METHOD ;AND, DEVI CE FOR NON- | NTERLACE SCAN DETECTI ON AND FI ELD ELI M NATION 5
This invention relates to a nethod and apparatus for determining if a video
signal has characteristics of signal originated in interlaced scan node
l.e., video node or has characteristics of'krgnal originated as .
non-interlaced scan or filmnode. 10 Certain high end television receivers

I ncl ude apparatus to enhance the apparent resolution of reproduced.inmages

by, for exanple, converting _interlac n ' s_to_non-interlace
scanned i nages. Appar ME DMQ@%E%&%WW§CM i mage
artifacts in areas of i magPEEECTION D ELIMINAHON significantly
reduced with know edge of whether the source material was originally

generated as interlace scanned video or as nonp-interlace scanged vi deo or

film In &ddition Jihdgoinvention selawseds anmethed and APRaratusadey for use

YVi th NTSC vij dﬁ@;&hﬁﬂﬁ@,iﬂﬁ- video !sﬁgiﬁdlzﬂas?\ SharadteriPRES Bl stdialr essi on bonus
if the source video

an_ be determ ned to have be originated as filmand
converted to W‘&é%atﬁé f'hemtt%’imﬁ éga‘%nmeabe?,:‘éﬁgﬂl m T @ﬁjeo si gnal
gener at ed vi acBamacperistdoswof rsignale originatedplas cnordnferkicedi scaveory fini el d
sequences, Wwhpelygduplicate fields nmay be 25 excised to realize the
conpressi_gn bonus. The apparatus and nmethod according to.the invention
det er ni ndL whi ch of successive video fields may be excised prior

Certain high end television receivers include apparatus to
enhance the apparent resolution of reproduced images by, for
example, converting interlaced scanned images to non-interlace
scanned images. Apparatus of this type typically introduces

15 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
non-interlace scanned video or film. In addition video signal
compression systems, particularly for use with NTSC video signals,

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

25 excised to realize the compression bonus.

The _apparatus and method according to the invention
determines which of successive video fields may be excised prior
_ to compression to eliminate fields that are substantially identical

30 to prior fields. The apparatus evaluates parameters of four
successive fields denoted O, 1, 2, and 3. Accumulated differences
d(0, 2) and d(1,3) of corresponding pixels in successive frames are
generated. In addition a determination is made whether fields 1
and 2 exhibit interlace characteristics. If they do not exhibit

35 interlaced characteristics, a comparison _isnmade of ‘d(0, 2) and d(1,
3). If d(0, 2) is less than d(1, 3) by a predetermined amount, field
2 is excised from the signal stream and a code is generated to
condition a reciprocal receiver to display two of the remaining
four fields in a three field interval. Subseduently the latter two



to conpression to elimnate fields that are substantially identical 30 to
prior“fields. The apparatus eval uates paranmeters of four successive fields
denoted 0, 1, 2, and 3. Accumul ated differences d(0, 2) and d(1,3) of

correspondi ng pixels in successive franes €2e generated. In addition a
determ nation is nade whether fields 1 and 2 exhibit interl ace
characteristics. If they do not exhibit 35 interlaced characteristics, a
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i nvention. FI GURE oW C f th per ation of Jrst as
the FI GURE 1 apparé’(qgkaﬁléi 15 a °"75I °§ a&\ﬁncﬁ %’Sﬂ ?chdéf: ation
of a second aheeFIGUREht ippddRtusl apparat us.
- 10 FIGURE 3 is a flow chart of the operation of a second aspect
of the FIGURE 1 apparatus.

Referring to FIGURE 1, video signal to be analyzed for

interlace scan characteristics is provided from a source 10 which

15 may be a video recorder. The video signal is coupled to an input
terminal of a field memory 12, an input terminal of a one
horizontal line memory 16, and to respective first input terminals
‘of subtractors 17, 18 and 19. The video signal is delayed by one
field interval in the memory 12 and the delayed video signal is

20 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

. signal applied to the memory 14 is delayed for a second ficld

25 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 thelr

respective output terminals the magnitude of the differences of

30 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
has been determined to be advantageous to accumulate

35 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



Referring to FIGURE 1, video signal to be analyzed for interlace.scan
“characteristics is provided froma source 10 which 1 5 my be a video
recorder. The video signal is coupled to an input termnal of a field
menory 12, an input termnal of a one horizdntal l'ine nenory 16, and to
respective first input termnals of subtractors 17, 18 and 19. The video
signal is delayed by one field interval in the menory 12 and the del ayed
vi deo si gnal mpzonvcofqam@s tdij.ajsdrdare captured and|storashnbry the eirguito a
second input pgrminal of the subtractor 18. The video signal is delayed by
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accumulated values for respective strips.
Let Y(m, n) be the luminance value at coordinates
15 (x=m, y=n) in the current frame, and k be the strip number
(k=0,...14 for NTSC and k,...17 for PAL). For each strip in the
luminance pianc, the differences FR(k) of pixels belonging to
opposite fields, i.e., adjacent lines in a frame are equal to

16k+15 703
20 . pX Y 1¥(m,2n)-Y(m,2n+l) |
n=16k m=16

The subtractor 19 provides the magnitudes of
differences of vertically aligned pixels in adjacent lines in
exclusive fields. These differences, for exclusive line pairs, are

25 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
differences FD(k) of pixels belonging to exclusive fields, i.e.,

30 adjacent lines in a field are equal to

8k+7- 703 ’
3 Y (1¥(m,4n) -Y¥(m,4n+2) |+ ]|y (m,4n+1)-Y(m, 4n+3) |)
n=8k m=16 ' C

The line numbering for both field and frame strips assumes

35 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.



-3 - respective franes d(j, j+2) are captured and stored by the circuit 26.
The subtractor 18 -provides the magni t udes of the differences of the

anpl irtudes of corresponding pixels in successive 5 "fields. That is,
subtractor 18 provides the magnitudes of t-He-differences of pixels in
adjacent lines in a frame conprised of two successive fields j and j +1. The
magni t udes of the di fferences fromexclusive pairs of |lines are accunul ated
during the active pict ufbe; differences ngenerated abyr they subtraster ob¥ yakene
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Ler “r] The subtractor 19Tﬁe Oﬁéé'i%?oxxt Qnd “i?%i‘dt Emmg Circuit 26 of FIGURE

1 performs two functions. The first is to determine if successive
10 fields comprise interlace scan fields, and secondly, based on this
determination to combine fields into frames for application to
video signal compression apparatus which compresses video
signal on a frame by frame basis.
The operation of the first function is illustrated by the
15 flow chart of FIGURE 2. Two successive fields, j and j+1, are used
for this analysis. The 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
-waits {51} for the next field to occur. When a new field occurs
20 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}
- from memory. Recall that the value FR(k) corresponds' to line-to-
25 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 memdry. These values correspond to line-
to-line pixel difference values within respective fields j and j+1.
, The values FDj(k) and FDj+1(k) are added together in
30 step {54) to form the value FD(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
the threshold the index r is incremented by one unit {57].
35 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,



differences of vertically aligned pixels in adjacent lines in exclusive
fields. These differences, for exclusive line pairs, are 25 accunul at ed
(24) over the active picture interval for strips FD(k) of respective
fields. The accumul ation intervals are contyolled by the circuit 26 which
captures and stores accunul ated values for respective strips. For each
strip in the |um nance plane, the differences FD(k) of pixels be|onging to
excl usi ve fidhdee is. for ®amplelj apparenti metiom betwWesnd the esuggessiney 8k+7
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respective Tields are. tﬂ’ lgte s?é(pCI the n Qf 1'f 5seln%tsger ater ‘than M, the
strip index k is incremented by one unit {59)}. A test is performed
10 (60} to determine if all strips have been processed. If so the
) system jumps to step {51} to await the next field, and if not the
. system jumps to step {53} to process the next strip.
' In a video signal compression system it is desirable to
excise repeated fields of information, and in lieu of transmitting
15 the excised fields in compressed form, to transmit a code to
indicate that the field has been excised and that a given
transmitted compressed field may be repeated as a substitute for
the excised information. FIGURE.3 is a flowchart which illustrates
‘this function which is performed by the Decision and Field
20 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
occurring four fields and field 0 may be an even or odd field.
25 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
are interlaced. If they are, the system jumps to step (109} where
30 a test is performed to determine if fields (0,1) are interlaced. If
they do not have non-interlaced characteristics, fields O and 1 are
grouped {111} as a frame and indicated as being non-interlaced.
A code is generated to indicate that they should be displayed in
the field order 0, 1. - Alternatively, if they do have interlaced
35 characteristics, fields 0. and 1 are grouped {117} as a frame and
indicated as being interlaced and a code is generated to indicate
that they should be displayed in the field order 0, 1.



The Decision and Field Conbining GCircuit 26 of FIGURE 1 perfornms two
functions. The first is to deternine if successive 1 0 fields conprise
interlace scan fields, and secondly, based on this determination to conbine
‘fields into frames for application to vldeé-signal conpressi on appar at us
whi ch conpresses video signal on a frane by frame basis. The operation of
the first function |s H& ust r at
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grouped as a frame. A code is generated indicating that field 2
_ has been excised and that fields 0 and 1 should be displayed
15 (when recovered and decompressed) in a three field interval with
the field sequence 0, 1, 0. The system returns to step { 103} and
waits for the next fields.
At step {105}, if the differences d(O 2) are not
significantly smaller than the differences d(1, 3), a further test
20 {107} is performed. 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 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
25 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
30 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 0, 1 are tested {109} for
35 interlace. If fields 0 and 1 are interlaced they are grouped as a
frame and a code is generated indicating that they should be
displayed in the sequence O, 1. Alternatively, the fields are
grouped 0, 1 and a code is generated {111} indicating they are not




threshold a junp is made to step (59). If the ratio is greater than the

threshold the index r.is increnented by one unit (57). 35 The

index r is examned (58) to deternine whether it is greater or |esser that

"a second predeterm ned threshold value M -7# it is greater than M the

frame consisting of fields j and j+l are presuned (61) to exhibit
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Depending on the grouping decision, appropriate fields are

combined as frames and provided to the MPEG:

compressorfencoder 27. In addition the respective codes

15 indicating excised fields and field display sequences are passed to
the MPEG compressor/encoder 27 for inclusion in the encoded
video signal for storage or transmission.



I ndi cate that the field has been excised and that a given_t

compressed field may be repeated as a substitute for tumwmmm‘m“\
information. FIGURE. 3 is a flowhart which illustrateée son*vvhlch
. is performed by the Decision and Field 20 Conbi ne el enent 26. In

. performng this function the system uses “t4e interl ace/ non-interl ace
determ nations of two.frames (four fields O, 1, 2, 3) fromthe input field
sequence to nake all decisions. The nunbers 0, 1, 2, 3 refer to each
consecutive set of occurring four fields and field O may be an even or odd
field. 25  CLAIMS: Referring to FIGURE 3, this function is initialized
{101} to determne if sufficient field information is available, and then
accesses the interlace/non-interl cl assificati ields (1,2) and -
(0,1). A test (103) is lerfomgth o?%p@FWWQ“Pg ‘f’ﬁ‘ﬂi’d ffti d“? &re
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order 0, 1. determining whether fields 1 and 2 exhibit interlaced
characteristics;
10 if fields 1. and 2 do not exhibit interlaced
characteristics, comparing the accumulated dlfferences d(0, 2) and
d(1, 3); and '

if d(0, 2) are less than d(1, 3) by a predetermined

amount, excising the third occurring field 2.

15 '
2. The method set forth in claim 1 further comprising;
if d(0, 2) are less than d(1, 3) by said pi'edetermined

amount, grouping fields O and 1 of the four field sequence as a
video frame and generating a code to condition a receiver to

5 display fields O and 1 in a field sequence O, 1, O in a three field
interval.



-6 - Alternatively at step { 1031, if the fiel U“I "m i ndi cat e
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amount, excising field O .of said sequence of fields O, 1

4. The method set forth in claim 3 further comprising:
on the condition that the accumulated differences d(1,
2) are less than the accumulated differences d(2, 3) by said
predetermined amount, grouping fields 1 and 2 of the four field
5 sequence as a video frame and generating a code to condition a
. receiver to display fields 1 and 2 in a field sequence 2, 1, 2 in a
three field interval.

5. The method set forth in claim 2 further comprising:
on the condition that the accumulated differences d(O0,
2) are not less than d(1, 3) by said predetermined amount, and
that the accumulated differences d(1, 2) are not less than the
5 accumulated differences d(2, 3) by said further predetermined
amount, grouping fields O and 1 as a frame and generating a code
to condition a receiver to display fields O, 1 in a two field '
sequence of 0, 1.



25 di fferences are provided by accunulator 23.) |If the differences d(I,
2) are si'gnificantly smaller than the differences d(2, 3), the assunption
is made (115) that an isol ated fleld fleld 0) is present, which field is
-excised fromthe field sequence. Fi eI | and 2 are grouped as a frame and

a code is generate conpr essi on
the fields 1 and 2 é@,ﬁ%ﬁ(’gi ﬁﬁ&ﬁ- Sgégﬁuence 2, 1, 2.
Thereafter the systemr Ehmﬁ'gqlﬂr the next fields.
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p

LR 0 b sy ik kit g
at | east 5t hepi‘x@flsmih subcessive frames are generated. In addition a
determination is made whether fields | and 2 exhibit interlace
characteristics. If they do not exhibit. interlaced characteristics, a
‘comparison is made of d(0, 2) and d(1, 3). If d(0, 2) is less than
d(1, 3) by a predetermined amount, field 2 is excised from the
10 signal stream and a code is generated to condition a receiver to
display two of the remaining four fields in a three field interval.
Subsequently the latter two fields of the set of 0, 1, 2 and 3 fields,

and the next two occurring fields are similarly analyzed.
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fields.0 and 1 of fields O, 1, 2, and 3 are available to the Decision and
Field Conbiner from the frame nenory 25, when respective 1 0 grouping
decisions are conpleted. Field 2.is available fromfield nmenory 14 and
field 3 is available fromfield nmenory 12. Dependi ng on the grouping

deci sion, appropriate fields are conbined as franmes and provided to the
MPEG conpressor/encoder 27. In additiph the respective codes 1 5

i ndicating excised fields and field display sequences are -passed to the
MPEG conpr essor/encoder 27 for inclusion in the encoded video signal for
storage or transm ssion. -8 - CLAIMS: 1. A nethog for determ ning which
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characteristics, conparing the accumul ated differences d(O 2) and d(l, 3);
and if d(Q 2) are less than d(1, 3) by a predeterm ned ampunt, excising
the third occurring field 2. 15 2. The method set forth in claim1 further
conprising; if d(O 2) are less than d(1, 3) by said predeterm ned anount,
grouping fields 0 and 1 of the four field sequence as a video frane and
generating a code to condition a recgyyer to 5 display fields O and 1 in
a field sequence 0, 1, 0 in a three field interval. 3. The net hod set
forth in claim 1 further conprising: generating accunul ated differences
d(1, 2) between vertically aligned pixels in successive interlaced |ines of
fields 1 and 2 and generaLLﬂq—aeeunuLated differences d(2, 3) between 5
vertically aligned pixekg |n §ﬁUéé£§Eve interlaced lines of fields 2 and 3
; and on the condition that
| ess than d(I, 3) by said predet
differen ( 2) and d(g§-3)~

differe ¢ 2) are le han t
further predeterni ned NEW FIELD ?

lated differences d(Q 2) are not
rm ned anount, conparing the accunul at ed
d1l10 if the acgunul at ed
ccunul at ed differences’j(z, 3) by a
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anount ,, excising field O of said sequence of fields 0, 1, 2 and 3. 4. The
nmet hod set forth in claim3 further conprising: on the condition that the
accurul ated differences d(l, 2) are less than the accunul ated differences
d(2, 3) by said predeterm ned anount, grouping fields 1 and 2 of the four
field 5 sequence as a video frane and generating a code to condition a
receiver to display fields 1 and 2i|§i§field sequence 2, 1, 2 in a three
field interval. 5. The nmethod set fort'h in claim2 further conprising: on
the condition that the accumul ated differences d(O 2) are not |ess than
d(l, 3) by said predeterm ned amount, and that the accunul ated differences
d(l, 2) are not less than the 5 accunul ated differences d(2, 3) by said
further predeterm ned amount, grouping fields O and 1 as a frame and
generating a code to condition a receiver to display fields 0, 1 in a tw
field sequence of 0, 1. 9 '
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