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RECOGNIZING FILM AND VIDEO OCCURRING
IN PARALLEL IN TELEVISION FIELDS

[0001] The invention relates to a motion sequence pattern
detector for detecting presence of film material in a series of
consecutive video fields.

[0002] The invention further relates to an image process-
ing apparatus, comprising:

[0003] receiving means for receiving a signal correspond-
ing to a series of consecutive video fields;

[0004]

[0005] animage processing unit for computing a sequence
of output images on basis of the series of consecutive video
fields, the image processing unit being controlled by the
motion sequence pattern detector.

such a motion sequence pattern detector; and

[0006] The invention further relates to a method of detect-
ing presence of film material in a series of consecutive video
fields.

[0007] The invention further relates to a computer pro-
gram product to be loaded by a computer arrangement,
comprising instructions to detect presence of film material in
a series of consecutive video fields.

[0008] When focussing on picture rates, three formats can
be distinguished:

[0009] 50 Hz video: A transmission standard, commonly
known as PAL or SECAM that comprises 50 interlaced
fields per second. Each frame comprises 625 lines of which
the even and odd lines are alternatingly transmitted as fields.
The 50 Hz video standard is used in most countries through-
out the world except Japan and North America.

[0010] 60 Hz video: A transmission standard, commonly
known as NTSC that comprises 60 (59.94 to be exact)
interlaced fields per second. Each frame comprises 525 lines
of which the even and odd lines are alternatingly transmitted
as fields. The 60 Hz video standard is used in Japan and
North America.

[0011] 24 Hz film: Film corresponds to a method of
recording moving images on a long strip of transparent
material. The frame rate of 24 images per second is a
compromise between the ability to capture motion and the
amount of film required per time interval. The standard is
older than the video transmission standards. Attempts were
made to adapt the frame rate to 25 and 30 images per second,
in order to become more compatible with transmission
standards. Except for some exceptions, e.g. commercials,
these frame rates did not find major much support in the
motion picture industry. Therefore, 24 Hz film remains the
most commonly used standard for motion pictures.

[0012] When television became a popular medium, the
need for new content increased. This called for format
conversion methods. Besides converting motion pictures to
television, television shows were exchanged between dif-
ferent transmission standards. This content also needed
conversion. Later, when the television was dominant, video
material was converted to film, e.g. to show television
commercials in cinemas. Because of both artistic and eco-
nomic reasons, the motion picture industry still applies the
same procedure to transfer the film format to the video
formats.
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[0013] The process to transfer film to video is called the
telecine process. One of the many implementations of this
process is to illuminate the film and capture light coming
through the film with a video camera and advancing the film
in the vertical blanking period of the video signal. To change
the frame rate from 24 Hz film to 50 Hz video or 60 Hz
video, a process called “pull-down” is used. Pull-down is a
method where the previous picture of the film is repeated
until a new one is available. This method can easily be
implemented mechanically. To transfer 24 Hz film to 50 Hz
video, the picture rate of the film is increased to 25 pictures
per second by running the film slightly faster. The four
percent increase of speed and pitch of the sound is not
regarded as annoying by the general public. Then, each film
picture is scanned twice, creating two video fields. This
method is called 2:2 pull-down. See also FIG. 1B. To
transfer 24 Hz film to 60 Hz video, speed up to 30 Hz is not
desired, since the speed up and the change in pitch of the
sound is regarded as unacceptable by the general public.
Therefore another method is used, where every even film
picture is repeated three times while every odd film picture
is repeated two times. This creates an increase of frame rate
by a factor 2.5, resulting in a 60 Hz video signal. This
method is called 3:2 pull down. See also FIG. 1C.

[0014] An image processing apparatus, like a TV, might
comprise an image processing unit for computing from a
series of original input images a larger series of output
images. In that case, a number of the output images are
temporally located between successive original input
images. This computing is typically known as image rate
conversion. For image rate conversion it is relevant to
determine the type of the acquisition source of the received
images. That means that for achieving a good image quality,
it has to be detected whether the received images originate
from a film camera which acquired images in a progressive
scan mode at a lower image rate or originate from a video
camera which acquired images at the image rate of the video
signal. Based on that detection, the received video fields are
combined to form images. In the case that the received video
fields correspond to film then two successive fields can be
merged relatively easily. In the case that the received video
fields correspond to video then an interpolation of pixels
values of the video fields is required which is controlled by
the detected motion in the images. Incorrect handling of a
video mode signal as film mode can cause severe artifacts
which are clearly visible in the output images. These arti-
facts are known as “forks”, “mouse teeth”, “comb effect” or
“zippers”. False video mode detection is less severe, but also
yields artifacts.

[0015] In general, the signal as received by the image
processing apparatus does not comprise an explicit indica-
tion of the type of acquisition source of the succession of the
video fields. As a result, this information has to be extracted
from the video fields themselves. Typically this is done by
means of detecting a motion sequence pattern.

[0016] An embodiment of the motion sequence pattern
detector of the kind described in the opening paragraph is
known from U.S. Pat. No. 4,982,280. This patent specifica-
tion discloses a motion sequence pattern detector being
arranged to detect a periodic pattern of motion sequences
within a succession of video fields, such as film mode or
progressive scan mode. The motion sequence pattern detec-
tor comprises a motion detector for detecting the presence of
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motion from increment to increment within predetermined
increments of the succession of video fields and for there-
upon outputting a first motion detection signal for each said
increment. The motion detector computes differences
between pixel values of successive video fields and com-
pares the computation results with a threshold to reduce the
effect of noise. The motion sequence pattern detector further
comprises logic circuitry responsive to the first motion
detection signal for detecting the periodic pattern of motion
sequences within the succession of video fields.

[0017] Nowadays it is fashionable to have banners, i.e.
scrolling texts, and other information superimposed on
video data origination from an other source. In general, these
scrolling texts are in video mode. The video data upon which
they are superimposed, can be in film mode. The result is a
sequence of video fields that contains both objects or regions
in film mode and objects in video mode (See FIG. 5). This
kind of sequences are called hybrid sequences.

[0018] Besides this mixing or superimposing, some com-
pression algorithms are arranged to encode parts of the
sequence in such a manner, that 2:2 pull-down is introduced.
An example of such a compression algorithms is DV (Digi-
tal Video) coding. In DV coding, parts of the image are
encoded on frame basis, while other parts are encoded on
field basis. This is to increase coding efficiency. Coding
artifacts may cause motion patterns similar to hybrid signals.

[0019] Most available film detectors are not designed to
deal with hybrid sequences, since they are arranged to
classify sequences as either film mode or as video mode.
E.g. for frame-rate conversion, this classification does not
suffice. So, such detectors are unreliable on hybrid signals.
If a hybrid sequence is detected as film mode, annoying
artifacts are introduced by the frame-rate conversion in the
regions that are in video mode.

[0020] In patent application US2002/0131499 a hybrid
detector is disclosed. This detector works as follows. Prior
to detecting a film mode, the fields of the television signal
are separated into different objects by means of a segmen-
tation technique. Any known technique to do so might be
used for that purpose. Then, the film mode of each individual
object is detected. Any known film mode detection tech-
nique might be used for that purpose. In this context, an
“object” may be a portion of an individual image in a field.
An “object” is defined as an image portion that can be
described with a single motion model. Such an “object” need
not necessarily comprise one “physical” object, like a pic-
ture of one person. An object may well relate to more than
one physical object, e.g., a person sitting on a bike where the
movement of the person and the bike, essentially, can be
described with the same motion model. On the other hand,
one can safely assume that objects identified in this way
belong to one single image originating from one single film
source.

[0021] A disadvantage of the known hybrid detector is that
a separate segmentation step is required. The more so, since
robust segmentation is in general relatively complex.

[0022] Tt is an object of the invention to provide a motion
sequence pattern detector of the kind described in the
opening paragraph which is arranged to deal with hybrid
sequences and which is relatively simple.
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[0023] This object of the invention is achieved in that the
motion sequence pattern detector comprises processing
means which is arranged:

[0024] to compute for a first one of the consecutive fields
a value of a video motion measure and a value of a film
motion measure; and

[0025] to determine the presence of film material on basis
of the value of the video motion measure and the value of the
film motion measure, the value of the video motion measure
being computed by:

[0026] establishing a plurality of motion patterns for
respective groups of pixels of the first one of the consecutive
fields;

[0027] comparing each of the plurality of motion patterns
with a predetermined video motion pattern and conditionally
increasing the value of the video motion measure, the value
of the film motion measure being computed by:

[0028] comparing each of the plurality of motion patterns
with a predetermined film motion pattern and conditionally
increasing the value of the film motion measure.

[0029] Instead of segmenting the field into objects with
semantic meaning, a plurality of groups of pixels are cre-
ated, e.g. by means of sub-sampling. The number of these
groups is in the order of the number of pixels in a field, e.g.
10% or 50% of the total number of pixels in the field.
Preferably the groups of pixels each have one pixel only. For
each of these groups of pixels a motion pattern is established
and two pattern matches are performed. The processing
means is arranged to check whether the established motion
pattern corresponds with a typical video pattern or whether
the established motion pattern corresponds with a typical
film pattern. After these checks, for the corresponding group
of pixels the probable mode, i.e. film mode or video mode,
for that group of pixels is known. By counting for the first
one of the consecutive fields the number of times it is
decided that a group of pixels has a film mode the film
motion measure for that field is determined. By counting for
the first one of the consecutive fields the number of times it
is decided that a group of pixels has a video mode, the video
motion measure for that field is determined. The eventual
classification is made based on the ratio between and values
of the video motion measure and the film motion measure:

[0030] the value of the film motion measure is relatively
high and the value of the video motion measure is relatively
low. So, the field primarily comprises material originating
from a film camera, i.e. the field corresponds to film mode;

[0031] the value of the video motion measure is relatively
high and the value of the film motion measure is relatively
low. So, the field primarily comprises material originating
from an interlaced video camera, i.e. the field corresponds to
video mode;

[0032] the value of the video motion measure and the
value of the film motion are comparable. So, the field
comprises material originating from an interlaced video
camera but also material originating from a film camera, i.e.
the field corresponds to a hybrid mode.

[0033] the value of the video motion measure is relatively
low and the value of the film motion measure is relatively
low. No significant motion has been detected, i.e. the field
corresponds to a static mode.
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[0034] In an embodiment of the motion sequence pattern
detector according to the invention the processing means are
arranged to establish a first one of the motion patterns by
computing:

[0035] a first difference between a first pixel value of the
first one of the consecutive fields and a second value being
derived from a second one of the consecutive fields; and

[0036] a second difference between a third pixel value of
a third one of the consecutive fields and a fourth value being
derived from the second one of the consecutive fields.

[0037] Hence, the motion pattern comprises two differ-
ences between values derived from subsequent fields. The
computation of such a pattern is relatively easy and requires
relatively little computing resource usage. Preferably the
two differences are compared with thresholds to distinguish
motion from noise. That means that the processing means
are arranged to establish a motion pattern by comparing the
first difference with a first predetermined motion threshold
and the second difference with a second predetermined
motion threshold.

[0038] Typically, the first predetermined motion threshold
and the second predetermined motion threshold are mutually
equal. Optionally, the second value and the fourth value are
mutually equal. Preferably, the second value is also based on
a pixel value of another fields, e.g. the first one of the
consecutive fields. Preferably, the fourth value is also based
on a pixel value of another field, e.g. the third one of the
consecutive fields.

[0039] In an embodiment of the motion sequence pattern
detector according to the invention the processing means are
arranged to increase the value of the video motion measure
if the first difference is larger than the first predetermined
motion threshold and the second difference is larger than the
second predetermined motion threshold. In the case that the
motion pattern comprises two relatively high values it is
assumed that the motion pattern corresponds to video mode.
As a consequence the value of the video motion measure has
to be increased.

[0040] In an embodiment of the motion sequence pattern
detector according to the invention the processing means are
arranged to modify the value of the film motion measure if
only the first difference is larger than the first predetermined
motion threshold or only the second difference is larger than
the second predetermined motion threshold. In the case that
the motion pattern comprises one relatively high value and
one relatively low value it is assumed that the motion pattern
corresponds to film mode. As a consequence the value of the
film motion measure has to be increased.

[0041] In an embodiment of the motion sequence pattern
detector according to the invention the processing means are
arranged to establish a first one of the motion patterns by:

[0042] computing a third difference between the first pixel
value of the first one of the consecutive fields and the third
pixel value of the third one of the consecutive fields;

[0043] computing a first minimum of the first difference
and the third difference and assigning the first minimum to
the first difference; and

[0044] computing a second minimum of the second dif-
ference and the third difference and assigning the second
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minimum to the second difference. An advantage of this
embodiment is that it is arranged to correctly deal with
vertical detail, e.g. structures in the image which have a
vertical size substantially equal to the size of one video line.
These structures which are present in e.g. the odd fields and
not in the even fields might be interpreted as motion. To
overcome this misinterpretation the comparison with the
third difference is made.

[0045] An embodiment of the motion sequence pattern
detector according to the invention is arranged to output a
signal indicating presence of film material at a location
corresponding to a first one of the groups of pixels on basis
of comparing a first one of the motion patterns, with the
predetermined film motion pattern, the first one of the
motion patterns corresponding to the first one of the groups
of pixels. Instead of providing a classification value (film,
video, hybrid or static) for the field, more detailed informa-
tion is provided, e.g. a kind of mask which represents which
portions of the image correspond to film mode and which
portions correspond to video mode.

[0046] An embodiment of the motion sequence pattern
detector according to the invention comprises a contrast
measurement unit for selecting a first one of the groups of
pixels by means of:

[0047] computing a first value of a contrast measure for a
first set of pixels of the first one of the consecutive fields;

[0048] comparing the first value of the contrast measure
with a predetermined contrast threshold; and

[0049] assigning the first set of pixels as the first one of the
groups of pixel if the first value of the contrast measure is
higher than the predetermined contrast threshold. By select-
ing pixels or groups of pixels with a relatively high amount
of contrast the noise sensitivity is reduced. In other words,
an advantage of this motion sequence pattern detector is that
it is more robust.

[0050] In an embodiment of the motion sequence pattern
detector according to the invention, the contrast measure-
ment unit is arranged to compute the first value of the
contrast measure on basis of calculating a first difference
between the value of a first one of the pixels of the first set
of pixels and the value of another pixel of the first one of the
consecutive fields. This embodiment is arranged to compute
spatial contrast.

[0051] In an embodiment of the motion sequence pattern
detector according to the invention, the contrast measure-
ment unit is arranged to compute the first value of the
contrast measure on basis of calculating a second difference
between the value of the first one of the pixels of the first set
of pixels and the value of a further pixel of a second one of
the consecutive fields. This embodiment is arranged to
compute spatio-temporal contrast.

[0052] An embodiment of the motion sequence pattern
detector according to the invention is arranged to compute a
new predetermined contrast threshold on basis of the num-
ber of times the values of the contrast measure being
computed for the first one of the consecutive fields have
exceeded the predetermined contrast threshold. In other
words, the value of the contrast threshold is dynamically
adapted. As a consequence the number of groups of pixels
which is used for the motion pattern matching is relatively
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constant over time. An advantage of this embodiment
according to the invention is that the number of computa-
tions is relatively constant.

[0053] Tt is another object of the invention to provide an
image processing apparatus of the kind described in the
opening paragraph which comprises a motion sequence
pattern detector which is arranged to deal with hybrid
sequences and which is relatively simple.

[0054] This object of the invention is achieved in that the
motion sequence pattern detector of the image processing
apparatus, comprises processing means which is arranged:

[0055] to compute for a first one of the consecutive fields
a value of a video motion measure and a value of a film
motion measure; and

[0056] to determine the presence of film material on basis
of the value of the video motion measure and the value of the
film motion measure,

[0057] the value of the video motion measure being com-
puted by:

[0058] establishing a plurality of motion patterns for
respective groups of pixels of the first one of the consecutive
fields;

[0059] comparing each of the plurality of motion patterns
with a predetermined video motion pattern and conditionally
increasing the value of the video motion measure, the value
of the film motion measure being computed by:

[0060] comparing each of the plurality of motion patterns
with a predetermined film motion pattern and conditionally
increasing the value of the film motion measure.

[0061] The image processing unit of the image processing
apparatus might support one or more of the following types
of image processing:

[0062] Video compression, i.e. encoding or decoding, e.g.
according to the MPEG standard.

[0063] De-interlacing: Interlacing is the common video
broadcast procedure for transmitting the odd or even num-
bered image lines alternately. De-interlacing attempts to
restore the full vertical resolution, i.e. make odd and even
lines available simultaneously for each image;

[0064] Image rate conversion: From a series of original
input images a larger series of output images is calculated.
Output images are temporally located between two original
input images; and

[0065] Temporal noise reduction. This can also involve
spatial processing, resulting in spatial-temporal noise reduc-
tion.

[0066] The image processing apparatus optionally com-
prises a display device for displaying the output images. The
image processing apparatus optionally comprises storage
means for storage of images: either the input or the output
images. The image processing apparatus might e.g. be a TV,
a set top box, a VCR (Video Cassette Recorder) player, a
satellite tuner, or a DVD (Digital Versatile Disk) player or
recorder.

[0067] It is another object of the invention to provide a
method of the kind described in the opening paragraph
which can deal with hybrid sequences and which is rela-
tively simple.
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[0068] This object of the invention is achieved in that the
method of detecting presence of film material in a series of
consecutive video fields, comprises:

[0069] computing for a first one of the consecutive fields
a value of a video motion measure and a value of a film
motion measure; and

[0070] determining the presence of film material on basis
of the value of the video motion measure and the value of the
film motion measure, the value of the video motion measure
being computed by:

[0071] establishing a plurality of motion patterns for
respective groups of pixels of the first one of the consecutive
fields;

[0072] comparing each of the plurality of motion patterns
with a predetermined video motion pattern and conditionally
increasing the value of the video motion measure, the value
of the film motion measure being computed by:

[0073] comparing each of the plurality of motion patterns
with a predetermined film motion pattern and conditionally
increasing the value of the film motion measure.

[0074] Tt is another object of the invention to provide a
computer program product of the kind described in the
opening paragraph which can deal with hybrid sequences
and which is relatively simple.

[0075] This object of the invention is achieved in that the
computer program product after being loaded, providing
said processing means with the capability to carry out the
following steps:

[0076] computing for a first one of the consecutive fields
a value of a video motion measure and a value of a film
motion measure; and

[0077] determining the presence of film material on basis
of the value of the video motion measure and the value of the
film motion measure, the value of the video motion measure
being computed by:

[0078] establishing a plurality of motion patterns for
respective groups of pixels of the first one of the consecutive
fields;

[0079] comparing each of the plurality of motion patterns
with a predetermined video motion pattern and conditionally
increasing the value of the video motion measure, the value
of the film motion measure being computed by:

[0080] comparing each of the plurality of motion patterns
with a predetermined film motion pattern and conditionally
increasing the value of the film motion measure. Modifica-
tions of the motion sequence pattern detector and variations
thereof may correspond to modifications and variations
thereof of the method, of the computer program product and
of the image processing apparatus described.

[0081] These and other aspects of the motion sequence
pattern detector, of the method, of the computer program
product and of the image processing apparatus according to
the invention will become apparent from and will be eluci-
dated with respect to the implementations and embodiments
described hereinafter and with reference to the accompany-
ing drawings, wherein:
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[0082] FIG. 1A schematically shows two fields of one
frame;

[0083] FIG. 1B schematically shows 2:2 pull-down;
[0084] FIG. 1C schematically shows 3:2 pull-down;
[0085] FIG. 2 schematically shows three consecutive
video fields;

[0086] FIG. 3A schematically shows an embodiment of

the motion sequence pattern detector according to the inven-
tion;
[0087] FIG. 3B schematically shows an embodiment of

the motion sequence pattern detector according to the inven-
tion, comprising a contrast measurement unit;

[0088] FIG. 4 schematically shows a two-dimensional
feature space;
[0089] FIG. 5 schematically shows a two-dimensional

mask indicating the type of mode; and

[0090] FIG. 6 schematically shows an embodiment of the
image processing apparatus according to the invention.

[0091] Same reference numerals are used to denote similar
parts throughout the figs.

[0092] FIG. 1A schematically shows two successive fields
100, 102 of a video signal. The first field 100 comprises the
pixel values, e.g. 104-112 of the odd lines of the frame and
the second field 102 comprises the pixel values, e.g. 114-122
of the even lines of the frame. For instance at frame
coordinates corresponding to pixel 116 of the second field
102 there is no pixel value 124 directly available in the first
field 100. That means that if a pixel value 124 is required
that this pixel value has to be derived from other pixel
values. For example, this pixel value is derived, i.e. can be
calculated by means of an interpolation of pixel values of the
first field 100, e.g. by means of an interpolation based on the
pixel values 104-109. Optionally less pixel values are taken
into account. An interpolation might also include an order
statistical operation such as a median operation. It may also
include pixels from field 102 or from a (not depicted) field
preceding field 100.

[0093] FIG. 1B schematically shows 2:2 pull-down. An
input stream of pictures 130-136 with a frequency of 25 Hz
is up-converted to an output stream of video fields 138-152
with a frequency of 50 Hz. The different phases {0,1} of the
video fields are denoted below the video fields 138-152. This
film phase indicates the position in the repetition pattern and
is typically calculated in a film detector.

[0094] FIG. 1C schematically shows 3:2 pull-down. An
input stream of pictures 160-164 with a frequency of 24 Hz
is up-converted to an output stream of video fields 168-182
with a frequency of 60 Hz. The different phases {0,1,2,3,4}
of the video fields are denoted below the video fields
168-182.

[0095] FIG. 2 schematically shows a number of pixels
202-222 of three consecutive video fields: current ¢, previ-
ous p and pre-previous pp. The current field corresponds
with n, the previous field corresponds with n—-1 and the
pre-previous corresponds with n-2. The current field ¢ and
the pre-previous field pp comprise even lines and the pre-
vious field p comprises odd lines. In this document, a pixel
value of a pixel is denoted with a three-dimensional lumi-
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nance function F(?,n), with the vector X comprising two
spatial coordinates x and y. The pixels 202-208 of the
pre-previous field pp correspond to pixels of a column with
a certain x-coordinate which is equal to the x-coordinate of
the column to which the pixels 210-214 of the previous field
p belong and equal to the x-coordinate of the column to
which the pixels 216-222 of the current field ¢ belong. For
some of the pixels the coordinates are depicted. E.g. pixel
204 has coordinates (x,y,n—2) and pixel 210 has coordinates
(x,y-1,n-1).

[0096] As explained in connection with FIG. 1A it is
possible to determine pixel values for pixels for which there
is no pixel value directly available. E.g. the value for a pixel
with coordinates (x,y,n-1) might be determined by means of
pixel values in the spatio-temporal environment of (X,y,n—

1).

[0097] FIG. 3A schematically shows an embodiment of
the motion sequence pattern detector 300 according to the
invention, comprising:

[0098] a number of input connections for providing the
motion sequence pattern detector 300 with luminance values
of respective pixels;

[0099]

[0100] a number of subtraction units 306-310 for calcu-
lating the absolute difference between two incoming values;

[0101] a number of minimum operators 312 and 314 for
determining the minimum of two incoming values;

[0102] anumber of comparators 316 and 318 for detecting
whether an incoming value is higher than a predetermined
threshold;

[0103] alogical unit 320 comprising a number of inverters
and and-operators;

[0104]

[0105] a combining unit 328 for combining the results of
the counters 322-326;

[0106]

[0107] a control interface 334 for resetting the values of
the counters 322-326 after the computations for a field have
been completed; and

[0108] a number of control interface 336 and 338 for
adapting the values of the first predetermined motion thresh-
0ld T, P and the second predetermined motion threshold T °.
The motion sequence pattern detector 300 may be imple-
mented using one processor. Normally, these functions are
performed under control of a software program product.
During execution, normally the software program product is
loaded into a memory, like a RAM, and executed from there.
The program may be loaded from a background memory,
like a ROM, hard disk, or magnetically and/or optical
storage, or may be loaded via a network like Internet.
Optionally an application specific integrated circuit provides
the disclosed functionality.

a number of de-interlacing units 302 and 304;

a number of counters 322-326;

a number of output connectors 330 and 332;

[0109] The working of the motion sequence pattern detec-
tor is as follows.

[0110] Suppose that for a particular pixel 218 with coor-
dinates (x,y,n) the mode has to be determined. The motion
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sequence pattern detector 300 is provided with a number of
pixel values. Alternatively the motion sequence pattern
detector 300 is arranged to access a memory device 342 to
retrieve these pixel values. This embodiment requires the
following pixel values F(x,y,n),F(x,y,n-2), F(x,y-1,n-1)
and F(x,y+1,n-1) in order to determine the mode for pixel
218 with coordinates (x,y,n). (See also FIG. 2)

[0111] On basis of three of these pixel values a first
estimate F,(x,y,n—1) is computed for the pixel with coordi-
nates (x,y,n—1). This is done by the first de-interlacing unit
304. In this case the de-interlacing is based on a median
operation as specified in Equation 1.

Fi(x,y,n-1)=Median(F(x,y-1,n-1), F(x,y+1,n-1),F(x,

¥n-2)) ey
[0112] Alternatively other types of de-interlacing can be
applied, e.g. on basis of an averaging operation.

[0113] On basis of three of the input pixel values also a
second estimate F,(x,y,n-1) is computed for the pixel with
coordinates (x,y,n—1). This is done by the second de-inter-
lacing unit 302. In this case the de-interlacing is based on a
median operation as specified in Equation 2:

Fyxyn-1)=Median(F(x,y-1,n-1), F(x,y+1 n-1), F(x,
»n) @

[0114] The next step comprises computing:

[0115] a first difference d,(x, y) between a first pixel value
F(x,y,n-2) of the first one of the consecutive fields pp and
the first estimate F,(x,y,n-1) being derived from a second
one of the consecutive fields p, as specified in Equation 3;
and

[0116] a second difference 9 (x,y) between a third pixel
value F(x,y,n) of a third one of the consecutive fields ¢ and
the second estimate F,(x,y,n-1) being derived from the
second one of the consecutive fields p, as specified in
Equation 4.

8, (x.y)=|F(x,y,1-2)=F (3 y1-1)| ®
B, (x.y)=lF (x.pm)~Fyxyn-1)| *
[0117] The next step comprises:
[0118] computing a third difference d4x,y) between the

first pixel value F(x,y,n-2) of the first one of the consecutive
fields pp and the third pixel value F(x,y,n) of the third one
of the consecutive fields c, as specified in Equation 5;

[0119] computing a first minimum 8,.'(x,y) of the first
difference d,(x,y) and the third difference d(x,y) and assign-
ing the first minimum to the first difference, as specified in
Equation 6; and

[0120] computing a second minimum d_'(x,y) of the sec-
ond difference d_(x,y) and the third difference d4x,y) and
assigning the second minimum to the second difference, as
specified in Equation 7.

S y)=lF(x.yn=2)-F(xyn) ®
8,/ (x,y)=min(d,(x.y), d¢x.)) Q)
8. (x,y)=min(d.(x.»),0¢x.)) M

[0121] The next step comprises comparing the first differ-
ence d,'(x,y) with a first predetermined motion threshold
TP and the second difference §_'(x,y) with a second prede-
termined motion threshold T, . This is done by means of
comparators 318 and 316, respectively. The comparator 318
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provides Boolean values M,,(x,y) as output, which indicate
whether there is movement between the first derived pixel
with coordinates (x,y,n—1) and the pixel 204 with coordi-
nates (x,y,n-2). The comparator 316 provides Boolean val-
ues M. (x,y) as output, which indicate whether there is
movement between the particular pixel 218 with coordinates
(x,y,n) and the second derived pixel with coordinates (x,y,
n-1). The input-output relation of comparator 318 is speci-
fied in Equation 8 and the input-output relation of compara-
tor 316 is specified in Equation 9:

If 8, (x,y)>T,™ then M (x,y)=1 else M (x,y)=0 (®)

If 6. (x,»)>T,,° then M (x,y)=1 else M_(x,»)=0 (©)
[0122] Table 1 shows the four different possible combi-
nations of the values of M (x, y) and M_(x, y). These
combinations correspond to possible motion patterns 1-4.
For each of these patterns Table 1 indicates whether the
motion pattern is a predetermined video motion pattern or
one of the predetermined film motion patterns.

TABLE 1

Motion patterns

Pattern
identification  M,(x, ¥) M.(x,y) Type of motion pattern
1 0 0 No movement, type unknown
2 0 1 Film motion pattern, phase A
3 1 0 Film motion pattern, phase B
4 1 1 Video motion pattern

[0123] Hence, on basis of the values of M. (x,y) and
M, (x,y) the mode for the particular pixel 218 is determined.

[0124] The mode is determined for a large number N of
pixels of each field, e.g. for 25% of the pixels of a field. The
pixels might be selected on basis of a simple sub-sampling
strategy. The results of the mode determinations are accu-
mulated by means of a number of counters 322-326. Each
time a pattern with identification 2 is detected then the value
of Sy, is increased with 1, as specified in Equation 10:

Spim = ) UMy, 1) = 0A M(x, y) = 1} 1o
N

Each time a pattern with identification 3 is detected then the
value of S, P is increased with 1, as specified in Bquation
11:

Shm = ) UM, ) = 1A Me(x, y) = 0} (an
N

Each time a pattern with identification 4 is detected then the
value of S is increased with 1, as specified in Equation
12:

video

Sudeo = ) ALIMp(x, ) = 1 A Me(x, y) = 1} 12
N
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[0125] Eventually the values Sg*, S,ie, and Sg, B, of
the counters 322-326 are combined by means of combining
unit 328. One of the operations being performed by the
combining unit 328 is specified in Equation 13. The reason
for the subtraction of the “min”-term is to eliminate the
effect of covering and uncovering. This subtraction is

optionally.
S 1=/ Sttm =S |- 1, S (13)

Finally a vector S comprising two values is achieved as
denoted in Equation 14:

§)=(SﬁLm, Sideo) (14)

This vector S can be used to detect the mode using a set of
thresholds as depicted in FIG. 4. The mode is provided at

the output connector 330. Optionally, the vector T s
provided at the output connector 330. Optionally a two-
dimensional mask indicating the type of mode per pixel or
group of pixels is provided at the output connector 332. (See
FIG. 5)

[0126] FIG. 3B schematically shows an embodiment of
the motion sequence pattern detector 301 according to the
invention, comprising a contrast measurement unit 340. The
contrast measurement unit 340 is arranged to make a selec-
tion of groups of pixels on basis of the pixel values of the
video fields. More particular on basis of differences between
pixel values.

[0127] Suppose that each of the groups of pixels contain
one respective pixel. Deciding whether a particular pixel is
to be selected for the motion pattern detection, comprises the
following steps:

[0128] computing the value of a contrast measure C'(x,y,
n) for the particular pixel;

[0129] comparing the value of the contrast measure C*(x,
y,n) with a predetermined contrast threshold T (n); and

[0130] assigning the particular pixel as the first one of the
groups of pixel if the value of the contrast measure C'(x,y,n)
is higher than the predetermined contrast threshold T (n).

[0131] By testing a large number of pixels of a video field
with coordinate n a collection B(n) of groups of pixels is
created for that field. The collection B(n) is specified by
means of Equation 15:

B={x )N Cxym)>T.(m)} 15

[0132] For calculating a contrast measure C'(x,y,n) spatial
or temporal pixels, related to (x,y,n), can be applied. Option-
ally, multiple comparisons are made. This will be explained
by means of some examples.

[0133] Suppose that the value of a first contrast measure
C!(x,y,n) is computed on basis of calculating a first differ-
ence between the value of the particular pixel and the value
of another pixel of the same field, as specified if Equation
16:

C(x,y,1)=F(x,y,n)-F(x,y-2,1) (16)

[0134] Suppose that the value of a second contrast mea-
sure C2(x,y,n) is computed on basis of calculating a second
difference between the value of the particular pixel and the
value of a further pixel of the same field, as specified if
Equation 17:
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C2(x,y,1)=F(x,y,n)-F(x-1,y,1) 17)

[0135] Suppose that the value of a third contrast measure
C3(x,y,n) is computed on basis of calculating a third differ-
ence between the value of the particular pixel and the value
of a pixel of the another field, as specified if Equation 18:

C3(x,y,m)=F (x,y,n)-F(x,y,n-2) (18)
[0136] Equation 15 can be rewritten into Equation 19:

Buy={ |V (Cl e pm)>Tom) Clxpn)>T ()

Cypn)>Tn)} (19)
[0137] Tt will be clear that alternative approaches can be
applied to estimate local contrast, i.e. to calculate a contrast
measure C'(x,y,n). Only those pixels which have a relatively
high contrast compared to their spatio-temporal environ-
ment are selected for the motion pattern detection.

[0138] Preferably the value of the contrast threshold T (n)
is dynamically adapted. E.g. if the actual selected groups of
pixels for a particular field is higher than a target value, then
the value of the contrast threshold T (n+1) for the next field
is based on an increased value of T (n). If the actual selected
groups of pixels for a particular field is lower than a target
value, then the value of the contrast threshold T (n+1) for the
next field is based on a decreased value of T (n). The target
value might be equal to 20% of the total number of pixels of
the field. As a consequence the number of groups of pixels
being used per field for the motion pattern matching is
relatively constant over time. An advantage of this embodi-
ment according to the invention is that the number of
computations is relatively constant.

[0139] Optionally the values of the first predetermined
motion threshold T P and the second predetermined motion
threshold T, . depend on, the value of the contrast threshold
T.(n), e.g. as specified in Equations 20 and 21:

T, P(1)=0.5T(n) (20)
T, 5(1)=0.5T.(») (2D

This means that the motion thresholds are high for fields
with high contrast; so the motion sequence pattern detector
becomes relatively insensitive to noise without loss of
motion sensitivity. So, an advantage of this embodiment is
graceful degradation, since the trade off between noise
sensitivity and motion sensitivity is automatically adapted to
the contrast in the video signal.

[0140] FIG. 4 schematically shows a two-dimensional
feature space. The x-axis 402 corresponds with the param-
eter Sg;,, as specified in Equation 13. The y-axis 404
corresponds with the parameter S_ ;... as specified in Equa-
tion 12. Note that the two axes are normalized to the total
number of pixels used to classify the motion pattern. That
means that a location in the two-dimensional feature space

corresponds with the vector §=(Sﬁlm, Svideo)- The two-
dimensional feature space is divided into a number of
regions by means of a number of boundaries 406-410. Each
of the regions corresponds with a certain mode. In other

words, based on the computed §=(Sﬁlm, Seideo) and the
rules for classification as schematically provided by means
of FIG. 4 the eventual mode for a particular field can be
determined:

[0141] T: The field primarily comprises material originat-
ing from an interlaced video camera and hence the field
corresponds to video mode;
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[0142] 1II: The field primarily comprises material originat-
ing from a film camera and hence the field corresponds to
film mode;

[0143] III: The field comprises material originating from
an interlaced video camera but also material originating
from a film camera and hence the field corresponds to a
hybrid mode;

[0144] TV: No significant motion has been detected and
hence the field corresponds to a static mode.

[0145] FIG. 5 schematically shows a two-dimensional
mask 500 indicating the types of mode of a field of a hybrid
sequence. Most of the field 504 comprises material which
originates from a film camera and only a relatively small
portion 502 corresponds to video material. A mask as
depicted in FIG. 5 is an output of the motion sequence
pattern detector 300 and is provided at the output connector
332.

[0146] FIG. 6 schematically shows an embodiment of the
image processing apparatus 600 according to the invention,
comprising:

[0147] Receiving means 602 for receiving a signal repre-
senting input images comprising video fields. The signal
may be a broadcast signal received via an antenna or cable
but may also be a signal from a storage device like a VCR
(Video Cassette Recorder) or Digital Versatile Disk (DVD).
The signal is provided at the input connector 610;

[0148] The motion sequence pattern detector 608 as
described in connection with any of the FIGS. 3A or 3B;

[0149] An image processing unit 604 for calculating a
sequence of output images on basis of the succession of
video fields. The image processing unit 604 is controlled by
the motion sequence pattern detector 608. Control means
that the output of the motion sequence pattern detector 608
influences the image processing unit 604. For instance, if the
image processing unit 604 is arranged to perform de-
interlacing then the output (mode and phase) is used to
combine corresponding video fields to images; and

[0150] A display device 606 for displaying the output
images of the image processing unit 604. This display device
606 is optional.

[0151] The image processing apparatus 600 might e.g. be
aTV. Alternatively the image processing apparatus 600 does
not comprise the optional display device 606 but provides
the output images to an apparatus that does comprise a
display device 606. Then the image processing apparatus
600 might be e.g. a set top box, a satellite-tuner, a VCR
player, a DVD player or a DVD recorder. Optionally the
image processing apparatus 600 comprises storage means,
like a hard-disk or means for storage on removable media,
e.g. optical disks. The image processing apparatus 600 might
also be a system being applied by a film-studio or broad-
caster.

[0152] It should be noted that the above-mentioned
embodiments illustrate rather than limit the invention and
that those skilled in the art will be able to design alternative
embodiments without departing from the scope of the
appended claims. In the claims, any reference signs placed
between parentheses shall not be constructed as limiting the
claim. The word ‘comprising’ does not exclude the presence
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[Tt}

of elements or steps not listed in a claim. The word “a” or
“an” preceding an element does not exclude the presence of
a plurality of such elements. The invention can be imple-
mented by means of hardware comprising several distinct
elements and by means of a suitable programmed computer.
In the unit claims enumerating several means, several of
these means can be embodied by one and the same item of
hardware.

1. A motion sequence pattern detector for detecting pres-
ence of film material in a series of consecutive video fields,
the motion sequence pattern detector comprising processing
means which is arranged:

to compute for a first one of the consecutive fields a value
of a video motion measure and a value of a film motion
measure; and

to determine the presence of film material on basis of the
value of the video motion measure and the value of the
film motion measure,

the value of the video motion measure being computed
by:

establishing a plurality of motion patterns for respective
groups of pixels of the first one of the consecutive
fields;

comparing each of the plurality of motion patterns with a
predetermined video motion pattern and conditionally
increasing the value of the video motion measure, the
value of the film motion measure being computed by:

comparing each of the plurality of motion patterns with a
predetermined film motion pattern and conditionally
increasing the value of the film motion measure.
2. A motion sequence pattern detector as claimed in claim
1, wherein the groups of pixels each have one pixel.

3. A motion sequence pattern detector as claimed in claim
1, wherein the processing means are arranged to establish a
first one of the motion patterns by computing:

a first difference between a first pixel value of the first one
of the consecutive fields and a second value being
derived from a second one of the consecutive fields;
and

a second difference between a third pixel value of a third
one of the consecutive fields and a fourth value being
derived from the second one of the consecutive fields.

4. A motion sequence pattern detector as claimed in claim

3, wherein the processing means are arranged to establish
the first one of the motion patterns by comparing the first
difference with a first predetermined motion threshold and
the second difference with a second predetermined motion
threshold.

5. A motion sequence pattern detector as claimed in claim

4, wherein the processing means are arranged to establish a
first one of the motion patterns by:

computing a third difference between the first pixel value
of the first one of the consecutive fields and the third
pixel value of the third one of the consecutive fields;

computing a first minimum of the first difference and the
third difference and assigning the first minimum to the
first difference; and
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computing a second minimum of the second difference
and the third difference and assigning the second mini-
mum to the second difference.

6. A motion sequence pattern detector as claimed in claim
4, wherein the processing means are arranged to increase the
value of the video motion measure if the first difference is
larger than the first predetermined motion threshold and the
second difference is larger than the second predetermined
motion threshold.

7. A motion sequence pattern detector as claimed in claim
4, wherein the processing means are arranged to modify the
value of the film motion measure if only the first difference
is larger than the first predetermined motion threshold or
only the second difference is larger than the second prede-
termined motion threshold.

8. A motion sequence pattern detector as claimed in claim
1, being arranged to output a signal indicating presence of
film material at a location corresponding to a first one of the
groups of pixels on basis of comparing a first one of the
motion patterns, with the predetermined film motion pattern,
the first one of the motion patterns corresponding to the first
one of the groups of pixels.

9. A motion sequence pattern detector as claimed in claim
1, comprising a contrast measurement unit for selecting a
first one of the groups of pixels by means of:

computing a first value of a contrast measure for a first set
of pixels of the first one of the consecutive fields;

comparing the first value of the contrast measure with a
predetermined contrast threshold; and

assigning the first set of pixels as the first one of the
groups of pixel if the first value of the contrast measure
is higher than the predetermined contrast threshold.

10. A motion sequence pattern detector as claimed in
claim 9, wherein the contrast measurement unit is arranged
to compute the first value of the contrast measure on basis
of calculating a first difference between the value of a first
one of the pixels of the first set of pixels and the value of
another pixel of the first one of the consecutive fields.

11. A motion sequence pattern detector as claimed in
claim 10, wherein the contrast measurement unit is arranged
to compute the first value of the contrast measure on basis
of calculating a second difference between the value of the
first one of the pixels of the first set of pixels and the value
of a further pixel of a second one of the consecutive fields.

12. A motion sequence pattern detector as claimed in
claim 9, which is arranged to compute a new predetermined
contrast threshold on basis of the number of times the values
of the contrast measure being computed for the first one of
the consecutive fields have exceeded the predetermined
contrast threshold.

13. An image processing apparatus, comprising:

receiving means for receiving a signal corresponding to a
series of consecutive video fields ;

a motion sequence pattern detector as claimed in claim 1;
and

an image processing unit for computing a sequence of
output images on basis of the series of consecutive
video fields the image processing unit being controlled
by the motion sequence pattern detector.
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14. An image processing apparatus as claimed in claim
13, characterized in further comprising a display device for
displaying the output images.

15. An image processing apparatus as claimed in claim
14, characterized in that it is a TV.

16. An image processing apparatus as claimed in claim
13, characterized in further comprising storage means for
storage of the output images.

17. An image processing apparatus as claimed in claim
16, characterized in that it is a DVD recorder.

18. A method of detecting presence of film material in a
series of consecutive video fields, comprising:

computing for a first one of the consecutive fields a value
of a video motion measure and a value of a film motion
measure; and

determining the presence of film material on basis of the
value of the video motion measure and the value of the
film motion measure,

the value of the video motion measure being computed
by:
establishing a plurality of motion patterns for respective

groups of pixels of the first one of the consecutive
fields;

comparing each of the plurality of motion patterns with a
predetermined video motion pattern and conditionally
increasing the value of the video motion measure, the
value of the film motion measure being computed by:

comparing each of the plurality of motion patterns with a
predetermined film motion pattern and conditionally
increasing the value of the film motion measure.

19. A computer program product to be loaded by a
computer arrangement, comprising instructions to detect
presence of film material in a series of consecutive video
fields, the arrangement comprising processing means and a
memory, the computer program product, after being loaded,
providing said processing means with the capability to carry
out the following steps:

computing for a first one of the consecutive fields a value
of a video motion measure and a value of a film motion
measure; and

determining the presence of film material on basis of the
value of the video motion measure and the value of the
film motion measure,

the value of the video motion measure being computed
by:
establishing a plurality of motion patterns for respective

groups of pixels of the first one of the consecutive
fields;

comparing each of the plurality of motion patterns with a
predetermined video motion pattern and conditionally
increasing the value of the video motion measure, the
value of the film motion measure being computed by:

comparing each of the plurality of motion patterns with a
predetermined film motion pattern and conditionally
increasing the value of the film motion measure.
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