif rate of_approximately 120 Megabits per
. second. _ _ _
-r25 A COQsideraBly more advantageous bit rate is

obtainéd_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 vidéo signal is,first sampled
with the Nyquist sampling frequency and a prediction

39 Value is generated fér each video signal sample thus
obtained. Instead of the video signal sample itself, the
difference between the video signal samplg and its predic-

tion value is how-quantised and encoded (see, for example,
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2 References 1 and 2). DPCM can be realized with conpara-- tively sinple _Z{
equi pnent and furni shes good results as long as no greater reduction of th
bit~ate is required than a reduction by a factor of three (see, for

exanpl e, 'Ref er ence 3). Aconpletely different manner of redundancy :
reduction i s obtained by the use of TC (plgture) transform coding; (see,

f o-exanpl e, the References 2, 4 and 5). For TC, the TV picture is, as it

were, divided into a | arge nunber of rect angul ar subpi ctures and each sub-

picture is thergafi#énassuMedntio2h)e HBEMSEhObed rRdTRGle Ok iBH Wnpara-"
or t hogonal ba5|c pictures- B each having its own

O, B -
wei ghting fact of 1Yoty S¥pRye ¢qui P@PF]aQFNngnlﬁgfélﬁ?PFeF € % ghting
fact?rs Wi || beiregegosedneogtéheeeniksdudsion oS theaby t mmiatlasrdduﬁmbd
coefficients whj ch ar e an Lsed and encoded. t detern1ne
t hese coeff|C|e£ %éuS% Vgﬁa?ac%o ithqgghplgg at f%e ﬁﬁfm
sanpling 20 fr%qﬁeneyceTﬂé S|gnal sanpl es x(n) thus obtai ned may be used

directly, or after anal ogat Qoﬁlbﬁlbftéh.ycﬁﬁﬁ%%'eﬁ'% ma®n ofrli T &fe dURGERS} NY-
The said subpicture is now formedn by: N of these video ,signal

anpl €
whi ch al | bel onfetBctipRet st ARTRIREY] Pie theghae &Ff (16 diricdamm Egéaqﬁﬁﬂ?m
si gnal s. \Wen easmﬂgele()ssegnabrsaﬂa}n@m(,n)thef Rlelfiexresitlay @,urle drsd 5).

mul tiplied by aRgan %an% ?ﬁ)Pl @g%n) .and thetp%%d%pt§%¥n&%%Ls_@fe added

together, the coet f ¢t en BaltRad 2 Varh&Satic operatlon
can be- expresseuaasefouMbﬂs ogorPe¢apgﬁharcen@maw¢Wh§§wan§Iﬁ?ﬂhﬂsukw'be

assumed to be tB?c%PSEELStHQrQQfNéN HRL s aHit oMbleC 0 | |unp%fdei1QI1ﬁﬂ>é9r 35
trahsformation matrix. For k and white TV, where the video signal

represents onIy°6n@uPPﬁelvaPFEBP§°&aénPPF9° ﬁ%ﬁ&Pfeﬁh@ 0),3B(1),s ...,
‘B(N-1), each having its own weighting factor y(0), ¥(1),

.
5 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 wvideo signal-is first sampled at the Nyquist sampling
. _ ;6 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
formed by N of these video signal samples, which all
belong to either the same line signal or to different

95 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:
I N-i
: y(m) = S~ n(m,n) x(n) - _ (1)
: n=0 '
| m=20, 1, 2, 3, ... N=1
The constant factors h(m,n) may be assumed to be the
15 elements of an NxN-matrix H, which will be denoted a
transformation matrix. ’
For black and white TV, where the video s;gnal

represents only one time-variable quantity, namely the



brightness, the basic picture B(O represents the average brightness of th 3
subpi cture and y(O) "the anplitude value thereof. This coefficient is
consequent |y the nost inpor- tant coefficient and nmust therefore be-

encoded with high accuracy. The remaining basic pictures B(1l), ... B(N 1)'.
furni sh i'nformati on about the detail in th$ sub- picture. It appears t hat
the coefficients y(1), ... y(N1.) - assocTated with these basic pictures

'may usually be encoded with considerably |less accuracy. In practice the

coefficient Y(Qbfiﬁﬂ%ﬂggéﬂ|ﬁhé“5§§%$eﬂlé9£9eaBE@ er@?&ds&ﬁ@% Qﬁ&'age%hgﬁ
or nine bits, while= each of the renain- I .ng .coet: ents y( I s converted

into a code mr@ﬂ&ﬁtWﬁ%I‘P%oﬁ‘bﬁ%‘&PbﬁF?’% and 2(0 theopmplpitude xglue

al most all the eu}d&mdsrﬂimc@bfm@wnt nig hbSn&agubﬁ‘tﬂyatlﬂ@rﬁiol5 i apaii
which is | ess: than -t he f---thée: PCM .C vi-deo si nal arrpl'es
x(h), the bu% r at Y SOt ‘F’o% %3 mug F%B’r”% ‘2R8i RE 8P°Pﬁg

transfornmati dn reitgh xadni:u:racjs. eThedi :pmsibiﬂgtbasedupmtbresbB( 1r)at e.'f.q a

val ue bel ow the dyy RR0h gl nede BXLLPRUCOHbN9. ohe! HE XL d°0-20ng! U0

sanpl es. The tr on matF1-ces 5 used’i th IS
connection are tHfetned IIh@PEW*oth&brthetheeﬂﬁelanranasamﬂ1 he . Haabr(N- ) -

matrices. A thougllddb4 ek Whth W £e Té/aéléuﬁil?ﬁﬁréﬁdhi&y 3§uIah.Q? gk the

bit rate with respect .to' the DPCM.can be obtained:by the use transform
codi ng, - the yse aftcqdediSriiin WPl eI 2BFUEBFBur LRVPFRSHLCS the
hard- |y any recwetfﬁbiéhblst(o)ates £ENEFa LOWDAbAUe k0o BCIh tb0R eoleUivolY,

DPCM codi ng of t vi.deo. si les s d-30;. be-preferred. . .Reference
6 ®roves that: i ift athaca’sregg% g ‘?%?o"?fé?e h%%%u%’ﬁlgf Fﬁ&g tpﬁt El& e
-realized. In thimeReferdfbeiénts syfmpyed ¢baverhed PAkocel oudevwd»ed z{imynal
can be sanpl ed’ W2 Sarpkdid f&? egcy,f 2""th“&' St W 6985 leggl%stthe

cotour subcarrier frequen 3/ err| g!n i ded’t he sanpling’instants
coi nci de onl y. wiglt t¥he 429 (PR 2 bs@bbﬁéﬁl?ﬁoi‘@ Ghlﬁheal'ohaﬁﬂe a word

i nf ormation si gnangty tt)hzcl‘REiQF.‘EéES #ha@Sehb bRsrihabnghiookhendTSEMcOl our
vi deo S|gnal nay b r?ﬁ saﬂPléngfn?quﬁﬂe bit rate is also
lower. By a suitable choice of the transformation matrix
N H it ie even posaible-to'reduoe this bit rate to a value
,0 - below the bit rate obtained by DPCM coding of the video
signal samples. The transformation matrices which are
most frequently ueed in this connection are the Hotelling,
" the Fourier,. the-Hedennro and the Haar matrices.
Although in black and white TV a further reduc-
95 tion of the bit'rate with respect to'tne'DPCM'cén be
. obtained by the use:. of.transform coding, the use of
. . transform coding”in the .case of colour TV reésults in hard-
ly any reductlon in bit rate, even compared to PCM. For
. ¢olour TV, DPCM coding of the video signal samples should
3¢ be preferred. Reference 6 proves that 1n that case an
S?addltlonal reductlon of _the bit: rate can be reallzed. In
f this Reference it 13 proved’ that the. PAL colour video
'isignal can belsampled with a- samplzng frequency f which

is twice as high as the colour subcarrler frequency f ’

. sc
. 3§ Vprov1ded the sampllng 1nstants c01nc1de only with the

45° and 225 phase positions of the cdbur information
.51gnal_u(t).,Reference 7 describes that also the NTSC

colour video signal-may be sampled'with a sampling frequen-

ot i ———————— s i et 3w s m—



4 cy which is twice as high as the col our subcarrier frequency f [err]
provi ded the sanpling instants alternately coincide first during two |ine
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
col our information signal u(t). B. Summary of the invention The invention
has~for.its object to provide a nmethod of, digitizing a PAL or an NTSC

col our video signal with which an attractive reduction of the bit rate is
realized relatfive to DPCM According to the invention there is provided a

nmet hod of di gidy aibigm a0l wkilce/ idlemigignad e Cdolsuf OsReabyi@rsequence of

€

line signals qz}pr&nc%rm; IfSI ng(%asovulpéaré) ﬁ,l)tlogné%o aa b{ﬁgﬂéggsfﬁ%gkgznglatggd tvvo. ”

col our informati Signalss’u re eac a Ccof our
di fference si mnqmn‘atw cﬂrmauss:bmn riine ¢ ignaleovbtin E@%capr i and

freqrency L [ erzrﬂs tﬂnﬁsftﬁmuabngm | Gk ih & Newd ]gé‘hmweﬁ& epsneﬁ) syl
sanpl i ng the co Qur. Vi Si requenc ich is equa
to twice the &al et%c |er3$Mr e?fffgni %1?% P.‘a’h? ?ﬂ%té\?tg Rehi ch
coincide with ctdi@-{;hasvefmamisar{ egkdnaf u col our information 25 signal

u(t) in the ligle fighaly J¥ Y eSHA fio/N | Nt eger to generate video
signal sanple rising Q video groups

SXTM) . D) TOTT Mg SUDPT G UT es
whi ch are each forned bfﬁffﬁﬁﬁﬁﬂﬁﬁfﬁﬁh¥’v§ﬂ% g?gﬁ%ﬁegﬁnﬁPegrBYlgﬂea
rel evant |ine nfei e mdai@ienasﬁfglaatm;t W £ hag) 80SC coaseatt i@ebi ne
si gnal s; c® e”s%bl 195 |&r‘ﬁ§p%ta§fate a {J‘bgl &ugt{:@gan?rgh%rgngf E'latlon
fnnvert thé icture THtO a coef TCrents consristing of
coe ficients w@ﬂrqmﬁ#ﬁ?QuﬂﬁkﬁﬁﬂVQxﬂRﬂDRQNthe sum of versions of the

subpi cture video si gnal mmg\he&hut@vmb&eaiwl gmsd i\st{araviashor 35
“wherejn I S #) t o, the product

+1 -1, wherein
of B and o it THERESh VAR {1 HAIRG A (T BOE L B LGtk vhhED ASchde
wor d z(r'r) \glm cfereEy s as saequﬁfmas of Lines stgnghedesch comprising a

superposztxon 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 subcarriér frequency £ , the method

‘comprising the followzng steps: *¢
a) sampling the colour video signal with a sampling
frequency fs which is egual to twice the colour sub-
carrier frequency fsc and at ingtants which coincide
with the phase points 2+ M7 of the colour information

signal u(t) in the line signal, M representing an integer,

R ® to generate video signal samples x(n); -
e 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 hith Q
30 consecutive llne szgnals'

c) effecting in respect of each subpicture Hadamard transformatxon to
convert the subpicture into a group of coefficients consisting of N
coefficientg'y(m) which are each equal to the sum of versibns of the
subpicture video signal éamples which-have been weighted with a factor

18 +l or -1, wherein m é_O, 1, 2, ... N-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 sanpling node of a col our

vi deo signal as proposed in Reference. 6 for a PAL signal. and in Reference:
7 for a NTSC signal. This step a) in conbination with step b) produces a-
subpicture the picture el enents of which (video signal sanples) have been
shifted rel ative to each other fromline tqQ line. Step c) indicates that
for the transformation of the subpicture t He Hadamard matrix is used. The
actual coding step d) results in the desired reduction of the bit rate. The
i nvention is based on.the Leg | f the following fact. As ment i oned
in the foregomgle1 t hET8EAR br%gquggg ?n bl ack and white TV is represented
by the basic picture B(O) Simaa @-ﬂed&ﬁﬁneﬁudéevalaﬂ’é’ldﬂ& Mosten®dn B itifess
by y(O. This ngaggsotha gn when sa pHoRRiselauie |R%f(éfre&1clénl6f TR @ PALCAigHal
only this coefficient differs fromz and h|s OEfflflent need -
be coded. 20 ThR&dj & §ﬁ&€ﬁt‘of°Fh€ siﬁ%ISﬁg T s how

assumed to Be equ&b:.hat’r:.ha MLt sttemrtuﬁl |mdﬁxcequen@)nbm@ttwﬁlecmlmﬂ‘ure
video signal whigh Q%%sb%‘i‘nwiqrmb?@iﬁﬁ Qqé}%q_ws%rmpiwl (NpTe MR rb%m@ncy and

which in addltlon o a const ant

tness signal conprises aonl
col our i nfor mat ﬁbnf§|egna1°1&f“é(°cdr?ste&ﬁﬂ" et lf&'é’"bé"‘ﬁ?ﬂﬁ%éﬁé’dg A%tﬁ‘h
bl lack and whit e ; hMi cllt@ sbich@ltt T3S thle a::@lmmﬂﬂ’iﬂdmy:film estrmeipr esent ed

by the singl e ba5| c |cture B%Ct)# Al Jiﬂhog J??%%nghr ch fg g@%l gn signal
7 bt i ‘of o}

has a-const I'S "SI a subpicture

can-only be eprresnﬂmseﬁ: hyetmlsmﬂu%maqul the hi‘gé‘aﬁan‘oer of basic

pictures. The coefficients associated with the | ast-nentioned baS| C

pi & ures nust all be encoded accurat elﬁl S | th reason vvh A Nss form

coding applied to a col ourAf AP ahLHER it | ’?

Nyqui st sanpl i nghfer ezwlemmnrgesﬂddts A hweerrcH dyoreerd/ imadmﬁt irregring, r%l}%

| rrespective of 4% bieindd AN %rlrm:txﬁ Qhd Bl ve USEtks TSpeu@n ey S t O
col o

be the case el ur video s| I's sanpled wth
i¢h the basic picture B(O and therg%pl1tude value of this

mean brightness by y(0). This means that when a subpicture
is of a uniform grey colour, only this coefficient y(O)
S differs from zero and only this coefficient need be coded.
This is independent of the sampling frequency which is
L 2 now assumed to be equal to the Nyquist sampling frequency.
Let now a colour video signal which has been
sampled at the Nyquist sampling frequency and which in
addition to a constant brightness signal comprises oily
.5 Ome colour information signal of a constant amplitude be
- considered. As in black and white TV, the brightness of
L ® a subpicture may also be represented by the single basic
- picture B(0). Although the colour information signal has
o a constant amplitude the contribution of this signal to
r 30 2 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
35 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



a frequency which is twce as high as the col our sub- carrier frequency f
and a transformation matrix is used which is not ‘identical to the Hadamard
matri x. Using the invention it is achieved, for exanple, that in the
presence of a colour information signal of a constant anplitude the .
cont ribution thereof to a subpicture can ke adequately described by a
singl e basic picture, so that only the coefficient associated therewith.
needs to be coded accurately. This achieves the intended 10 reduction of
the bit rate; ta.h'éeﬁ@t@%%ér' QR 10U SuWliQe f £, the st Qir odudb- C.
Term nol ogy 1. ol our video signal is torned by a se uence 15
line signals eserriigal faeagensy £ w%ﬁglﬁlw Lorma it q+’@n‘e1? b ab-\ d
two colour infQpuRbi 98 $ic@Nalee dilldaland WHe ,Hev&wﬁ-m maien‘:r:} 20 Herel nUis
proportional to B-Y and V. to R Y. The ant|t¥ B r resent tpor Lue e
primary colour signal an¥sR3n&% e ITFARE1R 1iad“’p HEV LD 0LPF sSTHRAP T For
NTSC = 1tnard ihorthRAlpresdrt el deraiadel gurt limfermdtion shesatuefve
line signals. The quantity d nat e u rier
frequency. Weft Fﬁg = ouFWP%i£¥%ﬁ(¥£%J?%?ék%§§ﬁ§§%r§ﬁ?ﬁ§¥? Pﬁg% this nmay
be nathenatlcahhppmuﬂuny1qan q&ﬂaqeqyately deﬂ¢mﬁb®qu¢xtas%h%&%ﬁgbaSic
frequency is a g.‘i%”%o?’%\m Ghiy i C@oéﬁfmgéhésaw@cmga&%héfeﬁﬂeﬁcy
f in the col ouf €0 si gnal hi s frequency I S her t
Ref er ences. 1. needs tapjbref Yadfd A C TR I 6@“%%n$6€+?%°fb?%? *ﬁF%@Fgﬁon
Si gnal s Usi' ng %fa@@ﬂl@mﬂtﬁwﬂmwcﬁ@&ﬂﬂms ré406tidn EamJantwson, FEEE
Transactions on Co n| cat ons, Vo COM 22, No. 8, August 1974, pages
1106-1113. pxampLe qi ng; A Review, A N Netravali,

' 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:

u(t) = U sin (2 £, t + ¢) . (2)
~ | v(t) =) Vocos (2T2, t + ) (3)
® 20 Herein U is proportional to B-Y and V to R-Y. The quantity

B represenfs the blue primary colour signal and R repre-
sents the red primary coiour signal. For NTSC 3’ =1,
and for PAL }’ is alternately +1 and -1 for consecutive
25 line signals. The quantity f sc is designated the colour
subcarrier frequency. When the colour video signal ;s-now_

,é denoted by E, then this may be mathematically written as:
E=Y + U sin (2"77fsct+i"/) +XV cos(27 fsct+tf) (&)

2. The Nyquist sampling frequency is a frequency

30 yhich is twice as high as the highest frequency fm in the

colour video signal. This frequency £, is higher than
£f . '

sc i
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January 1975. 7 ub- Ny qui ed PCM NTSC Col our TV Si gnal '
Derived from FoHraranégst%Hep or %Euég%a?r@'r'i er .Sanples Signal; J.P. Rossi,

| BM*78, Conferedee Publ i c®diedrtalo Diflf exredmt izdgdnapyigizen) £ Brbgyision;
description sof the Figusess Wl Mdieltd;NdHe tihesy el iyei@ycde SOEendll |y
under stood, reference w il now be nade 3y %\; exanmple to the

acconpanyi ng dr dRitng 850f! W oc PaERS B3R the general structure of a
coding * 4, arranga¥edis fiormRidturearsddimg £ ®liAg WEnusepdPr éegeres
2-10 show sanpl ijng i_nst S, I Gs 4t U, | o j..N tion. Si | s
u(t) and v(t), t&gl spl°z§?%ﬁ1{eheoﬁ.ﬂ§g’r gctollo'n of’ the g@’di%{él%ri;%%gn%%%e%fg@ﬁé. 1
30 for the case8®0.PAL and subpictures of nutually the same shape. Figures
11-17 show s@nplsi ,ng i nst affe®1 YN Cor$HY £6n L8100t £04 HES rhdl DoBSE OBo Bo@hAl S
u(t) and v(t) to explain the coding arrangement of Fig. "1 f r#he case of
NTSC and subpi ctt§rtey i R RFATY 5e Fafif E.A-Fipé‘tﬁ% u18€5 thdw

saffpl i ng i nst antrs ot calb-Repiizinyr 65 1.0 FpINo N 4 A%, opeT8f 1919 of pades codi ng
arr ange- 119-130. » '

“ 6. Digital-Video; Sub-Nyquist Sampling of PAL

15 Colour Signals; V.G. Devereux; BBC Research Department,

Report. No. BBC RD 1975/4; January 1975.

T Sub=Nyquist Sampled PCM NTSC Colour TV Signal

& Derived from Four Times the Color Subcarrier Samples
Signél; J.P. Rossi, IBM 78, Conference Publication No.

. 2 166, pages 218-221,

E. Short description of the Figures.

In order that the invention may be more fully
understood, refefence will now be made by way of 9xample
to the accompanying drawings, of which: _

% . Fig. 1 shows the general structure pf a coding
® arrangement in which transform coding is used.
o Fiéures 2~-10 show sampling instants, subpic-

. tures and colour information signals u(t) and v(t), to

o explain the operation of the coding arrangement of Fig. 1
3 for the case of PAL and-subpictureé of mutually the same
shape. _

Figures 11=17 show sampling instanfs, 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-

-% pictureﬁ to explain the operation of the éoding arrange-



8 ment of Fig. 1 for the case of PAL and subpictures of a nutually (};
different shape. Figures 23 and.24 show sanpling instants and subpi ctures

to explain the operation of the coding arrangenent of Fig. 1 for the case

of NTSC and subpic- tures of a nutually different shape. Figure 25 shows

the préferred enbodi nent of the transform agrangenent. Figure 26 shows the
preferred enbodi nent of 10 the auxiliary transformer for use in the _
transform arrangenent shown in Fig. 25. Figure 27 shows an enbodi nent of a

vari abl e word | emgith aix@igary Lol vige acasegefieRAL &ndussbB8cshows af a

enbodi nent of aﬁ%gﬁ%ﬁs’%:%fgérg@pts 5ory 6 for use in the coding

arrangenent of igure 29 shows a bit-assignment nmenory for use in a
codi ng arrangenent which iBigufean?? 2od Bk osley| AgmRitescarsirnisdesd -

signals. Figure 3 iionerds CONERpLLIACHRE 6P6rHECohNo20tREMBbAAREON With a
codi ng arrangenment_ which is %ﬁié_a | e, for processi ng PAL ﬁgl our, Vi EZQ
signals. Figure 3FFaEREeRE ShiFHE- ol rEoF: *RBr 888 Ph H0RbI ABLi SHORACH a
codi ng arrangeneniresi ath 4 smstud Bhy edf HfepentessBang. NTSC col our vi deo

signals. 25 Figure 32 ShQWF%%ﬁEé“égr%@%ﬁyetﬁgbggggggLeafehggdimenﬁi65r§h§3

subpi cture-formng circuit use i e tranStorm arrangenent
shows the rel at itFesHTPIRIARRGINEHeREdr ess codes AD(O) and AD(1) used in

the subpicture- 30 form ng?%diﬁéli% 0dh&Wd. tBE. prbfureddemBowimehe bex16
Hadamard mat 1 x. _Figure 35 s the formof a,Ta t he nunber of

3! owWs, i e,
bi 15 assi gned 1 PR Thiath, FEARt T PEReR S03 (Hps BB THE' E5ARAL AR angenent
F(1). General stammtngemdnig.sHowihoivs BigodRhg arrangenent the structure of

whifch is based on the nEthﬂﬂygget@? éﬂgﬁgtéﬂnemébdiment 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'meﬁory for use
in a coding arrangement which is suitable for processing
\Q NTSC colour video signals. |
Figure 39 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—cbding arrangement which is suitable
for processing NTSC colour video signals,

% Figure 32 shows an alternative embodiment of
P the subpicture-~forming circﬁit for use in the transform
o arrangement. |
. ' Figure 33 shows the relafionship between the
T address codes AD(0) 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 .

35
F(1). General structure

Fig. 1 shows a coding arrangement the structure

of which is based on the method of the invention. A



9 col our video signal [err](t), comng froma vi deo si gnal -source 1, is
applied to this coding arrangenent. This video signal is applied to a
sanpling device 2 which takes sanples of this video signal and produces the
vi deo signal sanples [err].(qT) under the control of sanpling pulses S(1)
occurfing at a-sanpling frequency flerr] = 1/T. Herein it, holds that q =
.2, -1, 0, 1, 2, ... These video si gnalg sanpl es are applied to an.
anal og-to-digital converter-3,- which produces the digital video sanples.
[err](qg). These digital video sanples [err](q) are applied to a transform
arrangenment. 4, Wiiddbusl WMide fsarémr qecsp,rlmxrgerﬁaém mmﬁgnai ,
arranges the d| gital wvi deo sarrpliglz1 ali subpi cé ure consi sti n wa deo
groups associ at ed 3R dondSc ARRE S n"é Hhhi e ’é’é%l‘?ﬁ?fé%e'&? F‘é
fornmed by a sequericieoofsiignaldes agﬂale@atmlae&smiplimr@é@mtzlwmm gnal
2. transfornms a Ctd S c o [
of N coeffi m;antgc y %n"&lhemgroeé eﬁsd Join&ego 3sa élf%f t%é&rs%r%‘?g?%e&?;dg}ébgg
signal sanple verssﬁémﬁs‘- sfamtie ss /(AT pnden h*é‘!;% W%#%SOﬁa%mglmn :
weighted with a fpmtsws BN 1Y ockuisd ity o dladaiBnsh {08 1 Xe ip m=prpl 2,
... N1 and wherejn Nis eg{%de’to t% roducts of -P andqQ If?n oW a V|/deo
si gnal sanpl e . of Hﬁfélé’u éhotedr x'(%‘) “thetr the Pelatt ofRHFH -
bet ween -a coeffi vme&ntsl)dﬂﬁl arahﬁm Mz degp Bighat o SEPAesl of -t edSgbtal
picture is defin Q;é) Si () S h
particul ar that % = EPS “%qfhl ro'ﬂ{ evgc])né(;}{(;‘B a‘% %:b’?a:% ‘Qi?a%trr%?’gp%‘?m n)
30 are the el errer?t(sa)of Th eisad sHegick ak arﬁsﬁqn matRke hek(d X aFe pplied to a
tra_nsfo_rmahon artwagm PLALQeSyiE Be further described
coefficients y( whi ch are ap ch to a variable word | ength auxiliary
codi ng arrangener r§a L hfTc ﬁ@ﬁ"r each coefficient into a code word z(m
havi ng a 35 1. arranges the digital video samples into a subpicture
15 consisting of'Q video groups associated with consecutive
line signals, each wvideo group being formed by a sequence

.of P video signal samples of the relevant line signal;
s\j 2 * )
group consisting of N coefficients y(m) which are each

transforms a subpicture thus formed into a coefficient

& 2 ©qual to the sum of the video signal sample versions ‘
of the subpicture, these versions having been weighted
with a factor +1 or =1 ﬁsing a Hadamard matrix, wherein m =0, 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
95 .1s denoted x{(n), then the relationship between a coeffi-
2 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 abové,'the-factors h(m,n)
30' are the elements of a Hadamard transformatiom matrix H.

The transformation a:rangement'consequently produces the
coefficients y(m), which are apﬁlied 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 Iength. This word length is determ ned by a quantity b(j). ‘fﬁ
which is produced by a bit-assignnent nenory 6 and is applied to this [~
auxi liary coding arrange- nment 5 through a control input 501. F(2).

Oper ati on when using PAL col our video signals. As nentioned above, the

sampling frequency flerr] is equal to twi ce the colour subcarrier frequency -

f This frequency f Is in a very special rngationship with the line :
frequency f1. Namely, it holds for PAL that: 10 flerr]= (i [err]) wherein i
is an integer. Fromthis it then follows: 15 f = (2[err]) f1 =

(6) This relati oa&hicabbet woed flenrgttmh f Téviss] weasi vemgapeicd adem‘rmqammaes

Let it, for exanp SsS h | avi arts
at the instant t L&t ﬁ:%i%a’rtgxaq ‘bé" as%‘ufried é{%&hdabth vg} eo Si g%ua'{ rg%
sanpl e of this | meeosiygfaknids lpr edwddgdatt o rrémmamlltarrst €99ing aryangw -
be assuned t hat ;,,Qgtl I-th§.IOQ h@\gﬂ}g.d]_ur}jqﬁ{utr wHpstarts in a correspondi ng
manner at the insta L_err hen the err] video signal sz 'Ielf this
line signal occuf&2 DS 3 EAL (golon =t ’
schematically shows, by \A/a}soinanltlﬂmsierdatamee .bwmmmflmbtﬁ'ecmenmtﬁgt S
at which the vid | .Sa t SolgF:1\ Vg ers r
e G B e i d A e o
not shown consecﬁbl’-?elfy‘eqb‘t?ﬁ"-‘goflg@ dF daci d‘teH"e’F SRRFHaL sﬁHﬁ%‘W’that

each line signal wikar itheall indStraitlgderey) £ Shoumd Iy § het Riglde. £4n BASetleds :
the Figure rapresents therefore a TV p|| cture. In Reference 6 it is proved
that [err] nust be chosen |ﬂgssucr(:.rra-mj;e)r fihat at the sarrpl ing instand} t,
35 ®the argunent or .phase point [err] of each of the gonionetrical™
functions in theWheF'eg"Oi g iexgredsite@en2), (3) and (4) is equal to [err]

wherein Mrepresgpbhm 3RiisNti®J&hen follows:

. £, = (21 - 3) £, == (6)

This relationship between fs and f1 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 sig#al is produced at the insctant
to,r * At + (j-1)T. Let it now be assumed that the line
signal having number r+1 starts ;n a corresponding manner
at the instant t Then the J th video signal sample

o,r+1’° :
of this line signal occurs at the instant t +D t +

25 (j-1)T & '}T. Fig. 2 schematically shows, byow:;1of
v 1llustrat1on, by means of dots the instants at 1h1ch
) the video signal samples of the line signals having the
“ numbers r = 1, 2, 3, ... 8 are taken. However, in this
" Figure the 1ine'sigﬁals are not shown. consecutively, but-
30 below each other and in such a way that each line signal
starcts at instant t =.0, shown 1n the Figure. In essence,
the Figure represents therefore a TV picture.
. In Reference_G it is proved that At must be
-chosen in such manner that at the sampling instants ¢,
33 the argument or phase point 2Trfsct+4ﬂ of each of the
goniometrical functions in the foregoing expressions (2),
(3) and (4) is equal to EF*-}!N', wherein M represents an

integer.



By way of illustration, the instants at which the video signal sanples -of
the line signals having nunber r =1, 2, 3, ... 8 are taken are shown
agai'n, .on" a sraller scale than in Fig. 2, by nmeans of dots in each of the
Figures-3 and 4. In these Figures the starting nnnent t of each of the
line signals is again- flxed o,r at the insthnt t 0 and [err] is chosen
equalt to 0, so that At = T/4. In addition, Flgure 3 shows for each line

signal the col our |nforrrat|on si gnal % The anpljtude U is as uned to be
constant. In a correspondl% Rnnet Ho gﬁr%ﬁb%‘ fB’PeeéﬂﬁtﬁPﬁﬁ 'g?fgl"cf‘he
col our infornatitne siiged a{dnal i dahpley asstmdlihatsigﬁaaaphatrmdg Vis

constant. For both F| ur es urt her hat see xpressmn
5. FromFig. 3 b |sxgseen 1’na% :§ * eath sanp?ﬁggiklgns fant s"lt'lﬁ‘e’gco Sgr + On

i nformati on si gralesmgk)ethascale tham tipsHliai e2vabvemednseocfadeiteuliar epch
this absol ut® vajpieys Rhdbed 03 [ﬂ&]h':rﬁﬁn Ehgse%i%ubésseﬁg kiRaktahgeach

sanpling instant the coI our I nformation nal v al so has the Same
absol ute val ue, ®ARH i, v?%q?ﬁ‘l’ht%f[@i*?]llqﬁesaﬁﬁﬁ 8l 1vi agpiyi faxed

sagp! es pr Od!Jceda.'@YtHJTej.rfd’\@Ath £ 0= 0 Chhdl L?OHYQF_&QB?&:xaéQuQU aaged sidt O
supbpl ctures I1n tne trans OI’ nge el narger L.t
ORISR Xtk Rl V7 et R TE O P ?h°§°aﬁ8rt { Rapnpling -
4. Thus, this subEmlrihe vdmbdmzwl ihf benalthot edibyaBln d:c)npﬂ‘hseamtphetude U
si xteen vide® signgl ﬁ?n'i@ €8, 14\l %-&seéaw Feg- CQ¥ELE§?|8 Fx?ch E?f NOW

each full TV picture e assune as shown 3
to be assenbl ed Frlra)-mlh ﬁﬂ?%ﬂalf‘m Qﬁc%ul-:hn%ubbg%%hr‘ébe A§1§H6\Nﬁnif'ﬁrrni9~§1°9 by

mean$ of broken dig&s aaf/b ) SUPPiwd 1 8 mulb@dasﬁwedhasamgumadeevn1s
i npl enented from a Iur ‘Ea of squares of e u?a_l?m? ze, each conpri sing one
t

vi deg si gnal sar&ﬁ TR 15230 urkhpgqagspreturiad enent
or Pel (= Picturie elfr(&iﬁé edpressidens psshned Fhgt Bhetcaboseeni dnatsiagnal

E (see expre¥si Q) ) o 48 SAIEL 0T 68800 POLET 1 RFoSHER1BaPEEHLS u(t)

el enent .
has the same absolute value. More particularly, this

absolute value is equal to %U\f_a. From Fig. 4 it is seen
L - that at each sampling-insﬁant the colour information
20 signal v(t) also has the same absolute value, which is
s now equal .to VYV 2. . .
) The-digital video signal samples produced by
the analog-to—digital converter'3 are arranged into
subpictures iﬁ the transform arrangement 4. Hereinafter
25 1t will be assumed that this subpicture has the shape
shown in Pig. 5 and that P = Q = 4. Thus, this subpicture,
which will be denoted by B,, comprises the sixteen video
signal samples indicated in Fig, 5 by the character "x".
Now, each full TV picture may be assumed, as shown
3¢ sSchematically 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'pluralit& of squares of equal sigze,
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 Wen a Pel having a standardi sed signal value +1 is represented by th
bl ank square shown in Fig. 6a and by representing a Pel having a

st andardi sed signal value -1 by neans of the hatched square shown in Fig.
6b, the sixteen nutually orthogonal basic pictures Blerr] (O, Bl(1),
Blerr], shown-in Fig. 7, can be assenbl ed. These basic pictures can be
derived in the manner described in F@ferenfg 5 fromthe 4x4 Hadamard matri X
H4 shown in Fig. -8 and consist of conpletely "white" and conpletely "black"
Pel s. As nentioned above, an orthogonal picture transformis based on the

i dea that each of the subphgentdlrfsi %gnaﬂganaasamsbs degaanbedlas a -

| i near 15 conblnatlon of the sixteen basi g jctures - shgmn i n Fgg each
basic picture B[y rigI e MM tPHl FRY %§a KoPauarer ShRIRed™ FfléFent
y(m . Because ofaﬁmeo;sp:emﬁésémﬂmg anPahi taviheg aokoandardeeegl ghghaijls.

sanpl ed and by chopsi ng, "hi dj the hagQTealggg Sgﬁghﬁtgﬁegm eagl,
row conprisigg t Y& sane nunber o? o dgo si gna IS seen Trom

Fig. 3 that the @vmt##tm&QQnﬂ%ﬁu%heVc@?bﬁ?gPﬂﬁbrh&FFSnpéFﬁﬁﬁFsuPh %o. each

of the subpicturgs(qs,the, sage ?51 t SRéwhhis p@gtrvacaanbaraasbembled.
represented by the auxillar ure shown in Herein_the sign

"+" jndicates trﬁhei?mP%ﬁﬂﬁnﬁ ?F#Eﬁﬂaf?ﬁnbglﬂﬁﬁFvﬁetfn ghﬁoQFPpﬁ & at the
rel evant sanpli rweamim womeﬂpaéﬁceubaﬁ-ymu thies 4xheHadkmairde chattirdic H(t )

T y dj ! h " i | t
e i M ENLEt  c i

.[err] As nom/th@mnbso¢UYe"bhhqb"o?ehﬁt) is the sane at all sanpling

nonents this auxiliary plggu&gngiogég aB8veadnan oreg°§5§QQa@mdaaieand be-
represented by the auxiliary picture assenbl ed fron1S|xteen Pel s

‘shown in Fig. 9btr%EP§¥ﬁ%e1fhEaFﬁaaﬁﬁrB FatfrR ERACCA25PSE SRS SY %ﬁ°‘
el emencs havi ng taeédl syokaenhi Eak. absohut bevaksesibsduasd aad isar

transfornat|%? nBI&%%hatign gP @ﬂg Ekgtechﬁng% pic%%res shown in Fig. 7,

each basic picture B1(m) being multiplied by a predeter-
mined coefficient v(m).

o . Because of the special manner in which the

.e¢olour video signal is sampled and by choosing "bidimen-

;' 20 ©®ional" subpictures, each row comprising the same 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:iqn
may be represented by the auxiliary picture shown in

25 Fig. 9a. Herein the sign " ‘indicates that the c¢olour
information sigaal u(t) is positive at the relevant
sampling instant: more partlcalarly lt 1s then obtained
that u(t) = 'DJr;. The sign "-" then 1nd1cates that u(t)
is negative at the relevant sampling instant; more

30 particularly it is then obtained that u(t) = -3U V2.

- 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 auxiliavy
picture assembled from sixteen Pels aad shown in Fig{ 9b.

35 Since the Hadamard matrix, wiich also consists of elemencs
having mutually identical absolute values is used

as the transformation matrix, Fig. 9b and Fig. 7 can be

K



conpared Wi th each other. Fromthis conparison it is seen that the @
contribution of u(t) to a subpicture is fully described by the contributio H
of ‘one singl e basic picture to this subpi cture. For the nuneration of the
basi ¢ pictures as used in Fig. 7 this is therefore B1(6). FromFig. 4 it is
seen in a correspondi ng nmanner that the cqmtribution of the col our

I nLormation signal v(t) to each subpicture is the sanme and that this

contri- bution may be represented by the auxiliary picture shown 10 in Fig.
10a, which auxitbmpirpcCiiitR 6aBhbotheBVeFirad ithie idihpubdddmrit piLtdden

shown in Fig. | {, now Fi mnth i.g. .7, then IS seen
that the contri gﬁ?l £h%f °\‘3’('1 ?J‘Pﬁgg"?uﬁg g{t%r)e i° S 21756 pglﬁtl‘{?edé"scf‘ﬁé]ty by
the contri buti odesérbthedsbmgtbebaontrpbotioa D5 toaet Iviinglebpiactime, in this
case by Blerr] (gictéée”@@t 'tﬁﬁ!ﬁdshﬂp%%u‘}gf egRINGn el %%n%%ﬂﬂa@#tdfo%ﬂ{] the

| umi nance siggnal Y to a subpicture is predom nant- [y describ
contribution ofP*PdchBREFEUPPEL BPeU2OIBIPOf 180 (Thitdisuls dhereL: aﬂﬁf B (5)

consequently, by the coeffieneplgy(®) 1tThe deshr ath bt dbiiredpaidide 'Imrin.er

rate is nom1obtgé gd gé t he fa§t t hat ? t¥12the t hree effuglents

y(6) and y(7) bERRnESREFIRREGPH: 8 CORPYF IDSEEMALIR SHEWE Wi t h

NTSC col our vi debt §i $nabgcsspbplictned |i|s tthe fsalmeg(alnmg tualtschis tdurstwiase

the sanpling fr@&k‘ﬁ&fiym&y b8 fOPAbsbALhY Sg ﬁh%f G4 P GA T thiile fétg&{{-ﬁncy

flerr]. Howswer frequency 1's now in erent relat’i onshi
line frequency 50 ¥i&rr 10t a2 srbnapail inE¥e PRALUTCUICAR P o ‘{°1Wcﬁ‘(':&e‘¥ or the
NTSC system t haintdethé a.nnliary picthfp YhQKR An FHAr et TAMIWt eger.

Thi% rel ations be e err r 35 |ts.' resul t that when
the line si gnal%ﬁﬁm ?lé\gng ?mPLngr f"%[tg‘t %‘}"ﬁé | ﬁs% Rt t[err] et%entt?a(a)tr al |
val ues of r t[ethé ¢conhoiUstihat oft w(jt)erto] a swbmtsxrganals sy Swlcaur s at

the.'nStantl;[eéélcrlbed_by the contribution of ons single basic picture
to this subpicture, in this case by B1(7).
As mentioned in the foregoing, the contribution

of th% lumihance signal Y to a subpicture is predominant-

\ ly described by the contribution of the basic picture
20 B (O) to this subpicture and, consﬂquently, by the
¢ coefficlent y(0).

' The desired reduction of the bit rate is now
obtained, by the fact that only the three coefficients
v(o), y(6) and y{7) must be encoded accurately.

s E(3). Mode of operation with NTSC colour video signals

As mentioned in the foregoing, also in this
» - case the sampling frequency fs is equal to twice the

colour subcarrier frequency fsc' However, this frequency

.® is now in a different relatioanaship to the line frequency
3h fl than with PAL. More partlcularly, it holds for the
NTSC system that:
£, = (i - 3)f,5 £, = (2i-1)f, (1)
wherein i represenfs an integer.
Thls relationship between f and f has for
35 its result that when the line signal hav1nv number r
starts at the instant to,r’ then for all values of »r
- it holds that its video signal sanple occurs at the

instant t_ . + Dt o« (,1-1)T.



In Reference 7 it has been proved that [err] t nust be chosen so that (EL/
alternately for two I'ine 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

whi Ch t he vi deo signal sanples of the line signals having nunbers r =1, 2,
3, '8 are taken are illustrated schenaglcally, by way of |Ilustrat|on

byvneans of dots.. In this Figure, as in Flg 2, the line signals are shomn
in a subjacent relatlonshlp and in such manner that the 10 starting i:nstant

of each line signal coincigdegeWelBntie7 At %'lts toeerp,pxs,h,%% ddh £ hes Rl gure,

so that this Figure 11 also represents, as it were, V picture. Reference

7 further prove3ughabe[ RPFAR spushage aiteraindediy §‘(9Pt ﬁa‘P Aime (9igngl § hat

at the sanpling/ gsianksrbtt BEuaLI¥EN tOr ahlde fma&emptydﬁseZ{@er{d Oin&ach
of the gonionetrical (function |n t he exﬂressmns ( é g and (4 are
r'%h

at t er nat el ysfor’?ﬁﬂaf‘Fn &i gralty & T rdR- -edtfalf & ['dr Hat i 1, 2,
... and for "t wwBnbReguenidede siiggadl sampilels o0 uhmw”ﬁhﬁ ﬁfgrmmolhmng
i nstants for the Ibng Si gnal S Igaw ng numée 8 %I cated

by means of dotS 1R each of T h&FPds " 12 Saik elfalﬁ J:'eeise:" ugure

starting instangchémadithadiythbdyl way spf‘gnéllszsargamoza ooimE e sofviddtts. = 0
and has beenrghefgg ﬁ@gﬂketoag oplifat o Ighe iE‘% 41RO 4,00, s e

col our information signal u(t Y I's s own 1n for each |ine signal and
the signal yft)iPsasABrdarfaf; Felegionship @ fjd"r Sgfithgame s tthatothere

be assuned t at sthedin¥ ahe taarShintealdh ansiel Ralgddl tdwi®ided W1fh %ﬁéo
now it is seen from Fig., 12_.and. _ex ressw‘ﬁ %2) tthat- u t)] s the
r

ab®vl ute val ue APS&RRK sarer| ngh|°F'{s't aft qf‘rge T extpr%lesss Jfﬁlali%)
IS seen that thatsal sephebdntior as( L. werieng a& @V tm-csq;m-al position of the

sanpling 35 instants the ﬁ!é?Q&-QhH"ee% Wulﬂth%@vfﬂlfomsﬁ{h§oﬂ@atmﬁwybgave

t he® shape of the subpicture sh-ov% 0 ,
subpi cture wil|chesgendrednBy &gl ﬁ"al Sgalrs %% Wﬁa‘i alasthfectrBR} tPE n

paragraph F(2),ihBeants t the argument or the phase point 27 'fsct +§
of each of the goniometrical functions in the expressions
(2), (3) ana (4) are alternately for two line signals
s first equal to + E + M7 s wWherein M = 0, 1, 2, ees and
..gzg for two subssquent line sxgnals;%,l + MT= - E +(M+1)TT
A number of sampling instants for the line 31gnals 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'siénals again
95 coincides with t = O and has been chosen equal to O,
. so that £, = 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 codstant
3¢ 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 chosesan so that they
-have the shape of the subpicture shown in Fig. 14 for
= Q = 4, which subpicture will be denoted by c,-
Analogous to what has been said in paragraph F(2), the



1 5 sixteen nutually orthogonal basic pictures C1(O, C1(0), C1(15), shown R
in Fig. 15 can now be assenbled, it being possible to derive these basic
pictures fromthe 4x4 Hadamard matrix H shown in Fig. 8. Al'so here these 4

5 Pasic pictures consist of conpletely "white" and conplete- |y "black"

Pel s.. From Figs. 12 and 13, respectively, i 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, respe&tlvelqy 1)e

When conpari ng F?gx"iﬁnaﬁﬁtl*f“élyl?rtF‘€§ﬁé‘@11| bapje miotuses Crd0 ﬁ“s en
that the contri butLanquor,) saadnv(:.h) Firgespgctcla\nelmw m G sEen 1td )y Eh.tt S

ful l'y described t he Contf’FL'inttlsagm (::.ve %hezg%l conse ent gegrrf]r(oSrQ

Clerr](7) respec |veF Pop ture an the 1
coefficients y( 5§#X&nﬂa9€7§1rdTMetd'e§| Hgd sbethac tino & igf. tsne ABHO ri'@tr@ i themay

al so obtai ned asbé‘g@banE'tiirEQec%Q@EE'tClonc%rbb(lQ)be1)9( AN W (afld rﬂbﬁﬁpwt:e~

encoded accurately. é Mutual | _different sabpictures Fi % and 11
show how a TV pi &YurBlEaﬁ bEedfvi §EA™ Ai€%sulf aRG d9r TePRAfRIS %Vg'ur’e%
t hese sub- pictuiessabh khaue the eamﬂb&p&omamu(es)uldnmfv(M),crréd‘paec-

i cture BL(6) anavit] pyoBtbdy 38, el e SBhir tiEh e Yool Be b dlfe Y B
and y(7) nust betbﬁcaébula@gupapbloyn Ii@r FN’ESC t1i%e acwsl dli'r'r, iTefsmanttivelwd gnal
u(t) is fullye deﬁﬁéhbggm?)ir&ﬂ% Pasgi, C 1B Ghidr %’1% (EI?QJ a%s[p%rcrd:&vteh,by with

Cerr](7), so that onl he coeff|C|entsy e

30 y nust
encoded accur at ef§8-1 h pr 2&t L8e SPERafpedr & d\%ﬁ’tté‘g‘é’d’lfs“’c’b ‘léé‘@'el/eﬁ’%ﬁl
subwi ctures of nu{vall yedpaae&eeuysh&ae& 3 i@ wafd ne Wdilheards ariydt ure

shape a systemo uaI Qqonal c.pictures which eri m
a Hadamard mat I‘Ié mﬁ{ﬁ ItF"b 8”‘t R&r %g"g ERFLE Pf A r%f%f ‘?hgi)
case where Pl& Q‘ES§ecV\ﬁ.Vhli?ALtbh&hS-lﬂb[Blﬂbl:U.l’c&:uﬁ‘} mamﬁ@nmm the
coefficients y(5) and y(7). _
The de31red reduction of the bit rate is aow

also obtained as again only the coefficients y(0), y(5)

“w and y(f) must be encodgd accurately.
\// .
2 F(4). Mutually 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
PAL by the basic picture B1(6) and v(t) by B1(7), so that
only the coefficients y(0), y(6) and y(7) must be encoded

25

“ accurately. For NTSC the colour information signal u(t)
] is fully described by the basic picture C (5) and v(t)
s by C (7), so that only the coefficients y(O), v(5) and
o 30 y(7) must be encoded accurately.-In pract1ce_1t appears
advantageous to use several subplctures of mutually
different shapes and to define with each subpicture shap=s
a system of mutually orthogonal basic pictures which
are derived from a Hadamard matrix. This will be further
35 explained hereinafter fof'the case where P=Q =4,
_ With PAL the aﬁbpicture B, shown in Fig. 18 may
be‘substituted for the subpicturas B: of Fig. 5. The system

of sixteen orthogonal basic pictures shown in Fig. 19



be substituted for the subpicture B of Fig. 5. The system of sixteen @
ort hogonal basic pictures shown in Fig. 19 16 is associated with this
subpicture Bl[err']. A basic picture B2(i) is derived fromthe basic picture
B1(i). To this end the rows of Blerr](i) are shifted in such manner

rel ative to one another that this basic pivd ure 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, ed®shdssveistgrhlwinlsttisiod |sitypi¢rmreq3| feA basicthattuteis
characteri zed b [\er. v [ r sents

an integer. Fr o)r%zlj'—(qg} lfg dter;]:izza‘ﬁednow%‘é |ved1€a£f€\%1§1t§r%x éﬁi? 'tr? TRLE
contributes to temat ditfef arosra Ut (ck )Jraeise Slfhi-%t%@n%ml?J’éuﬂloma#lBeSchehFF-ve

call'y shown in Ri.onel-andigibd mxﬁaflﬁu;lba&&ogp@wﬂemsm\b@ Eh@Ssndpand
19 then it ig seen that this contri- bution is | y described by the Bas1c
pi cture B1(6) or°£[ ﬁé‘eoa?sﬁ'i?’ﬁ‘iﬂ’iﬁéaﬁzﬁ) In a correspondi ng manner the
contribution of v(t) to th:eﬁe\w@iuwbcm:stheSbsambﬁdderiﬂedhérﬁﬂhﬁég 4

Th contributio ch tic h6 Ot

T oot b it P RO o) oo fo futha ZF A" A0 B RP PR DRt o
is fully descri fed tealilee bdsic, rnacnkurle:.rB{ esxg'z@tﬂ mmtbyathefbasrle peaudre-
B2(6). If now y@r@nta%%@t ”}SSt ﬂ%&ng‘-ﬂa ?@5—‘ Faye @E&HBaQng1§§ t hen

it iIs not negessary to ow whet er a subpi cture B or a subpi cture B2 had
bean transfor medanntashi dleRaddr id i ZeATRITIbY 23uirfesent YooRcEdBat 8l §*
encode only the daif epw RS fded 8RS td Qnat/ (Htemel ¥(€) . conbribhaesnmebhod

(o the subpi ct et HidenRRe e e s o T R ETEr bR B e EPRL o,
C3, C4 which areadigwshawdiip Rix. LMV Whe:xt utlen.a:anlaomﬂbeldl vpdpdred t he
manner shown in g 3 Figs. 7 and 19 then it is seen that this contri-
A bution is'fully dascribed by the basic picture B1(6) or
the basic picture 32(7)

In a corresponding .anner the vonurlbatlon of

Y, v(t) to the seyeral subpictures can be derived from Fig. L,
20 This contribution is schematically shdéwn in Fig. 22. When
& 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 B1(7),'or by the basic picture 32(6).

now y(6) and y(7) must be encoded with the same accuracy,
2§ then it is not necessary to know whether a subpigture B1
or a subpicture B2 had dean transformed. In this case
.z it is therefore sufficient to accurately encode only the

' three coeffi ients y(0), y(6) and y(7).

' A similar method may be used for NTSC. It is

39 then, namely, possible to take, in addition to the

subpicture C, .defined in Fig.'1h, one or more of the

1

subpictures C C, which are showa in Fig. 23. A TV

14 V H
picture can niw bz divided in the ma=aner shown in Fig. 24
into subpictures C1, C,, 03 and Ch' A system of sixteen

35 mutually orthogonal basic pictures is alsu associa red
'w1uh.each of these subpictarsas. The_suhpLCuures associated
with the subpicture C, may be deaoted by C1(.);_the.sub-

pictures associated with C, dy 02(.), etc. Also, these



into subpictures Cferr] and Cferr]. A systemof sixteen 35 nutually
orthogonal basic pictures is also associated with each of these subpictirs.
The -subpi gtures associated with the subpicture Clerr] may be denoted by
Cerr], Ahe. sub- pictures associated’ with Clerr] by C(.), etc. Also, these
17 subpl ctures may be derived fromthe basi pictures Cerr] of Fig. 15. A
basi-c picture Cn(i) is how obtained by so shifting the rows of Cl(i)
relative to each other that Cl(i) assunes the shape of the subpicture
Clerr] Herein m suibp..&tu&es4nﬁl3vdble de@ived Xrom "helﬁaasﬁi’kal}ﬁmu&‘éﬂ ¢pe )

f t th t th f t :
Subproture Cm 18 oPuli ddder PoBAY MY A Colich UrD T (52 S22 be

derived that t hesh@:ﬁ‘ttnnhutth@n rofwsy (of) Ct,d iheesiaipie U@ aSmneltlosr tifat
respectively, -isgfyl gya@‘iﬁﬁf 'sb‘?:‘ijx 35‘:15.% RS 16 P Sl B ESefE €T | ”I-le@é‘gn
Cerr](7), reespecﬂ vely, an hat this contrlbutlon of v(t) R0 't

subpi ctures C2 amd=CA, rgesﬁecllﬁ waId) 1= Gaully Zescrd bbde b‘yn%@amm o the

pi c]g ]y_re_s Ct2(6<(( aO@d o2 11.5: rcfas.oef&w \(%I) )(ie\:(:?:_lf%b“d St NSC, c?m%ym:mfmn <t)f|
coefficients must . be alternately
encoded accurate %G" D&%‘%I I é%]P ‘{Jgﬁed%‘fﬁ)’o%%%tgy B®4). The
transformation abaaagemsaratturAOc (5). It daxg aﬂﬁo simwsei-heecprmmreﬂe

enmbodi nent of thetran L ars t I.s_arran todvdethe TV
picture into mubpl cturz’s it e r’g%&%ﬁ&v\% siublf—l‘:{uﬁ%eoﬂ Ila‘r(jél g Let it
be assuned for thespasdivedyi.ddseduidne derdribed Qy: the Tma:hq:sptﬂuurehl S

Lransform arrangg: (FINLLROEI(FSS byl CIiE; T e 61 4610 Lo GRr20dedon

tra®¥sformation cifcuit 402, cascade arrangenent of Q1 del ay lines
404(1), 404(2) aRd F8%) 3)t°|§“ecéh’ﬂi’éﬁt°é'duteo‘t 30th R, 10Re PP EhEVe T euit 401.
Each delay line h-asu.gr idedR rd®ledy b3f t(}i%l%)alsffc Wndsearml €6y oamaday, (aS)R P

30 video signal rei R Je the er al

sanpl es of a tbi n&, rsrggﬁal I_ki i's e% al q[r e}\glsscg %n& @i@#giﬁegﬁg The

i nput 403 of thisf y(0), y(5), and | y(0), y(s), (6) , must be
alternately encoded accurately.

G. Detailed construction of some components.

o 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 sub;ictures 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-
25 ment comprises a subpicture-forming c?rcuit 401 and a
. transformation circuit 402, A cascade arrangement of
L Q~1 delay lines hbh(1), 4o4(2) and 404(3) is connected
" to the input 403 of the circuit 401. Each delay line has
a time delay of (R--P)/fs 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_hO5(.). In éddition,
-control pulses are applied to each.AND-gate.
" More particularly, four control pulses are

. first applied to AND—géte 405(3), then four pulses to

@



subpi cture-formng circuit and the output of each delay |ine are connected
to a respective i.nput of an OR-gate 35 circuit 406 via a respective .
AND- gat e -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-gate1g05(2), thereafter four pul ses .
t o-AND-gate 405(1) and finally four pulses to AND-gate 405(0). These '
control pul ses are produced by a nodul o- 16-counter 407, to which the
sanpl i ng pul ses S{yg=ate Lap2 pd. tKarswtterl £out hbslgsesinter aANbegatesias(1)

decodi ng network 8..hav. Qur ut s [ each connect ed
to an input of an Cg@ j[lg’gzé) p‘yfﬁgé %%c&g? %\gt%?ﬁéz% now produces a
logic "1" at its out put 408(3e ewhtIQherm%%me eprpducedebyf at pedulo-

counting positi o dourdes Ko7 4. ¢ WO te %ﬂi§nét pﬁh@eguggﬁn) 408( 2)
each tinme thg counter has_one of the counting positions 5

logic "1" occur @RRLIef RRTRACHIB(HY Trih EPIWRESFRethetnt L7 ﬁa@eﬁﬂélﬁs t he
counting positi astwhrid 3408 lhaving Widhe eutpgts u08(o¢cuwn:.eh bbhe edtput
408(0) each ti e, the Sounter. has, one, of t he nt i on 1 14. .15
or 16. Now the Video %i gcpnaﬁ SpPRYY (75 37 %ﬁéuﬁ?&?ggggr éh $ adloaiie
sequential |y at netavaxi ptA8 gfow mmg@ﬁ ea 406gie" Thest vtaeQHSPQNaHOS(B)

sanples are appld£d tpuﬁebecﬁé SRR nd 4 0&1&'5§Utﬂe492un%hghpb§1fu%ﬂgd by
a cascade armangenent of a first_auxiliary transforner 409
oﬁﬁgr(é)aPéch

and a second auxif w3 130t b EP8HA 1" T ThRSeUERXRFi BP9 PPE\HEF
an identical consinelCcihe nc@ntten Kbs edﬂdi)é)dd:ﬂEfﬁ&e\Atbhnbﬂngepanbednm Bh 6,

ref®rence to F| I ul d, fer e, be not e at agar, rratrlx
of Fig. 8is aSSOC|I§1t68ed [\{M][S e%chhofo??f‘érsse UXI |a?‘371° ransésﬁng

menory 410 nay beldeorihsl dyuntRAMamdons 89 tﬂsedcmnsweepphetspgnaB. 10,
sanpl es w(m progucefh by g AU b8 Vo 16 853 9@%4&3 bdepaEsLog(eh this
menory 409 i % such that the si gnal ~sanpl es stored therein are
each time the counter has one o the counting p031t10ns
13, 14, 15 or 16. :
Now the video signal samples x(n) of a subpic-
R ture occur sequentialiy 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 h0§, a memory 410 and a
second auxiliary transformer 411, These auxiliary
transformers ére of an identical construction énd an
25 embodiment will be described with reference ito Fig. 26.
It should here be noted that the 4x4 Hadamard matrix
5 - ' of Fig. 8 is associated with each of these aﬁxiliary
transformers. |
_ The memory 410 may be formed by a RAM and is
39 used to store the signal samples w(m) producéd by the
auxiliary transformer 409. Addressing of this memory 409
is such that the signal samples w(m) stored iherein 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

(@

1



read in a different sequence than the sequence in which they are entered.
To this end, the addréss 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 menory. To this end, each of these other generators 413, 414 is
connected to the I nput of the address decoglgr 19 412 via AND-gates 415
ang~416, respectively, and an OR-gate 417. Applied to each one of the

AND- gat es 415 and 416 there is a control signal which is generated by a
T-flip-flop 418 4% w;mﬁﬂs L PUL 1 9%&&84@@ tpesgeee%eqynegw k08 are

appl i ed. The signa | es su plied by the nenDr 410 are_applied to t he

auxiliary treuu#QﬁTﬁﬁtQUﬁﬂ7vWﬁE?#hﬂ%dﬁ%e%a?he°%6ePF|EFSnﬁgDygﬁfe§e i3y

and at a rate f[f8id ]4116) there is a éonthbE bigAsiowAlnaRr &Bg%ﬁ&@ﬁ:‘af&:'&% by
subplcture IS assuynme $ 4x4 mat rj x gonsi s% g of .sixte gﬁdeo
PH{x aﬁ

signal sanplgs. 2THi% X 58 Pt YEFRd ?ﬁ PH PRLEPS £ or mer
409 by the 4x4 hbﬂaﬂﬁmﬁgrﬁﬁfwarkﬂ4o&hanh applied.i Theheidgndlnatmpled/ Wit h

the el enents 15 h o] to [er] to
obtain, again u&répﬁiéékﬁﬁlgéydgﬁﬁr% ? ?c%ﬁ%tégg%%?é Re %h ah&l&ﬂiag
first be t r anspizshsfdrme T st t bal vhrbeh bprediacesethe Fhefﬁénéﬁyﬁ410(aﬁd t he

20 two address geNeIA{0FSa4d 3 and flégeuiqder the control of which Wis
entered row by row into the nenory 410 afd read again colum by columm. By

now mul ti pl yigng the transpbsethhat Fransd symarEaRgamgac: theys PH5EATSed

such that: 25 is assumea/ o W 4 hexkl paenis Rf cvhsaBtabe bh’esdﬁﬁziel’eeﬁ .
coefficients. 26 shows, an e odlnggt of %hgxa#X|llar nsforner The

aboYe- nentloned et BT I t3catE t St A t&a ieCary the
transformer. It dux;kuaﬁx)trqnnfdn@eangoanbnutpat4#20Hbdawegd'mmthxa

d f t
casgcade arrange these al};??@it@ 1RU¥LL ] Bk ﬁal&wk ¥ #3ih knleS1RGRAts

arranged. Each o lary circuits has
5 w(m), in‘'such manner that it holds that:
XHQ

In order to obtain, again using Hh' the desired
coefficients y(m), the matrix W must first be transposed.
This is realized by the use of the memory 410 and the
28 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 WT by Hh.a 4xh matrix Y is obtained
such that: '
25 . Y = WTHa
the elements qf which are the desired coefficients.
Fig. 26 shows an embodiment of the auxiliary
s transformer. The above-mentioned Hadamard matrix Hh is
associated with this auxiliary transformer., It has an
30  input 419 and an output 420 between which a cascade
érrangement 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
%5 . the input 422(.). Inputs and outputs of these delay
elements 424(.) and 425(.) are connected in the manner

shown in the FPigure to inputs of an adder arrangement



i nput 422(.) and an output 423(.). A cascade arrangenent -of two del ay

el ements 424(.) and 425(.) is connected to the input 422(.). Inputs and

out puts of these delay el ements 424(.) and 425(.) are connected in the
manner shown in the Figure to inputs of an adder arrangenent 20 433(.)
by means of an invertor circuit 426(.), AND.gate circuits 427(.), 428(.),
429(.) and 430(.) and OR-gates 431(.) and 43 (.). Control pulses which are
derived fromthe sanpling pulses S(1) by nmeans of .a dividing circuit 434(.)

are applied to th -gates_427(,.),. 428(, 29¢ .. nd () - e oyt put
of the adder arr%ﬁ%@%i%@y4%% Fz %g %%nﬁ%%?%5°?og%ﬁéggﬁt3§§?423(A%Eb a#ﬁe :
auxi liary circui¢itémbtighta7de) ay428fedit 4296. ) hendnh38i(rdnendhORmgaites

whi ch the Hadameg4l {1 pnsf@r g86( O, "Bbht¥o ¥ plusksbenieh! bzedabhevAWXichod ¥

transfornmer arrangenent conprises two, auxiliary CIrCUItS.4Zl%1) and 421(2)
and the time delthe otampLing| pylaeenehid RP4penns 98 2) dixdding cireydd to
T =1f [errP amvgbhpe) tare dpbiyeaf tbhenel aNDAEat43462)(.935028(anNd 429(2))

equal to 2T. The_djvj ireuit 434(1) has,a di;wision_factor qf nd is
formed by one Tl??épégﬁgb?‘ v?d%?ggﬁ%cﬁgt%234?§§e%a§g§a§%?F§F%nhﬁggf r “of
four and is forneenibychedatcatiee apntngentAB(ef oo thef hupifliepy. ci@cuit

Shoul d a deanargh;gggﬁfQr&@%&gncg?gﬁigoH[err] be realized then'it is-
|

sufficient to connect a third auxillra- ry circuit 421(3) to the output
423(2), the time delay of ¥metlel apbefd¢mentsshowny) ingyhish he Hagempard

bei ng equal b 4fradbeosthyiden mhteukt HI3AG3: BESehNenoha s ed adkidiiugi ON
factor of eight and be -formed by a, Cascade arrangenent qof three |
Tof4 i p-11ops. (P RIRETRST| 35FenGBEnECAGPRTLARPI APy SRHAG T FaTSR Sent
Fig: 27 shows -ankznpo)li anat 421 (2heandr tnbl eide deldyl emfgttheadeillayarel extditeg
A h-quanti t1 es B4 br S23bb T eaIo0A) chowr RaBo Saa 5d e SRk e |
el ements her g nateay oA btdeli elements hg4(2), 425(2) and 435(2) equal to
2T, The divider circuit 434(1) has a division factor
" of two and is fomrmed by one T-flip-flop. Divider circuit
434(2) has a division factor of four and is formed by
a cascade érrangement.of two T-flip-flops;

. Should a Hadamard transformation matrix H8 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 céscade
arrangement of three T-flip-flops.

G{2). The variable word length auxiliary coding arrange-—

ment -
Fig. 27 shows an embodiment of the wvariable
30 word length auxiliary coding arrangement 5. This coding
arrangement has the above-mentioned input 501 to which
quantities b(j) are applied; which will be called bit-
assignment elements.hereinafter. In ad@ition, it has
an input 502 to Which the coefficients y(ﬁ) are appliéd
35 and an output 503 at which the code words z(m) occur.
A number of éuxiliary 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,

T
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an_input 502 to which the coefficients y(m are applied 35 and an out put
503 ‘at which the .code words z(m occur. A nunber of auxiliary encoders, ten
i n:this case, 504(1), 504(2) ... 504(10), which in this case produce for -
exanple. 1, 2, 3, ... and 10-bit code words, respectively, 21 are
connected to the i nput 502. Via AND-gat e52505( ) and an OR-gate 506 the
outputs of these auxiliary encoders are connected to the output 503. In
addition, this coding arrangenent 5 conprises a nmeno \11\; 507 in WhICh t he
bit- assi gnmentars e‘?@ﬁ!%@ﬁ‘g)t‘ar@i?eﬁ%ﬁ?ﬁr pP2. sVhrcANDACAECEISRG (nat Wak

508, " havi ng terhrptﬁmtgétéo%s)thésoﬁeﬁaested taebbl &uﬁ'&ﬂ'@.”aﬁf‘?’ Bachaairst hese
outputs is connec- ted to an input of an AND (i éé )t now an el enment
*stPpPrgdt1d

b(j) is wi tterﬁ"l’%t%mi‘rﬁe"%%’f?/ 89 2upERECSPS Dy fRlg coding
predEter”1“ed<Hﬁ#HﬂgéﬁEMt)Scﬁomhrldesodlmgmbﬁ?m@OR 5688whikhs thel dd ti-s

appl i ed 1o she AN SRS 0 iden 11} S0 E0nDRELER LR hLg YUY 11

response to whi cﬁ‘n e code e auxi ry co I_.ng arrange-
ment 504(i) |s¢gmdmgasemmtm$,cbdemsruez( Aptpetes 500€ .dut ot 503- It

shoul d be noted.dfiadcidu @&Ytﬁﬁ%ﬁehbﬁyb' taaﬁswn%ﬁeseebﬁ%masbms) c‘MrJrJec-
represent the nunber I of the auxiliar din angenent 504(i) .the

g.arr
out put code wortdftwARKIRRE 9E 2B B‘dg?b'et ﬁ@aéut pulI 588¥a& ZGJTeﬁt?né’ode
word z(m. Onlyb@y) tﬂe Dy tenlesit b bene eiﬂbﬁdt"ﬂ‘EBbﬂ al @ualseo iequalppild ddhe
nunmber of biots houl d_al s t hat e-rel ationship
bet ween z(m an%m'? ?me&%tesr'g#l?\%a?ug SB%S%) ,§ 1:ngn %ﬁeﬁt&r%ﬂ
rel ationship i s’lemeiOSalTle?-ﬂapuilnyQSaBBésﬂdl &o Abe Amfgaémbcﬁdﬁfwﬂt

descri bed here 10 0pf fionkd 8048 %nlhgseoaleba%dylaveus el il
form the auxiliary encoders are each re r.abl or.nmed as a nenory,

for exanple a R Wﬁ"ch"‘?ﬁdaﬂﬂ?‘é‘ééﬁﬂ By the E’Bﬁf" FeFEnCofiiME arrange=

ment 504(i) is applied as an output code word z(m) to
% the output 503.

It should be noted that ir many cases the
bit-assignment element b(j) will represeﬁt the number i
4 of the auxiliary coding arrangement 50h(ij the output

code word of which must be applied to the output 503 as
e : 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 relationshiﬁ
between z(m) and y(m) may be a linear relationship;
a non-linear relaﬁionship is, however, alternatively
2 possible. .
o | As in the embodiment described here the coeffi-
cients y(m) are already available in digital form, the
& auxiliary encoders 50&( ) 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 memor§-6 is preferably in the form of a circu-~
lating shift register. Fig. 28 shows a schematic embodi-
% ‘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




In order to have the bit-assignnment element b(j) occur sequentially, as is
assuned here, the,bit- assignnent nenory 6 is preferably in the formof a
circu- lating shift register. Fig. 28 shows a schematic enbodi- 35 nent

t her eof At conprises a shift register 601 having a total of 16 shift

regi ster elements 601(j), each arranged to2& ore a bit-assignnment el enent
b(}. The content of this register is shifted by the pulses S(1). The

out put 22 602 of this shift register is connected to t he input 501 of

the variabl e wor 80ReR§t ihdgxShifity regdistg rarkapemantes R ¥t dnPYhe0!

circulating charggt ehet bareabp@t WoPd I1%ntH0 atAINaGEA ddh:lrtge Stdigement 5.
reglster I nput

coefficients {Y( %f gf%},n JB?) °é‘ﬁ'(?(‘:‘9'|(a%)%dg;/(%§’)%ar ag‘@‘?% J‘hﬁ‘%‘&?n@%’ f’glsmbgf

encoded accur at ehsbokohhectade tof tNESEGhiFlt reGarstexr affpct éb3.n a sinple
way by inplereenting the bi ksaé%lsgg,q_igg rrgha}éang# Wﬁ?n@goft#]ev\os}%{ecnplggl ng

10 shift registers. This i§'s ematlca
bi t - assi gnnent nmedBEY ishewt st ie'r(@)ooryﬁrﬁ)sey(t re{(f dat |}r(g§)sh|3f(t5)$'

registers 601 ang,8@laa+R300 ¢ QW%eOfeM%eWQ%m%lf] 15519 tHP c 4 o P

these circul ati ng shift registefs has its input 602 and 602", respectlvely
15 connected to HASCrpdbisf cansRiet @Iflfrﬁj’t&é\ﬂ”cé mp%l"fﬁ?’ % GrRLBRRILRE

synbolically in the biguassaphmeitCmemdrgos mot lnfchridy dﬂ)rﬁxfd)lcmﬂxsnstﬁﬁg) :
The out put 60% of tgu S svmt%hlrgg q.%v cg_s elelaly) cte thsoe |nput 50 f
the 20 variabl e ERGER “a0XI' iary coditng eét’“ra‘r é"r?g‘;a‘enﬁrnt Y i He $e Ster
601 there are nofhenbét-alsisagnmendd meimosy Isitovas ditpree rmomdrima® sthy jjwo

whi th assign CO”BQE@EH&%H%ﬁ”@HKfQ'E%éﬂ%€§¥§1681tJHa(35$J|(€é¥H5%égﬂ2’of
y(5), and y(7), while int i ster 60 there are inter alia stored

t hose bit - assi gnfBfit TEPEMERCY P WARC T igssiddh ERffarch (RSP RiRFHIaEin® the
coefficients g/( Gshi¥ESregibtersChlar rltls. iHtC@UT GndCif@2N § .respectively
connected to an input of a switching device 604, which
is only shown symbollcally in the Figure and which is
controlled by control pulses S(2). The output 605 of this
5 ' switching device is connected to the input 301 of the
variable word length auxiliary .coding arrangement 5. In

20 .
“ 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(0), v(5), and y(7),

while in the register 601' there are inter alia stored

25 those bit-assignment elements which assign comparatively
many bits to the coefficients y(0), ¥(5), v(6).
. G(3). The control circuit.

This paragraph contains a detailed description

_{" ofithe manner in which the required control signals are
30 geperated to control the above-~described arrangements,
N For the PAL system the control circuit shown
in Fig. 30 can be used. Let it be assumed that i = 284,
soéthatléfsc = 1135_f1 and that a total of 556 samples
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 fsc and which is kept in a known and'customary

manner (for example by means of a phase-locked loop) in

s



Thi s paragraph contains a detail ed description of the manner in which the
required control signals are 30 generated to control the above-described-
arrangenments. For the PAL systemthe control circuit shown in Fig. 30 can
be used.. Let it be assunmed that i = 284, so. that 4f = 1135 f and that a
total” of 556 sanples 1 are needed fromeadds|ine signal which has a
duation 35 of 64 mcroseconds. This control circuit conprises a clock

pul se oscillator 701, which produces output pulses at a rate of f[err] and
which is kept i myachmrowisandidiss tidrearope irarmeruxforaex aeprel & wisdels bésa

phase- | ocked | 0GRk 1810ur23 BRI SRk erfﬁCO' OM{e WKL LLAT YuEBLLT

which has the colour subcarrier re uency he out put” pulses of this
oscillator 701 &fe tR3s icegildadofaddars raRfciedetr DfC2IR2E? cRERRHS -

rr}JI t Ik pli Iers 702mgm 3&\3 twh@req%@hl oy hamea;gpmgxzs Pro2 rauimprwmicﬁv\@acf[he
¢l ock pul sesg produce e,ultipliers an curr rate_of

are applied to &2¥5d& fgﬁ’lg&ﬁﬁ ACHEE 9 /53 d2t Qﬁb *%\‘glf "}g% \’/\h?fﬁduced
produces a si gnal.v atlle) mué-tcm:m@(:tsedqajatﬂdsommmg a'l'hls Jsagﬂabfa{tf;

t he Iog| c val ue, l5 oC UEH Al o Bhee Pf e g0
positions 1 throu a%g’h ?gt%s has t he 1IO‘??gél]gé?/al uelo 76&1 & %&éb&ﬂnﬁl S

counter 704 has®§ ?!°6”1k {108 & RF PG es aqssaar%r%é*gh ‘ﬁ3’5°nff655?ﬂe?’°
with the pul ses thhisc e ot et 0 duciad di;gﬁahle af(rie)mmytmulld;@ic eval@e@ aod

AND. gate. 706 at a5 gt Sseotinm T heah i & pihe cxSReI 8 b igpe
particularly, tHe tpu‘lom Eocused () thees m}:let i g VORuerB1Pagselong as
AND- gat € 706 WheRsa( bhuBasd Rd Q@i o USe "fhe ééunbm%vlesuaisﬁshga g he

|l ogic value "O' 20 then these pul ses are not passed b AND- gate 7
The. control cir é8Feughoid 35y Aioge ther fhthet %eﬂ‘*%?stmimsggyﬁ@ﬁ‘il%ét
it be assuned tB3t the= fAdueieyt hll tfplier 92 fandnehibnt odchdt ak af 444
samples is 15 te 2f__, 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 prodﬁced by the multiplier
N 702 are passed by AND-gate 706 when a(t) has the logic
value "1". If, however, a(t) has the logic value "O"
b 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 hfsc = 910 f, and that a total of L4l samples is
2 needed from each line signal. This control circuit also
comprises a clock pulse oscillator 701, which produces
- output pulses at a rate of fsc and which is kept in a
known and customary manner in synchronism with the colour
L& auxiliary carrier., The output pulses of this clock pulse
oscillator are applied to a cascéde 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 hfsc’ are
applied to a modulo-=-910=counter T707. A decoding network
35 708 which produces a signal c(t) and a signal d(t) is
"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

(s



needed fromeach line signal. This control circuit also 25 conprises a

cl ock pul-se oscillator 701, which produces output pulses at a rate of f
and which is kept in a known and customary nmanner in synchronismwth the
colour auxiliary carrier. The output pulses of this clock pulse oscillator
are appkied to a cascade arrangenent of twg 30 frequency nultipliers 702
andg 703, each having a multiply- ing factor of two. The cl ock .pul ses
produced by the nultlpller 703 and occurring-at the rate 4f[err] are .
appl i ed to -a novalve9ld’ceanieng7es. thidecomntgrndidiohias? @gennicEhs oduces
a signal c(t) aeguﬁtehgnsbs%&)m 52§5tﬁ9'3%9gﬁt9@|0t O Ty, 34 { (P haslhe

signal c(t) has the_logic val , ‘o | ong as counter has one of the
counting positi5h8 }°$ﬁFoﬁ§Hu22'd dWBEFy RES PH&YIJ&%?’ the, qpynfer has;g
long as this counéer:oz;ahhgsxaaaetefontbaocommsnglgwn Icﬂﬁﬁ) ,23d Rargigh 910.
The signal dft)., has 1L d y sfhen  the counter
PRobriean hobefrdechnn SiCH e Bl o e

has the countin |on naI T WHi'c ses

t heref ore occurxig &wpafwefipency, diyidewsaTe9i @aidyiTA O Vi famecpamioasldlrethe-r s

709 and 710 to gRtgXehysi ¥e- Gﬁlcaataeszllmet QU pI1SR o B i hY oRiH SES
fromthe nmulti- plier 702 are ap p I ed. _Each of the frequency di viders 709

and 710 has a dPVieFoRORaaTSr 2BPLliedsoErpgly ofyIthes fFaatensy e idagsut 7

the frequency dbﬂadel'IO?ﬁQsah difalseonf flaetior Be 3 assto repiat @aﬂmq@llmﬁ orm

the control wpul ses 2 applied to._t evi ce 604

the bit-assi gnnﬁnt tﬁén% pb’% f’?{:l%&e %geq?g lv"\q rg?ﬁ%gﬁlract(ﬁ)

out put pul ses oifqheThkcﬂasﬁvme@Rigaﬁd ?Blsmﬂaﬁﬂnmlﬂh$tqpnﬂrqmmiqﬁ§Q§'712
whitch produces §b§gsﬁﬁﬁhhngrguh{?§§.1§ﬁl)to Ehd) oAt Ml Rl tg@nsferm

arrangenent Fi shows an enbadi nent of a transfaorm arrangenent, the
subpi ct ur e- for nERG BAECAPEIEDTOBE MAMORY26 Rds Bt & mler JAeier, 14 fhcthe

(three in this sihghamce) 1) the output pulses of the exclusive-OR-gate
15 711 are applied to an AND-gate 712 which produces the
sampling pulses S(1).

G(4). An alternative transform arranggment'

S -

Fig. 25 shows an embodiment of a transform
arrangement, the subpicture-forming circuit 401 of which |
- 2 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 mutualiy different shapes. If, however,
the TV picture is to be divided into subpictures in the
5 manner shown in Fig. 2 or in Fig. 11, these subpictures
o . 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
showﬁ it is assumed that each line signal consists of
556 video signal samples. The 556 signal samples of the
% first line signal of the said four consecutive line
signals are stored in those memory locations which have

- the numbers 1, 2, 3, ... 356, respectively. The 556 signal

t



This circuit 401 is particularly suitable to divide the TV picture in the (i;/
manner shown in Fig. 20 or in Fig. 24 into subpictures of nutually

di ff-erent shapes. If, however, the TV picture is to be divided into

subpi ctures in the 25 manner shown in Fig. 2 or in Fig. 11, these

subpi ctures all having the sane shape, thesm this subpicture-formng circuit

40& may be inplemented in the manner shown in Fig. 32. This circuit

conprises two nenories 436(1) and .436(2), which are each in the formof a

RAM (random 30 sacpdes nehorhe sewbmwhi Cinarsigreel arée eshorellyin| phsusliozage

menory 436(.) t | 5 ' I 0 copsgcutive hippe gj s are
ent er ed sequenf?gfﬁﬁgﬁﬁai% e é%boglﬁgﬁfﬁ%ﬁ%mngf szgéséhnpéh?ﬁét§gggﬁkline'
si gnal consi st $igelsse Theystids Qrictenahptamplaheobsthei fhardsanpl E8eof the

35 first line sigiah ofiddesSaidh fOM SOMSEEULb¥PebsboRASHENR| STREEVEHEGET
In those negrory | ocati ons which have the nunbers 1, 2,3, ... 556
respectivel y. THE™Es sgpAs *huy stopgdant ’t'?\%dséﬁo'ﬁbq’*‘ﬁe‘?’gi 6ﬁ3| are
stored in the stigmage damiiid NSty iy tdesapntieas 24b7+th858utput d¥l2his
respec- tively. The videq signal sanples h hi nd_ihe_fqurth.lin
signal are stoﬂgTaﬁﬁwééﬁﬁﬁuﬁhﬁﬁifiqgkfvﬁﬁé%ésﬁﬁia?ggaﬁplgéetﬁﬁgegtg%gaagre
read i n bl ocks semphes gilgivhl gl storediaini the ostayaghaloaatihasowhpoh of

this menory thefe ARRRAHE-Af{erat e of hegsyth 5gi,d?§9§i ggal, 3Bl es
which were mtored in the storage |ocations i ch hav e nunbers 1, 2, 3,
4, 557, 558, 5591460115131 HeR )+ 1190 11&"6,1 , 16%5?!16?8?926?Y?1¥672,
respectively. Tinmealffrr t11ad appeedss adt t fite Obhipplit OBRe abFEExt BAOL her

t he* vi deo signa wer

eI deo sl gl STHySS JLED Yerg Pt LI e o1 Sl basghl a9 v v
1673, 1674, 16B3orkgr6.lokations dvalvingr tive bhowkenseSt hese®ht 8r 56dd i5%2a
cortes-  pondi nggminnggs, Thr pHaM A1 AND 93} o1 #33( - 16+BS Y6989 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 oufput of the mémory
B, 436(.) are applied to the OR-gate 406 the output of which
' 20 is connected to the input of the transformation circuit
L - 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).
It holds that F(2,t) is the logic inverted version of
~ F(1,t) and that, if F(.,t) has the logic value "O" this

signal then functions as 'a write signal, so that it is

25

possible to write video signal samples into the relevant

memory. If F(.,t) has thé 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-writé

‘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



si gnal sanples appearing at the output of the nemory 436(.) are applied tof b
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 nenories
436(.) function in the above-described nmanner, each of these menories
conpri sés -an address decoder 438(.) which z#ach receive address codes D(.)
as-well as a read-wite 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 functougrisings resdrtiiianssigathido atmtuded ias poddrdie codewite

vi deo signal sanpl(en) | A dd1%ddil @ UodBINB o) faid app1@® $46 | MeNCLY,
val ue "1" then it functions as a read si gna%eémpf the content of thes
n

rel evant menory “Wd e BFRishe s Fha 29RAR © The TsipfionsniRe
WLi te-r ggd -Si gnaletwared aslnrs](co)aapid gd)(tn) tihe PN IgAtI50WB An )Ei§5b33. |
These address c and these r - W ' e e Y. ntro
circuit 439. Th?”g&?(l)arﬁqsrj’ola cdlserccolJdle:i’[e%1 oﬁp%fos%éqgan}dﬁ éc?)t} %Qé%%%%taérp‘%ﬂ%gt 0

whi ch the sanpl iatg {hd s rytl eanie s it amPutier agpimetnthdgc pertingns

of which are Usebeas RANEES GPIRHmARIQa theasadklastesagies, A D(O) are
applied to a 441, whi %t} furnishes the address codes

) s Al .- The '
rel ati onshi p between AD(o)'B#fd BAEH i FRRYISAE stk ‘?%Vﬂ[%'.]g%'?fw‘?urt her, a
decodi ng net wor ldid4denhildis [rfxcku cosanep 1ol a6 €T -t 1 i 11-6F gy puth eic hptodecéfi S

counter assuges e | I $j.0Nn o te this,¢co er 440.
This pulse is aﬁ%’l i e %tL&(} aﬂ%‘le\?%}@yba& tp\%s’d#i &%@P{]ﬁiﬁ%%& ec§<]a§m?e#kgé
T-flip-flop) whisdgngdodi{dos @t HEs cmbrywt 1@ Fhans Fenads F(1:18).0amPput Q

and the signal M(l2,4) als WeL10WDWhdaddiesss Sd sied sat(d) tan@Nbf{ . dde as
wel | as the address codes AD(O and AD(1) are applied Iin the manner shown
o L he i gur o GERSGarids Theqlmarnai @ HATD A% B1e vt @t eur &5 COUIRerEss o

i nput s Lyus(.), the outputs of which are connected to inputs

' B 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 ."O" that
then D(1) = AD(0) and that D(2) = AD(1). If, on the

20 contrary, F(1,t) has the logic value "1", then it holds

s that D(1) = AD(1) and D(2) = aAD(Q).

H. Final remarks

ey

I. Fig. 25 shows schemafipally how the transforma-
tion circuit is preferabiy implemenfed by means of two
auxiliary transformers, the 4x4 Hadamard matrix of Fig. 8

% being associated with each auxiliary transformer. Alter-
natively, this transformation circut may be implemented
in the manner described in Reference 5, The video signal

g samples x(n) of a subpicture which are sequentially

) - produced by the subpicture~forming circuit 401 are then

30 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_conéidered to be the elements of a column
vector Y' and the relationship between the vectors X'

® and Y' are given by, for example, the 16x16 Hadamard

matrix H16 in Fig. 34, so that it holds that:

- - 1
Y' = H16X



_ 7\
of OR-gates. 445(1) and 445(2), which produce the address codes D(1l) and /@
D(2), respectively. Mire in particul ar, it 'holds that when F(1,t) has the

|l ogic value "0" that then D(1) AD(O and that D(2) = AD(1). If, on the
contrary, F(1, t) has the logic vaI ue "1", then it holds 20 that D(1) =

AD(1) and D(2» = A{G. H. Final remarks Fig. 25 shows

schematically how the transforma- tion ci rZwt is preferably inplenented by
means of two auxiliary transforners, the-4x4 Hadamard matrix of Fig. 8 25

bei ng associ at egy wi t h eacfnamleasxdmaﬂ%owerche%h% od {3 'awaglgemn%
transformation circuit may be inplenented in the manner describ

Ref erence 5. THérigResese ghestednpredckpa) Bragtigsprciare chivisen gasal
sequentially preslucgéd tiye t hemSeBpbet Ui €sf thﬁbnghﬁthlﬂhTe 40% raiR ileh®? y(m)

consi der ed, |n acrqorgggg A {h ﬁgr ESEI on %. %9 be t!g.e el 559 of a
col um vect . ITn a cor es ng FRnkBF TR o&ffl cen y% ®or oduced
by the tran formtwl-:aﬂ-:mtlnozha#eFéansedepeélum bestllqelseltmm-mb@h' a

col um vect or Yofaadet@sefﬂaieae SP{R) DaRUCERe! bemﬁﬁt 293 35h%w1 hedl €
gi ven by, for exa #he 16x16 damard matri x SO t at it
2

hol ds that: [erT§™ s |pits into phigh Eﬁﬁoﬁ?ﬂrﬁﬁ??tof’%ﬁ%%&@@&l qgm
arrangenment whiwds eneodedt tul anPALt sgbtpmactheeTM pds tairesdaveasigibelen 16.

The nunber of hbj c igle C

T the Tabl g of i d4cfp POubbe- CRERL EhCChS KaRhetloheSl ISRl TR s

t he number of thelcoeffi c:F%n‘r'h?(ﬁ?raﬁalf‘ﬁeléoVaﬂnaFéPFﬂed $haves eaied nunber
--o;% bits into wyisdttbeidet eyanéoﬁeeﬁﬁbﬁseyt eycBHeda i@ AC @HRJ slafhed niiNbe r

system the TV pjictu .09 Vi ,NtQ su tyr | menner
shown in Fig. 2‘8#%&’0{’% r@.{éh ang ﬁ gor 8Gorng St ?&V\é ssur?(%&pt 3t each
coefficient is HerR iht:oﬂswlén'eadeeltMt BEhakeadsneangobenldfedhi"adapiote a

codi ng nmet hod |is&ahd are tHOd" AdaPt b¥Cused, for example one of the methods
15 .
: described iri Reference 4, but preferably the method

described in Netherlands Patent Application 8003873. -



be used, for exanple one of the nethods described in Reference 4, but
preferably the nmethod described in Netherlands Patent Application 8003873..
28 CLAI M5 - 1. A method of digitizing a colour video signal which
s formed by a sequence of |ine signals each conprisi-hg-a_superposition of
a~bri ghtness signal and two col our i nf or n&€i on als u(t) and v(t) which.
are 5 5 each fornmed by a col our difference S|g gnﬂﬁﬂﬁlmnlsubcarrier
with a colour subcarrier frequency fsc the ne he foll ow ng
steps: a) sanpling the colour video signal with a sanpllng f rdquency flerr]
which is equal to twice the colour sub- carrier frequency f and at

i nstants which coincide with the phase points [err] of the col our inforna-
tion signal u(t) in the line signal, Mrepresenting an |nteger to generate
vi deo signal EQ es. x(n); b) forn1ng a subpicture conprising Q video
groups which 1 Etach forned by a sequence of P video signal sanples *
of the relevartiline signal mebdodr efadsgtitakzetdgwiat BoQoarnsedebi ¥a gniane
signals; c) eff g; LN C of pi Hadamard transformation
to convert the gﬁ%%?c%%rggfﬁgg gygroggsg gge??|0|ent§1€onégstln§ of N
coefficients y(apmphiehingra supprpgaiticrn pleashmightnessi signefl ahd

subpi cture vi de@wé'&@ﬁbu§aﬂﬂfs§m¥l’9i8¥! bayraRsen (i thed(\en)t uhacila%w +1
or -1, whergin m= 0, and wherein-N'i s equal t he product

of P and @ and®®%h ﬁ?rﬂﬁﬂvEYtFn§°é38ﬁ SFfFﬁEeBSQfFFéPEﬁt§°98ﬁFtPﬁtG“a code
word z(n) whi chsmmrseﬁ a:.aunheeomfmbl sabaasn:-gaedfbeqhbﬁciyelfevantthe
cdéffijcient. d com arran PE Qio |t|%|ng a col our V¥deo signal
whi ch is forned“%y 2 sequ nce o 8 gna 3835 e8eHh conprising a

super posi tion 04)a#@mpghnletbenghaPraMddPQDSésheﬂrWnﬁhoanaamoﬁlgggnals

cu(t) and v(t) Weiéduency £, which is equal to twice the colour sub-
10

Here it should be noted that also a so-called "adaptive ébding met hod" may <j}i

carrier frequency fsc an%_at instanps which coincide
with the phase points 2T+ M1  of the colour informa-
tion signal u(t) in the line signal, M representing an
L7 integer, to generate video signal samples x(n);

‘ b) forming a sdbpicture comprising Q video'grbubs which
are each formed by gisequence of P video signal samples
of the relevart line signal and are associated with Q
consecut1ve Iine signals; -

c) effecting in respect of each subpicture Hadamard transformat1on 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

7 Y

2 subpicture video signal samples which have been weighted with a
factor +1 or -1, whereinm =0, 1, 2, ... N-1 and wherein'N is equal.

© 2 to the product of P and Q; and

I

25 'd)'cohvertiqg 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

10 each comprising a superposition of a brightness signai
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£f__,

ScC



-are each forned by a colour difference signal nodul ated on a subcarrier
with a col our subcarrier frequency f[err] conprising: ‘a) neans for
sanpli.ng the col our video signdl with a sanpl 'in\rgyllmcy“ﬁfe%V\hi ch i.s
equal to twi ce the colour subcarrier frequency u' ts which
coincide 5 wth the phase points [err] of the c Hmm HUB] si gnal
Utt) in the line signal, Mrepresenting a3 ntegér,cto gen vi deo
signal sanples x(n); b) means for formng a subpicture conprising Q video
groups whi ch are each formed by a sequence of P video 10 si gnal sanpl es of

- the rel evant | iGP@REif¥A&and are associated with Q consecutive tine
signals; c) nea)s reanLifactsdipling especi o Déuraehdsobpighal ewiiadasar d
trans- formation tq.convert the subpi [ t rpup o] [

consi sting of N% F@q’f"fn%:l ernetqsue'tcrﬁuib ‘ﬁ% ar(r;eigaég 1{ilaégug{s| t‘gic% %L ‘%$QL§
versions of theuhdssindan €ndqenay ghal %@#rpﬁéslmmwtﬁa‘vbl%eﬁ%ﬁmﬁ?ed

\t/\ﬂot[]hg L?géﬁgt %ﬁfp gﬂe ;me;ee dmts gqasgw M- ethcﬂeaedwhﬁrehnonasleﬁual
: (6] er n each

coefficients yeHE 8 Do stejabn Kt ephgrsacing ahnfaresr=
bits assigned tw té‘ememiiswarﬁdmeﬁgmbrnamﬁles x(n)s;A method of digitizing
a col our video dﬁﬂ&éyaaéuggswpef ObfpHEs ehEDQUv Uk

reference to ch)l accorrpanyl raw ngs An arrangenent for
di gitizing ﬁ CCHWP%W*Sl%Iea%b%‘P’&M‘Fa‘PYy a%eﬁEPﬁFﬁbQ?oPeV&8§8rl bed
W th referelce digridle [MOsIganyf Nthelr el @#gant line signal and' are

RF associated with Q consecutive Line signals;
' c) means for effecting in respect of each subpicture Hadamard trans-
- : formation to convert the subpicture into a éroup of coefficients
| consisting of N coefficients y(m) which are each equal to the sum of
» versions of the subpicture video signal samples which haveEbeen
weighted with a factor +1 or -1, whereinm =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 f(m) into
a code word z(m) which comprises a number of bits assigned
to the relevant coefficient. |
3. A method of digitizing a qolour video signal,
substantially as hereinbefore described with reference to
the accompanying drawings.
5 4. An. arrangement for digitizing a colour video
signal, substantially as hereinbefore §escribed with

reference to the accompanying drawings.



