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dpparatus for inproving sharpness of piictures. Background

Method and Apparatus for improving sharpness of pictures

The present invention relates to a method and to an apparatus
for improving sharpness of pictures.

Background

Spatial Proscan converted (i.e. from a progressive source)
interlace pictures exhibit in general unsharp transitions in
vertical direction (the Proscan or DIAG3 algorithm is described
in EP-A-92400762). This unsharpness is normally due to a verti-
cal interpolation applied at horizontal structures. The result
of that kind of upcconversion is very oftemn that the original in-
terlace picture looks sharpef than the upconverted one. In
addition to that, large format colour TV tubes producing a high
peak brightness in order to be acceptable in the consumer market
possess a large beam current in bright areas and a subsequent
defocussing of the resulting spot on the display.

To overcome these fundamental disadvantages the interpolated 1li-
ne, which represents along horizontal structures the center of
the transition, should be deflected away from the transition re-
gion towards the adjacent line carrying the higher luminance
level. That results in an improved sharpness due to an enhanced
overshoot of the luminance on the screen without increasing the
beam current and a subsequent enlarged spot size as it is the
case with a peaking technique.

In PCT/EP91/01702 a method for vertical sharpness improving
using a luminance level dependent deflection is described. But
special problems in connection with progressive sources for the
input signal are not considered. The deflection is uniform for

all lines.
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It is one object of the invention to disclose a method of sharp-
ness improving of progressive pictures which stem from an inter-
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Spatial Proscan converted (i.e. froma progressive source) interlace

pi ctures exhibit in general unsharp transitions in vertical direction (the
Proscan or DIAG3 algorithmis described,in EP-A-0561 286). This unsharpness
is normally due to a vertical interpola%ion applied at horizontal
structures. The result of that kind of -upconversion is very often that the
ori gi ndlaciedt sduare .piThis eob ks thargachedabyt bbe upebthedr édcdoeed in
addi ti o g yhat, large fomat colour TV tubes producing a high peak

bri ghtné€ss"i n"order _to be acceptable in the consumer market possess a |arge
beam current in bright areas and a subsequent defocussing of the resulting

Spot OfheN@edaSRlAM of a VSM (vertical scan modulation) method depends
strongly on the properties of the incoming signal that means
whether the input signal stems originally from an interlace
source or a really progressive one. Because of the nature of the
spatial Proscan algorithm the upconverted pictures will have an
ambiguous vertical transition along horizontal structures within
the interpolated lines. The best solution implying a linear fil-
ter technique for the interpolation represents the vertical in-
terpolation or for a simpler solution vertical average like in
the Proscan algorithm. The vertical transition in that case re-
aching over two lines leads nevertheless to a significant re-
duction of sharpness in vertical direction. Since there is only
the interpolated line which is uncertain with its amplitude, on-
ly this line should be deflected in vertical direction. This
strategy has several advantages over a VSM algorithm which
creates for each line a deflection signal:

- Firstly, due to the fact that the original lines are not
shifted the objects within the picture will keep its original
size. That is not the case if also the original lines will be
shifted. This can lead to an extension of the black regions and
the pictures become more coarser than the original ones. Also
some black holes can appear between a'grey/white transition. -

- Secondly, by using a deflection signal for each line the
interlace artefacts may be increased because the contours of the
objects appear shifted from its original position. These effects
have been observed in moving picture parts with fine details in
which a new annoying moving structure came up. Such effects can-
not occur, if only the interpolated line is shifted.

- Thirdly, if this VSM technique is applied in conjunction with
a Proscan algorithm, no additional line delay becomes neéessary.

Furthermore the vertical deflection should be restricted to ho-
rizontal structures or real vertical transitions, respectively.
This has also many advantages. This restriction avoids:
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To overcone these fundanmental disadvantages the interpolated |ine, which
represents al ong horizontal structures the center of the transition, should
Be deflected away fromthe transition region towards the adjacent |ine
carrying the higher |um nance |evel. Tha? results in an inproved sharpness
due to an enhanced overshoot of the |um nance on the screen w thout
increasin@imm§ﬂﬂ%uﬁhiﬂrxﬂﬁttﬁmt%p%u@%@ﬁ@%nﬁhéhlaggéu gpetadirgasgs it is

Lhe CasBeihidh I NGd LN Gifeed N labeD2h806] ARy BxA, 3900519 a

met hod vertica ness |q§rovenent u3|ng | um nance _| evel
- Secondly, <Tthe processe pictures look more natural in real

scenes with human faces including the teeth.
- Thirdly, the additional deflection only at horizontal structu-
res ensures a flat field reproduction in all other parts of the

picture.

By this the properties of the Proscan algorithm can be kept and
the picture quality is not compromized again by nold" interlace
distortions or even new artefacts.

The achieved overshoot and the resulting sharpness at vertical
transitions depend strongly on the luminance amplitude and the
deflection amplitude of the shifted line. In order to have a
high noise immunity of this sensitive processing the resulting
luminance amplitude of the shifted line as well as the vertical
deflection is strongly dependent on the current video signal
(soft decision). Also some kind of noise reducing processing
(averaging) has been foreseen, but nevertheless the resulting
deflection signal can occur with a sharp transition and necessi-
tates therefore a high bandwidth for a voltage-current converter
which drives the additional deflection coil.

In principle the inventive method consists in improving the
sharpness of pictures displayed with a line structure on a
picture tube, whereby the beam of said tube is deflected in ver-
tical direction in relation to brightness transitions with at
minimum a vertical component and said deflection is made only
for such lines which are located in-between and are interpolated
from original lines of a field. ' '

Advantageous additional embodiments of the inventive method are
resulting from the respective dependent claims.

It is a further object of the invention to disclose an apparatus
which utilizes the inventive method. This object is reached by
the apparatus disclosed in claim 10.
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dependent deflection is described. But special problens in connection wth
progressive sources for the input signal are not considered. The deflection
i*s uniformfor all lines. In JP-A-61225978 interpolated lines are shifted
in order to display snooth circles or oblique lines. Invention It is one
object of the invention to disclose a nethod of sharpness inprovenent for
progr e3ui peripicdpleeshehiisiventive rapparatys ccomprisesud ceicture svpect is

achi evgg byt B Rl g Asadi 4 P @riRdrter circuit and a vertical
scan modulati®th unit which generates a signal for additional de-
flection of the beam of said tube in vertical direction in
relation to brightness transitions with at minimum a vertical
component of lines passed from the output of said upconverter
circuit to the input of said modulation unit, whereby said
additional deflection is made only for such lines which are
located in-between and are interpolated from original lines of a
field and whereby said modulation unit also changes the bright-
ness of according pixels of said interpolated lines in relation
to said brightness transitions.

Drawings

Preferred embodiments of the invention are described with refe-
rence to the accompanying drawings, which show in:

Fig. 1 the principle of the vertical scan modulation;

Fig. 2 a vertical edge with accompanying luminance amplitude
differences;

Fig. 3 a diagonal edge with accompanying luminance amplitude
differences;

Fig. 4 a diagonal edge with unsharp transition;

Fig. 5 amplitude differences at a horizontal transition and
schema of the generated differences (diagonal L);

Fig. 6 schema of the generated differences (diagonal R);

Fig. 7 circuit for horizontal averaging.
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As mentioned above the inventive VSM will generate an additional
vertical deflection signal only for the interpolated lines. Fig.
1 gives an overview of the processing. The spatial Proscan
circuit 11 supplies from each input field 12 an output frame 13
containing all the lines which are necessary for the VSM proces-

Preferred embodiments ’ |“"I
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The behavi our of a VSM (vertical scan nodul ati on) nethod depends strongly
on the properties of the incoming signalthat nmeans whet herthe i nputsignal
stensoriginallyfroman interlace sourcepra really progressive one. Because
of the nature of the spatial Proscan algorithmthe upconverted pictures

L haye g Rl guous, Verd Lcal L ABL OBl e herhZenal SLLACLES)
t echni lg.ﬁr& i:g;;’et P?lﬂertvip?rlﬁﬂcéﬂf | Ding eyﬂtle)lsegf(tb sirttl:?@hmeét‘irsml protesghhgt wodtor for
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to a stpei interpalatest ildmefy Eharamdsgenerates imodified interpolated
lines y*(n) with modified amplitude compared to the original in-
terpolated line y(n). The deflection signal 14 is used only for
the interpolated lines 16 of the frame 13. The tube 15 receives
the original lines y(n-1), y(n+l) and the modified interpolated
lines y*(n) and the additional deflection signal 14.

One essential requirement the VSM has to meet is the detection

- of the horizontal structures because only there the scan modula-
tion technique should be applied in order to keep the properties
of the Proscan algorithm. For that reason the VSM method is ba-
sed on the assumption that at horizontal structures due to the
vertical average the vertical transition reaches over two lines.
That situation is depicted in Fig. 2. Fig. 2a shows in a three-
dimensional view the vertical transition and Fig. 2b depicts am-
plitude differences at this transition: a first difference Dl
between the interpolated line n, 21 and line n+l, a second
differencelgé bétween line n-1 and the interpolated line n and a
third difference D, between line n-1 and line n+l.

For a diagonal structure it is assumed that the vertical transi-
tion reaches normally only over one line. Fig. 3a and 3b illu-
strate this case respectively. Therefore the first difference D1
between the interpolated line n, 31 and line n+l is zero and the
second differenée.D2 between line n-1 and the interpolated line
n is equal to the third difference D3 between line n-1 and line

n+l.

At a first stage within the VSM processing unit it is checked if
there is the same sign of the gradient between line y(n-1), line
y(n) and line y(n+l) and if the absolute values of both gra-
dients exceed also a given threshold, e.g. of value 16 in case

of 8-bit input samples. That means:

In principle VSM is enabled,

IF {(Dl > threshold AND D, > threshold) OR I
(D, £ threshold AND D, £ threshold) }
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direction. Since there is only the interpolated |ine -whieh—s—uncertain

wth its anplitude, only this |ine should be defl ected . e%ﬁis‘ia@.inkeplaced
[ ic
il
h

direction. This strategy has several ad%antages over a h
TR =
keep

creates for each line a deflection signal: - Firstly,
the original lines are not shifted the objects within t

|L§forh§HEHITESTe; That is not the case if also the original lines will be
shifted,. Jhi$ can ) egd an expensi ofyt | ack regions and the
plctures}gecoﬁe #echg??épfhaHZth@Pg?ig%n anhes. Al so sone bl ack hol es
can appBaisbgivesnadrgrdy/ ahiviexy rough selection if the VSM should be

enabled or not.

In a first approach the VSM internal enabling control signal a
can be generated according to the following formula:

IF TEST = 'l' THEN a = |D,| - ||Dl|-|D2||

ELSE a = 0,

with D; = y(n-1)-y(n+1) and D, and D, as given above.

In this formula two limit cases are to be regarded:
- if y(n) is a vertical interpolated value (see Fig. 2), Dl
equals D, and a will become a maximum with a = |D3|;
- if there is a diagonal structure as given in Fig. 3, a will
become zero, i.e. ' '
IF {(D, = 0 AND D, = D;) OR
(D, = 0 AND D; = D)} a =0

For a deflection signal 14 (defl) which should not be affected
by the quantization error of the signal itself a resolution of 3
bits is at least necessary (that means a 7-step staircase fun-
ction should be applied). Moreover, the control signal a has to
be clipped (alim) and to be signed by the wanted deflection di-
rection. According to that the deflection signal defl must be:
defl = staircase(alim),

with a, ., 128+signCD1)*min(d,127), d = a and 8-bit pixel reso-

1lim
lution.

In order to increase the effect of the edge enhancement the lu-
minance value y(n) of the shifted line is advantageously modi-
fied according to the formula: |

v' (n) = min[y(n)*(1+d*fac1/256),255].

Furthermore the modified signal should not exceed the maximum
luminance value of both neighbouring lines: )

vy () = minly (n), max(y(n-1), y(n+1))1.

Herein the factor facl evaluated by 1.5 has its major influence
on transitions between black and grey levels. '
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“transition. - Secondly, by using a deflection signal for each line the

i nterlace artefacts may be increased because the contours of the objects
dppear shifted fromits original position. These effects have been observed
in nmoving picture parts with fine detai'ls i'n which a new annoyi ng novi ng
structure cane up. Such effects cannot occur, if only the inter- pol ated
line is shifted. - Thirdly, if this VSMtechnique is applied in

conj unghi Qe 5P ZpPE8SEAN 0! 2Rk i iPen?qRAYSM Hihdd R Sy PELOTES
cantly imprové the sharpness at vertical transitions along
horizontal structures, but unfortunately also parts of diagonal
contours can be detected as separated small horizontal structu-
res. As a result of this some staircase patterns may occur. The
reason for this can be explained by means of the transition time
of the edges in horizontal direction. Fig. 4 reflects the situa-
tion of a diagonal edge. Due to a horizontal transition reaching
over two pixels the VSM method can find a vertical transition
over two lines as it was depicted in Fig. 2b. The situation in
Fig. 4 is not the only one which can happen, also more extended
transitions are possible in natural pictures. The result is that
a control signal a is created for a certain number of pixels be-
longing to a certain part of a declined structure. To put this
findings into other words, the VSM method will work accurately
if the video signal has a maximum of horizontal resolution and
sharpness corresponding to a given sampling frequency.

In order to overcome these difficulties a detection of the
diagonal structures becomes necessary which is more sensitive
f.i. than in said Proscan (DIAG3) algorithm, because Proscan ex-
hibits certain ambiguities. The basic idea of how to overcome
these problems is to extend the first approach by detecting ho-
rizontal transitions which have a transition length of more than
one pixel as shown in Fig. 5a. For a better selectivity the same
technique should be applied in the adjacent lines but with a ho-
rizontal offset of one pixel as depicted in Fig. 5b. Three lines
51 (a), 52 (b) and 53 (c) are depicted, whereby interpolated 1li-
ne 52 includes the current pixel 54 (xi). By this one can achie-
ve the maximum sensitivity in diagonal direction. By means of
separate averages over the various kind of the absolute values a
correction value e, can be created: ____——_—_____~_+__~_

= fac2{|D3al|+|D ]_I"'|D3clI tHasBeenR"Placed

Cimie i Imie ) i

with fac2 = 0.5 .
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necessary. Furthernore the vertical deflection should be restricted to
hori zontal structures or real vertical transitions, respec- tively. This

[3

has al so many advantages. This restriction avoids: - Firstly, this
restriction avoids that again a staircdse structure will be introduced at
declined structures. - Secondly, the processed pictures | ook nore natural

i n readbvieueblyw thehotherf diagonadl divegtilon hast lalso tkhibell gheched.
0 RBP oAet ) £EhL8, BTbBhal O Tlor VU o2 BB YT S lodi el

r epr oduc par
(see Fig. 6):

e, =.fac2{|D3ar|+|D3br|+|D3cr|
+||D1arl+|D1br|+|D1crI
'IDZarI'IDZbrI'|D2cr||}

Three lines 61 (a), 62 (b) and 63 (c) are depicted, whereby in-
terpolated line 62 includes the current pixel 64 (xi).

NB: lel =D

b ) ler This Sheet Has Been Replaced
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The resulting control signal d can now be formed by :

d = max(a-max(e;,e.),0)
In this formula the correction value e,, . compensates in case of
a diagonal structure the control signal d.

Investigations have shown that this algorithm works quite se-
lective that way that only horizontal structures will be de-
tected. The diagonal average of the different kind of absolute
values in the above formulas have also proved to be quite ef-
fective in terms of noise immunity.

Because of the nature of the correction signal extremely fine
horizontal structures, only a few pixels long, cannot be any mo-
re detected, but this has been regarded as negligible. Another
drawback based on the same principle comes up at the beginning
and at the end of a horizontal structure. The resulting control
signal has a reduced active time period that means the raising
and trailing edge of the control signal are in a region in which
the control signal should still have its maximum value. Conse-
quently, at the beginning and the end of the horizontal
structure the full sharpness cannot be achieved.

For that reason it is advantageous to average the resulting con-
trol signal d over five pixels in order to compensate this’ unwan-
ted effect. In Fig. 7 the control signal d is passed through four
pixel delays 721, 722, 723 and 724. d and its four delayed values
are combined in adder 73. Each sum is divided by five in multi-

THIS SHEET HAS BEEN
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the picture. By this the properties of the Proscan al gorithm can be kept -
and the picture quality is not conprom zed again by "old" interlace
distortions or even new artefacts. The gchi eved overshoot and the resulting
sharpness at vertical transitions depend strongly on the | um nance

anplitude
plier 74. The ocutput control signal d* is then used in the VSM

processing unit to calculate 3y 5me defl and y*(n). Despite of
that kind of Towpass filtering the resulting control signal can
after the control signal clipping raise or fall off very quickly
so that the voltage-to-current converter necessary for driving
the deflection coil should have a high bandwidth.

The proposed VSM technique comes up with a significantly impro-
ved picture sharpness while the picture quality is not compromi-
zed by new artefacts introduced by the VSM algorithm; Advanta-
geously also a respective horizontal scan modulation technique

can be added.

The soft decision for the generation of the deflection signal as
well as for the modification of the luminance level in the

interpolated lines has proved to be a necessity in terms of cur-
ved structures. Due to several applied averaging techniques the
inventive method comes up with a relatively good noise immunity.
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- 2- and the deflection anplitude of the shifted Iine. In order to have a
hi gh noise inmunity of this sensitive proceSS|ng the resulting |um nance
anplitude of the shifted |ine as well the vertictal deflection is

strongly dependent on the current vi dé‘o si gnal (sof m ‘\uﬂl‘ sone
ki nd of qoise reduci ng processing (averaging) has bl“ﬂﬂﬂnﬂu' “ lnever-
t hel egiatilvs resul ting deflection signal can occur ‘W tth & sharp tranS|t|on
and necessitates therefore a high bandw dth

t

1.

Method £6T improving sharpness of pictures displayed with a
line structure on a picture tube (15), whereby the beam of
said tube is deflected in vertical direction in relation to
brightness transitions (Fig. 2b, Fig. 3b) with at minimum a
vertical component, characterized in that said deflection
is made only for such lines (16, 21, 31, 41, n) which are
located in-between and are interpolated from original lines
of a field. '

Method according to claim 1, characterized in that said de-
flection is composed of a known standard vertical deflecti-
on and an additional vertical deflection (14).

Method according to claim 1 or 2, characterized in that
said additional vertical deflection (14) is such that at
gsaid brightness transitions (Fig. 2b, Fig. 3b) the beam is
deflected away to the bright side of said transition regi-

on.

Method according to any of claims 1 to 3, characterized in
that the amount of said additional vertical deflection re-
lates to pixel difference values derived from the slope

'and/or from the direction of said transition.

Method according to any of claims 1 to 4, characterized in
that the amount and the sign of said additional vertical
deflection is a staircase function relating to said pixel
difference values, whereby a limitation is included.

Method according to any of claims 1 to 5, characterized in
that the brightness of respective pixels (xi) of said in-
terpolated lines (16, 21, 31, 41, n) is modified according
to pixel difference values derived from the slope and/or
from the direction of said transition.
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for a voltage-current converter which drives the additj I ' '

coil. In principle the inventive nmethod consists in i b’-lﬂﬂmmgi"“%m“ }oness
of pictures displayed with a line stru re on a picturs , Mhese t he
beam of said tube is deflected in vertical direction in relation to
brightness transitions with at mninmuma vertical conmponent and sajd

def | ect?lon iMetibo@ antordbngstohclaims Suhcbaracserdeadedn Fhak @t and are
i nt erpol ate Lgi s lels : agfi v e b t4
enbodinentsq%%{€ﬁgﬂéﬁgeﬁ??$ghﬁgﬁﬁgé éfeb?g§3???ﬁ§£$}0n1tﬁgﬁgggggg??%Z?y
dependent cleham befWeen grey and white.

8. Method according to any of claims 1 to 7, characterized in
that a control sighal from which the amount of said addi-
tional deflection and/or the amount of said brightness mo-
dification is derived is averaged over several, especially

five, pixels.

9. Method according to any of claims 1 to 8, characterized in
that a respective additional deflection in horizontal di-
rection is added to said vertical additional deflection.

10. Apparatus for a method according to any of claims 1 to 9,
comprising a picture tube (15) and an interlace-progressive -
upconverter circuit (11) and a vertical scan modulation
unit (VSM) which generates a signal for additional de-
flection of the beam of said tube in vertical direction in
relation to brightness transitions (Fig. 2b, Fig. 3b) with
at minimum a vertical component of lines (y(n-1), y(n),
y(n+l)) passed from the output of said upconverter circuit
to the input of said modulation unit, whereby said additio-
nal deflection is made only for such lines (16, 21, 31, 41,
n) which aré_located in-between and are interpolated from
original lines of a field and whereby said modulation unit
also changes the brightness of according pixels (xi) of
said interpolated lines in relation to said brightness
transitions. |
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It_is'a further object of the invention to disclose an apparatus which
gFI|IZ€S the inventive nmethod. This object is achieved by the apparatus
disclosed in claim10. In principle thaé nventive apparatus conprises a
picture tube and an interlace-progressi've upconverter circuit and a
vertical scan nodul ation unit which generates a signal for additional
deflec@@mmgﬁzthg pean1of said tube in vertical direction in relation to
brightness transitions with at mninmuma vertical conponent of |ines passed
fromthe output of said upconverter circuit to the input of said nodulation
unit, iimeRSE/ BRA Y GHIOZ i dreetlied | Be¥i vATEsCHhdBRBAPYCES: 18RS Ving
using a luminance level dependent deflection is described. But
special problems in connection with interlace sources for the
input signal are not considered. The deflection is uniform for
all lines. _
Interlace-progressive upconverted pictures will have an ambi-
guous vertical transition along horizontal structures within the
interpolated lines. The vertical transition reaching over two
lines leads nevertheless to a significant reduction of sharpness
in vertical direction. Since there is only the interpolated line
which is uncertain with its amplitude, only this line should be
deflected in vertical direction. Furthermore the vertical de-
flection is restricted to horizontal structures or real vertical
transitions, respectively. In order to have a high noise immuni-
ty of this sensitive processing the resulting luminance ampli-
tude of the shifted line as well as the vertical deflection is

strongly dependent on the current video signal (soft decision).

Fig. 2
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ch are | ocated in-between and are interpolated from ori gi nal
d and whereby said nodul ation unit al so changes the brightness of

i nes

according pixels of said interpolated lines in relation to said brightness

transitions.
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Drawi ngs Preferred enbodi nents of the invention are described
with reference to the acconpanyi ngitls awi ngs,
principle of the vertical

which show in: Fig. 1 t he
scan nodul ati on; . :

VSM
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Fig a_vertical edge wth acconpanying |um nance anplitude differences;
F|913 10'h1d| agonal edge with acconpanying | um nance anplitude differences;
Fig. 4 a diagonal edge with unsharp transition; Fig. 5 anpl i t ude
differences at a horizontal transition and schem of the generated

di fferences (diagonal L); Fig. 6 s ma of the generated differences
(diagonal R); Fig. 7 circuit for horizontal averaging.
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Pgﬁéf iﬁg}enbodi ments As nentioned above the inventive VSMw || generate an
: vertical deflection signal only for the interpolated |ines. Fig.
1 gives an overview of the processing. The spatial Proscan circuit 11
supplies fromeach input field 12 an output frane 13 containing all the

i nes which are necessary for the VSflprocessing. That neans the actual
liney (nl), the delayed line y(n-1) and the interpolated line.y(n) go into
the VSM processing unit which itself generates a deflection signal 14
corresponding to the interpolated line y(n) and generates nodified
interpolated lines y[err](n) with

721 722 123 7%

71, @ 115
/Ot lim: defl

N y* (n)
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erde91e6I1g?rpI i tude conpared to the original interpolated line y(n). The
deflection signal 14 is used only for the inter- polated lines 16 of the
frame 13. The tube 15 receives the original lines y(n-1), y(n[err]1) and
the nodified interpolated lines y[err](n) and the additional deflection
signal 14. One essential requirenent thfd VSM has to neet is the detection
of the horizontal structures because onl y there the scan nodul ation

t echni que should be appligad in orde p-the-properties of the Proscan
algorithm For- that reason the ¥J i s based on the assunption that
at horizontal structures ¢lue to the%e/tmal avdrage the vertical
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transition reaches over two |ines. That situatiDHRﬂ&AﬂEﬁFWi@@[iﬁ Fig. 2
Fig. 2a shows in a three-di nensional view the vgr and Fig
"2b depicts anplitude differences at this transifi qu [ ference
[err][err] between the interpo- lated line g, 2 nE{? ﬁ%@ , a second
di fference [err][err] between line n-1 and the jnterpaolated lige in and a
third difference [err] between line n-1 an line n 1. For a di agonal
structure itMeth cAnpaxa tuse fezr ApPEPvARgN fly only
over one line. Fig. 3a and 3b illustrate this case respectively. Therefore

H‘ﬁef In{ir]dllf f(_grence ller rr]v[eei"xrtrzt]onb%te a rést rtl,% Iant & 8liata§g J: ngnnapgérfﬂgs
for improving sharpness of pictures.

Background

Spatial Proscan converted (i.e. from a progressive source)
interlace pictures exhibit in general unsharp transitions in
vertical direction (the Proscan or DIAG3 algorithm is described
in EP-A-92400762). This unsharpness is normally due to a verti-
cal interpolation applied at horizontal structures. The result
of that kind of upconversion is very often that the original in-
terlace picture looks sharper than the upconverted-one. In.
addition to that, large format colour TV tubes producing a high
peak brightness in order to be acceptable in the consumer market
possess a large beam current in bright areas and a subsequent
defocussing of the resulting spot on the display.

To overcome these fundamental disadvantages the interpolated 1i-
ne, which represents along horizontal structures the center of
the transition, should be deflected away from the transition re-
gion towards the adjacent line carrying the higher luminance
level. That results in an improved sharpness due to an enhanced
overshoot of the luminance on the screen without ind:easing the
beam current and a subsequent enlarged spot size as it is the
case with a peaking technique.

In PCT/EP91/01702 a method for vertical sharpness improving
using a luminance level dependent deflection is described. But
special problems in connection with progressive sources for the
input signal are not con51dered The deflection is uniform for

all lines.
This Sheet Has Been Replaced
Invention | I||I |III|I |I || ||I

It is one object of the invention to disclose a method of sharp-
ness improving of progressive pictures which stem from an inter-
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and the second difference [err][err] between line n-1 andjt e
line nis equal to the third difference [err][err] betwee
line nf[err]l. At a first stage within the VSM processing
if there is the sane sign of the gradient between line y(np-1), |line yv(n)
and line y(n+l) and if the absolute val ues f both gradierfts exceed al so a
given threshold, e.g. of value 16 in case of 8-bit input Sanples—¥heat
means: | n priagedpkeuyYodli Thesabbgdet | £s[ féRthidd &y iR hethpdedialcdoddB in
[err][err] Lﬁ%&k Ehreshold) OR

The behaviour of a VSM (vertical scan modulation) method depends
strongly on the properties of the incoming signal that means
whether the input signal stems originally from an interlace
source or a really progressive one. Because of the nature of the
spatial Proscan algorithm the upconverted pictures will have an
ambiguous vertical transition along horizontal structures within
the interpolated lines. The best solution implying a linear £il-
ter technique for the interpolation represents the vertical in-
terpolation or for a simpler solution vertical average like in
the Proscan algorithm. The vertical transition in that case re-
aching over two lines leads nevertheless to a significant re-
duction of sharpness in vertical direction. Since there is ohly
the interpolated line which is uncertain with its amplitude, on-
ly this line should be deflected in vertical direction. This
strategy has several advantages over a VSM algorithm which
creates for each line a deflection signal:

- Firstly, due to the fact that the original lines are not
shifted the objects within the picture will keep its original
size. That is not the case if also the original lines will be
shifted. This can lead to an extension of the black regions and
the pictures become more coarser than the original ones. Also
some black holes can appear between a'grey/white transition.

- Secondly, by using a deflection signal for each line the
interlace artefacts may be increased because the contours of the
objects appear shifted from its original position. These effects
have been observed in moving picture parts with fine details in
which a new annoying moving structure came up. Such effects can-
not occur, if only the ihterpolated line is shifted.

- Thirdly, if this VSM technique is applied in conjunction with
a Proscan algorithm, no additional line delay becomes necessary.

Furthermore the vertical deflection should be restricted to ho-

rizontal structures or real vertical transitions, respectively.

This has also many advantages. This restriction avoids:
[ —
" This Sheet Has Been Replaced
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- Firstly, this restriction avoids that again a staircase
structure will be introduced at declined structures.

- Secondly, the processed pictures look more natural in real
scenes with human faces including the teeth.

- Thirdly, the additional deflection only at horizontal structu-
res ensures a flat field reproduction in all other parts of the

picture.

By this the properties of the Proscan algorithm can be kept and
the picture quality is not compromized again by "old" interlace
distortions or even new artefacts.

The achieved overshoot and the resulting sharpness at vertical
transitions depend strongly on the luminance amplitude and the
deflection amplitude of the shifted line. In order to have a
high noise immunity of this sensitive processing the resulting
luminance amplitude of the shifted line as well as the vertical
deflection is strongly dependent on the current video signal
(soft decision). Also some kind of noise reducing processing
(averaging) has been foreseen, but nevertheless the resulting
deflection signal can occur with a sharp transition and necessi-
tates therefore a high bandwidth for a wvoltage-current converter
which drives the additional deflection coil.

In principle the inventive method consists in improving the
sharpness of pictures displayed with a line structure on a
picture tube, whereby the beam of said tube is deflected in ver-
tical direction in relation to brightness transitions with at
minimum a vertical component and said deflection is made only
for such lines which are located in-between and are interpolated
from original lines of a field. ' '

Advantageous additional embodiments of the inventive method are
resulting from the respective dependent claims.

It is a further object of the invention to disclose an épparatus
which utilizes the inventive method. This object is reached by
the apparatus disclosed in claim 10.
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with [err][err] = y(n)-y(n+l), [err][err] =y(n-1)-y Hi-s—gi-ves
already a very rough selection if the VSM shoul d be enableddﬁa BgéV nla
first approach the VSMinternal enabling control signal R ene
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according to the following fornula: IF TEST,= "1" TH§N [errl— [err]] ] -

[err][err]
[err][err]

[err]-[err] ELSE [err] =0, with [err][erd] =y(n-1)- y(n+1 and

and [err][err] as given above
In principle the inventive apparatus comprises a picture tube

and an interlace-progressive upconverter circuit and a vertical
scan modulation unit which generates a signal for additional de-’
flection of the beam of said tube in vertical direction in
relation to brightness transitions with at minimum a vertical
component of lines passed from the output of said upconverter
circuit to the input of said modulation unit, whereby said
additional deflection is made only for such lines which are
located in-between and are interpolated from original lines of a
field and whereby said modulation unit also changes the bright-
ness of according pixels of said interpolated lines in relation
to said brightness transitions.

Dxrawings -

Preferred embodiments of the invention are described with refe-
rence to the accompanying drawings, which show in:

Fig. 1 the principle of the vertical scan modulation;

Fig. 2 a vertical edge with accompanying luminance amplitude
differences;

Fig. 3 a diagonal edge with accompanying luminance amplitude
differences;

Fig. 4 a diagonal edge with unsharp transition;

Fig. 5 amplitude differences at a horizontal transition and
schema of the generated differences (diagonal L);

Fig. 6 schema of the generated differences (diagonal R);

Fig. 7 circuit for horizontal averaging.

Preferred embodiments

As mentioned above the inventive VSM will generate an additional
vertical deflection signal only for the interpolated lines. Fig.
1 gives an overview of the processing. The spatial Proscan

circuit 11 supplies from each input field 12 an output frame 13
containing all the lines which are necessary for the VSM proces-

This Sheet Has Been Repl

[T




: REPLACEMENT Stited

In this formula two limt cases are to be regarded: -| iff \n) S
vertically interpol ated value (see Fig. 2), [err][err] eq A é nr
and [err] will becone a maximumw th [err] [err][ern]; M gﬂg ifs|a
di agonal structure as given in Flg 3, a mnll becone Zena

(([err][err] O AND [err][err] [err][erﬁ]) OR ([err][erT] = 0 AND
[err][err] = [err][err])) [err]— 0 For a deflection sigfrar—t4—(deft)y—whi ch

shoul d not
resol ution

bengf feld ©dndyns hehe UatuaZatliioe gr(ned) of theedslgyed lisely (1)
and the interpolated line y(n) go into the VSM processing unit
which itself generates a deflection signal 14 corresponding to
the interpolated line y(n) and generates modified interpolated
lines y*(n) with modified amplitude compared to the original in-
terpolated line y(n). The deflection signal 14 is used only for
the interpolated lines 16 of the frame 13. The tube 15 receives
the original lines y(n-1), y(n+l) and the modified interpolated
lines y*(n) and the additional deflection signal 14.

One essential requirement the VSM has to meet is the detection

- of the horizontal structures because only there the scan modula-

tion technique should be applied in order to keep the properties
of the Proscan algorithm. For that reason the VSM method is ba-
sed on the assumption that at horizontal structures”due to the
vertical average the vertical transition reaches over two lines.
That situation is depicted in Fig. 2. Fig. 2a shows in a three-
dimensional view the vertical transition and Fig. 2b depicts am-
plitude differences at this transition: a first difference D1
between the 1nterpolated line n, 21 and line n+l, a second
difference D‘ between line n-1 and the interpolated line n and a
third difference D3 between line n-1 and line n+l.

For a diagonal structure it is assumed that the vertical transi-
tion reaches normally only over one line. Fig. 3a and 3b illu-
strate this case respectively. Therefore the first difference Dl
between the interpolated line n, 31 and line n+l is zero and the
second difference D2 between line n-1 and the interpolated line
n is equal to the third difference D3 between line n-1 and line

n+l.

At a first stage within the VSM processing unit it is checked if
there is the same sign of the gradient between line y(n-1), line
y(n) and line y(n+l) and if the absolute values of both gra-

‘dients exceed also a given threshold, e.g. of value 16 in case

of 8-bit input samples. That means:

In principle VSM is enabled,

IF {(D1 > threshold AND D, > threshold) OR I"HI
(D, £ threshold AND D, £ threshold) }

THIS SHEET HAS BEEN
REPLACED
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of 3 bits is at |east necessary (that neans a 7-step staﬁm$&§MENLﬁ%ﬁﬁ n
shoul d be applied). Mreover, the control signal [err] has to be clippe

po

([err]) and to be signed by the want ed deflectlon directii qnd MARA9M ng (o
that the deflection signal defl nust be: = stairg¢agse([err]), with
[err], = 128 + sign([err]) * mn([err], 12? [err] =]a =i '
resolution. In order to increase the effect of the edge enhancenent the

| um nance VvEZHEN PEST =af'the shifted |ine is advanta-
with D, = y(n)-y(n+l), D2 = y(n-1)-y(n).
This gives already a very rough selection if the VSM should be
enabled or not.

In a first approach the VSM internal enabling control signal a
can be generated according to the following formula:

IF TEST = 'l' THEN a = |D,| - ||D1|-|D2||

ELSE a = O,

with D3 = y(n-1) -y(n+1) and D1 and D2 as given above.

In this formula two limit cases are to be regarded:
- if y(n) is a vertical interpolated value (see Fig. 2); D1
equals D, and a will become a maximum with a = |D3|;
- if there is a diagonal structure as given in Fig. 3, a will
become zero, i.e. '
IF {(D; = 0 AND D,
' (D2 = 0 AND Dl

D3) OR
D)} a=0

For a deflection signal 14 (defl) which should not be affected
by the quantization error of the signal itself a resolution of 3
bits is at least necessary (that means a 7-step staircase fun-
ction should be applied). Moreover, the control signal a has to
be clipped (alim) and to be signed by the wanted deflection di-
rection. According to that the deflection signal defl must be:
defl = staircase(alim),

with a,, = 128+sign(Dl)*min(d,127), d = a and 8-bit pixel reso-

lim
lution.

In order to increase the effect of the edge enhancement the lu-
minance value y(n) of the shifted line is advantageously modi-
fied according to the formula:

y*(n) = min[y(n)* (1+d*fac1/256),255].

Furthermore the modified signal should not exceed the maximum
luminance value of both neighbouring lines: )

y (n) = mm[y (n), max(y(n-1), y(n+1))].

Herein the factor facl evaluated by 1.5 has its major influence
on transitions between_nggg*ggg_gfsz_ifzf}s.
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geously nodified according to the forrmula: y[err] (n
[err]fac1/256) 255]. Furthernore the nodified signha
maxi mum | umi nance val ue of both nei ghbouring |ines:

mn(y[err](n), max(y(n-1), y(n+l ))]. Herein the fac
1.5 has its mgjor influence on transitions between bl

This first approach of the inventive VSM net hod can {

t he sharpness at vertical transitions

REPRAGENENT, BHEET (L +
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sTToul d not exceed t he

n”quAm

eva uat gdj by
ard—grey-—tevel s.

gnlflcantly | npr ove

This first approach of the inventive VSM method can signifi-
cantly improve the sharpness at vertical transitions along
horizontal structures, but unforﬁuﬁately also parts of diagonal
contours can be detected as separated small horizontal structu-
res. As a result of this some staircase patterns may occur. The
reason for this can be explained by means of the transition time
of the edges in horizontal direction. Fig. 4 reflects the situa-
tion of a diagonal edge. Due to a horizontal transition reaching
over two pixels the VSM method can find a vertical transition
over two lines as it was depicted.in Fig. 2b. The situation in
Fig. 4 is not the only one which can happen, also more extended
transitions are possible in natural pictures. The result is that
a control signal a is created for a certain number of pixels be-
longing to a certain part of a declined structure. To put this
findings into other words, the VSM method will work accurately
if the video signal has a maximum of horizontal resolution and
sharpness corresponding to a given sampling frequency.

In order to overcome these difficulties a detection of the
diagonal structures becomes necessary which is more sensitive
f.i. than in said Proscan (DIAG3) algorithm, because Proscan ex-
hibits certain ambiguities. The basic idea of how to overcome
these problems is to extend the first approach by detecting ho-
rizontal transitions which have a transition length of more than.
one pixel as shown in Fig. 5a. For a better selectivity the same
technique should be applied in the adjacent lines but with a ho-
rizontal offset of one pixel as depicted in Fig. 5b. Three lines
- 51 (a), 52 (b) and 53 (c) are depicted, whereby interpolated 1li-
ne 52 includes the current pixel 54 (xi). By this one can achie-
ve the maximum sensitivity in diagonal direction. By means of
separate averages over the various kind of the absolute values a
correction value e, can be created:

€y = fac2{|Dy,, |+|Dyp, [+|D3 | " “This Sh laced
+| IDlall"'lle]_l""chll s Sheet Has Been Replace
1Dy 11D -1, 1) A

with fac2 = 0.5 .
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transition reaching over two pixels the

transiti
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one can happen,
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control siqage ke4tle)e -

°r = facz{IDBarl"'lD3brl+|DBcrl
+'IDJ.a::'l"'ID:LbrI"'l]:)lcrl
'IDZarI'IDZbr"ID2crII}

Three lines 61 (a), 62 (b) and 63 (c) are depicted, whereby in-

terpolated line 62 includes the current pixel 64 (x;).
NB: Djpy = Dypy

Dop1 = Papr

Dip1 = DPapr

The resulting contfol signal d can nbw.be formed by :
d = max(a-max(e,,e),0)

In this formula the correction value e,
a diagonal structure the control signal

r compensates in case of
d.

Investigations have shown that this algorithm works quite se-
lective that way that only horizontal structures will be de-
tected. The diagonal average of the different kind of absolute
values in the above formulas have also proved to be quite ef-
fective in terms of noise immunity.

Because of the nature of the correction signal extremely fine
horizontal structures, only a few pixels. long, cannot be any mo-
re detected, but this has been regarded as negligible. Anothér-
drawback based on the same principle comes up at the beginning
and at the end of a horizental structure. The resulting control
signal has a reduced active time period that means the raising
and trailing edge of the control signal are in a region in which
the control signal should still have its maximum value. Conse-
quently, at the beginning and the end of the horizontal
structure the full sharpness cannot be achieved.

For that reason it is advantageous to average the resulting con-
trol signal d over five pixels in order to compensate this' unwan-
ted effect. In Fig. 7 the control signal d is passed through four
pixel delays 721, 722, 723 and 724. d and its four delayed values
are combined in adder 73. Each sum is divided by five in multi-
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created for a certain nunber of pixels belonging to R%v#QFME%bﬁﬁEE¥
declined structure. To put this findings into other (ds, the VSM
Wi ll work accurately if the video signal has a maxi nun oDmMARzWaI
resol uti on and sharpness corresponding to a given sa

order to overcone these difficulties a detgction of fh
becones necessary which is nore sensitive f.i. than 1n_said Proscan (O AG3)
al gorithm because Proscan exhibits certain anbjguities. The basic idea of

how t o overddr tMes&hsr ohitowt icontyodxsdgnaihd fiﬁsthappu%a@hlbytbetml ng

hori zont al gaddinanit &l Q%i%uiak@aﬂiim, defl and y (n). Despite of
that kind of lowpass filtering the resulting control signal can
after the control signal clipping raise or fall off very quickly
so that the voltage-to-current converter necessary for driving
the deflection coil should have a high bandwidth.

The proposed VSM technique comes up with a significantly impro-
ved picture sharpness while the picture quality is not compromi-
zed by new artefacts introduced by the VSM algorithm: Advanta-
geously also a respective horizontal scan modulation technique
can be added.

The soft decision for the generation of the deflection signal as
well as for the modification of the luminance level in the

interpolated lines has proved to be a necessity in terms of cur-
ved structures. Due to several applied averaging techniques the
inventive method comes up with a relatively good noise immunity.
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51 (a), 52 (b) a

pi xel as shown in Fig. 5a. For a better

but

v)

) #4resdepicted, ereby interpolated |line 52

incl udes the current pixel 54 ([err]). By this one cah acl) 4WMAR ##897maki pum

sensitivity in diagonal direction. By neans of separajefaverages overjhg
vari ous kChaimé the absol uteval ues a correction valuel[€rr] can be creafed:
[err]=fac2 { [err][err][err] .
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Method for improving sharpness of pictures displayed with a
line structure on a picture tube (15), whereby the beam of

said tube is deflected in vertical direction in relation to
brightness transitions (Fig. 2b, Fig. 3b) with at minimum a

vertical component, characterized in that said deflection

is made only for such lines (16, 21, 31, 41, n) which are
located in-between and are interpolated from original lines
of a field. '

Method according to claim 1, characterized in that said de-
flection is composed of a known standard vertical deflecti-
on and an additional vertical deflection (14).

Method according to claim 1 or 2, characterized in that
said additional vertical deflection (14) is such that at
said brightness transitions (Fig. 2b, Fig. 3b) the beam is
deflected away to the bright side of said transition regi-

on.

Method according to any of claims 1 to 3, characterized in
that the amount of said additional vertical deflection re-
lates to pixel difference values derived from the slope

'and/or from the direction of said transition.

Method according to any of claims 1 to 4, characterized in
that the amount and the sign of said additional vertical
deflection is a staircase function relating to said pixel
difference values, whereby a limitation is included.

Method according to any of claims 1 to 5, characterized in
that the brightness of respective pixels (xi) of said in-
terpolated lines (16, 21, 31, 41, n) is modified according
to pixel difference values derived from the slope and/or
from the direction of said transition.
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[err] with fac2 = 0.5 Cbviously, the other diagonar ' lkasERllso to
be checked. For that reason a second correction v JﬂﬂfﬁGERFNW D pe

i ntroduced (see Fi-g—®6)
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Method according to claim 6, characterized in that said
brightness modification is stronger between black and grey
than between grey and white. -

Method according to ahy of claims 1 to 7, characterized in
that a control signal from which the amount of said addi-
tional deflection and/or the amount of said brightness mo-
dification is derived is averaged over several, especially
five, pixels.

Method according to any of claims 1 to 8, characterized in

that a respective additional deflection in horizontal di-
rection is added to said vertical additional deflection.

Apparatus for a method according to any of claims 1 to 9,

~comprising a picture tube (15) and an interlace-progressive
upconverter circuit (11) and a vertical scan modulation

unit (VSM) which generates a signal for additional de-
flection of the beam of said tube in vertical direction in
relation to brightness transitions (Fig. 2b, Fig. 3b) with
at minimum a vertical component of lines (y(n-1), y(n),
y(n+l)) passed from the output of said upconverter circuit
to the input of said modulation unit, whereby said additio-
nal deflection is made only for such lines (16, 21, 31, 41,
n) which are located in-between and are interpolated from
original lines of a field and whereby said modulation unit
also changes the brightness of according pixels (xi) of
said interpolated lines in relation to said brightness
transitions. '
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METHOD AND APPARATUS FOR IMPROVING SHARPNESS
OF PI ES

ABSTRACT
In PCT/EP91/01702 a method for vertical sharpness improving
using a luminance level dependent deflection is described. But
special problems in connection with interlace sources for the
input signal are not considered. The deflection is uniform for
all lines.
Interlace-progressive upconverted pictures will have an ambi-
guous vertical transition along horizontal structures within the
interpolated lines. The vertical transition reaching'over two
lines leads nevertheless to a significant reduction of sharpness
in vertical direction. Since there is only the interpolated line
which is uncertain with its amplitude, only this line should be
deflected in vertical direction. Furthermore the vertical de-
flection is restricted to horizontal structures or real vertical
transitions, respectively. In order to have a high noise immuni-
ty of this sensitive processing the resulting luminance ampli-
tude of the shifted line as well as the vertical deflection is
strongly dependent on the current video signal (soft decision).

Fig. 2
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[err][err] = [err] The resulting control signal

[err] = max([err]-max([err],[err]). 0) In this fjo
[err], conpensates in case of a diagonal structur
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correction signal extrenmely fine horizontal struct
I"'ong, cannot be any nore detected, but this has be
negli gi bl e. Anot her drawback based on the sane pr

begi nning and at the end of a horizontal structure,.
signal has a reduced active tinme period that neans
edge of the control signal are in a regionin whic

end of the horizontal structure the full sharpness

quite effective in terns of noise'innunity. Because of the nature of the
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cannot be achi eved. For ihat reason it is advantageous taQ aug;agf t he
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unwanted effect. . In Fig. 7 the control signal 4 is

resulting control signal 8 over five pixels in

pi xel delays 721, 722, 723 and 724. 6 and its f
conbi ned i n adder 73. Each sumis divided by fi

output control signal [err] is then used it the
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METHOD AND APPARATUS FOR IMPROVING SHARPNESS OF PICTURES

Description

The present invention relates (o a method and to an apparatus for improving sharpness of pictures.

Background

Spatial Proscan converted (i.e. from a progressive source) interlace pictures exhibit in general unsharp transitions
in vertical direction (the Proscan or DIAG3 algorithm is described in EP-A-0561286). This unsharpness is normally due
to a vertical interpotation applied at horizontal structures. The result of that kind of upconversion is very often that the
original interlace picture looks sharper than the upconverted one. In addition to that, large format colour TV tubes
producing a high peak brightness in order to be acceptable in the consumer market possess a large beam current in
bright areas and a subsequent defocussing of the resulting spot on the display.

To overcome these fundamental disadvantages the interpolated line, which represents along horizontal structures
the center of the transmon should be deflected away from the transition region towards the adjacent line carrying the
higher luminance level. That results in an improved sharpness due to an enhanced overshoot of the luminance on the
screen without increasing the beam current and a subsequent enlarged spot size as it is the case with a peaking
technique.

in WO-A-82/05661 and US-A-3980819 a method for vertical sharpness 1mprovement using a luminance level
dependent defiection is described. But special problems in connection with progressive sources for the input signal
are not considered. The deflection is uniform for all lines.

in JP-A-61225978 interpolated lines are shifted in order to display smooth circles or oblique lines.

|nvention

It is one object of the invention to disciose a method of sharpness improvement for progressive pictures which
stem from an interlaced source. This object is achieved by the method disclosed in claim 1.

The behaviour of a VSM (vertical scan modulation) method depends strongly on the properties of the incoming
signal that means whether the input signal stems originally from an interlace source or a really progressive cne. Because
of the nature of the spatiai Proscan aigorithm the upconverted pictures will have an ambiguous vertical transition along
horizontal structures within the interpolated lines. The best solution implying a linear filter technique for the interpolation
represents the vertical interpolation or for a simpler solution vertical average like in the Proscan algorithm. The vertical
transition in that case reaching over two lines leads nevertheless to a significant reduction of sharpness in vertical
direction. Since there is only the interpolated line which is uncertain with its amplitude, only this line should be deflected
in vertical direction. This strategy has several advantages over a VSM algorithm which creates for each line a deflection
signal: .

-  Firstly, due to the fact that the original lines are not shifted the cbjects within the picture will keep its original size.
That is not the case if also the original lines will be shifted. This can lead to an extension of the black regions and
the pictures become more coarser than the cngmal ones. Also some black holes can appear between a grey/white
transition.

- Secondly, by using a deflection signal for each line the interlace artefacts may be increased because the contours
of the objects appear shifted from its original position. These effects have been observed in moving picture parts
with fine details in which a new annoying moving structure came up. Such effects cannot occur, if only the inter-
polated line is shifted.

-  Thirdly, if this VSM technique is applied i in conjunction with a Proscan algorithm, no additional Ime delay becomes
necessary. -

Furthermore the vertical deflection should be restricted to horizontal structures or real vertical transitions, respec-
tively. This has also many advantages. This restriction avoids:

-  Firstly, this restriction avoids that again a staircase structure will be introduced at declined structures.

- Secondly, the processed pictures look more natural in real scenes with human faces including the testh.

-  Thirdly, the additional deflection only at horizontal structures ensurss a flat field reproduction in all other parts of
the picture.

By this the properties of the Proscan algorithm can be kept and the picture quality is not compromized again by
“old* interlace distortions or even new artefacts.
The achieved overshoot and the resulting sharpness at vertical transitions depend strongly on the luminance amplitude
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theless the resuiting deflection signal can occur with a sharp transition and necessitates therefore a high bandwidth
for a voltags-current converter which drives the additional deflection coil.
In principle the inventive method consists in improving the sharpness of pictures displayed with a line structure on
a picture tube, whereby the beam of said tube is deflected in vertical direction in relation to brightness transitions with
at minimum a vertical component and said deflection is made only for such lines which ara located in-between and are
interpolated from original lines of a field.
Advantageous additional embodiments of the inventive method are resulting fromthe respective dependent claims.
It is a further object of the invention to disclose an apparatus which utilizes the inventive method. This object is
achieved by the apparatus disclosed in claim 10.
in principle the inventive apparatus comprises a picture tube and an interiace-progreéssive upconverter circuit and
a vertical scan modutation unit which generates a signal for additional deflection of the beam of said tube in vertical
direction in relation to brightness transitions with at minimum a vertical component of lines passed from the output of
said upconverter circuit to the input of said modulation unit, whereby said additional deflection is made only for such
lines which are located in-between and are interpolated from original linss of a field and whereby said modulation unit
also changes the brightness of according pixels of said interpolated lines in relation to said brightness transitions.

réspéctive line
(MSM 14) in vertlc directio

Drawings

Preferred ambodiments of the invention are described with reference to the accompanying drawings, which show
in:

Fig. 1 the principle of the vertical scan modulation;

Fig.2  avertical edge with accompanying luminance amplitude differences;

Fig. 3 adiagonal edge with accompanying luminance amplitude differences;

Fig. 4 adiagonal edge with unsharp transition;

Fig. 5 amplitude differences at a horizontal transiticn and schema of the generated differences (diagonal L);
Fig.6 schema of the generated differences (diagonal R);

Fig 7  circuit for horizontal averaging. :

Preferred embodiments

As mentioned above the inventive VSM will generate an additional vertical deflection signal only for the interpolated
lines. Fig. 1 gives an overview of the processing. The spatial Proscan circuit 11 supplies from each input field 12 an
output frame 13 containing all the lines which are necessary for the VSM processing. That means the actual line y
(n+1), the delayed line y(n-1) and the interpolated line y(n) go into the VSM processing unit which itself generates a
deflection signal 14 corresponding to the interpolated line y(n) and generates modified interpolated lines y*(n) with
modified amplitude compared to the original interpolated fine y(n). The deflection signal 14 is used only for the inter-
polated lines 16 of the frame 13. The tube 15 receives the original lines y(n-1), y(n+1) and the modified interpolated
lines y*(n) and the additional deflection signal 14.

One essential requirement the VSM has to meet is the detection of the horizontal structures because only there

the scan modulation technique should be applied in order to keep the properties of the Proscan algorithm. For that
reascn the VSM method is based on the assumption that at horizontal structures due to the vertical average the vertical
transition reaches over two lines. That situation is depicted in Fig. 2. Fig. 2a shows in a three-dimensional view the
vertical transition and Fig. 2b depicts ampiitude differences at this transition: a first difference A, between the interpo-
lated line n, 21 and line n+1, a second difference A, between line n-1 and the interpolated line n and a third difference
A4 between line n-1 and line n+1.
For a diagonal structure it is assumed that the vertical transition reaches normally only over cne line. Fig. 3a and 3b
illustrate this case respectively. Therefore the first difference A, between the interpolated line n, 31 and line n+1 is zero
and the second difference A, between line n-1 and the interpolated line n is equal to the third difterence Ay between
line n-1 and fine n+1.

At a first stage within the VSM processing unit it is checked if there is the same sign of the gradient between line
y(n-1), line y(n) and line y(n+1) and if the absolute valuss of both gradients exceed also a given threshold, e.g. of vaiue
16 in case of 8-bit input samples. That means: In principle VSM is snabled,

IF {(4, > threshold AND A, > threshold) OR
(A, (-threshold) AND A, < {-threshold))}
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with A, = y(n)-y(n+1), Ay = y(n-1)-y(n).
This gives already a very rough selection if the VSM should be enabled or not,
In a first approach the VSM intemal enabling control signal a can be generated according to the following formula:
IF TEST = '1' THEN @ = 1A4] - l1a, -1a,lI
ELSE =0,
with A3 = y(n-1}-y(n+1) and A, and A, as given above.
In this tormula two limit cases are to be regarded:

- if y(n) is a vertically interpolated vaiue (see Fig. 2), A, equals A, and a will become a maximum with & = 1A,};
- itthere is a diagonal structure as given in Fig. 3, o will become Zero, i.e.

IF {{A; = 0 AND 4, = A5) OR

(As=0 AND Ay = Ag)} @=0

For a deflection signal 14 (defl) which should not be affected by the quantization error of the signal itself a resolution
of 3 bits is at least necessary (that means a 7-step staircase function should be applied). Moreover, the control signal
« has to be clipped (cy,) and to be signed by the wanted deflection direction. According to that the deflection signal
defl must be:
defl = staircase{oy,),
with oy, = 128 + sign(A,) * min(3, 127), 8 = c and 8-bit pixel resolution.

In order to increase the effect of the edge enhancement the luminance value y(n) of the shifted line is advanta-
geously modified according to the formula:

y* (n) = minfy(n)*(1 + 8"ac1/256), 255].

Furthermore the modified signal should not exceed the maximum luminance value of both neighbouring lines:

y*(n) = minfy*(n), max(y(n-1), y(n+1))].

Herein the factor fac1 evaluated by 1.5 has its major influence on transitions between black and grey levels.

This first approach of the inventive VSM method can significantly improve the sharpness at vertical transitions

along horizontal structures, but unfortunately aiso parts of diagonal contours can be detected as separated small hor-
izontal structures. As a resutt of this some staircase patterns may occur. The reason for this can be explained by means
of the transition time of the edges in horizontal direction.
Fig. 4 reflects the situation of a diagonal edge. Dus to a horizontal transition reaching over two pixels the VSM mathod
can find a vertical transition over two lines as it was depicted in Fig. 2b. The situation in Fig. 4 is not the only one which
can happen, also more extended transitions are possible in natural pictures. The result is that a control signal « is
created for a certain number of pixels belonging to a certain part of a declined structure. To put this findings into other
words, the VSM method will work accurately if the video signal has a maximum of horizontal resolution and sharpness
corresponding to a given sampling frequency. -

In order to overcome these difficulties a detection of the diagonal structures becomes necessary whlch is more
sensitive L.i. than in said Proscan (DIAG3) algorithm, because Proscan exhibits certain ambiguities. The basic idea of
how to overcome these problems is to extend the first approach by detecting horizontal transitions which have a tran-
sition length of more than one pixel as shown in Fig. 5a. For a better selectivity the same technique should bs applied
in the adjacent lines but with a horizontal offset of one pixel as depicted in Fig. 5b. Three lines 51 (a), 52 (b) and 53
(c) are depicted, whereby interpolated line 52 includes the current pixel 54 (x). By this one can achieve the maximum
sensitivity in diagonal direction. By means of separate averages over the various kind of the absolute values a correction
value ¢, can be created:

= 1802 {{Agyd +{Agul +|25d]
110l Ha 10 #4810 820 {820] {82 }

withfac2=0.5.
Obviously, the other diagonal dlrectxon has also to be checked. For that reason a second correction value g, has

to be introduced (see Fig. 6):
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to pixel difference values of saild jbri ghtness transitions and wherein a
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Three lines 61 (a), 62 (b) and €3 (c) are depicted, whereby interpolated line 62 includes the current pixel 64-(x).

NB: Ay = By
Doy = Aoy
Agpr = Agpr

The resulting comtrol signat 6 can now be formed by :
8 = max({o-max(e,.g,). 0)
In this formula the correction value &, compensates in case of a diagonal structure the control signal 5.

Investigations have shown that this algorithm works quite selective that way that only horizontal structures will be
detected. The diagonal average of the different kind of absolute values in the above formulas have also proved 10 be
quite effective in terms of noise immunity.

Because of the nature of the correction signal extremely fine horizontal structures, only a few pixels long, cannot

be any more detected, but this has been regarded as negligible. Ancther drawback based on the same principie comes
up at the beginning and at the end ot a horizontal structure. The resulting control signal has a reduced active time
period that means the raising and trailing edge of the control signal are in a region in which the control signal should
still have its maximurm value. Consequently, at the beginning and the end of the horizontal structure the full sharpness
cannot be achieved. .
For that reason it is advantageous to average the resulting control signal 8 over five pixels in order to compensats this
unwanted effect. In Fig. 7 the control signal § is passed through four pixel delays 721, 722, 723 and 724. 6 and its four
delayed values are combined in adder 73. Each sum is divided by five in multiplier 74. The output control signal §* is
then used in the VSM processing unit to calculate oy, defl and y*(n). Despite of that kind of lowpass filtering the
resulting control signal can after the control signal clipping raise or fall off very quickly so that the voitage-to-current
converter necessary for driving the deflection coil should have a high bandwidth.

The proposed VSM techmque comes up with a significantly improved picture sharpness whxle the picture quality
is not compromized by new artefacts intreduced by the VSM algorithm. Advantageously also a respective horizontal

" scan modulation technique can be added.

The soft decision for the generation of the deflection signal as well as for the modification of the luminance level
in the interpolated lines has proved to be a necessity in terms of curved structures. Due to several applied averaging
techniques the inventive method comes up with a relatively good noise immunity.
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Claims

1. Method for improving sharpness of pictures displayed with a line structure on a picture tube (15), wherein for
respective line partitions the beam of said tube is additionally deflected (VSM, 14} in vertical direction - the amount
of said additional deflection -being dependent upon the variation in brightness (A;) across vertical transitions - to
the bright side of the brightness transition region in order to compensate for reduced resolution caused by large,
brightness-dependent spat diameter, characterised in that an interlace format picture signal (12) is displayed as
a progressive format picture signal (13), wherein said additional deflection is carried out for partitions of such
progressive format lines only (16, 21, 31, 41, n) which are located in-between the interlace format lines (12) and
for such brightness transitions only which include three successive lines (y(n-1), y(n), y(n+1)) of said progressive
format picture signal.

2. Method according to claim 1, wherein said additional deflection (VSM, 14) is carried out in case of a horizontal
structurg of said brightness transitions only.

3. Method according to claim 1 or 2, wherein, in order to distinguish between horizontal and diagonal structures of
said brightness transitions, brightness transitions located in diagonal direction in adjacent fines of said progressive
format are evaluated, too.

4. Method according to any of claims 1 to 3, whersin said deflection is composed ofa predetermined standard vertical
deflection and an additional vertical deflection (VSM, 14).

5. Method according to any of claims 1 to 4, wherein the amount and the sign of said additional vertical deflection
(VSM, 14) is a staircase function relating to pixel difference values of said brightness transitions and wherein a
limitation is included. .

6. Method according to any of claims 1 to 5, wherein the brightness of respective pixels (x) of said interpolated lines
(16, 21, 31, 41, n) is modified according to pixel difference values derived from the siope and/or from the direction
of said brightness transitions.

7. Method according to claim 6, wherein said bnghtness modification is stronger between biack and grey than between
grey and white.

8. Method according to any of claims 1107, whereina control signal from which the amoumotsald additionai deflection
and/or the amount of said brightness modification is derived is averaged over several, especially five, pixels.

9. Maethod according to any of claims 1 to 8, wherein a respective additional deflection in horizontal direction is added
to said vertical additional deflection.

10. Apparatus for carrying out a method according to any of claims 1t 9, for i improving sharpness of pictures displayed
with a line structure on a picture tube (15), wherein for respective line partitions the beam of said tube is additionally
deflected (VSM, 14) in vertical direction - the amount of said additional defiection being dependent upon the var-
iation in brightness (A,) across vertical transitions - to the bright side of the brightness transition region in order to
compensate for reduced resolution caused by large, brightness-dependent spot diameter, and comprising:

- an mterlace-progressnve upconverter circuit (11) generating from an interiace format picture signal (1 2) lines
for a progressive format picture signal (13);

- a picture tube (15) which displays the lines of said progressive format picture signal,

- avartical scan modulation unit (VSM),

which generates a signal for said additional deflection of the beam in vertical direction, wherein said
additional deflection is carried out for partitions of such progressive format lines only (16, 21, 31, 41, n)
which are located in-betwsen the interlace format lines (12) and for such brightness transitions only which
include three successive lines (y(n-1), y(n), y(n+1)) of said progressive format .
and which in particular also changes, in relation to said brightness transitions, the brightness of according
pixels (x;) of said additionally deflected line partitions.
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ABSTRACT

In PCT/EP91/01702 a method for vertical sharpness improving
using a luminance level dependent deflection is described. But
special problems in connection with interlace sources for the
input signal are not considered. The deflection is uniform for

all lines.

Interlace-progressive upconverted pictures will have an ambi -
guous vertical transition along horizontal structures within the
interpolated lines. The vertical transition reaching over two
lines leads nevertheless to a significant reduction of sharpness
in vertical direction. Since there is only the interpolated line
which is uncertain with its amplitude, only this line should be
deflected in vertical direction. Furthermore the wvertical de-
flection is restricted to horizontal structures or real vertical
transitions, respectively. In order to have a high noise immuni-
ty of this sensitive processing the resulting luminance ampli-
tude of the shifted line as well as the wvertical deflection is
strongly dependent on the curreat video signal (soft decision).

Fig. 2
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