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. /Ill/Iii~ 
Process for Qe1ncerlacing the frames of a 

moving image sequence 

The present invention relates to a process for. 

deinterlacing the frames of a moving image sequence. 

:It applies in particular. to the conversion of 

television image foxmats. 

The fo~t usually us~d in- television is termed 

"interlaced• scanning, that is .to say that alternately 

a "frame• consisting only of ·even-numbered lines or of 

odd-numbered lines of the image is transmitted instead 

of the complete -image. This-halving-in the quantity of 

information to be transmitted takes pl.ace· however to 

the detriment of the quality of .the images, and this is 

all the acre . noticeable~. _ when moving - · images are 

involved. The invention entails a._ process for 

converting the •interlaced• . scanning: .format .into the 

so-called •progressive• .or •sequential• natural format 

in which all .of the lines ar• pr.esent with each image. 

The intended objective is to- reconstruct, from a 

sequence of interlaced: source. images, a sequence of 

progressive images with. .. a visual_ quali:ty. which is as 
I • 

close . as- possible._ to what may be an ideal sequence of 

progressive source. _im&gea, which _was never inter1ace~L .. 

The existing techniques of reconst:cuction may 

be classified into four categories depending on whether 

they employ linear, motion-adapted, non-linear motion 

non-compensated or motion-compensated filterings. 

Amongst the techniques of linear filtering, inter-frame 

pure temporal filtering is ideal for sequences with 

very weak motion, but highly visible.artefacts quickly 

occur once the scene moves, essentially on the contours 

of the objects in motion which tend to become double 

(object ghosts). :Intra-frame (or vertical) pure linear 

filtering never produces such troublesome artefacts and 

is therefore chosen in preference for sequences with 

substantial motion but, however, the resolution of the 

image thus deinterlaced remains limited in principle 
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and certain spectral aliasing effects (staircase 

phenomenon on the diagonal contours) cannot be 

suppressed. Therefore, a spatio-temporal linear 

com.promise can only accumulate the defects in the two 

types of filtering. Motion-adapted filtering consists 

in toggling between various modes of linear filtering 

within the same image depending on the motion, opting 

for pure temporal. fil taring for weak motions, pure 

spatial filtering for strong motions and spatio­

temporal filtering·· for intermediate motions. 

:Independently of the prOblems of visibility of 

switching between tlie various modes, the intrinsic 

problems of linear·· filtering in·- respect of· -sequences in 

motion are not resolved. · 

Numerous non-linear filtering -techniques have 

been proposed,· among them the best known are founded on 

the principle·of·median filtering; to improve ·the dein­

terlacing without estimating·· "the ·motion in the· scene 

represented. However, ·-the results obtained ···are still 

fairly mediocre. :rt is commonly· . accepted that only 

motion-compensated techniques, that is to say which 

fetch missing information from the ·adjacent images, 

which precede and follow in the direction of motion of 

the obj eats of the seezie·,·····a-11i::>w·-:conversions ·of spatio• 
. . 

temporal. fo:mats without ·degradation. :It apPears· in 

fact that only an accurate-== knowledge of the motion can 

make it possible to adapt the conversions to the 

spatio-temporal spectrum of the moving images. Several 

approaches along these lines, founded on motion 

compensation, are known, essentially in the 

publications produced in the context of the European 

RACB :rr •Transit• project. However, the major problem 

which has not yet been resolved is that of the control 

of a fallback mode, made necessary by the inevitable 

errors in estimating the inter-image motion. 

The aim of the invention is to alleviate the 

aforesaid drawbacks. 
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For this purpose, the subject of the invention 

is a process for deinterlacing the frames of a sequence 

of moving images composed of frames with parity of a 

first type interlaced with frames with parity of a 

second type, characterized in that it consists in 

estimating the motion between frames of like parity, by 

tagging the pixels as •normal•, •occluding" or 

•uncovered• and in projecting the motion of the pixels 

tagged as •normal• or •occluding• in their direction to 

obtain the mid-distance motion; in assigning for each 

point to be. constructed of the missing lines a vector 

twinned with a validity indicator, in interpolating the 

pixels of the missing lines· J.n the dir.ection of the 

projected motion and- by vertical intra-frame linear 

filtering; and in switching between these two values 

with the aid of. the validity indicator and of the 

•uncovered• tags. 

~ The main advantage of the invention .is that it 

can be applied effectively to any digital. television 

device which includes conversion of formats from .inter­

laced scanning to progressive scanning. 

In .. conventional television the interlaced 

format follows recommendation 60l·of the CCIR (•4:2:2• 

standard, 625 l:Lnes. at SO. Hz. or s25·· lines at · 60 Hz, . 
·aspect ratio 4/3). The Buropean approach to HDTV ha.a 

fixed a number of initials for other formats: 

- EDI (Enhanced Definition Interlaced): 625 

lines, interlaced, 16/9 

- EDP (Enhanced Definition Progressive): 625 

lines, progressive, 16/9 

- HDI (High Definition Interlaced): 1250 lines, 

interlaced, 16/9 

- HDP (High Definition Progressive): 1250 

lines, progressive, 16/9 

The EDI to EDP and BDI to HDP conversions are 

straightforward dein.terlacin.gs and can be direct 

applications of the process according to the invention. 
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However, other conversion devices can also employ the 

deinterlacing process according to the invention within 

a more complex processing chain. It may be that, for 

example, of the 4: 2: 2 conversion to EDP which employs 

deinterlacing and a 4/3 to 16/9 image aspect ratio 

conversion; of the SO Rz HDI to. 100 Hz HDI temporal nup 

conversion• which may be performed by cascading a high­

quality deinterlacing .. and generating two interlaced 

frames from an intermediate HDP image, . the image 

qua1ity thus obtained thus being. greatly superior to 

the classical repetition· of frames termed ... AABB- and 

finally of the generation of· .image. slowing obtained by 

repeating well-deinterlaced images,. followed by 

reinterlacing the . s.equence thus . slowed,. this giving 

much better visual quality than. the : classical 

repetition of in~erlaced frames. 

These conve~sions of .. television image formats 

all have the aim.of.:: improving .. the quality of the image 

offered to. the viewer •. · The- corresponding. devices can be 

envisaged in a professi_onal environment.~ (television 

studio) where a very high image quality is demanded. 

They may also be envisaged. in.,-a .. •.consumer• environment 

{receiver) where the ·.·limiting. factor _.is the 

incorporation at~ low cost ·of comp~ex devices for 

estimating motion. 

The devices for high quality conversion· of the 

video image to a film support which require high­

performance deinterlacing may likewise implement the 

process according to the invention. ·Such a conversion 

is in fact made up of the following steps: BDI/BDP 

conversion, noise reduction, 50 Hz to 25 Hz temporal 

conversion (the film speed is 24 images/a) printing on 

film. 

The process according to the invention can also 

find an application to devices for converting images 

from interlaced digital video formats to the formats 

for display on the screens of· computer workstations 
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(all of which have progressive scanning) as well as to 

the majority of processes for handling moving image 

sequences which handle a progressive sequence in a way 

which is of much higher perfo~ce and simpler than an 

interlaced sequence. H~ever, top-end high-quality 

deinterlacing followed by processing within the 

progressive context is then desirable. This may be the 

case for example in image compression-by the.techniques 

of sub-band coding or that of any . image frequency 

conversion (such as the 50 Hz/60 -Hz. ·.standards 

conversion). 

Other characteristics and advantages· of the 

invention will emerge ·with the aid of : the description 

which follows given in connection with the . appended 

figures which represent: · · · _ . 

Figure 1 an image sequence with the 

interlaced format opposite an image sequence with the 

sequential or progressive .format. 

Figure 2 the process- ac.aording to the 

invention in the form of an overall schematic diagram. 

- Figure _3 ·the procedure for interpolation by 
. . 

vertical low-pass filtering:_ implement.ad. _in the process 

according to the· invention. in order to estimate t.he. · 

lines of a progressive.image. 

- Figure 4 the motion-compensated interpolation 

mode implemented in order to estimate the lines of a 

progressive image. 

Figure 5 a diagram illustrating a 

construction according to the process of the invention 

of a missing frame to obtain a progressive image 

between two consecutive frames of like parity. 

- Figure 6 a defined grid for projecting motion 

vectors of source images. 

- Figure 7 examples of motion vectors and of 

their projected equivalents. 

- Figure 8 an example of the construction of a 

deinterlaced image. 
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- Figure 9 an example embodiment of vertical 

low-pass post-filtering. 

In the example represented in Figure l the 

sequence of interlaced images is depicted in the upper 

part of the diagram by the string of odd frames, 

denoted nframe in, interlaced with even frames, denoted 

•frame 2•. In this chaining .. the odd and even frames 

follow one another at a recurrence of 40 ms. They are 

depicted for the odd frames at· the instants t~ and t 0 + 

40 and they are depicted for the even frames at the 

instants t 0 + · 20 and · t 0 +. 6.0.. '?he sequence of 

progressive images is depicted in.the lower part of the 

diagram by a string ·of ·images denoted •image in, •image 

2" "image 3n and 11 image 4•, matching respectively in· 

the diagram with the . frames of _ the·_ upper. part. The 

process according to the invention -makes it possible, 

from an image sequence in _the: interlaced ·£or.mat, which 

exhibits only half· the total : lines at each image 

instant, being formed .. alternately. ·of ·. even and odd 

lines, to interpolate the .. missing. 1ines, so as to 

obtain the corresponding sequence at the bottom of the 

diagram in the ·sequential or progressive: .format .of the 

·.best possible quality. · ·· 

The . deinterlacing according to the invention 

takes place, in the manner represented in Figure· 2, 

according to two operating :msdes. The main one 

implements motion compensation, the other which serves 

as fallback mode, implements straightforward intra­

frame vertical linear filtering. According to the main 

mode, the interlaced images defined by the odd frames 

at the instants marked t 0 and t 0 + .40 ms and bearing the 

references l and 2 in Figure 2 are applied to an 

interpolation facility 3 which is motion compensated. 

The latter delivers a motion-compensated dummy frame 4 

estimated at the instant t 0 + 20 ms. 

In the f allback mode each even frame of an 

instant t 0 + 20 ms and bearing the reference 5 in Figure 
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2 is fil tared by a vertical spatial filter 6 embodied 

in the manner- represented in Figure 3 by applying 

weighting coefficients to each counterpart pixel of the 

current point over a specified number of lines above 

and below the current point. l:n Figure 3 the current 

point to be estimated is spread out at the intersection 

of a column c and a line 1. The points considered on 

the lines situated on either side of the current point 

are placed at the intersection of ·the column c passing 

through the point the current and lines 1-5, 1-1, l+l, 

1+3 and l+S •= The ·filtering . is obtained by . applying 

weighting coefficients (3,. -25, ·150, 150, ··-25, · 3)-· for 

examp1e to the-luminance signal of each of_ the points 

considered. Estimation of the luminance signal i.(l, c) 

of the current point is: the. result. of· the weighted sum 

of the luminanc.e sig;ials~ .(i..,(1-5,. c) .... i._(1+5, c)) of 

the points situated.on either side of the current point 

in the same column divided by, a coefficient of 

specified value equal to . 256. for example. This 

filtering operation is describ.ed by ·the relation: 

i.(l, c) • (150,* ((J..(1-1), c) + i.,(l + 1., c)) 

_ - .~2S* ( (J...(1"!'3), c) + i. (1 .+ .. 3:, c)) 

~ +3*((~.c1~s, c) +·-i;.{l:::+ s, c))./256 •.. 

In_ the ·mot~on-compensated mode which is "repre­

sented by the diagram of Figure 4 in which the elelnents 

which are the counterparts of those of Figure 2 are 

represented with the same references, the sequences of 

motion vector fields, describing the X-wise and Y-wise 

motion between source frames of like parity (distances 

of 40 ms apart), are used. These vectors are defined at 

each pixel of the source frames and their accuracy of 

displacement is half a pixel. In the blocks 11 and 12 

the motion vector fie1d defined between the source 

frames at the instants t and t + 40 ms is used to 

construct the missing frame in the progressive image at 

the instant t + 2 O ms. The assigning of the vectors, 

defined on the source frame of instant t + 40 ms, to 
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the missing frame of the image at of the instant t + 20 

ms is obtained by temporal projection of the field in 

its direction in the manner represented by the blocks 

13 to 23 of Figure 5. However, this projection can take 

place only under certain conditions so as to take into 

account the fact that it is preferable not to use the 

vectors corresponding to parts of ~e scene which are 

present at the instant at t + 40 ms but absent at the 

instant t, since they have in the meantime been 

uncovered by foreground objects which were previously 

masking them. The vectors estimated by matching the 

image points of ins tan ts t and t + . 4 O ms cannot in 

principle correctly represent the motion in these 

particular zones. The method of - temporal projection 

implemented in the block 19 is the one described in the 

Patent Application FR 2 675 002. With the vector fields 

it associates tag images (or "labels" 22, 23) 

describing the occlusions and uncovered zones of 

image. An image of the labels is constructed 

temporal projection of the motion preceding 

instants (t - 40, t), (for the identical frame). 

.current labels image is composed of three levels: 

- a level of •normal• vectors 

the 

by 

the 

This 

- a level of •occluding• vectors: belonging to 

objects masking part of the scene between the' instants 

t and t + 40 ms 

and a level of "uncovered• vectors: belonging 

to parts of the scene uncovered between t and 

t + 40 ms. 

Proj action of the motion corresponding to the 

instant (t + 20) is carried out on the basis of the 

motion image obtained from the instant (t and t + 40) 

and from the image of current labels. Projection of the 

motion vectors along their trajectory onto the middle 

frame takes place by di vision by 2 of their X and Y 

components of displacement: the displacement .vector 

with components (clX, dY) assigned to the point (X, Y) 
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of the frame at the instant t + 40 is projected at the 

point (X - dX/2, Y - dY/2} of the frame of instant t + 

2 0. Since the motion is estimated with an accuracy of 

half a pixel in the source frames, the projection 

obtained has an accuracy of 1/4 of a pixel. l:t takes 

place in the manner represented in Figure 6 on a 

defining grid 4 times larger in X and in Y than the 

original motion image. Since there may be several 

vectors culminating in the ·same projection and since 

some points may not have projected vectors, a ternary 

image of validity of .the =.otion is· generated in 

parallel with the. projection._ This image i.nclud~s an 

indicator 0 to s·ignal . the_ absence· Q~ ___ any projected 

vector, an .indicator l · to. signal the presence of a 

reliable projected· vector .. at the po~nt to be 

interpolated, and an indicator .. to_ signal the pre.,ence 

of an unreliable vector •. This_- image has· t:;he same size 

as one of the images of the projected motion and it is 

initialized to·O (absence of p.rojection -~·this-pc;:>i;itf. 

The indicator is set to l when ·projecting a first 

vector (valid motion at . this point) • · Manag.-ent of 

conflicts i·s to be implemented._ for the possible 

-proj action of other vec.tors at.. t.his SaJl!.e point~ - During 
. . 

projection,. a single projected .. v•ctor per pixel is 

permitted •. J:n. the event of conflict, ·2 cases JDay arise 

according as the vectors are similar or. different. 

If the vector are similar vectors, then the 

vector which minimizes the initial displaced inter­

image difference DPD is retained. The indicator· then 

remains in the state 1 at this point. J:f the vectors 

are totally different, the validity·indicator is set to 

the state 2 at this point. The test of similitude is 

computed through the relation 

deviation • sqrt (ex•ex +ey•ey) 

with ex • vx1 - vx2 and ey • vy1 - vy2, 

vx1, vx2, vyl, vy2 representing the various 

candidate motion vectors if •deviation• is larger than 
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a specified threshold value, equal to 3, for example, 

the vectors are declared different and the motion is 

declared invalid. 

At the end of projection, scanning of the image 

of the projected vectors is performed in order to force 

the validity indicator into the state 2 in the case 

where there are non-similar vectors in a block of 

specified dimensions 3*3 for example, centred on the 

point to be tested .• The test of similitude is the same 

as above, but this time a greater threshold value, 

equal to 4 for· example, is used for the threshold 

parameter. This ma~es i ~ possible to. .. obta·in·· at- the end 

of projection, on a grid 4 ti.in.es larger in X and in Y, 
O or 1 projected vector and a validity indicator set to 

-
O, 1 or 2. Figure 7 presents examples of motion vectors 

and their projected equivalents in the grid containing - . . -
8 columns and -4 rows-.· ··· -·--·· 

Recons truc.ti-0&-·· of · · the Ziss·ing "frame·.- a't the 

instant t + 20 is performed on the basis of the frames 

of instants t and t + 40 and of the field of motion 

between the instants t and t + 40 projected to obtain 

the motion field in the frame of ins~;git .. t .. _+_. 20 in· the ....... - .... , ... _ ....... 
manner represented in Figure 8 where the elements which 

are the ccun.terparts of·· those iri. ":Figure .2 are 

represented with the same references. The motion ~ield 

projected at the instant t 0 + 20 is stored in the block 

24 of Figure 8. Por each displacement vector with 

horizontal component DX and vertical component DY of a 

vector projected at a point (X, Y) with the frame of 

instant t 0 + 20 to be created, ·the corresponding 

interpolated value of luminance and of chrominance i.s 

obtained by computing the mean of the values found at 
DX DY - -the points with coordinates (X + 2 , Y + 2 ) in the 

source frame of instant t 0 + 40 and at the point with 
DX DY 

coordinates (X - 2 , Y - 2 ) in the source frame at 

the instant t
0

• 
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For each point to be estimated it is necessary 

to look inside a window of ± 2 pixels in X and in y for 

example, centred about the point, if there are one or 

more projected vectors. Four possibilities may arise. 

If there is no projected vector in the vicinity, the 

interpolated point· is calculated together with a zero 

vector and the validity indicator is put into the state .. -
o. 

If there is only one vector in the vi-cini ty 

investigated and there is no invalid motion in the 

vicinity of the point, a reconstructed point is calcu­

lated with the aid of this vector and the validity 

indicator is put into the state _1 for this point. · 

If there are several vectors available and 

there is no point:;_~th._J.xw..al.id.. motion in"' the _vicinity, 

selection takes place through a test of their displaced 

inter-image d~fference DFD and -:to .. validity indicator 

is held in the state 1 at this point. 

If there are one or more invalid motion vectors - .... - ----
. in the vicinity, the validity indicator is forced to 

take the state 2 at this _point. 

Zn Figure 8 the validity :··indicators are stored 
in the block 25" and'""th~--~~ic~ of vector;·-1;- ·;~;formed 
by the block 2 6, which transmits the vectors to the 

interpolation block 3. This arrangement' makes it 

possible to provide for a frame interpolated in the 

direction of motion, twinned· with a ternary image of 

indicator of validity of the ve~tor used. As in Figure 

2, vertical filtering 6 performed on a true frame at an 

instant t 0 + 20 and an interpolation block 3 make it 

possible "to -provide for t~ interpolated pseudo frames. 

represented by the blocks 7 and 4 respectively. The 

choice between these two pseudo frames is performed for 

each pixel by the switching block 8. Overall, the 

motion-compensated interpolated pseudo frame is of 

better quality over the major part of the frame than 

the pseudo frame arising from the vertical filtering 
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which is of lesser quality but which offers the 

advantage, however, of being homogeneous over the whole 

frame by not exhibiting any local disparity. The 

vertical filtered pseudo ·frame 7 represents the 

fallback mode necessary for the deficiencies of the 

compensated pseudo frame.. Exp.erience shows that the 

spatial mode is preferable to the compensated mode in 

the contentious zones where the motion vectors found 
.... - #'-·-··· .... _. .. .. - ....... 

prove to be false. The defect introduced in this case 

appears to be much .more . visible than when using the 

fallback mode since in general it gives striped zones 

linked with the al:temaEing- 1.iiies ··of the true frame and 

a poor estimate in the li~~s.~f the compensated frame. 

Moreover, the defects due to poor compensation are all 

the more vi_~J~l~ since._ __ .the...-improvement made to the 

image in general highlights residual defects in a still 

more glaring manner •. _ · ~-·· : .. . . . . . .... .. .. .. .. - -· 
Also, to marry up the true frame 5 of instant 

t
0 

+ 2o wftli_a .. pseti&·-·frame-·~f- the •compensated or 

spa ti al n modes the swi telling .. block 8 initializes a . 
. . 

result pseudo frame 2 7 via a pseudo frame 2 8 arising 

from the compensated mode,-···mld it-··toggles over into the 

spatial mode for the succeeding pixels when the 

corresponding validity indicat~r in block 25 is in the 

.t.; state O (no . ..!~ct~r), !'r .,,hen .. the validity indicator of 

the block 25 is in the state 2 indicating that the 

vector is unreliable, in this case broadening the 

transfer to the spatial ~~e. to the linewise and 

columnwise adjacent pixels, or that the current point 

lies in an uncovered majority zone in the labels image 

23 associated with the source frame at the instant t + 

4 O and the labels image 22 associated with the source 

frame of instant t 0 + 20. 

This measure takes place by straightforWa.rd 

counting of pixels in a block of specified size, 5*5 

for example, centred on the current point. The pixel is 

then forced into the spatial mode if in one or the 
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other of the current and preceding label images there 

is a specified number 

the 25 possible in 

uncovered zones in the 

of pixels, 7 for example out of 

the example, classified into 

block. 

Finally, as represented in Figure 9 ,· high-fre­

quency filtering 29 is performed on the lines of the 

progressive image 27 obtained, so B:S to attenuate the 

effects due to high frequencies. Filtering· is carried 

out by a vertical low pass filter on the interlaced 

images. In Figure 9 the: coefficients using this 

filtering respectively have the values 

(-4, 8, 25, -123, 230, 728, 230, -123, 25, 8, -4)/1000 

This filtering makes it possible to attenuate 

the comb. effect which may appear in some sequences. 
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CLAIMS 

1. Process for deinterlacing the frames of a 

sequence of moving images composed of frames with 

parity of a first type (1, 2) interlaced with frames 

with parity of a second type (5), characterized in that 

it consists in estimating the motion between frames of 

like parity, by tagging the pixels as "normal•, 

"occluding• or •uncovered• {2'3) and in projecting (4) 

the motion of the pixels· tagged as •normal• or 

•occluding• in their direction to obtain the mid­

dist~~e motion, i:o assigning for .. ~a~~ poiiit. to be 
constructed of the missi:og lines a vector twinned with 

a validity indicator (25), i:o interpolating the pixels 

of the missing line~-~n. the direction of the projected 

motion and by vertical i~i;.~l!:.fi;:~~- _l.in.ear. .. filtering, 
. - .•. 

and in switching (8) betwee:o these two va~~~~ with the 

aid of the- validity. __ indicator and of the •uncovered" 

tags. 

2. Process according to Claim 1, characterized in 
.... . .. ··-. 

that· it consists in choosing for each pixel to be 

reconstructed between the value interpolated in the 

directien of the projected motion (4) and the value 

arising from--rntra-friim; vert.ic;t-.l .. linear·.filtering (7), .. _ - ,, ___ .. .. . 

as a function of the .val!dity-·indicator (25) and of the 

tagging of the.pixels (22, _23) • 
... 

3. Process accorCllilg to either one of Claims l and 

2, characterized in that it consists in performing a 

high-frequency filtering 

complete image obtained. 

------------
\iiiif 

(29) on the progress! ve 
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PROCESS FOR DEINTERLACING THE FRAME OF A 

MOVING IMAGE SEQUENCE 

ABSTRACT 

In the disclosed method, the fields are comprised of fields 

having a parity of a first type (1, 2) interlaced with 

fields of parity of a second type. The method comprises 

the interpolation of lines missing in the motion direction 

(3), linear vertical intra-field filtering (6), and 

switching between these two values (8) as a function of the 

confidence given to the motion vector. Application to high 

definition television. 

FIGURE 2. 

---
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Process for deinterlacing the frames of a 

moving image sequence 

The present invention relates to. a process for. 
deinterlacing the frames. of a moving image sequence. 

It applies in particular. to the conversion of 
television image formats. 

The format usually used in- television is termed 

•interlaced• scanning, that is to say that alternately 
~ . 

a "frame• consisting only of ·even-numbered lines or of 

odd-numbered lines of the image is transmitted ins~ead 

of the complete .image. This-halving-in the quantity of 

information to be transmitted takes place· however to 

the detriment of the quality of .the images, and this is 

all the inore . noticeable .. when moving. ·images are 

involved. The invention entails a._ process for 

converting the •interlaced• . scanning· .f.ormat .into the 

so-called •progressive• . or •s.equential• natural format 

in which all .of the lines are- p.r.esent with each image. 

The intended objective is to. reconstruct, from a 

sequence of interlaced· source. images, a sequence of 

~rogressive images wi.th. a visual_ quali.ty which is as 

close as possible.to what may be an ideal sequence of 

progressive source .. images, which_was never interl•ce.~ ..... 

The existing techniques of reconstruction may 

be classified into four categories depending on whether 

they employ linear, motion-adapted, non-linear motion 

non-compensated or motion-compensated filterings. 

Amongst the techniques of linear filtering, inter-frame 

pure temporal filtering .is ideal for sequences with 
very weak motion, but highly visible artefacts quickly 

occur once the scene moves, essentially on the contours 

of the objects in motion which tend to become double 

(object ghosts). Intra-frame (or vertical) pure linear 

filtering never produces such troublesome artefacts and 

is therefore chosen in preference for sequences with 

substantial motion but, however, the resolution of the 

_image thus deinterlaced remains limited in principlEt ment sheet 
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and certain spectral aliasing effects (staircase 

phenomenon on the diagonal contours) cannot be 

suppressed. Therefore, a spatio-temporal linear 

compromise can only accumulate the defects in· the two 

types of filtering. Motion-adapted filtering consists 

in toggling between various modes of linear filtering 

within the same image depending on the motion, opting 

for pure temporal filtering for weak motions, pure 

,patial filtering for strong motions and spatio­

tem.poral filtering·· for intermediate motions. 

:Independently of the problems of visibility_ of 

switching between the various modes, the intrinsic 

problems of linear·· filtering in- respect of· sequences in 

motion are not resolved: 

Numerous non-linear filtering ··techniques have 

been proposed,· ·among them the best known are founded on 

the principle-of median filtering; to improve ·the dein­

terlacing without estimating·· "the ·motion in the· scene · 

represented. However, ·-the results obtained· -are still 

fairly mediocre. rt is comm.onl-y· accepted that only 

motio.n-compensated techni_ques, that is to say which 

fetch missing informatdon from the ·adjacent images, 

which precede and follow in the direction of motion of 

the objects of· the scene·,····a~.>l"ow·-:conve-rsions ·of spatio• 

temporal formats without degradation. It appears in 

fact that only an accurate-=- knowledge of the motion can 

make it possible to adapt the conversions to the 

spatio-temporal spectrum of the moving images. Several 

approaches along these lines, founded on motion 

compensation, are known, essentially in the 

publications produced in the context of the European 

RACE II "Transit• project. However, the major problem 

which has not yet been resolved is that of the control 

of a fallback mode, made necessary by the inevitable 

errors in estimating the inter-image motion. 

The aim of the invention is to alleviate the 

aforesaid drawbacks. 
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For this purpose, the subject of the invention 
is a process for deinterlacing the frames of a sequence 
of moving images composed of frames with parity of a 
first type interlaced with frames with parity of a 
second type, characterized in that it consists in 
estimating the motion between frames of like parity, by 
tagging the pixe1s as 11normal 11

, "occluding" or 
•uncovered" and in projecting the motion of the pixels 
t:agged as •no%'1Dal• or •occluding" in their dir_ection to 
obtain the mid-distance motion; in assigning for each 
point to be. .. constructed of the missing lines a vector 
twinned with a validity indicator, in interpolating the 
pixels of the missing lines.· ·.in the dir.ection of the 
projected motion and. by vertical intra-frame linear 

. filtering; and in switching between these two values 
. with the aid of the validity indicator and of the 

•uncovered• tags . 

. The ~in advantage of the invention is that it 
can be applied effectively to any digital. television 
device which includes conversion of formats from inter­
laced scanning .. to progressive scanning. 

In . conventional tale.vision the interlaced 
format .follows recommendation 601 ·of the CCIR ( 11 4:2: 2 11 

standard, .625 line&- at 50. Hz or s2s·· lines at 60 ·Hz, 
· · · aspect ratio 4/3). The European approach to HDTV has 

fixed a number of initials for other formats: 
- EDI (Enhanced Definition Interlaced}: 625 

lines, interlaced, 16/9 
- EDP (Enhanced Definition Progressive): 625 

lines, progressive, 16/9 
- HDI (High Definition Interlaced): 1250 lines, 

interlaced, 16/9 

- HDP (High Definition Progressive) : 1250 
lines, progressive, 16/9 

The EDI to EDP and HDI to BDP conversions are 
straightforward deinterlacings and can be direct 
applications of the process according to the invention. 
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However, other conversion devices can also employ the 

deinterlacing process according to the invention within 

a more complex processing chain. :rt may be that, for 

example, of the 4: 2 : 2 conversion to EDP which employs 

deinterlacing and a 4/3 to 16/9 image aspect ratio 

conversion; of the 50 Hz HDr to. 100 Hz ED:t temporal •up 

conversion• which may be performed by cascading a high­

quality deinterlacing . and generating two interlaced 

f~ames from an intermediate HDP image, . the image 

quality thus obtained thus being. greatly superior to 

the classical repetition· of frames termed_ AABB· and 

finally of the generation of· .image. slowing obtained by 

repeating well-deinterlaced ·images,. followed by 

reinterlacing 

much better 

the s.equence thus . slowed, this giving 

visual quality than- the : classical 

repetition of interlaced frames. 

These conve~sions of . television image formats 

all have the aim.of: improving .. the quality of the image 

offered to.the viewer •. The-corresponding.devices can be 

envisaged in a professional environment (television 

studio) where a very high image quality is demanded. 

They may also be envisaged. in ... a .. •.consumern environment 

(receiver) where the · ·limiting. factor . is the 

incorporation at . lo.w ~ost · of com.pl~x devices for 

estimating motion. 

The devices for high quality conversion· of the 

video image to a film support which require high­

performance deinterlacing may likewise implement the 

process according to the invention. ·such a conversion 

is in fact made up of the following steps: ED:t/HDP 

conversion, noise reduction, 50 llz to 25 Hz temporal 

conversion (the film speed is 24 images/a) printing on 

film. 

The process according to the invention can also 

find an application to devices for converting images 

from interlaced digital video formats to the formats 

for displa:Y on the screens of· computer workstations 
This ia the replacement sheet 
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(all of which have progressive scanning) as well as to 

the majority of processes for handling moving image 

sequences which handle a progressive sequence in a way 

which is of much higher performance and simpler than an 

interlaced sequence. Bo~ever, top-end .high-quality 

deinterlacing followed by processing within the 

progressive context is then desirable. This may be the 

case for example in image compression-by the techniques. 

Qf sub-band coding or that of any . image frequency 

conversion (such as the 50 Hz/60 ··Hz. ·.standards 

conversion). 

Other characteristics and advantages· of the 

invention will emerge ·with the aid of the description 

which follows given in connection with the. appended 

figures which represent: 

Figure 1 an image sequence with the 

interlaced format opposite an image sequence with the 

sequential or p~ogressive .format. 

Figure 2 the process- a.ac:o.rding to the 

invention in the form of an overall schematic diagram. 

- Figure 3 ·th~ procedure for interpolation by 

vertical low-pass filtering .. implemented .. in the process 

according to the· invention. in order to estimate the.· 

·1ines of a progressive.image. 

- Figure 4 the motion-compensated interpolation 

mode implemented in order to estimate the lines of a 

progressive image. 

Figure s a diagram illustrating a 

construction according to the process of the invention 

of a missing frame to obtain a progressive ~ge 

between two consecutive frames of like parity. 

- Figure 6 a defined grid for projecting motion 

vectors of source images. 

- Figure 7 examples of motion vectors and of 

their projected equivalents. 

- Figure 8 an example of the construction of a 

deinterlaced image. 
This ii the replaoement sheet 
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- Figure 9 an example embodiment of vertical 
low-pass post-filtering. 

In the example represented in Figure 1 the 
sequence of interlaced images is depicted in the upper 
part of the diagram by the string of odd frames, 
denoted 0 frame l", interlaced with even frames, denoted 
"frame 2°. In this chaining .. the odd and even frames 
follow one another at a recurrence of 40 ms. They are 
depicted for the odd frames at the instants t~ and t 0 + 
40 and they are depicted for the even frames at the 
instants t 0 + · 20 and t 0 +. 60-. The sequence of 
progressive images is depicted in.the lower part of the 
diagram by a string ·of ·images denoted •image 1°, •image 
2 n n image 3 11 and n image 4 •, matching re spec ti vely in · 
the diagram with the . frames of. the·. upper. part. The 
process according to the invention ·makes it possible, 
from an image sequence in_tha·interlaced·fOJ:mat, which 
exhibits only ha1f· the total : lines at each image 
instant, · being . formed .. alternately. ·of . even and odd 
lines, to interpolate the missing 1ines, so as to 
obtain the corresponding sequence at the bottom of the 
diagram in the sequential or progressive. £ormat of the 
best possible quality. · -

The . deinterlacing according to the invention 
takes place, in the manner represented in Figure 2, 
according to two opera ting nwdes. The main one 
implements motion compensation, the other which serves. 
as f allback mode, · implements straightforward intra-. . 
frame vertical linear filtering. Acc~rding to th~ main 
mode, the interlaced images defined by the odd frames 
at the instants marked t 0 and t 0 + ~O ms and bearing the 
references 1 and 2 in Figure 2 are applied to an 
interpolation facility 3 which is motion compensated. 
The latter delivers a motion-compensated dummy frame 4 
estimated at the instant t 0 + 20 ms. 

In the fallback mode each even frame of an 
instant t 0 + 20 ms and bearing the reference 5 in· Figure 
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2 is filtered by a vertical spatial filter 6 embodied 

in the manner represented in Figure 3 by applying 

weighting coefficients to each counterpart pixel of the 

current point over a specified number of lines- above 

and below the current point. In Figure 3 the current 

point to be estimated is spread out at the intersection 

of a column c and a line 1. The points considered on 

the lines situated on eithei; side of the current point. 

~re placed at the intersection of ·the column c passing 

through the point the current and lines l-5, 1-1, 1+1, 

1+3 and l+S ., The ·filtering -is obtained by. applying 

weighting coefficients (3,. -25, 150, 150, -25, 3)-· for 

example to the -luminance signal of each of. the points 

considered. Estimation of the luminance signal i.(l, c) 

of the current point is: the.result of the weighted sum 

of the luminanc.e signals -- .(i_(l-5, . .c) ••• i. (1+5, c)) of 

the points situated.on either side of the current point 

in the same column divided by, a coefficient of 

specified value eqi.ial to · 256. for examp.le. This 

filtering operation is described by the relation: 

i. (1, .c) • (150.* (Ci. (1-1), c) + i. (1 + l.., c)) 

· .-:-25* ( (.i_.(1-:-3), c) + i.(l --t:" .3:, c) ). 

, +3*CCi.Cl~.s, c} +-ia(l:+ s, c))./256 •.. 

In·- the ·motion-compensated mode which is : repre­

sented by the diagram of Figure 4 in which the elements 

which are the counterparts of those of Figure 2 are 

represented with the same references, the sequences of 

motion vector fields, describing the X-wise and Y-wise 

motion between source frames of like parity (distances 

of 40 ms apart),. are used. These vectors are defined at 

each pixel of the source frames and their accuracy of 

displacement is half a pixel. In the blocks 11 and 12 

the motion vector field defined between the source 

frames at the instants t and t + 40 ms is used to 

construct the missing frame in the progressive image at 

the instant t + 20 ms. The assigning of the vectors, 

defined on the source frame of instant t + 40 ms, to 
This is tne replacement sheet 
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the missing frame of the image at of the instant t + 20 

ms· is obtained by temporal projection of the field in 

its direction in the manner represented by the blocks 

13 to 23 of Figure 5. However, this projection can take 

place only under certain conditions so as to take into 

account the fact that it is preferable not to use the 

vectors corresponding to parts of the scene which are 

present at the instant at t + 40 ms but absent at the 

instant t, since they have in the meantime been 
~ 

uncovered by foreground objects which were previously 

masking them. The vectors estimated by matching the 

image points of instants t and t + 40 ms cannot in 

principle correctly represent the motion in these 

particular zones. The method . of - temporal projection 

implemented in the block 19 is the one described in the 

Patent Application FR 2 675 002. With the vector fields 

it associates tag images (or •1abels 11 22, 23) 

describing the occlusions and uncovered zones of the 

image •. An image of the labels is constructed by 

temporal projection of the motion preceding the 

instants (t - 40, t), {for the identical frame). This 

~urrent labels image is composed of three levels: 

- a level of •normal• vectors 

- a level of •occluding• vectors: belonging to 

objects masking part 0£ the scene between the instants 

t and t + 40 ms 

and a level of "uncovered• vectors: belonging 

to parts of the scene uncovered between t and 

t + 40 ms. 

Proj action of the motion qorresponding to the 

instant (t + 20) is carried out on the basis of the 

motion image obtained from the instant {t and t + 40) 

and from the image of current labels. Projection of the 

motion vectors along their trajectory onto the middle 

frame takes place by division by 2 of their X and Y 

components of displacement: the displacement .vector 

with components (dX, dY) assigned to the point (X, Y) 
This is the replacement sheet 
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of the frame at the instant t + 40 is projected at the 
point {X - dX/2, Y - dY/2) of the frame of instant t + 
20. Since the motion is estimated with an accuracy of 
half a pixel in the source frames, the projection 
obtained has an accuracy of 1/4 of a pixel. It takes 
place in the manner represented in Figure 6 on a 
defining grid 4 times larger in X and in Y than the 
original motion image. Since there may be several 
yectors culminating in the same projection and since 
some points may not have projected vectors, a ternary 
image of validity of _the motion is· generated in 
parallel with the- projection •. This image i_nclud~s an 
indicator O to signal . the. absence· Qf. _any projected 
vector, an indicator l · to. signal the presence of a 
reliable projected· . vector .. at the point to be 
interpolated, and an indicator .. to_ signal the presence 
of an . unreliable vector.". Thia~· image has t;he same size 
as one of tjie images of the projected motion and it is 
initialized to·O (absence 0£ p~ojection •t·this PQ~t). 
The indicator is set to l when· projecting a first 
vector {valid motion at . this point). · Manag.ement of 
conflicts i·s to be implemented. for the possibl­
.proj ec tion of other· vec.tors at· this same point._-· During 

. . 
projection,. a ·single. projected .. vectc;>r per pixel. .is 
permitted •. :In. the event of conflict, 2 cases may arise 
according as the vectors ar~ similar or different. 

:If the vector are similar· vectors, then the 
vector which minimizes the initial displaced inter­
im.age difference DFD is retained. The indicator· then 
remains in the state + at this point. :tf the vectors 
are totally different, the validity indicator is set to 
the state 2 at this point. The test of similitude is 
computed through the rel.ation 

deviation • sqrt (.ex•ex +ey*ey) 
with ex • vxl - vx2 and ey • vyl - vy2, 

vxl, vx2, vyl, vy2 repr~senting the various 
candidate motion vectors if •deviation• is larger than 
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a specified threshold value, equal to 3, for example, 

the vectors are declared different and the motion is 

declared invalid. 

At the end of projection, scanning of the image 

of the projected vectors is performed in order to force 

the validity indicator into the state 2 in _the case 
where there are non-similar vectors in a block of 

specified dimensions 3*3 for example, centred on the 
point to be testedA The test of similitude is the same 

as above, but this time a greater threshold value, 
. . 

equal to 4 for· example, is used for the threshold 
parameter. This ma~es it possible to. .. obta-i;a .. at the end 

of projection, on a grid 4 ti.lnes larger in X and in Y, 
0 or l projected vector and a validity indicator set to 
O, 1 or 2. Figure 7 presents examples of motion vectors 

.and their projected equivalents in the grid containing - . . ... 
8 columns and ·4· rows-.· ··· -----·· 

Reconsb:'uction-··- of 'the 
o , .... ..,., o or' 

·frame at the 

instant t + 20 is performed on the basis of the frames 

of instants t and t + 40 and of the field of motion 
between the instants t a,nd t + 40 projected to obtain 
.the motion field in the frame of ins~~t .. t __ + .. 20 in the . ··--........ .. 
manner represent~d in. Figure 8 where the elements which 

are the counterparts of·· those ili "Figure ' 2 are 
represented with the same references. The motion field 

projected at the instant t 0 + 20 is stored in the block 
24 of Figure 8. For each displacement vector with 

horizontal component DX and vertical component DY of a 

vector projected at a point (X, Y) with the frame of 

instant t 0 + 20 to 

interpolated value of 

obtained by computing 

be created, the · corresponding 

luminance and of chrominance is 

the mean of the values found at 
DX DY 

the points with coordinates ex + 2 I Y + 2 ) in the 

source frame of instant t
0 + 40 and at the point with 

DX DY 
coordinates (X - 2 , Y - 2 ) in the source frame at 
the instant t

0
• 
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For each point to be estimated it is necessary 

to look inside a window of ± 2 pixels in X and in Y for 

example, centred about the point, if there are.one or 

more projected vectors. Four possibilities may arise. 

:If there is no projected vector in the vicinity, the 

interpolated point· is calculated together with a zero 

vector and the validity indicator is put into the state -- . . . .... 
o. 

If there 

investigated and 

is only one vector in the vfiiinity 

there is no invalid motion in the 

vicinity of the point,. a. reconstructed point is calcu-· 

lated with the aid of this vector ·and the validity 

indicator is put into the state ~ for this point. · 

If there are several vectors· available and 

there is no poiX?.~ _1{li.th._.i%W".a.l..id.. motion itf·· the vicinity, 

selection takes place through a test of their displaced 

inter-image d~fference DP'D and .~he ... validity indicator 

is held in the state 1 at this point. 

·:rf there are one or more invalid motion vectors 
.. --- - ··-· --- ... .,,, . 

. in the vicinity, the validity indicator ia forced to 

take the state 2 at this _point. 

:tn Pigure 8 the validity ·indicators are stored 

in the block 25···and·- th.;·· dh~ice of vector; -i;- ·p-;;formed 

by the block 2 6, which transmits the vectors 'to the 

interpolation block 3. This arrangement makes it 

possible to provide for ·a frame interpolated in the 

direction of motion, twinned .. with a ternary image of 

indicator of validity ~f the ve~tor used. As in Figure 

2, vertical filtering 6 performe~ on a true frame at an 

instant t 0 + 20 and an interpolation block 3 make it 

·possible to provide for two interpolated pseudo frames 

represented by the blocks 7 and 4 respectively. The 

choice between these two pseudo frames is performed for 

. each pixel by the switching block 8. overall., the 

motion-compensated interpolated pseudo frame is of 

better quality over the major part of the frame than 

the pseudo frame arising from the vertical f il taring 
This is the replacement sheet 
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which is of lesser quality but which offers the 

advantage, however, of being homogeneous over the whole 

frame by not exhibiting any local disparity. The 

vertical filtered pseudo frame 7 represents the 

fallback mode necessary for the deficiencies of the 

compensated pseudo frame._ Exp_erience shows that the 

spatial mode is preferable to the compensated mode in 

the contentious zones where the moti:_qi; .. vectors found 

?rove to be false. The defect introduced in this case 

appears to be much more .visible than when using the 

fallback mode since in general it gives striped zones 

linked with the a1·ternaeitig- li"nes ·of the true frame and 

a poor estimate in the lin~s-~f the compensated frame. 

Moreover, the defects due to poor compensation are all 

·· the more vi_~_;i.:Q.~~ since._.the.._improvement made to the 

image in general highlights residual defects in a still 

more glaring manner. · 

Also, to marry up the true frame 5 of instant. 
t

0 
+ .2o wi"tb. ___ a -pseud~ - £;-~--;;£ the •compensated or 

spatial• modes .~e switching. block 8 initializes a 

result pseudo frame 27 via a pseudo frame 28 arising . . 
from. the compensated mode;· ·and it:"""toggles over into the 

spatial mode for the succeeding pixels when the 

corresponding validity indicat~r in block 25 ·is in the 

~ state O (no vector}, or ~hen th.e validity indicator of ·- ... . 
the block 25 is in the state 2 indicating that the 

vector is unreliable, in this case broadening the 

transfer to the spatial ~~e. to the linewise and 

columnwise adjacent pixels, or that the current point 

lies in an uncovered majority zone in the labels image 

23 associated with the source frame at the instant t + 

40 and the labels image 22 associated with the source 

frame of instant t 0 + 20. 

This measure takes place by straightfo.rWard 

counting of pixels in a block of specified size, 5*5 

for example, centred on the-current point. The pixel is 

then forced into the spatial mode if in one or the 
This is the replacement sheet 
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other of the current and preceding l~el images there 
is a specified number of pixels, 7 for example out of 
the 25 possible in the example, classified into 
uncovered zones in the block. 

Finally, as represented in Figure 9, high-fre­
quency filtering 29 is performed on the lines of the 
progressive image 27 obtained, so as to attenuate the 
effects du~· ·to high frequencies. Filtering is carried 

"'out by a vertical low pass filter on the interlaced 
images. In Figure 9 the~ coefficients using this 
filtering respectively have the values 
{-4, 8, 25, -123, 230, 728, 230, -123, 25, 8, -4)/1000 

This filtering makes it possible to attenuate 
the comb. effect which may appear in some sequences. 

This is the replacement sheet 
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CLAIMS 

1. Process for deinterlacing the frames of a 
sequence of moving images composed of frames with 
p_arity of a first type (1, 2) interlaced with frames 
with parity of a second type (5), characterized in that 
it consists in estimating the motion between frames of 
like parity, by tagging the pixels as "normaln, 
"occluding" or "uncovered• (2'3) and in projecting (4) 

the motion of the pixels · tagge4 as nnormal" or 
•occluding• in their direction to obtain the mid­
distance motion, in assigning fol'.. ~ac;:.~ po:l:iit. to be 
constructed of the missing lines a vector twinned with 
a validity indicator (25}, in interpolating the pixels 
of the missing line~-~n. the direction of the projected 
motion and by vertical iJ?.~~~:..f::c:.~~- _linear ... filtering, - . 
and in switching (8) between these two valu~~ with the 
aid of the- validity ___ indicator and of the •uncovered• 
tags. 

2 • Process according to Claim 1, characterized in 
....... " 

that it consists in choosing for each pixel to be 
reconstructed between the value interpolated in. the 
direc.ticn of the projected motion (4) and the value 
arising f~-~--=-~~~t~a-frm_-- vert.i~~l _linear·. filteritJS _(7)., 
as a function of the .val:idity-·indicator (25) and of the 
tagging of the_ pixels (22, 23). 

-· 
3. Process according to either one of Claims 1 and 
2, characterized in that it consists in performing a 
high-frequency filtering (29) on the progressive 
complete image obtained. 
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PROCESS FOR DEINTERLACING THE FRAME OF A 

MOVING IMAGE SEQUENCE 

ABSTRACT 

In the disclosed method, the fields are comprised of fields 

having a parity of a first type (1, 2} interlaced with 

~fields of parity of a second type. The method comprises 

the interpolation of lines missing in the motion direction 

(3), linear vertical intra-field filtering (6), and 

switching between these two values (8) as a function of the 

confidence given to the motion vector. Application to high 

definition television. 

FIGURE 2. 
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PRO ESS F R DEINTERLACING THE 
FRAMES OF A MOVING IMAGE SEQUENCE 

BACKGROUND OF THE INVENTION 

I. Field of the Invention 
The present invention relates to a process for dcinterlac­

ing the frees of a 'moving image sequence. 
It applies in particular to the conversion of television 

image fonnats. 
2. Discussion of Background 
The fonnat usually used in television is termed "inter­

laced" scanning, that is to say that alternately a ••frame" 
consisting only of even-numbered lines or·of odd-numbered 
lines of the image is tr.msmitted instead of the complete 
image. This halving in the quantjty of information to be 
transmitted takes place however to the detriment of the. 
quality of the images, and this is all the more noticeable 
when moving images are involved. The invention entails a 
proeess for converting the "interlaced'• scanning format into 
the so-called ''progressive7

' or "sequential" natural format in 
which all of the lines are present with each image. The 
intended objective is to reconstruct. from a sequence of 
interlaced source images, a sequence of progressive images 
with a vi$U3l quality which is as close as possible to what 
may be an ideal sequence of progressive source images, 
which was never interlaced. 

The existing techniques of reconstruction. may be classi­
fied into four categories depending on whether they employ 
linear, motion-adapted, non-linear motion non-compensated 
or motion-compensated filterings. Amongst the techniques 
oflinear filtering, intcr-fxamc pmc temporal filtering is ideal 
for sequences with very weak motion, but highly v.iS11>le 
artefacts quickly occur once the scene moves. essentially on 
the contours of the objects in motion which tend to become 
double (object ghosts). Intra-frame (or vertical) pure linear 
filtering never produces such troublesome artefacts and is 
therefore chosen in prcfcrmcc for scquenecs with substan­
tial motion but, however, the resolution of the image thus 
deinterlaced remains limited in prlnciple and certain spectral 
aliasing effects (staircase phenomenon on the diagonal con­
tours) camiot be suppressed. Therefore, a spatio-temporal 
linear compromise can only accuniUlate the defects in the 
two types of filtering. Motion-adapted filtering consists in 
toggling between various modes of linear filtering within the 
same image depending on the motion, opting for pure 
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temporal filtering for weak motions, pure spatial filtering for 
strong motions and spatio-temporal filtering for intermediate 
motions. Independently of the problems of visibility of 
switching between the various modes, the intrinsic problems 
of linear filtering in respect of sequences in motion are not 
resolved. · 

Numerous non-linear filtering techniques have been pro­
posed, among them the best known are founded on the 
principle of median :tihering~ to improve the dcinterlacing 
without estimating the motion in the scene represented. 
However, the results obtained are still fairly mediocre. It is 
commonly accepted that only motion-compensated tech­
niques~ that is to say which fetch missing information from 
the adjacent images, which. precede and follow in the 
direction of motion of the objects of the scene, allow 
conversions of spatio-temporal formats without degradation. 
It appears in fact that only an accw:ate knowledge of the 
motion can make it ?.JSst"ble to adapt the conversions to the 
spatio-temporal spectmm of the moving images. Several 
approaches along these lines, founded on motion compen­
sation, are known. essentially in the publications produced 
in the context of the European RACE II "Transit,. project. 
However, the major problem w~h has not yet been 
resolved is that of the control of a fallback: mode, made 
necessary by the inevitable errors in estiinating the inter­
imagc motion. 

The aim of the invention is to alleviate the aforesaid 
drawbacks. 

SUMMARY OF THE INVENTION 

For this purpose? the subject of the invention is a process 
for deinterlacing the frames of a sequence of moving images 
composed of frames with parity of a first type interlaced with 
frames with parity of a second type? characterized in that it 
consists in estimating the motion between frames of like 
parity, by tagging the pixels as unormal", "occluding" or 
"uncovered" and in projecting the motion of the pixels 
tagged as "norma1·· or ••occluding,. in their direction to 
obtain the mid-distance motio~ in assigning for each point 
to be constructed of the missing lines a vector twinned with · 
a validity indicator, in inteipolating the pixels of the missing 
Imes in the .. direction of the projected motion and by vertical 
intra-frame linear filtering, and in switching between these 
two values with the aid of the validity indicator and of the 
"uncovered" tags. 
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The main advantage of the invention is that it can be 
applied effectively to any digital television device which 
includes conversion of formats from interlaced scanning to 
progressive scanning. 

In conventional television the interlaced fonnat follows· 
recommendation 601 of the CCIR (4'4:2:2"" standard. 625 
lines at 50 Hz or 525 lines at 60 Hz. aspect ratio 413). The 
European approach to HDTV has fixed a number of initials 
for other formats: 

ED[ (Enhanced Definition Interlaced): 625 lines, inter­
laced, 16/9 

EDP (Enhanced Definition Progressive): 625 lines, pro­
gressive, 1619 

HDI (High Definition Interlaced): 1250 lines, interlaced, 
16/9 

HDP (High Definition Progressive): 1250 lines, progres-
sive~ 16/9 · 

The EDI to EPP and HDI to HDP convemons are 
straightforward deinterlacings and can be direct applications 
of the process according to the invention. However, other 
conversion devices can also einploy the deinterlacing pro­
cess according to the invention within a more complex 
processing chain. It may be that, for example, of the 4:2:2 
conversion to EDP which employs deinterlachig and a 413 to 
1619 image aspect ratio convenion; of the SO Hz HDI to 100 
Hz HDI temporal "up conversion" which may be performed 
by cascading a high-quality deinterlacing and generating 
two interlaced frames from an intermediate HDP imaget the 
image quality thus obtained thus being gready superior to 
the classical repetition of frames termed AABB and 1inally' 
of the generation of image slowing obtained by repeating 
well-deinterlaced images, followed by reinterlacing the 
sequence thus slowed. this giving much better visual quality 
than the classical repetition of interlaced frames. 

These conversions 9f television image fOimats all have· 
the aim of improving the quality of the image offered to the . 
viewer. The conesponcting devices can be cnvisagcd .in a 
professional environment (television studio) where a very 
high image quality is demanded. They may also be envis­
aged in a "consumer" environment (rc.cei.vcr) when: the 
limiting factor is the incorporation at low cost of complex 
devices for estimating motion. 

The devices for high quality conversion of the video 
image to a film support which require high-performance 
deintcrlacing may likewise implement the process according 
to the invention. Such a conversion is in fact made up of the 1 nt sheet : : ~;s is tile rep ace me 
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following steps: HDI/HDP conversion, noise reduction, 50 
Hz to 25 Hz temporal conversion (the film speed is 24 
images/s) printing on film. 

The process according to· the invention can also find an 
application to devices for convening images from interlaced 
digital video formats to the formats for display on the 
screens of computer workstations (all of which have pro­
gressive scanning) as well as to the majority of processes for 
handling moving image sequences which handle a progres­
sive sequence in a way which is of much higher performance 
and simpler than an interlaced sequence. However, top-end 
·high-quality deinterlacing followed by processing within the 

. progressive context is then desirable. This may be the case 
for example in image compression by the ~niques of 
sub-band coding or that of any image frequency conversion 
(such as the SO Hz/60 Hz standards conversion). 

BRIEF DESCRJ.PilON OF THE DRAWINGS 

Other characteristics and advantages of the invention will 
emerge with the aid of the description which follows given 
in connection with the appended figures which represent 

FIG. 1 an image sequence with the interlaced format 
opposite an image sequence with the sequential or progres­
sive format. 

FIG. 2 the process according to the invention in the form 
of an overall· schematic diagram. 

FIG. 3 the procedure for interpolation by vertical low­
pus filtering nnplemented in the process according to the 
invention in order to estimate the lines of a progn:ssive . 
image. . 

FIG. 4 · the motion-compensated interpolation mode 
implemented in order to estimate the lines of a progressive 
image. 

FIG. 5 a diagram illustrating a CODS1rUction according to 
the process of the invention of a missing frame to obtain a 
progressive image between two consecutive frames of like 
parity. 

FIG. 6 a defined grid for projecting motion vectors of 
source images. 

FIG. 7 examples of motion vectors and of their projected 
equivalents. 

FIG. 8 an example of the construction of a dcinterlaccd 
Image. 

FIG. 9 an example embodiment of vertical low-pass 
post-filtering. 
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DETAILED DESCRIPTION OF TilE 
PREf'ERRED EMBODrMENTS 

In the example represented in FIG. 1 the sequence of 
interlaced images is depicted in the upper part of the·diagram 
by the string of odd frames, denoted "frame 1". interlaced 
with even frames, denoted "'frame 2". In this chaining the 
odd and even frames follow one another at a recurrence of 
40 ms. They arc depicted for the odd frames at the instants 
t0 and t 0 t40 and they are depicted for the even frames at the 
instants t0+20 and t0 +60. The seqnence of progressive 
images is depicted in the lower part of the diagram by a 
string of images denoted '1mage 1", "image 2" ''image 3', 

and "image 4'\ matching respectively in the diagram with 
the frames of the upper part. The process according to the 
invention makes it possible, from an image sequence in the 
interlaced format, which exhibits only half the total lines at 
each image iristant. being fonncd alternately of even and odd 
lines. to interpolate the missing lines. so as to obtain the 
corresponding sequence at the bottom of the diagram in the 
sequential or progressive fonnat of the best possible quality. 

The deinterlacing according to the invention takes place, 
in the manner represented in FIG. 2, according to two 
operating modes. The main one implements motion com­
pensation, the other which serves as fallback mode~ imple­
ments straightforward intraframe vertical linear filtering. 
According to the main mode, the interlaced images defined 
bY the odd frames at the instants marked t0 and ta +40 ms and 
bearing the references 1 and 2 in FIG. l are applied to an 
interpolation facility 3 which is motion compensaiied. The 
latter delivers a motion-compensated dummy frame 4 esti­
mated at the instant t0 +20 ms. 

In the Callback mode each even frame of an instant t0+20 
ms and bearing the reference S in FIG. 2 is filtered by a 
vertical spatial filter 6 embodied in the manner represented 
in FIG. 3 by applying weighting coc.fficicnts to each coun­
terpart pixel of the current point over a specified number of 
lines above and below the current point. In FIG. 3 the current 
point to be estimated is spread out at the intersection of a 

· column c and a line I. The points considered on the lines 
situated on either side of the current point are placed at the 
intersection of the column c passing through the point the 
cmrent and lines 1-S.1-1., 1+1, 1+3 and 1+5. The filtering is 
obtained by applying weighting coefficients (3, -259 150, 
150, -25. 3) for example to the luminance signal of each of 
the points coasidetcd Estimation of the luminance signal 
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i'"(l, c) of the cur.rent point is the result of the weighted sum 
of Che luminance signals Cim(l-5, c) ... i'"(l+.S, c)) of the 
points situated on either side of the current point in the same 
column divided by a coefficient of specified value equal to 
256 for example. This filcering operation is described by the 
relation: 

i"' (1. c) = (lSO•((im(Z -1). c) + i,.(l -rt, c)) -

2S'*((i.Cl- 3). c) + i.(I + 3. c)) + 

3*((i..(l- S. c) + im(l + S. c)).1256. 

In the motion-compensated mode which is represented by 
the diagram of FIG. 4 in which the elements which are the 
counterparts of those of FIG. 2 arc tepreSCntcd with the same 
references, the sequences of motion vector .fields, describing 
the X-wise and Y-wise motion between source frames oflike 
parity (distances of 40 ms apart), axe used. These vectors are 
defined at each pixel of the source frames and th.cir accuracy 
of displacement is haJf a pixel In the blocks 11 and 12 the 
motion vector field defined between the source frames at the 
instants t and t+40 ms is used to construct the missing frame 
in the progressive image at the instant t+20 ms. The assign­
ing of the vectors, defined on the source :frame of instant 
t-+40 ms, to the missing frame of the image at of the instant 
t+20 ms is obtained by temporal projection of the field in its 
direction in the manner ~d by the blocks l3 to 23 
of FIG. 5. However~ this projection can take place only 
under certain conditions so as to take into account the fact 
that it is preferable not to use the vectors corresponding to 
paxts of the scene which are present at the instant at t+40 ms 
but absent at the instant t, since they have in the meantime . 
been uncovered by foreground objects which were previ­
ously masking them. The vectors estimated by matching the 
image points of instants t and t+40 ms cannot in principle 
correctly represent the motion in the.~ particular zones. The 
method of temporal projection implemented in the block 19 
is the one descnbed in the Patent Application FR 2 675 002. 
With the vector fields it associates tag images (or "labels'~ 
22,. 23) describing the occlusions and uncovered zones of the 
image. An image of the labels is constructed by temporal 
projection of the motion preceding the instants (t-40, t). (for 
the identical frame). 'This current labels image of is com­
posed of three levels: 

a level of "normal" vectors 
a level of "occluding" vectors: belonging to objects 

masking part of the scene between the instants t and 
t+40 ms 
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and a level of "uncovered" vectors: belonging to parts of 
the scene uncovered between t .:md t+40 ms. 

Projection of the motion corrcsPQnding to the instant 
· (t+20) is carried out on the basis of the motion image 
obtained from the instants t and l+40 and from lhe image of 
current labels. Projection of the motion vectors along their 
trajectory onto the middle frame takes place by division by 
2 of their X and Y components of displacement: the dis-

. placement vector with components ( dX. dY) assigned to the 
point (X. Y) of the frame at the instant t+40 is projected at 
the point (X-dX/2~ Y-dY/2) of the frame of instant t+20. 
Since the motion is estimated with an· accuracy of half a 
pixel in the source frames, the projection obtained has an 
accuracy of ~ of a pixel It takes place in the manner 
represented in FIG. 6 on a defining grid 4 times larger in X 
and in Y than the orig1nal motion image. Since there .may be 
several vectors culminating in the same projection and since 
some points may not have projected vectors, a ternary image 

-of validity of the motion is generated in pamllel with the 
projection. This image includes an indicaror 0 to signal the 
absence of any projected vector,, an indicator l to signal the 
presence of a reliable projected vector at the point to be 
interpolated, and an indicator to signal the presence of an 
unreliable vector. This image has the same size as one of the 
images of the projected motion and it is initialized to 0 
{absence of projection at this point). The indicator is set to 
1 when projecting a first vector (valid motion at this point). 
Management of conflicts is to be implemented for the 
posstole projection of other vectors at this same point. 
During projection, a single projected vector per pixel is 
permitted. In the event of conflict, 2 cases may arise accQrd­
ing as the vectors are similar or diffi:rent. 

If the vectors are similar vector~ then the vector which 
minimizes the initial displaced imcr-imagc diffcrencc DFD 
is retained The indica~ then remains in the state 1 at this 
point. If the vectors are totally di1ferent. the validi~ indi- . 
cator is set to the state 2 at this point The test of similitude 
is computed through the relation 

d.viation=tqri(a:•~.,) 

with ex=vxl-vx2 and ey=vyl-vy2, 
vxl, vx2, vyl,. vy2 representing the various candidate 

motion vectors if ''deviation" is lmger than a specified 
threshold value, equal to 3, for example, the vectors are 
declared different and the motion is declared invalid. 
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At. the end of projection., scanning of the image of the 
projected vectors is performed in order to force the validity 
indicator into the state 2 in the case where there are 
non-similar vectors in a block of specified dimensions 3*3 
for example, centred on the point to be tested. The test of · 
similitude is the same as above, but this time a greater 
threshold value, equal to 4 for example, is use.d for the 

threshold parameter. This makes it possible to obtain at the 
end of projection, on a grid 4 times larger in X and in Y: 0 
or 1 projected vector and a validity indicator set to 0, 1 or 
2. FIG. 7 presents examples of motion vectors and their 
projected equivalents in the grid containing 8 columns and 
4 rows. 

Reconsuuction of the missing frame at the instant t+20 is 
performed on the basis of the frames of instants t and t+40 
and of the field of motion between the instants t and t+40 
projected to obtain the motion field in the frame of instant 
t+20 in the manner represented in FIG. 8 where the elements 
which are the counterparts of those in FIG. 1 are represented 
with the .same references. The motion field projected at the 
instant t0 +20 is stored in the block 24 of FIG. 8. For each 
displacement vector with horizontal component DX and 
vertical component DY of a vector projected at a point (X, 
Y) with ·the frame of instant t 0 +20 to be created, the 
corresponding intexpolated value of luminance and of 
cbrominancc is obtained by computing the mean o{ the 
values found at the points with coordinates 

in the source 1bme of instant t0 +40 and at the point with 
coordinates 

( X= z;x .r- ",.Y ) 

in the source frame at the instant le,. 
For each point to be estimated it is necessary to look 

inside a window of ±2 pixels in X and in Y for example, 
centred about the point. if there are one or more projected 

. ~~ors. Four possibilities may ~sc. J! there is no projected 
·,-cctor in the vicinity. the interpolated point is calculated 
together with a zero vector and the validity indicator is put 
into the state 0. 
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If there is only one vector in the vicinity investigated and 
there is no invalid motion in the vicinity of the point, a 
reconstructed point i3 calculated with the aid of this vector 
and the validity indicator is put into the state 1 for this paint. 

If there arc several vectors available and there is no point 
with invalid motion in the vicinity, selection takes place 
through a test of their displaced inter-image difference DFD 
and the validity indicator is held in the state l at this point. 

If there are one or more invalid motion vectors in the 
vicinity, the validity indicator is forced to take the state 2 at 
this point 

in RG. 8 the validity indicators arc stored in the block 25 
and the choice of vectors is performed by the block 2,, 
which tnmsmits the vectors to the interpolation block 3. This 
ammgemcnt makes it possible to provide for a frame. inter­
polated in the direction of motion, twinned with a ternary 
image of indicator of validity of the vector used As in FIG. 
2, vertical filtering 6 performed on a true frame at an instant 
t,, +20 and an interpolation block 3 make it possible to 
provide for two interpolated pseudo frames represented by 
the blocks 7 and 4 respectively. The ¢10ice between these 
two pseudo frames is performed for each pixel by the 
switclllng block 8. Overall. the motion-compensated inter­
polated pseudo ~c is of better quality over the major part 
of the frame than the pseudo frame arising from the vertical 
filtering which. is of lesser quality but which · offers the 
advantage, however, of being homogeneous over the whole 
frame by not exhibiting any local disparity. The vertical 
filtered pseudo frame 7 represents the fallback mode nec­
essary for the deficiencies of the compensated pseudo :frame. 

Experience shows that the spatial mode is preferable to the ' 
compensated mode in the contentious zones where the 
motion vectors found prove to be false. The defect intro­
duced in this case appears to be much more visible than 

. when using the fallback mode since in general it gives 
striped zones linked with the alternating lines of the true 
frame and a poor estimate in the lines of the compensated 
frame. Moreover, the defects due to poor compensation are 
all the more visible since the improvement made to the 
image in general highlights residual defects in a still more 
glaring manner. 

Also, to marry up the true frame S of instant t0 +20 with 
a pseudo frame of the '"compensated or spatialH modes the 
switching block 8 initializes :i result pseudo frame 27 via a 
pseudo frame 28 arising from the compensated mode, and it 
toggles over into the spatial mode for the succeeding pixels 
when the corresponding validity indicator in block 25 is in 
the state 0 (no vector). or when the validity indicator of the 
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block 25 is in the state 2 indicating that the vector is 
unreliable, in this case broadening the transfer to the spatial 
mode to the line wise and columnwise adjacent pixels~ or that 
the current point lies in an uncovered majority zone in the 
labels image 23 associated with the source frame at the 
instant t+40 and the labels image 22 associated with the 
source frame of instant t0 +20. 

This measure takes place by straightforward -collllting of 
pixels in a block of specified size. 5*5 for example. centred 
on the current point. The pixel is then forced into the spatial 
mode if in one or the other of the CUO"Cilt and preceding label 
images there is a specified number of pixels. 7 for example 
out of the 25 possible in the exam.pl~ classified into uncov­
ered zones in the block. 

Fmally, as represented in FIG. 9, high-frequency filtering 
· 29 is performed on the lines of the progressive image 'Z1 
obtained, so as to attenuate the effects due to high frequen­
cies. Filtering is cmied out by a 'vertical low pass filter on 
the interlaced images. In FIG. 9 the coefficients using this 
filtering respectively have the values 

(-4. 8. 25. -123. 230, 728. 230. -123. 25. 8. -4)11000 

This filtering makes it possible to attenuate the comb 
dect which may appear in some sequences. 
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We claim: 
1. Process for dcintcrlacing a sequence of moving images 

coxµposed of frames with parity of a first type interlaced with 
frees with parity of a second type, carrying out motion 
estimation between the preceding frame (to) and the clllTCnt 
frame of like parity (tot40 ms) in order to allocate a motion 
vector field to the preceding frame (to), carrying out a 
projection in their direction, onto an inter.mediate frame 
(to+20 ms) to be constructed or pseudo-frame, of the motion 
vectoIS of the preceding frame (to), characterized in that it 
consists: 

in determining for each pixel to be created of the inter­
mediate pseudo-frame, on the basis of the projection of 
the vectors onto this pseudo-~ a validity indicator 
corresponding to the allocation or non-allocation of a 
motion vector to this pixel and, in the case of non-. 
allocation. to the absence of a vector or to an unreliable 
vector calculation and in calc~ating this allocated 
motion vector at the same time; 

in genera.ting the pi,xels to be created of the intermediate 
pseudo-frame by vertical filtering of the true interme- · 
diate ftame of the moving image sequence or by 
interpolation of the allocated motion vectors, according 
to the value of the validity indicator assigned to the 
pixels to be created 

2. Process according to claim 1. characterized in that the 
pixels of the current frame (tot40 ms) arc tagged as ''nor­
mal". "occluding" or ''uncovered" depending on the projec­
tion of the· motion vector field of the preceding frame onto 
the current frame and in that the projected motion yectors of 

·the preceding frame are those corresponding to the pixels 
tagged as "nonnar' and "occludingn of the CUII'Cilt frame. 

3. Process according to claim l, characterized in that the 
generation of the pixels is forced by vertical filtering when 
they correspond to an uncovered zone, this zone being 
defined on the basis of the tagging of the cmrent frame 
(to+40 ms) and of the true intermediate frame (to+20 ms). 

4. A process according to claim 1, characterized in that, 
when the validity data assigned to a pixel. having led to its 
generation by vertical filtering, corresponds to an unreliable 
calculated motion vector, the spatial mode is selected for the 
adjacent pixels. 

5. Process according to claim 1, characterized in that the 
determination of the validity data and the allocation of a 
motion vector to a pixel consists: 
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. in assigning to each point of a grid of the intermediate 
pseudo-frame corresponding to the projection of the 
motion vectors, the grid definition being the accuracy 
obtained by the projections a validity data of different 
value depending on whether the point corresponds to 
the projection of a single motion vector or of several 
neighbor motion vectors, to no projection of motion 
vectors, to the projection of several non-neighbor 
motion vectors, the neighboring of vectors being 
defined by differences in their components below a 
certain specified threshold, 

in allocating to the points of the grid, in the case they 
correspond to a motion vector or several neighbor 
motion vector~ respectively this vector or the vector 
minimizing the displaced inter-image difference DFD 
(Displaced Frame Difference). 

'· Process according to claim 5, characterized in that the 
validity data of a point of the 'grid is forced into the 
"non-neighbour vectors" setting depending on a test of 
similitude of the motion vectors allocated to the points of the 
grid lying in a block of specified size centred on the relevant 
point 

7. Process according to claim 5, characterized in that the 
determination of the validity data and of the motion vector 
allocated to a pixel to be constructed. of the intemiediate 
pscado-frame (to+20 ms) takc.s into account the validity data 
assigned and the motion vectors allocated to the points of the 
grid belonging to a window centred about this pixel, the 
prcScnce in this window of at least one data in the "non­
neigbbour vectors" setting generating an •4unreliable vector 
calculation" data, the presence of several allocated vectors 
leading to the selection of the one mininrizing the DFD. 

8. Process according to claim 1~ for the generation of a 
seciuence of progressive images, characterized in that it 
consists in adjoining the intermediate pseudo-frame to the 
true intermediate frame. and in then performing a high­
fn:quency filtering on the progressive complete image 
obtained. 

9. Process according to claim 3, characterized in that 
when the validity data assigned to a pixel, having led to its 
gcncmtion by vertical filtering, corresponds to an UDreliable 
calcu1at.ed motion vector, the spatial mode is selected for the 
adjacent piXels. 

10. Process acconting to claim 3, characterized in that 
when the validity data assigned to a pixel. having led to its 
generation by vertical filtering, corresponds to an unreliable 
calculated motion vector, the spatial mode is selected for the 
adjacent pixels. This ii tne replaoem~mt sheet 
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11. Process according to claim 2T for the generation of a 
sequence of progressive images. characterized in that it 
consists in adjoining the intermediate pseudo-frame to the 
true intermediate frame. and in then performing a high 
frequency filtering on the progressive complete image 
obtained. 

12. Process according to claim 3, for the generation of a 
sequence of progressive images. characterized in that it 
consists in adjoining the intermediate pseudo-frame to the 
ttue intermediate frame7 and in then perfonning a high 
frequency filtering on the progressive complete image 
obtained. 

13. Process according to clmm ~ characterized in that the 
detennination of a validity data and the allocation of a 
motion vector to a pixel consists: 

in assigning to each point of a grid of the intermediate 
pseudo-frame conesponding to the projection of the 
motion vectors, the grid definition being the accuracy 
obtained by the projection, a validity data or different 
value depending on whether the point corresponds to . 
the projection of a single motion vector or of sevetal 
neighbor motion vectors, to no projection of motion 
vectors, to the projection of several non-neighboring 
motion vectOIS, the neighboring of vectors being 
defined by differences in their components below a 
certain specified thresh~ld, 

in allocating to the points of the grid, in the c2se they 
correspond to a motion vector or several neighbor 
motion vectors, respectively this vector or the vector 
minimizing the displaced inter-image difference DFD 
(Displaced Frame Difference). 

14. Process according to claim 3, characterized in that the 
determination of a validity da£a and the allocation of a 
motion vector to a pixel cons~ts; 

in assigning to each point of a grid of the intermediate 
pseudo-frame corresponding to the projection of the 
motion vectors, the grid definition being the accuracy 
obtained by the projection. a validity. data of different 
value depending on whether the point corresponds to 
the projection of a single motion vector or of sevctal 
neighbor motion vectors, to no projection of motion 
vectors, to the projection of several non-neighboring 
motion vectors, the neighboring of vectors being 
defined by differem:es in their components below a 
certain specified threshold, 

in allocating to the points of the grid, in the case they 
correspond to a motion vector or several neighbor 
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motion vectors. respectively this vector or tbe vector 
minimizing the displaced inter-image difference DFD 
(Displaced Frame Difference). 

15. Process according to claim 4, characterized in that the 
determination of a validity data and the allocation of .a 
motion vector to a pixel consists: 

in assigning to each point of a grid of the intennediate 
pseudo-frame corresponding to the projection of the 
motion vectors, the grid definition being the accuracy 
obtained by the projection. a validity data of different 
value depending on whether the point corresponds to 
the projection of a single motion vector or of several 
neighbor motion vectors, to no projection of motion 
vectors, to the projection of several non-neighboring 
motion vectors, the neighboring of vect~ being 
defined by differences in their components below a . 
certain specified threshold. 

in allocating· to the points of the· grid. in the case they 
correspond to a motion vector or several neighbor 
motion vectors~ respectively this vector or· the vector 
minimizing the displaced int.er-image dllference DFD 
(Displaced Frame Difference). 

1,. Process according to claim 4. for the gencratlon of a 
sequence of progressive images, Characterized in that it 
consists in adjoining the intermediate pseudo-frame to the 
true intermediate frame, and· in then performing a high 
frequency filtering on the progressive complete image 
obtained. . 

17. Process according to claim 5, for the generation of a 
scqum:e of progressive images, characterized in that it 
consists in adjoining the intennediate pseudo-frame to the 
true intermediate frame, and in then performing a high 
frequency filtering on the progressive complete image 
obtained. 

18. Process according to claim 6, for the generation of a 
sequence of progressive images, characterized in that it 
cousists in adjoining the intetmediate pseudo-frame to the 
true intermediate frame, and in then performing a high 
frequency filtering on the progressive complete image 
obtamed. 

U. Process according to claim 7. for th~ generation of a 
sequence of progressive images, characterized in that it 
consists in adjoining the intennediate pseudo-frame to the 
true: intermediate frame, and in then performing a high 
frequency filtering on the progressive complete image 
obtaint'Ji. 

• • * • • 
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ABSTRACT 

In this process the frames are composed of frames with 
parity of a first type (1, 2) interlaced with frames w~th parity 
of a second type. It consists in interpolating the missing lines 
in the direction of the motion (3) on the one hand, by vertical 
intra-frame linear filtering (6) on the other hand, and in 
switching between thC3c two values (8) depending on the 
confidence accorded to the motion vectoi: 
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