
-1   -        METHOD AND DEVICE FOR FILM-MODE                    DETECTION
This invention relates to a method and apparatus for film-mode detection,
as for example in HDMAC and PALplus television systems.       BACKGROUND OF
THE INVENTION 



Certain high end television receivers include appara-  tus 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 image artifacts in areas of  image motion.
These artifacts can be significantly re-  duced with knowledge of whether
the source material  was originally generated as video or as 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 deter-  mined 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 dupli-  cated field in
every 5 field sequences, which duplicate  fields may be excised to realize
the compression bonus.         SUMMARY OF THE INVENTION   The method
according to the invention utilizes the amplitudes of concurrent luminance
pixels in adjacent fields to determine whether the source material origi-
nated  from film or video signals. Comparisons are per- formed on
concurrent luminance pixels signals from adjacent fields of video signal,
and the results of said comparisons are checked against a predetermined
pat- tern. Correlation, or lack there of, to said pattern deter- mines
film-mode or video-mode respectively. 



BRIEF DESCRIPTION OF THE DRAWINGS   FIG. 1 is a pictorial representation of
pixels in adja- cent fields useful in describing the method of the inven-
tion,   FIG. 2 is a pictorial representation indicating that the
comparisons are accumulated over the entire field.   FIG. 3 is a pictorial
representation indicating that comparison results are combined in four
horizontal slices in filed n for determining film-mode detection.   FIG. 4
is a table of the combined results for determin- ing the film-mode
detection.   FIG. 5 is a table showing an example of a combina- tion of
results for the video-mode condition. 



- 2-      FIG. 6 is a block diagram of apparatus for film-mode  detection
embodying the present invention. 



DETAILED DESCRIPTION     FIG. 1 illustrates four luminance pixels in the
ver-  tical/temporal plane. The amplitudes of pixel P1 from  field n-1 and
pixel P4 from field n+1 are compared  with the amplitudes of the vertically
adjacent pixels P2  and P3 from field n. From these comparisons, one of
three possible results is determined for all pixels in re-  spective
fields:   a (+ 1) result, if {P1 < min(P2,P3) OR P1 > max(P2,P3)} AND
{min(P2,P3) [err] P4 [err] max(P2,P3)}  a (-1) result, if {P4 < min(P2,P3)
OR P4 > max(P2,P3)} AND        {min(P2,P3) [err] P1 [err] max(P2,P3)}; 



or else a (0) if the foregoing conditions are not satisfied.    The
comparison results are added over at least a  portion of representative
fields, for example by means  of an up/down counter. Only the resultant
sign of the  sum of the comparison results of this segment is utilized  and
is necessary for further processing.    For determining the film mode
condition, each field n  is advantageously divided into four segments S1-S4
as  shown in FIG. 3. The combined results for each of the  four segments
S1-S4 within a field must exhibit the  same sign for a field to be
represented by such same  sign. In addition, these combined results must
alternate 



between positive and negative from field to field as  illustrated in FIG.
4. This can be checked by a second  counter which counts the number of
combined results  within a test interval. If the sequence of signs
alternate  from field-to-field the sum of the counter will average  zero
indicating film-mode source material. To insure a  modicum of noise
immunity it is desirable to sum the  positive and negative values over some
minimum num-  ber of fields. The minimum number may be selected.  depending
upon the application for which the film/v-  ideo detector is being
utilized. If the application is scan.  conversion the minimum number may be
larger such as  32, and if the application is in compression the minimum 



number will be smaller such as 4.  In order to determine the video-mode
condition, field  n is evaluated as a single segment and comparisons are
accumulated over the entire field, as illustrated in FIG.  2. The combined
results must deviate from the positi- ve/negative alternating pattern. For
example, a non-        



3 alternating positive/positive sequence as shown in F 5, at fields E4 and
ES and again at E6, occurring a predetermined number of times over a
portion of repre- sentative fields indicates that the signal is video
source material. The number of errors may be recorded by an up/down counter
or an accumulator. Since the se- quence of signs alternates from field to
field, the output of the up/down counter or accumulator will average zero
if the source material is film mode. Alternatively if the output deviates
by a predetermined amount from 



zero, video-mode source material is indicated. After each indication of the
video-mode condition, the counter is reset and checking is recommenced from
the beginning of the next field.   Exemplary apparatus employed in
practicing the invention is illustrated in FIG. 6. It includes a delay
circuit by which pixel values from three adjacent fields of video signal
are concurrently provided. Specifically, the delay circuit consists of two
field buffers, 312H[err] and 312H2, which delay the video signal by 312
horizontal line periods, and a line buffer 1H, which delays the video
signal by 1 horizontal line period. The serial con- nection of the three
buffers, with the 1H line buffer 



intermediate the two 312H field buffers, provide con- current pixels
samples, from three adjacent fields, hav- ing the temporal-spatial
relationship shown in FIG. 1. In FIG. 6, input pixel values are applied on
input line IL and forwarded to a first field buffer 312H[err] which delays
pixel values by 312 line intervals. The input pixel values are also coupled
to a first comparator COMP1 and to a third comparator COMP3. The output
samples from the first field buffer are coupled to the input of the one
line buffer 1H  and to the first comparator COMP1, and a second comparator
COMP2. The output samples from the line buffer are coupled to the input of
the second field buffer 312H[err], and to the third and fourth compara- 



tors COMP3 and COMP4. The output signals from the second field buffer are
coupled to the second and fourth comparators COMP2 and COMP4.   Pixel P4
(illustrated in FIG. 1) is available at the input to the first field
buffer, pixel P3 is available at the input to the line buffer, pixel P2 is
available at the input to the second field buffer and pixel P1 is available
at the output of the second field buffer. The outputs of the compara- tors
are applied to a counter control logic (CCL) which combine the results of
the comparators and assigns a value of + 1,- 1 or 0, depending on the
respective out- put values of the comparators. That is to say:  



a (+ 1) result is assigned, if           {P1 < min(P2,P3) OR P1 >
max(P,P3)} AND           {min(P2,P3) [err] P4 [err] max(P2,P3)}; 



a (-1) result is assigned, if           {P4 < min(P2,P3) OR P4 >
max(P2,P3)} AND           {min(P2,P3) [err] P1 [err] max(P2,P3)};  or else
a (0) value is assigned if the foregoing conditions are not satisfied.
These tests are effectively looking for smooth image contours between
fields. Nominally suc- cessive fields provided by film mode material will
ex- hibit smooth image contours, but video mode source material will have
less smooth image contours due to the occurrence of image motion between
fields.   The + 1, --1 or 0 value generated by the counter control logic
CCL, is forwarded to an up/down 



counter (UDC). That is, positive results produce an up count pulse on the
up count connection U and negative results produce a down count pulse on
the down count connection D and zero results produce no pulses on either
connection. The LTDC effectively sums the posi- tive and negative results
and forwards the data on line S to a status detector SD.   The status
detector SD latches the results of the up/- down counter for respective
field intervals, and assigns a positive or negative value to respective
fields depend- ing upon whether the sum over the field is positive or
negative respectively. The signs of the combined data over a sequence of
fields are compared to a predeter- 



mined pattern, as described above, and film-mode or video-mode is detected.
The status detector can be arranged to examine sums over an entire field as
illus- trated in FIG. 2 or to first examine sums over field segments as
indicted in FIG. 3, and combine the partial results into field results and
then proceed to examine the field results. If a corresponding error occurs,
the counter UDC is reset via line R.   In systems which perform interlace
to non interlace scan conversion, an interpolator (INT) may be included for
generating and providing interpolated video values at an output terminal
EL. The interpolator has input connections to various points in the delay
circuit from 



which to access video samples to be utilized in the inter- polation
process. An output from the status detector of the film/video detection
circuit is coupled to an inter- polator (INT) on line SW. The phase of the
current field which is determined by the sign of the combined data, is also
forwarded to the interpolator on line FP.        



The information items on line SW and FP are advan- tageously used in the
interpolator INT which supplies both the original as well as estimated
values for one or more of the pixels P1 to P4. In the case of film mode,
frames can be generated in this interpolator which con- sist of two fields
which have been pulled together. If the film mode is not present, a double
median interpolation can be advantageously carried out as is described in,
for example, DE-A4211955. 



In addition, the chrominance amplitudes can also be checked in accordance
with the invention and the result can be logically combined with that for
the luminance.                                   -6- 



What is claimed is: 1. A method for film-mode detection comprising:
concurrently providing pixel values from at least first   and second
adjacent fields of video signal; comparing amplitude values of respective
pixels from   corresponding image areas of said first and second   adjacent
fields, and for a predetermined one of said   first and second adjacent
fields assigning a first   value to comparison results indicating that the
amplitude value of respective pixels in horizontal   lines of said first
adjacent field are intermediate the   amplitude values of vertically
aligned pixels in two 



horizontal lines of said second adjacent field be-   tween which said
horizontal lines of said first adja-   cent field are disposed, and
assigning a second   value if the amplitude value of said respective pix-
els in said first adjacent field are greater than the   maximum of, or
lesser than the minimum of the   amplitude values of said vertically
aligned pixels,;   and combining the comparison results from at least a
portion of respective said predetermined one of   said first and second
adjacent fields, to determine if   values assigned said comparison results
are pre-   dominantly said first or said second value, and 



assigning said predetermined one of said first and   second adjacent fields
the predominant first or   second value; and establishing film mode
detection if a sequence of   values assigned a predetermined number of
succes-   sive said predetermined one of said first and second   adjacent
fields, corresponds to a predetermined   pattern. 2. A method for film-mode
detection comprising: concurrently providing pixel samples from three suc-
cessive fields; comparing corresponding pixels P1 and P4 from cor-
responding lines of said first and third fields respec- 



tively, to vertically aligned pixel pairs, P2 and P3,   from successive
lines of said second field, and be-   tween which said pixels P1 and P4 are
vertically   disposed; allocating a first value to the results of
respective   comparisons if the amplitude of pixel P1 is interme-   diate
the amplitudes of pixels P2 and P3, and the   amplitude of pixel P4 is not
intermediate the ampli-   tudes of pixels P2 and P3, and allocating a
second   value if the amplitude of pixel P4 is intermediate    



-7-       the amplitudes of pixels P2 and P3, and the am       tude of
pixel P1 is not intermediate the amplitudes       of pixels P2 and P3,
collating the results of comparisons over respective      field intervals,
and assigning said first or second      values to respective fields
depending upon whether      comparisons for respective fields produced pre-



dominantly said first or said second value; and    comparing the sequence
of first and second values      assigned to successive field, for a
predetermined      pattern.    3. The method according to claim 2, wherein
the step of collating further comprises:    collating the results of
comparisons over mutually      exclusive portions of respective fields;
assigning a comparison result to respective fields      equal to the
collated results of the respective por-      tions if the respective
portions all exhibit the same      result, and assigning an error result
otherwise.   4. The method according to claim 2 wherein said step 



of allocating includes:      assigning a (+ 1) as the comparing result if
{P1 < min(P2,P3) OR P1 > max(P2,P3)} AND          {min(P2,P3) [err] P4
[err] max(P2,P3)};     assigning a (-1) as the comparing result if
{P4 < min(P2,P3) OR P4 > max(2,P3)} AND          {min(P2,P3) [err] P1 [err]
max(P2,P3)};  assigning a (0) as the comparing result if the foregoing
conditions are not satisfied.   5. The method according to claim 4, wherein
the step of collating comprises: 



summing the comparison results over respective sec-     ond fields of video
signal;   assigning a positive or negative sign to respective     second
fields depending upon whether the resul-     tant sum of the comparison
results over each sec-     ond field is positive or negative.   6. The
method according to claim 5, wherein further including:   correlating the
sequence of positive and negative     signs assigned to successive fields
to a predeter-     mined pattern of alternating signs; and   outputting a
film-mode indication if a correlation is     determined. 



7. A method for film-mode detection comprising:   concurrently providing
pixel samples from three suc-     cessive fields, wherein first and fourth
pixel sam-                                -8-       ples from a first and
third of said successive fields 



respectively, are vertically disposed between sec-      ond and third
pixels from a second of said three      successive fields;   comparing said
first and fourth pixel values with said      second and third pixel values
to determine whether      said four pixel values represent contiguous image
contours;   assigning a positive or negative value to the results of
respective comparisons depending upon whether     contiguous image contours
are determined to oc-     cur;   summing the results of comparisons over
respective     field intervals, and assigning first or second values 



to respective fields depending upon whether the     sum of results of
comparisons for respective fields     are positive or negative; and
comparing the sequence of first and second values     assigned to
successive fields, for a predetermined     pattern.   8. The method set
forth in claim 7 wherein said first and second values correspond to plus
and minus unit values and the step of comparing the sequence of first and
second values assigned to successive fields, for a predetermined pattern
comprises; summing the se- quence of first and second values over a
predetermined number of fields and comparing the resultant sum to a 



predetermined value.   9. An apparatus for film-mode detection comprising:
an input terminal for applying a video signal;   delay means, coupled to
said input terminal, for con-     currently providing pixel values from
adjacent     fields of video signal;  a means, coupled to said delay means,
for comparing     amplitude values of respective pixels from corre-
sponding image areas of said adjacent fields to     determine whether
amplitude values of respective     pixels in successive adjacent fields are
in a first or a     second monotonically increasing or monotonically
decreasing relationship; and 



means, coupled to said comparing means, for deter-    mining if the
comparison results over at least a    portion of respective field intervals
indicate that    respective pixel amplitude values of said respective
field intervals are predominantly in said first or    second monotonically
increasing or decreasing    relationship, and assigning a first or second
value    respectively to said respective field intervals ac-    cording to
the predominance determined; and     



9   means, coupled to said means for determining, for     establishing film
mode detection if a resulting se-     quence of said first and second
values assigned to a     predetermined number of said respective field in-
tervals corresponds to a predetermined pattern.   10. The apparatus set
forth in claim 9 wherein said delay means includes;   a cascade connection
of a first field delay element, a 



horizontal line delay element, and a second field     delay element, said
first and second field delay     elements each providing a signal delay of
a field     interval less one half horizontal line interval; and   wherein
said means for comparing includes means for     determining whether the
pixels occurring at the     input to the first field delay element have
ampli-     tudes intermediate the amplitudes of the pixels     occurring at
the input and output of the line delay     element, and concurrently if the
pixels occurring at     the output of the second field delay element have
amplitudes which are greater than the larger of, or     lesser than the
smaller of the amplitudes of the 



pixels occurring at the input and output of the line     delay element.
11. The apparatus set forth in claim 10 wherein said means for comparing
further includes:   means for determining  whether the pixels occurring
at the output of the second field delay element have     amplitudes
intermediate the amplitudes of the pix-     els occurring at the input and
output of the line     delay element, and concurrently if the pixels occur-
ring at the input to the first field delay element     have amplitudes
which are greater than the larger     of, or lesser than the smaller of the
amplitudes of     the pixels occurring at the input and output of the 



line delay element.   12. The apparatus set forth in claim 10 wherein
pixels occurring at the input to the first delay means are desig- nated P1,
and pixels occurring at output connections of said first field delay
element, said line delay element, and said second field delay element are
designated P2, P3 and P4 respectively and said means for comparing
includes;     means for assigning a (+ 1) comparison result if         {P1
< min(P2,P3) OR P1 > max(P2,P3)} AND         {min(P2,P3) [err] P4 [err]
max(P2,P3)};    means for assigning a (-1) comparison result if 



{P4 < min(P2,P3) OR P4 > max(P2,P3)} AND         {min(P2,P3) [err] P1 [err]
max(P2,P3)};  means for assigning a (0) result if the foregoing condi-
tions are not satisfied.    


