METHOD AND DEVI CE FOR | NTERLACE SCAN DETECTION This invention relates to a
met hod and apparatus for determning if a video signal has characteristics
of signal 5 originated in interlaced scan node i.e., video node or has
characteristics of signal originated as non-interlaced scan or film node.
Certain high end television receivers inelude apparatus to enhance the
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scanned images. Apparatus of this type typically introduces
image artifacts in areas of image motion. These artifacts can be
significantly reduced with knowledge of whether the source
material was originally generated as interlace scanned video or as

15 non-interlace scanned video or film. In addition video signal
compression systems, particularly for use with NTSC video signals,
can realize a twenty percent compression bonus if the source
video can be determined to have been originated as film and
converted to video by the technique known as 3:2 pull down.

20 Video signal generated via 3:2 pulldown includes one duplicated
field in every 5 field sequences, which duplicate fields may be
excised to realize the compression bonus.

The method/apparatus according to the invention forms the
sums FD of differences between vertically aligned pixels of

25 adjacent lines in exclusive fields, and forms the sums FR of
differences of vertically aligned pixels of adjacent lines in frames
including one of said exclusive fields and an adjacent field. The
ratio FR/FD is generated and compared with a predetermined
value and if the ratio is greater than the predetermined value it is

30 characterized as having been originated as interlace scanned
video. The invention will be described with greater specificity
with the aid of the following drawings.

A

Brief Description of the Drawings
35 FIGURE 1 is a block diagram of an interlace/non-interlace
field characterizer embodying the present invention.
FIGURE 2 is a flow chart of the operation of a first aspect of
the FIGURE 1 apparatus.



differences of vertically aligned pixels of adjacent lines in frames

I ncl udi ng one of said exclusive fields and an .adjacent field. The ratio
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honzontal line memory 16, an to respective first input terminals
of subtractors 17, 18 and 19. The video sxgnal is delayed by one

10 field interval in the memory 12 and the delayed video signal is
coupled to a second similar field memory 14 and to a second input
terminal of the subtractor 18. The video signal is delayed by one
horizontal line interval in the memory 16, the output of which is
coupled to a second input terminal of the subtractor 19. Video

15 signal applied to the memory 14 is delayed for a second field
interval and coupled to a second input terminal of the subtractor
17, to the input terminal of a buffer storage frame memory 25,
and to the Decision and Field Combine circuitry 26.

Each of the subtractors 17, 18 and 19 provide at their

20 respective output terminals the magnitude of the differences of
the signals applied to their respective input terminals. Subtractor
17 provides the magnitudes of the differences of the amplitudes.
of corresponding pixels in successive frames. These magnitude
values are accumulated (20) over respective frame intervals. It

25 has been determined -to be advantageous to accumulate
magnitude values only over the active picture portions of
respective frame intervals. The accumulation period is controlled
by. the circuit 26, and accumulated magnitude values for

respective frames d(j, j+2) are captured and stored by the circuit

30 26. ‘

The subtractor 18 provides the magnitudes of the
differences of the amplitudes of corresponding pixels in successive
fields.  That is, subtractor 18 provides the magnitudes of the
differences of pi:kels in adjacent lines in -a frame comprised of two

35 successive. fields j and j+1. The magnitudes of the differences
from exclusive pairs of lines are accumulated during the active
picture interval in accumulator 22. Preferably the magnitudes are
accumulated over strips FR(k).of the frame with each strip



1 0field interval in the nmenory 12 and the del ayed video signal is coupled
to a second simlar field nenory 14 and to a second input termnal of the
. subtractor 18. The video signal is delayed by one horizontal |ine interval
; 1n the nmenory 16, the output of which is codpl"ed to a second input term nal
‘of the subtractor 19. Video 1 5 signal applied to the nenory 14 is del ayed
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The subtractor 19 provides the magnitudes of

differences of vertically aligned pixels in adjacent lines in

15 exclusive fields. These differences, for exclusive line pairs, are
accumulated (24) over the active picture interval for strips FD(k)
of respective fields. The accumulation intervals are controlled by
the circuit 26 which captures and stores accumulated values for

, respective strips. For each strip in the luminance plane, the

20 accumulated differences FD(k) of pixels belonging to exclusive
fields, i.e., adjacent lines in a field are equal to

8k+7 703
p 2 (1Y (m, 4n) =Y (m, 4n+2) [+ |y (m, 4n+1) ~¥ (m, 4n+3) [)

n=8k -~ m=16

25 The line numbering for both field and frame strips assumes
ordinal line numbering over a frame interval. That is, lines in the
- even fields are numbered O, 2, 4, ...etc. and lines in the_ odd
numbered fields are numbered 1, 3, 5, 7, etc.
The differences generated by the subtractor 18 are
30 also coupled to a further accumulator 23, which accumulates the
pixel differences over the entire active portion of respective
fields. The accumulated values over a frame d(j, j+1) are
captured and stored by the circuit 26, for use in determining
which of respective fields are to be excised from the field
35 sequence. |
The Decision and Field Combining Circuit 26 of FIGURE
1 performs two functions. The first is to determine if successive



differences of pixels in adjacent lines in a franme conprised of two 35
successive fields j and j+1. The magnitudes of the differences from
exclusive pairs of |lines are accumul ated durj ng the active picture interval

i-n accunul ator 22. Preferably the ma_gnitude's are accunul ated over strips
FR(k). of the frame wth each strip -3- including about 16 line
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for this” analysis. rJIehe system is initialize at a step 50 which occurs
when the circuitry is energized. Initialization involves. setting
respective index values to zero. After initialization the system

10 waits {51} for the next field to occur. When a new field occurs
two indices k and r are set {52} to zero. The k index is a strip
index number and the r index is a count of a measurement event
to be described subsequently. Once the indices are reset, a stored
accumulated magnitude value FR(k) for strip k is accessed {53}

15 from memory. Recall that the value FR(k) corresponds to line-to-
line pixel differences within -a frame comprised of fields j and j+1. .
The stored accumulated magnitude values FDj(k) and FDj;1(k) are
also -accessed {53} from memory. These values correspond to line-
to-line pixel difference values within respective fields j and j+1.

20 The values FDj(k) and FDj+1(k) are added together in
step {54} to form the value F]j(k). The ratio R= FR(k)/FD(k) is
calculated {55}. This ratio is compared {56} to a predetermined
threshold value W (such as 1). If the ratio is less than the
threshold a jump is made to step {59}. If the ratio is greater than

25 the threshold the index r is incremented by one unit {57}.

The index r is_examined {58} to determine whether it is
greater or lesser that a second predetermined threshold value M.
If it is greater than M, the frame consisting of fields j and j+1 are
.presumed {61} to exhibit interlaced characteristics. That is, there

30 is for example, apparent motion between the successive fields,
and motion cannot occur between field intervals of film sourced
video or progressive scanned video. The inventors have
determined that if three strips exhibit a ratio R greater than W
(i.e., M=3), this is sufficient information to consider the frame to

35 consist of interlaced fields. After classifying a frame as interlaced,
the system returns to step {51} to await the next field.

If at step {58} the index r is not greater than M, the
strip index k is incremented by one unit {59}. A tést_is performed



1 5 exclusive fields. These differences, for exclusive line pairs, are
accunul ated (24) over the active picture interval for strips FD(k) of
respeetive fields. The accunulation i ntervgl s are controlled by the
Gircuirt 26 which captures and stores accunuPated val ues for respective
strips. For each strip in the lum nance plane, the 20 accuynul at ed
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two functions.thehexeisedtinfarmation: e FKORRE3 siscesflpwehart which illustrates
10 this function which is performed by the Decision and Field
Combine element 26. In performing this function the system uses
‘the interlace/non-interlace determinations of two frames (four
fields 0, 1, 2, 3) from the input field sequence to make all
decisions. The numbers 0, -1, 2, 3 refer to each consecutive set of
15 occurring four fields and field 0 may be an even or odd field.
Referring to FIGURE 3, this function is initialized {101}
to determine if sufficient field information is available, and then
accesses the interlace/non-interlace classifications of fields (1,2)
and (0,1). A test {103} is performed to determine if fields 1 and 2 -
20 are interlaced. If they are, the system jumps to step {109} where
a test is performed to determine if fields (0,1) are interlaced. If
they are determined not to exhibit interlaced characteristics,
fields 0 and 1 are grouped {111} as a frame and indicated as being
non-interlaced. A code is génerated to indicate that they should
25 be displayed in the field order 0, 1. Alternatively, if they do
~exhibit interlaced characteristics, fields 0 and 1 are grouped {117}
as a frame and indicated as being interlaced. A code is generated
to indicate that they should be displayed in the field order O, 1.
' Alternatively at step { 103}, if the fields (1, 2) are
30 indicated as non-interlaced, a test is performed to determine if
field 2 is substantially similar to field 0 and field 1 is dissimilar
to field 3. This is accomplished by comparing the accumulated
pixel differences d(0, 2) between fields 0 and 2 with the pixel
differences d(1, 3) between fields 1 and 3. (The differences d(0,
35 2) and d(1, 3) are provided by the subtracter 17 and accumulator
20). If the differences d(0, 2) are significantly smaller than the
differences d(1, 3), the assumption is made {113} that the source
video signal is non-interlaced, for example it may have been



-4 - fields conprise interlace scan fields, and secondly, based on this
determ nation to conbine fields into frames for application to video signa
conpressi on apparatus whi ch conpresses vid signal on a frame by frane
basis. 5° The operation of the'Tirst function is illustrated
by the flow chart of FIGURE 2. Two successive fields, j and j+1, are used
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val ue FDLK) . {1G7}) dsiperfRorhedk) /T kiest 4s included to detect the special case
where an isolated field is included which is basically out of
sequence such as may occur during editing. The accumulated
pixel differences d(1, 2) between fields 1 and 2 are compared
with the pixel differences d(2, 3) between fields 2 and 3. (These
15 differences are provided by accumulator 23.) If the differences
d(1, 2) are significantly smaller than the differences d(2, 3), the
assumption is made {115} that an isolated field (field 0) is _
present, which field is excised from the field sequence. Fields 1
and 2 are grouped as a frame and a code is generated indicating
20 that upon recovery and decompression the fields 1 and 2 should
be displayed in the three field -sequence 2, 1, 2. Thereafter the
system returns to step {103} and waits for the next fields.
If the differences d(1, 2) are not significantly smaller
than the differences d(2, 3), fields O, 1 are tested {109} for
25 interlace. If fields O and 1 are interlaced they are grouped as a
frame and a code is generated indicating that they should be
displayed in the seqﬁence 0, 1. Alternatively, the fields are
~grouped 0, 1 and a code is generated {111} indicating they are not
interlaced but should be displayed in the sequence 0, 1.. The
30 system then returns to step {103}. .
At step {105}, it has been found that an inequality in
the order of about 1:5 or greater is satisfactory. At step {107}, it
has been found that an inequality in the order of 3.0 or greater is
satisfactory. ' - -
35 Referring again to FIGURE 1, at least the former two
fields O and 1 of fields O, 1, 2, and 3 are available to the Decision
and Field Combiner from the frame memory 25, when respective
grouping decisions are completed. Field 2 is available from field




calculated {55). This ratio is conpared {56} to a predeterm ned threshold
value W(such as 1). If the ratio is less than the threshold a junp is nade
to step {59). If the ratio is greater than 25 the threshold the index r
is increnented by one unit (57). The index -r74s exanm ned (58) to determ ne
whether it is greater or |esser that a second predeterm ned threshold val ue
M If it is greater than M the frame consisting of fields j and j+1 are
presured (61) mom@xm b#t andt fieldiceds cavailahler from fdeldTmemory tZere 30 is
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(51) to await the next field, and if not the systemjunps to step (531 to
process the next strip.



In a video signal conpression systemit is desirable to 5 exci se repeated
fields of information, and in lieu of transmtting the excised fields in
conpressed form to transmt a code to indicate that t

excised and that a given transnitted conpressed field mm m“i ml
substitute for the excised information. FI 3is a fl

illustrates 1 0 this function which is perforned by the Decision and :
Fiel d Conbine el ement 26. In performing this function the system uses the

i nterlace/ non-jnt _llgce determ natlons of two franes (four fields 0, 1, 2,
3) fromthe mWHX 850 make all decisions. The nunbers 0, 1,

2, 3 refer to each consecutlve set of 15 occurring four fields and fleld
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threshold value.

2. The apparatus set forth in claim 1 further
comprising means for accumulating said differences FD and FR
over strips of respective fields and generating respective ratios
FR/FD for respective strips and. classifying pairs of said fields as
interlaced if the ratios for a predetermined number of strips are
greater than said predetermined threshold, where said
predetermined number of strip's comprise less than a full
field/frame.

3. The apparatus set forth in claim 2 wherein
respective strips comprise 16 horizontal lines.

4. The apparatus set forth in claim 1 wherein said
predetermined number of strips is three.

5. The apparatus set forth in claim 1 wherein said
means for generating accumulated differences FD of pixels in
successive lines of respective pairs of fields and accumulated
differences FR of pixels in successive lines of interlaced said pairs
of fields, generates such differences for mutually exclusive pairs
of lines.



to indicate that they should be displayed in the field_order 0,1
Alternatively at step [ 103), if the fields (1, 2) are 3 00 indicated as

non-interlaced, a test is perfornmed to determni ne |f flelm ‘! “L
substantial l'y simlar to field O and field. B.is dISSIm|| mu‘ml““‘l “‘ is
i s acconplished by conparing the accunul ated pi xel differendes Ld(

between fields O and 2 with the pixel differences d(lI, 3) between flel ds 1
and 3. (The differences d(0, 3 5 2) and d(l, 3) are provided by the
subtracter 17 and accunul ator 20). If the differences d(0, 2) are

significantly smaller than the djfferences d(l, 3), the assurrptlon I s made
(113) that the source wéeoAsmﬁfhP |B>rndqtenrmlamsa<yeluc fof paiesmoffe it nay
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of accumulated differences FR/FD is greater than a predetermined

threshold value.

7. The method set forth in claim 6 further comprising:
accumulating said differences FD and FR over strips of respective
fields; generating respective ratios FR/FD for respective strips; and
classifying pairs of said fields as interlaced if the ratios FR/FD for
a predetermined number of strips are greater than said
predetermined threshold, where said predetermined number of
strips comprise less than a full field/frame.



10 (107) is perfornmed. This test is included to detect the special case
where an isolated field is included which is basically out of sequence such
as may occur during editing. The accurul ated pi xel differences d(l, 2)
between fields 1 and 2 are conpared wi th thg)pixel differences d(2, 3)
between fields 2 and 3. (These 1 5 di fferences are provi ded by

accunmul ator 23.) |If the differences d(1, 2) are significantly smaller than

the differences d i i i-s@l at ed
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FIG 1



satisfactory. 3 5 Referring again to FIGURE 1, at |east the
former two fields O and 1 of fields O, 1, 2, and 3 are available to the
Deci sion and Field Conbiner fromthe frame menory 25, when respective
groupi‘ng decisions are conpleted. Field 2 is available fromfield -7 -
menory 14 and field 3 is available fromfield menory 12. Depending on the
groupi ng deci sion, appropriate flelds q g conbi ned as franmes and provi ded
to the MPEG conpressor/encoder 27. 4ddition the respective codes 5

i ndicating excised fieldg and field dlsplay sequences are passed to the
MPEG conpr essor/ encoder for inclusion in the encoded §ideo signal for
storage or trans | MED |
det er m ni ng whi chj of palrs of video fields hg
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generating accunul ated differences FR of pixels in successive |ines of
interlaced said pairs of fields; and nmeans for conparing said differences
FD and FR and classifying pairs of said fields as interlaced if the ratio
FR/I'FD is greater than a predeterm ned threshold value. 2. The apparatus set
forth in claiml further conprising nmeans for accunul ating said differences
FD and FR over strips of respective fiedmds and generating respective
ratios. FR/'FD for respective strips and, classifying pairs of said fields
as interlaced if the ratios_feH a predeterj ned number of strips are
greater than said predeter nPed V\/nere said pr edet erm ned nunber
of strips conprise less than a full f '

apparatus sgf=f@Fih@n claimi5
is three. 5. The apparatus se

respective pairs of fields and accwyleted differences FR of pixel§ i
successive lines of interlaced sai d m of fields, generates suc
di fferences for nutually exclusive_p§irs of |ines.
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-9 6. A nethod for determ ning which of pairs of successive video fields
have interlace scan characteristics conprising: generating accunul ated

di fferences FD of pixels in successive lines of respective fields of
successive pairs of fields; generating accunul ated differences FR of pixels
I n successive lines of interlaced said pairs of fields; conparing said
differences FD and FR and classifying pairs of said fields as interlaced if
the ratio of accunul ated differences FR'FD is greater than a predeterm ned
t hreshold value. 7. The nethod set forth in claim®6 further conprising:
accunul ating said differences FD and FR over strips of respective fields;
generating respective ratios FRIFD for respective strips; and classifying
pairs of said fields as interlaced if the ratios FRI'FD for a predeterm ned
nunber of strips are greater than said predeterm ned threshold, where said
predet er mi ned nunber of strips cowy16¥eless than a full field/frane.

FIG. 3
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