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| nvent igp The object of the inveghtRBal gokOeREaHifdg 2 Process for

The invention relates to a method for movement-

compensated vertical filtering.
Prior Art

EP 0 414 113 describes a method describing how a
zoom and pan vector (enlargement and pivot wector) can be
generated for an entire frame from a field of movement
vectors, for example derived from pixel blocks.

Invention

The invention is based on the object of specify-
ing a method for movement-compensated vertical filtering.
This object is achieved by the invention specified in
Claim 1. .

In principle, the method according to the inven-
tion consists in that, during encoding in which video
signals which are composed of pixels are movement-compen-
sated and are encoded with movement parameters being
generated, movement parameters. for movement compensation
are used frame-by-frame in the case of frame format
conversion being carried out before the encoding, the
video signals being subsampled at least in the vertical
direction during the frame format conversion and incor-
rectly movement-compensated pixels being determined with
the aid of change detection .on the basis of the movement
compensation frame-by-frame, the pixels in the case of

. correct movement compensation being filtered vertically

in the frame and, in the case of incorrect movement
compensation, being filtered vertically in the field.
Advantageous developments of the method according
to the invention result from subclaims 2 to 9.
In the case of data-reducing video encoding with
movement cgmpensation, movement vectors _k-a':“re produced for

individual frames or frame parts. In order further to

reduce the data rate, the video signals can be subsampled
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novenent - conpensated vertical filtering. This object is fulfilled by the
i_.nventi'on described in Claima1l. In principle, the process according to
tthe invention consists in that in a codi-ng procedure wherej IGture
signal s conpos¥® 8R/38087dr e el enents are” chded in mvemﬁ%ﬁ%ﬁ%@*ggtséd
fashion and with_the g neratiqn of nmovement parameters, in a picture format

conver si on whi PREPELe 58& * to the coding, picture-w se novenent
paranmeters are used foIft hewbdent stgnptasarieopregente imethectimter-

signals are sub- I (g [ qgly | diLgcLLQn: i .cture
f or mat convers?‘g%%gﬁcf% e%e bvﬁ?%te[ héehéai o%ﬁaﬂ’ %%%g%ﬁge ggt %gh@{%%rae@gre
determ ned pi chave & euagresgivsh fermatafvernther encofjngpy anednter-

conpensat ed Onlra@édpg?jo&r%fssti% Rirad Tolmat WRNYERAN on0 AR PRl e ralkd
where, in the event Correct novenent conpensation, the picture elenents

are filtered vouti dd 1§ Fxamee FOEPRL 1RARVRTERE e RAfORR FREoSRSOAiMG enent

]g:ormﬁnsaéI i onI t b&bg&"e%s;ii\ﬂeﬁl Fitbo/ i igiilld Yeadn Béeof:ﬁali.ﬂed, Adrarbagpas

urt her devel opnents. of the process acgcording.t.o the inventiqn. are set

forth in the dggeﬂﬂéﬁfuf‘faﬂ‘rgr% ?tgher tci?e](.jé, %h.ass:.ng E':e%.ng :Lntro%uced
into the subsampled signal, however, without appropriate
initial filtering, and the possible vertical resolution

for the static frame content before the subsampling being

reduced by the factor two.

Movement-adaptive vertical filtering can also be -
carried out before the subsampling. However, in this
case, relatively large frame areas are in general
regarded as moving. The vertical resolution is then
reduced by more than a factor of two in these areas.

If frame format conversion with subsampling and
movement-compensated encoding are carried out in series,
n movement parameters for the size of the zoom and pan
are present between frame n-2 and frame n-1 after the
encoding of the frame. Since these parameters do not
change suddenly from frame to frame in conventional
television video signals,_ these existing zoom and pan
parameters can be used as a prediction for the correspon-
ding parameters which are not yet known between frame n-1
and frame n. _

During the frame format conversgion, the second
field of frame n is now in each case shifted with the aid
of the zoom and pan parameters to the time and spatial
position of the first field of frame n. In order to
reduce noise, the second field of frame n-1 and of frame
n can in each case advantagec;usly be sh:i.ft_ed with the aid
of the zoom and pan parameters to the time and spatial
position of the first field of frame n.

A change detector is used to determine whether
movement which has not yet been compensated for, for
example within individual frame areas having different
movement parameters with respect to the frame-by-frame

——
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7. _ 2 In a data-reducing picture
codi ng procedure with novenent conpensation, novenent vectors are generated
for individual pictures or picture parts. To further reduce the data rate,
the picture sWP&2Y1907Ibe sub-sanpl ed pr3of to the codiREE/EP9Z/Q0%s63

pi cture signals possess an interlaced format prior to the sub-sanpling and
are to possesmoxyemenyy cparametersnt isf myreagnt cfdrngach ipixed ine thali ng

an interlace- QrQQr eSSINE J¥ CfMlde fO "RE €RDNCLS ReCRBsbIKEHY Fitkdll 2
picture format_ converter. Progressive picture sjignals can L.

from such frame areas are subjected to preliminary
filtering for the subsampling, with the aid of corre-
sponding pixels in the respective first field. If not,
filtering is used which uses the pixels from the move-
ment-conpensated second field of frame n and/or from the
movement-compensated second fields of frame n and n-1 and
the current pixel itself (filtering in the movement-
compensated frame). '

The use of three fields in each case produces the
noise-reducing time filtering. |

Depending on the wvideo material, the spatial
resolution of the video signals which are generated
during the format conversion is virtually at the limit
which is feasible in terms of system theory and filter
technology, and is not subject to any aliassing, which
originates from subsampling without preliminary £ilter-
ing. No separate movement estimation is required for the
format conversion in order to allow the movement-compen-
sated time preliminary filtering to be carried out.

Drawings

An exemplary embodiment of the invention is
described with reference to the drawings, in which:

Fig. 1 is a circuit for video encoding having a frame
format converter which is connected in series
to an encoder;

Fig. 2 shows the frame format converter of Fig. 1.

Exemplary embodiments

Fig. 1 shows a frame format converter 14 which is
connected in series with an encoder 15. A field memory 12
and a line memory 13, whdse inputs are connected to one
‘another, are connected upstream of the frame format

converter. In the case of subsaﬁp;ing in the horizontal
' This Sheet Has Been Replaced
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be obtained for exanple by the om ssion of every second field, although

W t hout appropriate prelimnary filtering aliasing is introduced into the
sub- sanpl ed signal and the possible vertical resolution for the static

pi cture cont enWOpPRILIPBLt he sub-sanpliny 4 s reduced by PRE/ERORIPOTRS.
Movenent - adaptive vertical filtering can also be carrjed out prior to the
sub-sanpl i ng. fRrectisReas vehlge s puUPgRRPALRgyS aF@Hi‘nngeEHHQ-Vdered

to be Evvin%. ?aremeafoakea;ﬁﬁﬁ?\ﬁatééﬁ%oﬁﬁiﬁ&atﬁﬁe%tﬁ?ﬁheptEeduﬁedn§¥
nore than the factor WO,. serl ar rangenent, o ure 1.ornua
conversi on wit i®sub- %ﬁﬂ’i‘?ﬁt%df% vgﬁﬁﬂFg:co%‘b‘éﬁ%ﬁFﬁﬁ ‘F:lioﬁi ABick ( &f the

codi ng of pict aoanectedy apstireaar okt ehe fheldhmenmoory A gk theuddne
ot andar d t ol ovREBEY oA by kg Epdutt [ ot A Dendl pidbdolfiadngelea
abruptly from peauiredt dnptbeufellowing cirsuibg isomedngedanApainterers
can be used {0y gegd! ¢iabB® sAgmud! AL WML £AUEESPENIIN9-PE] Bl ST gt veen
picture n-1 and picture n. _
supplied to the input 10. The filtered and subsampled
video signal S, is available after this at the output
from the frame format converter 14 to the encoder.
Block-by-block movement parameters which orig-
inate from the encoder 15, for example for zoom and pan,
are generated [sic] in a movement parameter generator 16 -
into frame-by-frame movement parameters p,_,, for the
frame pair s, 5,8, 1 (z, Vyr Vy). This can be carried out,
for example, as described in EP 0 414 113. ‘z’ is in this
case the zoom factor, ’v,’ the shift in the horizontal
direction and 'vy! the shift in the vertical direction
between two frames at a time interval of 1/25s. The
required processing speed in the frame format converter
is advantageocusly reduced by the frame-by-frame condi-
tioning and processing of the movement parameters.
Compensation for the movement in the second
fields Szn_l and Szn at the time of the respectively
associated first field S:"n with a time difference of
+1/508 requires that the movement parameters be divided
by the wvalue 2. Since, on the other hand, the spatial
resolution in the field, apart from any possible hori-
- zontal frame format conversion, is twice as g'reat in the
horizontal direction as in the vertical direction, and .
the movement parameters to be used in the frame format

converter 14 are given by:

Z = z/2
Ve = VvV
VY = VY/Z

The compensated 2nd fields Sm‘n,' _Szkn_l can be
calculated as follows:
8%, (x,y) = 8%, ((1-2)*x-V,, (1-2)*y-V,)
Szkn..1 (x,y¥) = Szn_l ({1+2) *x+V,_ . (1+Z) *y+V,),
This Sheet Has Been Replaced
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In the picture format conversion, in each case the second field of picture
nis displaced, with the aid of the zoom and pan paraneters, to the

t'enporal and spatial position of the flrst fleld of plctur n For the
noi se reductuﬂ% /18071 5 QWQESs| y

i n each case t econﬂ field of |cture n- éﬁ |ctur%%n can e,
di spl aced, wit ee%ﬁ%giﬂa¥+ﬁgzg P aftd SPIRPRA ﬁeF Fhane (AR and
spati al positixylxﬂ the firainé demtxle oOf picture n. Wth the aid of a

~change detector, for eggeh Qé&&fﬁﬁeeb%Tﬁéé of the differences between
g2k g2k

n-17

added up to produce a value I, using a change detector

17, for every position (x,y) in the first field Sln in a

window of pixel positions arranged symmetrically with

respect thereto. The size of the window is variable. It

the movement-compensated second fields are

is preferably 5*%4 pixels.

If the value £ does not exceed a further thresh-
old T,, then filtering is carried out in the movement-
compensated frame: '
s (x,y) = £ilV (x,y).

If the value I exceeds a second, higher threshocld
T,, then filtering is carried out in the field:
sl (x,y) = £i1P (x,y).

If the value I is between the two thresholds,
then the result of a linear combination of both filter
signals is:

S (x,y) = w*£ilV (x,y)+(1-r)*£il® (x,y),
where r = (Tz-ﬂ)/Tz-Tl).

The thresholds can be selected to be, for
example, T; = 6* (number of pixels in the window) and T,

' =.12* (number of pixels in the window).

A pixel movement detector such as that described
in EP 0 333 069 can be used, for'example; for change
detection. The change detector 17 receives corresponding
input data from the frame format converter 14, and sends
back the value E. '

. The number of lines stored in the line memory 13
corresponds to the maximum movement compensation in the
vertical direction.

The filter length for the vertical filtering
advantageously corrésponds to the window for the change
detection in the-vertical direction.

For the vertical frame filter, it is possible
that: : |
£i1V, (x,y) = [ky*si (x,y)+

k,* (82%_ 1(x.y-1)+s2k (x,y-1))+
Th1s Sheet Has Been Rep
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inthe first field of picture nit is determ ned whether an as yet
unconpensat ed novenent is present for exanple within individual picture
areas with different novenent paraneters reI ative to the picture-w se
novenent par aM® &2/1907k his is the case, 6the picture elpéﬁylﬁ%”ﬂﬂﬂ%ch
picture areas are pre-filtered with the aid ofy, respondl ng picture

el ements of the respective Ry 8Tl & For Y 8’6 mb! tng. Ctherwise a

filtering is enpl oyed which aqubl Clt(y‘r,g'.,ql)@ﬁht (sxjypm)he

novenent - conpensat ed second |elq ¥ pi ctyr.e kO ro
movenent - conpensat ed second Kai*d Idsnﬁac Hi¥e 53 (’éhﬁ"'g}”an the current

pi cture el enment | tsel f (f| |t @g+aey (|k11+k9)3) povenent - conpensated frane). Here
t he use. of |n greeflelg§ sults nthe noi se-reduci ng tine
filtering. B‘r?trlfé pi ctdre rraterlal thelocaL resol uti on of
the picture si gnal s g@mert&tl@d ca@ei,ng tt mmb#anosedvéhstoﬁ A & TIudn y at
the limt whighdsepass Pig |ib@§€g&d %]b mMstheery) anghd he
filter technol gy and said picture si S _ex it no ali as’i‘ng originating
from sub- samﬁ nf% ¥t ﬁéui’-%#éeﬂl H“E‘Pgﬂr@ nt estimation

is required for the fagmteEenvRreiieall nfpémr fiothe,abie is Guddirng the
rmverrent-corrp%rllisa%tged tinme pre-
filhn (x,y) = [ko*sln(x,y)+
k,* (81, (x,y-1) +S]'n (x,y+1))1/
(kg+2*k,),
where k, = 8, k; = 1.

The video signal s, to be encoded is now obtained
from the first field S!f after it has been subsampled for
example, by the factor two horizontally and vertically.

The input signals S, at the input 10 may have the

_ format 625L/50Hz/2:1 with 720*576 active pixels for the

luminance component and with in each case 360*576 active
pixels for the chrominance components. The chrominance
components can be processed in a corresponding manner to
the luminance component or else, in principle, can be
filtered in the field. |

The output signals s, from the frame format con-
verter 14 and in encoded form at the output 18 can have,
for example, a progressive frame format with 360*%288
active pixels for the luminance component and with in
each case 180*%144 active pixels for the chrominance
components.

Fig. 2 shows the frame format converter 14 in
more detail. The first input 20 is connected to a frame
memory 22 and receives video signals, delayed by one
field, in each case of the first field, from the field
memory 12, the second input 21 is con.necﬁed to a movement
compensation circuit 23 and receives line-delayed video
signals in each case of the second field from the line
memory 13, the third input 24 is likewise connected to
‘the movement compensation c:i.rcuit and receives movement

" This Sheet Has Been Replaced
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filtering.
rnenory and a

4 horizontal

Exenpl ary Enbodi nents A picture format converter is connected
Iin series with a coder. The picture format converter is preceded by a field

line menory, the inputs of which are connected to one another.
In the case of WQuB2438B¥lng also in the= 7 = PCT/EP92/00763

direction, the sub-sanpling advantageously Is carried out,
associ ati on wi PATeBeEeERofEPRgtReMOYERERE| RRTANR

SThEPRPBRAEAF bPet BRE

in

format convertgheWMESUTHY eeRpEE 12T foebivaBMButpuyl blignhlBe ARSI YtheAs a

result,

change detector 17.

The video signals from the line memory 13 are
movement-compensated using known methods in a correspon-
ding manner to the frame-by-frame movement parameters
from the movement parameter generator and are supplied to
the frame memofy 22. The lines in the line memory can be
addressed via the output 211. Frame signals having the
maximum vertical spatial resolution are now present at
the output of the frame memory, which signals are fil-
tered inh the downstream vertical filter 25 pixel-by-pixel

in a corresponding manner to the signal at the £fourth -

input 27 in the frame or in the field, and are likewise

supplied via the output 26 to the change detector 17.

The vertical filter is followed by a subsampling
stage 28, at whose output 29 the video signal s, can be
picked off.

The frame-by-frame movement parameters can in
each case contain valid zoom and/or pan factors for an
entire frame or can be shift vectors for sections within
the frames. For example, one shift vector can be formed
for each pixel block of 8+8 pixels.
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t he processing speed required in the foll ow ng H II "mj med. The
I nput is supplied with an interlaced picture SI he pictures

Serr],n =1, 2, 3, ... Then the filtered and sub- sarrpl ed’ pi Cture si gnal
s[err] is avaiwabbé2/aeovbe output of the @ cture format BOR/BPH/00368he
coder . In a novenent paraneter generator, block-w se novenent paraneters,

for exanpl e fopakentn @haliwan, fromthe coder are generated in the form of
pi cture-wi se novenent paraneters p[err] for the pair of pictures Sferr] (z,
vierr], v[err]]).. This can take place as describhed for exa EP- A-
414 113. Here i s tMethednEpriceprodipgar Ap ﬁhﬁt?ﬁ?%u%%ﬂgbéﬁénFlpﬁ°the

hori zontal dirggkhers chﬂ[ﬂé loonigoddd® o pakelemane kovehentecbipeh-

di rection between two ctures in nterval o

Advant ageous| ySatag e§§ane'§‘i%‘g?f{r§'d‘& PYFER Ba&aﬁ‘}et? § nkping
converter is rgdﬁéfdtbﬁ,tbhaﬁaeturﬂzudsﬂnpthaarmbvemenhdpprametsrsgfot t he
novenent parangeters. The co nsat _ c

fields Slerr] ’ﬂﬂﬁe%f r‘fmﬁ?ﬁ? Emor? é‘f%e@%e& t}pr Fgersdéekct %éﬁ%sgggleat ed
first field S efrErawet fcxrnatrecoivéxsione (34) Pmlgdr ank reefenat thee

movement parangler§iRg 9(18)dedehY Pfadd! W ghal®S being subsampled at

least in the vertical direction during the frame format
conversion and incorrectly movement-compensated pixels
being determined with the aid of change detection (17) on
the basis of the movement compensation frame-by-frame,
the pixels in the case of correct movement compensation
being filtered (25) vertically in the frame and, in the
case of incorrect movement compensation, being filtered
(25) vertically in the field before or during the subsa-
mpling.

2. Method according to Claim 1, characterized in
that, after the frame format conversion (14), the video
signals are subsampled by a factor of 2 with respect to
the original video signals in the vertical direction
and/or horizontal direction, the video signals being
present, in 'particular, before the frame format conver-
sion in the interlaced' format and after the frame format
conversion in a progressive format.

3. Method according to Claim 1 or 2, characterized
in that, before the filtering (25) and the subsampling
(28), a second field S?n is in each case shifted into the
corresponding spatial and time position of the correspon-
ding first field s, n = 1,2,3,... .

4, Method according to one of more of Claims 1 to 3,
characterized in that, _befofe the filtering (25) and the
subsampling (28), a second field Szn and a second field
‘g2, _, of the preceding frame S,_, are in each case shifted
into the corresponding spatial and time position of the
corresponding first field Sln, the two second fields 52n
and s?__, being averaged.: |

5. Method according to one or more of Claims 1 to 4,

This Sheet Has Been Replaced
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on the other hand the | ocal resoumuﬂnllumwmn ld, apart froma pdssj bl e
hori zontal picture format conver great in the horizontal
direction as in the vertical direttion, fdr fhe*novement paranmeters to be

used in the piwdwz/fsgrmt converter the okl owi ng appl iEeT/EPI2 /00763
Vierr] = v [err] V[err] v[err]/2
5 The conpensisxhstemivied i b dshdfer irdng thlec whainge atetection (17)

for each pixel in the £first field st as the absolute
values of the differences between the movement-compen-
sated second fields s%¥__,, g2k
a value I, in a window of pixel positions arranged

. are added up, to produce
symmetrically with respect to said first field sln, the
size of the window being, in particular, 5*4 pixels. _
6. Method according to Claim 5, characterized in
that filtering is carried out in the movement-compensated
- frame if the value L is less than or equal to a first
threshold T,, and in that filtering is carried out in the
field if the value I is greater than a second, higher
threshold T,.

7. Method according to Claim 6, characterized in
that an appropriate linear combination of both filter
signals is used if the value I is between the two thresh-
olds T, and T,.

8. Method according to Claim 6 or 7, characterized
in that the first threshold has a value of approximately
six times the number of pixels in the window, and the
second threshold has a value of approximately twelve
times the number of pixels in the window.

9. Method according to cne or more of Claims 1 to 8,
characterized in that the frame-by-frame movement parame-
ters contain zoom and/or pan factors which in each case
apply to an entire frame or are shift vectors for sec-
tions within the frames.
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o £ | Gbotary. (—
Slerr] (xy) = S[err] ((lI-2)*X-V[err], (1-2)*y-V[err]) S[err] (x,y) =

o\ . . . L AL A o
co-ordinate systemwith its source in the centre of the pictu?%?th¥V¥?féﬁ§Ef

Sferr] ((1+2)*x + V[err], (1+2)*y+V[err]) where (X,Y) oriT

aid of a change detector, for each position (x,y) in the firlstffrerd S err]
in a wi ndow of picture elenment positions arranged synnetricjll%pﬁﬁbﬁéfb#?%

t he absol ute values of the differences between the novenent-iconpensat ed
second fields S[err] are added to fbrma value [err]. The gize of the
wi ndow is variable. Preferably it anounts to 5*4 -picture el dnents. I f the

val ue [err] does not excd®DING fPROEESS hreshold T[err], filtering takes place

in the novenent - conpensated frane: :
' The invention relates to a process for movement-compensated

vertical filtering.

Prior Art

EP-A-0 414 113 has described a process whereby a zoom- and a
pan vector (magnification- and panning vector) for a whole
picture can be generated from an array of movement vectors,
for example derived from picture element blocks.

Invention

The object of the invention is to provide a process for
movement-compensated vertical filtering. This object is
fulfilled by the invention described in Claim 1.

In principle, the process according to the invention
consists in that in a coding procedure wherein picture
signals composed of picture elements are coded in movement-
compensated fashion and with the generation of movement
parameters, in a picture format conversion which takes place
prior to the coding, picture-wise movement parameters are
used for the movement compensation, where the picture
signals are sub-sampled, at least in the vertical direction,
in the picture format conversion and where with the aid of a
change detection there are determined picture elements which
have not been correctly movement compensated on the basis of
fhe picture-wise movement compensation and where, in the
event of correct movement compensation, the picture elements
are filtered Vvertically in the frame and in the event of
incorrect movement compensation they are filtered vertically
in the field. '

Advantageous further developments of the process according
to the invention are set forth in the dependent Claims 2 to
7.



S[err](x,y) =filJerr](x,y). If the value [err] exceeds R SECQnd, HIGHer
threshold T2, filtering takes place in the field: Slerr] (k, VF-S«fpgil ontk
[err](X,y). If the value [err] lies between the two thresholds, Thé

result is a linear conbination of the two filter signals: SI[E%]FIX, 92 =
r*fil Jerr] (x,y) + (1-r)*fil [err] (x,y), wherer = (T2 -{[err]) /

(T[err] - T[err]). The thresholds can be,selected for exanple as T[err| =
6* (nunber of picture elenments in the window) and T[err] = f12* (nunber of

picture elefgnéSdggatggdﬂkgggm%icture coding procedure with movement™
compensation, movement vectors are generated for individual
pictures or picture parts. To further reduce the data rate,
the picture signals can be sub-sampled prior to the coding.

If the picture signals possess an interlaced format prior to
the sub-sampling and are to possess a progressive format
after the coding, prior to the coding an interlace-
progressive picture format conversion can take place in a
picture format converter. Progressive picture signals can
be obtained for example by the omission of every second
field, although without appropriate preliminary filtering
aliasing is introduced into the sub-sampled signal and the
possible vertical resolution for the static picture content
prior to the sub-sampling is reduced by the factor two.

Movement-adaptive wvertical filtering can also be carried out
prior to the sub-sampling. Here, however, in general larger
picture areas are considered to be moving. In these areas
the vertical resolution is then reduced by more than the
factor two. ’

With a serial arrangement of picture format conversion with
sub-sampling and of movement-compensated coding, after the
coding of picture n, movement parameters for the zoom and
pan values between picture n-2 and picture n-1 are
available. As, in the case of standard television picture
signals, these parameters do not change abruptly from
picture to picture, these existing zoom and pan parameters
can be used to predict the as yet unknown, corresponding
parameters between picture n-1 and picture n.

In the picture format conversion, in each case the second
field of picture n is displaced, with the aid of the zoom
and pan parameters, to the temporal and spatial position of
the first field of picture n. For the noise reduction,



6 For the change detection, for exanple a picture el ementi{ BEFiRVENERT
as described in EP-A-0 333 069 can be used. The c
recei ves correspondi ng i nput data fromthe picture format
sends back the val ue The nunber of stored lines in the
corresponds to the maxi num novenent conpensation in the vefti
Advant ageously, the filter length for the vertical filterihg corresponds to

det ect or

the wi ndow for the change detection in the vertical direct Fomr—For—the
vertical frggsagégégéusigeiLogggﬂﬁggsga@h%pgg%bnd field of picture -1

and of picture n can be displaced, with the aid of the zoom
and pan parameters, to the temporal and spatial position of
the first field of picture n.

With the aid of a change detector, for each picture element
in the first field of picture n it is determined whether an
as yet uncompensated movement is present for example within
individual picture areas with different movement parameters
relative to the picture-wise movement parameters. If this
is the case, the picture elements from such picture areas
are pre-filtered with the aid of corresponding picture
elements of the respective first field for the sub-sampling.
Otherwise a filtering is employed which uses picture
elements from the movement-compensated second field of
picture n or from the movement-compensated second fields of
pictures n and n-1 and the current picture element itself
(filtering in the movement-compensated frame). Here the use
of in each case three fields results in the noise-reducing
time filtering.

Depending upon the picture material, the local resolution of
the picture signals generated during the format conversion
is wvirtually at the limit which is possible in accordance
with the system theory and the filter technology and said
picture signals exhibit no aliasing originating from sub-
sampling without pre-filtering. No separate movement
estimation is required for the format conversion in order to
be able to carry out the movement-compensated time pre-
filtering.

. Exemplary Embodiments

A picture format converter is connected in series with a
coder. The picture format converter is preceded by a field
memory and a line memory, the inputs of which are connected
to one another. In the case of sub-sampling alsc in the



f||[err] (x, y) = (k[err] (x,y) + k[ err] *{sfe

(X, Y-1)+S[err](X Y-1)) + k[err]* (S[err] (¥ ; NT SHEE
+S[err] (X Y))+ k[err]*(S[err] (X Y+1)+S[ery] X YFI))¥F
k[err]*(S[err](x,y+2) +S[err](x,y+2))]/ kD+4* (k| #k2)")%
where k[err] = 128, k[err] = 75, k[err] = -11. Here it shpukd be noted [
that in the frame S [err] (x, y-1) is directly above S [er{] (X, y) and ;
S[err] (X Y) is directly below1it For tfe vertical field{filter, the :
follow ng can apply: _ fil[err] iﬁ errl(x, y)+ T K[err[F

(S[err](x, 9°I}z¢8FélrF€XecV49P )t¥p sub-sampling ddvantageously is

carried out, in association with corresponding pre-
filtering, in a horizontal picture format converter which
precedes the field memory and the line memory. As a result,
the processing speed required in the following circuits is
reduced. The input is supplied with an interlaced picture
signal comprising the pictures S,,n = 1, 2, 3,... Then the
filtered and sub-sampled picture signal s, is available at
the output of the picture format converter to the coder.

In a movement parameter generator, block-wise movement
parameters, for example for zoom and pan, from the coder are
generated in the form of picture-wise movement parameters
. Pn-1 for the pair of pictures s,.;, Sp-1 (2Z, vk, Vy). This can
take place as described for example in EP-A-0 414 113. Here
'z' is the zoom factor, 'vy' is the displacement in the
horizontal direction and 'wv,. is the displacement in the
vertical direction between two pictures in a time interval
of 1/25 s. Advantageously, the processing speed required in
the picture format converter is reduced by the picture-wise
preparation and processing of the movement parameters.

The compensation of the movement in the second fields Sﬂpl
and S?, relative to the time of the respective associated
first field S', with a time difference of * 1/50 s requires
that the movement parameters be divided by the value 2. As
on the other hand the local resolution in the field, apart
from a possible horizontal picture format conversion, is
twice as great in the horizontal direction as in the
vertical direction, for the movement parameters to be used

in the picture format converter the following applies:

Z = z/2
Ve = vy
Vy, = v,/2
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to be coded is now obtained fromthe - first field S[err] h
horizontal l'y and vertically sub-sanpled for exanple by the
i nput signals Sn at the input can possess the format 625L/5
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The compensated second fields s S“"h-1 are calculated as

g2k (x,y) = S%n ((1-Z)*x-Vy, (1-2)*y-Vy)

S L1 (x,y) = SPa-1 ((1+2)*xX + Vi, (L+Z)*y+Vy)

where (x,Y) originate from a co-ordinate system with its

source in the centre of the picture.

With the aid of a change detector, for each position
in the first field Sln in a window of picture element

(x,¥)

positions arranged symmetrically thereto, the absolute

values .of the differences between the movement-compensated

second fields SZKn-l, San are added to form a value Z.

The

size of the window is variable. Preferably it amounts to

5%4 picture elements.

If the value I does not exceed a first threshold T,,

filtering takes place in the movement-compensated frame:

s (x,y) = £i1%,(x,y).

If the value I exceeds a second, higher threshold T,
filtering takes place in the field:

. h
st (x,y) = £i1%, (x,y).

If the value X lies between the two thresholds, the result

is a linear combination of the two filter signals:
s, (x,y) = r*£il%, (x,y) + (1-r)*£il’y (x,¥),
where r = (T - X) / (T3 - T1).

The thresholds can be selected for example as T; = 6%

(number of picture elements in the window) and T; = 12%

(number of picture elements in the window).
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signals s[err] fromthe picture format converter and in coded flornrat—the
out put can for exanpl e possess a progressive picture fornmat @nth 86071288773
active picture el ements for the |uninance conmponent and with¢ (i each case

180*144 active picture elenments for the chrom nance conponentis.”  NOW TH&
picture format converter will be described. The first input ifs connected to

a frame menory and receives picture signdls, delayed by one fTerd, Tn €ach

case of th f|r field fr e ne hg [
connected‘% %éﬂ%%?g%ogg%%gg %%h gochgéxgl% §§§2§e|92§hg
pi cture S|gnmwsmemte®£hecage as dh%csbbeddlhlEPdAfPoﬁﬁPhQGPlﬁénnﬁﬁnry t he

third input,lgq| I ke Séngh ae&&edcéartPscawegeeareeapenaahgoanfaurccwattaand
receives nnvenent paranetefs fromthe novenent para & %@gﬁ Lator and t he
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fourth i npuiromcehe cRigtupatr LFPREI SORYBRELRe2BHaRGR USicture
signals fr the line nmenory are novenent- conpensated by knomn nethods I n
accordance Wth the picture- wi se novenent paraneters fromthe novenent
par anet er

The number of stored lines in the line memory corresponds to

the maximum movement compensation in the vertical direction.
Advantageously, the filter length for the vertical filtering
corresponds to the window for the change detection in the
vertical direction. For the vertical frame filter, the
following can apply:

£i1%, (x, ¥) = (ko*S'n (x,¥) +
ki (5201 (x,y-1) +62%, (x,y-1)) +
ky* (5% p-1 (x, ) +8%0(x, 7)) +
Ko* (S q-1 (%, y+1) +825, (%, y+1) ) +
ka* (501 (x, y+2) +82%, (%, ¥+2)) 1/
ko+4* (k1+ka) ),

where kg = 128, k3 = 75, k; = -1l.

Here it should be noted that in the frame Szn (x, y-1) is
directly above Sln(x,y) and szn(x,y) is directly below it.

For the vertical field filter, the following can apply:
.- h 1
fil n(xl y) = [ko*s n(xl y)+
1 1
K1*(S"n(x, y-1)+S7n(x, y+1))1/
Ko+2*kq)

where kg = 8, k; = 1.



- , , ] :
generator and are supplied to the frame nenory. The |ines IT R ACERENT SHEET
t

menory can be addressed via the output. Now frane signals wi B HT
vertical local resolution are present at the output of the framg FeARLY.m~q
whi ch frane signals are filtered picture-el emenf-W\ se”in-the-~
adjoining vertical filter in the franme or in the field in afcoérdancew-t-h
the signal at the fourth input, and are y kew se fed via thg output to the
change detector. The vertical filter is floll owed by a sub-s +HAg~St-age—at—-

the output 29, af; Yk CHLIAEL PESIEE S| @itdd S{£THdw ot dEnéappeedn thie_

i cture-w sé nobvenent pa ter,s can i n_each cas .
P first fieldpsfﬁynﬁaVLng %een hofizoﬁ%éily and vertically

sub-sampled for example by the factor two.

The input signals S, at the input can possess the format
.625L/50Hz/2:1 with 720%576 active picture elements for the
luminance component and in each case 360*576 active picture
elements fbr the chrominance components. The chrominance
components can be processed in accordance with the luminance
component or also can be basically filtered in the field.

The output signals s, from the picture format converter and
in coded form at the output can for example possess a
progressive picture format with 360*288 active picture
elements for the luminance component and with in each case
180*144 active picture elements for the chrominance
components.

Now the picture format converter will be described. The
first input is connected to a frame memory and receives
picture signals, delayed by one field, in each case of the
first field from the field memory, the second input is
connected to a movement compensation circuit and receives
line-delayed picture signals in each case of the second
field from the line memory, the third input is likewise
connected to the movement compensation circuit and receives
movement parameters from the movement parameter generator,
and the fourth input receives output signals from the change
- detector. '

The picture signals from the line memory are movement-
compensated by known methods in accordance with the picture-
wise movement parameters from the movement parameter
generator and are supplied to the frame memory. The lines
in the line memory can be addressed via the output. Now
frame signals with maximum vertical local resolution are

present at the output of the frame memory, which frame



contain zoom and/ or pan factors which apply to a whol e »
di spl acenent vectors for portions within the pictures. Fgr
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picture el enents.
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signals are filtered picture-element-wise in the adjoining

vertical filter in the frame or in the field in accordance

with the signal at the fourth input, and are likewise fed

via the output to the change detector. The vertical filter

is followed by a sub-sampling stage at the output 29 of

which the picture signal s, can be tapped.

The picture-wise movement parameters can in

each case

contain zoom- and/or pan factors which apply to a whole

picture or can be displacement vectors for portions within

the pictures. For example one displacement
formed for each picture element block of 8*8
elements.

vector can be

picture
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filtered vertically in the field and |¥uﬁg§m$vent of correct_mvenent
conpensation are filtered vertically i rame prior to or during the
sub-sanpling, where prior to the filtering and sub-sanpling with the aid of
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signals are at least vertically sub-sampled;

- the movement parameters used for this coding are used
as movement parameters - in particular as zoom and pan
parameters - for pictures or picture areas in the sub-
sampling;

- with the aid of a change detection stage there are
determined picture elements which have not been correctly
movement-compensated on the basis of the picture-wise or
picture—-area-wise movement compénsation;

- in the event of incorrect movement compensation the
picture elements are filtered vertically in the field and in
‘the event of correct movement compensation are filtered
vertically in the frame prior to or during the sub-sampling,
where prior to the filtering and sub-sampling with the aid
~of the picture-wise or picture-area-wise movement
parameters at least one second field szn is displaced to the
spatial and temporal position of a first field Sln, where n
=1,2,3,¢c0¢ =

2. A process as claimed in Claim 1, characterised in that
after the picture format conversion the picture signals are
sub-sampled by a factor of two compared to the original
picture signals in the vertical and/or horizontal direction,
where the picture signals in particular occur in the
interlaced format prior to the picture format conversion and
in a progressive format following the picture format
conversion.

3. A process as claimed in Claim 1 or 2, characterised in
that prior to the filtering and sub-sampling a second field



mhere the picture signals in partlcular occur in the interlag qrnala“.p‘; o
i

prior to the picture format c ‘“lﬂlﬁiprogre35|ve i1 AR R
following the picture format mﬂmzlmﬂ A process as gl fined | n-—
Claim1 or 2, characterised in # pridr €o the filtering apd|s@ssanpl THY
a-second field 10 H[érr] and a
second field S[err] of the preceding picture S[err] are in each case

di spl aced into the correspondi ng spatiallgnd_tenporal positibn of the
correspondi ng first

52n and a second field Szn-l of the preceding picture Sp-3
are in each case displaced into the corresponding spatial
and temporal position of the corresponding first

field Sln, where the two second fields Szn and Szn_l are

averaged.

4. A process as claimed in one or more of Claims 1 to 3,
characterised in that in the change detection, for each
picture element in the first field Sln in a window of
picture element positions arranged symmetrically thereto the
absolute values of the differences-of the movement-

compensated second fields 22kn-1, San are added to form a

value X, where the size of the window amounts in particular

to 5*%4 picture elements.

5. A process as claimed in Claim 4, characterised in that
filtering takes place in the movement-compensated frame when

the value I is smaller than or equal to a first threshold T1

and that filtering takes place in the field when the value I
is greater than a second, higher threshold T;.

6. A process as clalmed in claim 5, characterised in that
a corresponding linear combination of the two filter signals

is used when the value I lies between the two thresholds Ty

and T,.

7. A process as claimed in Claim 5 or 6, characterised in
that the first threshold has a value of approximately six
times and the second threshold a value of approximately
twelve times the number of the picture elements in the
window.
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Movement vectors are often found for image spot blocks in coding image signals. EP 0 414
113 describes a process for generating a zoom and pan vector for an entire image from a
field of movement vectors for image spot blocks. When the format of image signals which
are sub-scanned at least vertically before coding is changed, movement parameters valid for
an entire image are used in order to obtain the maximun local resolution after sub-scanning.
Only the remaining image parts which have not been fully movement-compensated are
detected by means of a simple change detector and vertically filtered in the field.
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METHOD FOR ENCODING

Movement vectors are often found for image spot blocks in coding image signals. EP 0 414
113 describes a process for generating a zoom and pan vector for an entire image from a
field of movement vectors for image spot blocks. When the format of image signals which
are sub-scanned at least vertically before coding is changed, movement parameters valid for
an entire image are used in order to obtain the maximun local resolution after sub-scanning.
Only the remaining image parts which have not been fully movement-compensated are
detected by means of a simple change detector and vertically filtered in the field.
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