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VIDEQO SCENE DETECTION

BACKGROUND

166011 in some forms of video content, the video may be composed of individual
video frames that may be grouped into a number of shots, In some examples, a shot may be
characterized as a sequence of frames that are captured with a certain visual angle of a
camerd. A scene may be characterized as a collection of shots that may be related in action,
place, context, and/or timae, with such relationship perhaps corresponding to the natare of
the content or program. For example, in some examples of situation comedies, soap operas,
and/or dramatic programs, a scene may be characterized as a continuous set of shots that
capture a certain action taking place in a particular location.

{6002} While watching or browsing video content, a user may desire to access a
particular scene or portion of the content related to a scene. One approach to locating scenes
within video content may invelve grouping individual frames into shots by detecting shot
boundaries at shot transitions. Hard cut shot transitions, in which the first frame of an
appearing shot immediately follows the last frame of a disappearing shot, may be located
by detecting differences in consecutive frames. On the other hand, graduoal shot transitions
typically span multiple frames over which the disappearing shot gradually transitions to the
appearing shot. Within a gradual shot transition, teraporally adjacent frames may be a
combination of the disappearing shot and the appearing shot.  As such, a gradual shot
transition may imclude smaller and nounlinear differcnces between consecutive frames,
malcing it more challenging to accurately identify a shot boundary.

10003} Once shots are dentified, the shots may be clustered into scenes, Algorithms
that use K-mean clusiering to clusier shots into scenes are known. These algorithms,
however, typically depend upon an estimation of the number of expected clusters. As such,
these approaches are highly sensitive to a correct estimation of the number of expected
clusters. The corresponding algorithms are also relatively complicated and computationally
expensive. Furthermore, while the correlation among individual frames that counstitute a
shot may be fairly reliable, the correlation among shots that comprise a scene may be more
unpredictable, and may depend on the angle of the camera, the nature of the scene, and/or
other factors, Accordingly, it can prove challenging to reliably and repeatedly identify

SCLNCs,
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SUMMARY

{3004] To address the above 1ssues, a scene detection system and related method for
detecting a scene tn video content are provided. In one example, a scenc detection system
for detecting a scene in video content may comprise a computing device mcluding a
processor and memory. A scene detection program is executed by the processor using
portions of the memory. The scene detection program may be configured to identity a
plurality of shots in the video content. The scene detection program may select a target shot
in the plurality of shots.
{0005} The scene detection program may then build a forward window mcluding the
target shot and having a first number of shots that are temporally ahead of the target shot,
and a rearward window having a second mumber of shots that are temporally behind the
target shot. For each of the shots in the forward window, the scene detection program may
determine a dissimilarity between a sclected shot and each of the other shots 1n the rearward
window. If one of the determined dissimularities is less than a scene boundary threshold,
the scene detection program may determine that the scene does not begin at the target shot.
{f none of the determined dissimilarities is less than the scene boundary threshold, the scene
detection program may determine that the scene begins at the target shot.
{06006} This Summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detatled Description. This Summary 18 not
intended to wdentify key features or essential features of the claimed subject matter, noris it
intended to be used to linut the scope of the claimed subject matter. Furthermore, the
clairned subjoct matter is not limited to implementations that solve any or all disadvantages
noted in any part of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
{60871 FIG. 1 18 a schematic view of a scene detection system according to an

embodiment of the present disclosure.

{6008} FIG. 2 18 a schematic illustration of a series of consecutive video frames,
16009 FI1G. 3 18 a flow chart of a2 method for detecting a hard cut shot transition

according to an embodiment of the present disclosure.

{6018] FiG. 4 is a flow chart of a method for detecting a first category of gradual
shot transitions according to an cmbodiment of the present disclosure.

10611} FIG. 5 is a flow chart of a method for detecting a second category of gradual
shot transitions that may be not detected by the mcthod shown 1 FIG. 4, according to an

embodiment of the present disclosure.
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16012] FI1G. 6 1s a schematic Hlastration of a series of consecutive shots inchuding a
target shot, a temporally forward window of shots and a temporally rearward window of
shots.
18013} FIG. 7 is a flow chart of a method for detecting a scene according to an
embodiment of the present disclosure.
[6014] FIG. 8 is a simplified schematic illustration of an embodiment of a
computing device.

DETAILED DESCRIPTION
{0615} FiG. 1 shows a schematic view of one embodiment of a scene detection
systermn 10 for detecting one or more scenes in video content. The scene detection system
10 includes a scene detection prograrn 14 stored in mass storage 18 of a computing device
22. The scene detection program 14 may be loaded into memory 26 and cxecuted by a
processor 30 of the computing device 22 to perform one or more of the methods and
processes described in more detail below.
{0016} Video content 34 may be stored in mass storage 18, In some examples, video
content 34 may be received by the computing device 22 from removable computer-readable
storage media 50, shown here in the form of a DVD. The removable computer-readable
storage media 50 may be used to store and/or transfer data, including but not himited to the
video content 34, scene detection program 14, and other media content and/or instructions
executable to imoplement the methods and processes described berein. The removable
computer-readable storage media 50 may also take the form of CDs, HD-DVDs, Blu-Ray
Discs, EEPROMSs, and/or floppy disks, among others. In other examples, the video content
34 may be received from and/or accessed at a remote source, such as server 38 via network
42, In some examples the remote source may take the form of a cloud-based service.
{60171 Computing device 22 may take the form of a desktop computer, laptop
computer, tablet computing, mobile computer, networking computer, gaming console, set-
top box {e.g. cable television box, satellite television box}) or any other type of suitable
computing device. Additional details regarding the components and computing aspects of
the computing device 22 are described in more detail below with respect to FIG. 8.
{6018] The computing device 22 also may be operatively connected with one or
more additional devices, such as server 38 via network 42, Network 42 may take the form
of a local area network (LAN}, wide area network (WAN), wired network, wireless network,

personal area network, or a combination thereof, and may melude the Internet.
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16619} With reference now to FIG. 2, a schematic diagram of several individual
frames (i-1), (1), (+1), +2), ete., from video content 34 18 provided. In this example, frame
{i-1} 1s the frame temporally adjacent and behind frame (i), frame (i+1) is the frame
temporally adjacent and ahead of frame (i), frawe (i+2) 1s the frame temporally adjacent and
ahead of frame (i+1), etc. 1t will be appreciated that cach of the frames (1-1), (1}, (i+1), (1+2},
ete, may represent an image captured by an image capture device, such as a video camera,
or an umage generated by a computing device.

{6020] As noted above, a shot may be characterized as a continuous sequence of
fraraes that are captured with a common visual angle of a caruera. Accordingly, the frames
constituting a shot may be visually correlated. It will also be appreciated that detecting a
shot boundary at a transition between a first shot and a terporally adjacent second shot may
be useful for performing higher-level video segmentation, such as scene detection.

10021} Also as noted above, different shot transition techniques may be utilized to
transition from one shot to another shot. One example of a shot transition is a hard cut
transition, in which the first frame of the appearing shot immediately follows the last frame
of the disappearing shot. With reference now to FIG. 3, an embodiment of a method 300
for analyzing cach frame of a plurality of frames in the video content 34 to identity onc or
more hard cut transitions is provided. The following description of method 300 1s provided
with reference to the software and hardware components of the scene detection system 10
described above and shown wn FIG. 1. It will be appreciated that method 300 may also be
performed in other contexts using other suitable hardware and software components.
{6022} With reference to FIG, 3, at 304 the method 300 may include calculating a
color histogram of each frame (i} in the video content 34, In one example utilizing an RGB
color space, the red, green, and blue pixel values of a frame are converted to the YCbCr
color space. A YUDbCr color histogram of each frame (1} is then calculated using a number
B of bins. In one example, the number B of bins may be 16. In other examples, the number
B of bins may be 4, 8, 12, 20, 32, 64, 128 or other suitable number of bins, At 308 the
method 300 may include normalizing cach frame histogram by dividing the value in cach
bin by the number of pixels of the frame being analyzed.

{6G23] At 312 the method 300 may include, for all frames in the video content 34,
calculating a frame histograrm similarity H between a first frame and a temporally adjacent
second frame. In one example, the color histogram similarity between a first frame (i) and
a temporally adjacent frame (i+1) may be calculated as follows:

B
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Hiwt = ¥ min(HY®), HinYoD+min{H %), HioShH+minFLO0), Hia S G)

b=1

where HiY(b) is the ratio of the number of pixels whose Y value {alis in bin b to the total
rumber of pixels in frame (1), To determine whether a shot boundary exists at frame (i}
{i.c., whether a hard cut transttion exists between frame (i)-1 and frame (1)), at 316 the
method 300 may include determining whether the following first condition is satisfied:
Hiwi <y
where T1 is a first histogram similarity threshold value. In one example, T1 may be
approximately 2.85, In other examples, Ty may be 2.25, 2.45, 2.65, 3.05, 3.25, 3.45 or other
suitable threshold value.
16024} I Hig1 = T, then at 320 the method 300 may include determining whether
all ot the frames 1n the video content 34 have been examined to identify a hard cut transition.
if all of the frames in the video content 34 have been examined, then the method 300 may
end. If all of the frames of the video content 34 have not been examined to identify a hard
cut transttion, then the method 300 may proceed to the next frame comparison.
106025} Returning to 316, if Hizt < Ty then at 328 the method 300 may include
determining whether the following second condition is satisfied:

Hii> Ty

where T2 is a second histogram similarity threshold value, In one example, T2 may be

Tl

approximately 2.9, In other exaraples, T2 may be 2.3, 2.5, 2.7, 3.1, 3.3, 3.5 or other
suitable threshold value,

{0026} If Hini < T2, then at 320 the method 300 may inchude determining whether
all of the frames in the video content 34 have been examined to identify a hard cut transition.
If all of the frames in the video content 34 have been examined, then the method 300 may
end. If all of the frames of the video content 34 have not been examined to identify a hard
cut transition, then the method 300 may proceed to the next frame comparison.

16027} Retwrning to 328, i Hii > Tathen at 332 the method 300 may deterrmine that
a shot boundary exists at frame (i}. Alternatively expressed, the method 300 may use a
fravae histogram simntlanity to identify a hard cut transition between the frame (i) and the

temporally adjacent frame (1 + 1).
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{0028] it will be appreciated that the first condition described above may identify a
hard cut transition at frame (1) when the sinilarity between {rame (i) and the temporally
adjacent frame (i+1) is less than the first histogram similarity threshold value Ti. it will
also be appreciated that the second condition described above may be utibized to rule out a
fast camera movement condition which may cause a large difference between terporally
adjacent frames (1-1) and (i) and result in Hi.ii <T2 and also a large ditfercnce between
temporally adjacent frames (i} and (i+1) and result in Hiim <Tw

{6029} Another example of a shot transition 18 a gradual shot transition, in which
two shots are concatenated and transitioned wn a gradual fashion over multiple frames.
Examples of gradual shot transitions include, but are not limited to, dissolving from one
shot to another shot, fading from one shot to another shot, and wiping from one shot to
another shot.

16030} With reference now to FIGS, 4 and 5, embodiments of methods 400 and 500
for identitying a gradual shot transition and gradual transition start frame are provided. The
following description of mcthods 400 and 500 18 provided with reference to the software
and hardware components of the scene detection system 10 described above and shown in
FIG. 1. It will be appreciated that methods 400 and 500 may also be performed in other
contexis using other suitable hardware and sotftware components.

10031} As described in more detail below, in some embodiments the methods 400
and S00 for identifyving a gradual shot transition way utilize the samwe fraroe histogram data
that is calculated and utilized in the method 300 for identifying hard cut transitions as
described above, Advamtageously, by utilizing the same trame histogram dats i this
manner, such frame histogram data may be computed only once. Accordingly, the methods
400 and 500 for identitying a gradual shot transition described below may add only minor
additional computational complexity to the systems and methods for detecting a scene in
video content as described herein.

106321 As described in more detail below, i some exaraples the method 400 may
be used to identify gradual shot transitions to black (a first category}. In this category of
transitions, frames of a first shot transition to black with the last frame of the first shot
being followed by the first frame of second shot. In other examples, the method 500 may
be used 1o wdentify gradual shot transitions in which the last frame of a first shot transitions
directly to the first frame of a second shot (a second category).

{6033] It will be appreciated that in some examples, the first category of gradual

shot transitions may be easter to detect, and may have a longer length, as compared the
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second category of gradual shot transitions. Thus, in some examples, by detecting the first
category of gradual transitions separately from the second category, the methods 400 and
500 may achieve improved results in detecting the second category of gradual transitions,
including a better estivnation of the gradual trausition length.

15034] With reference now to FIG. 4, an example method 400 of identifying a
gradual shot transition of the first category described above will now be described, At 404
the method 400 may include, for each frame (i} in the video (the target frame),
determining a cardinality of a {irst bin of 8 normalized Y component color histogram of
the target frame (1), More patticularly, at 408 and with respect to the target frame (1), the
method 400 may include determining if the luma value Y of more than 98% of the total
frame pixels 1s in the first bin of the istogram. It will be appreciated that pixels in the
first bin of the histogram, i.. having luma values Y zero or close to zero, are black or
nearly black, Such a determination may be represented by,

Hi¥[0] > 0.98

[G035] If Hi¥[01>0.98, then at 412 the method 400 may set the length of a
gradual transition GTrto GTL = 0. At 416 the method 400 may proceed to the next frame
after target frame (1), At 420 the method 400 may make a similar determination of the
cardinality of the first bin of the normalized Y component color histogram of next frame
(i+1). I HiY[0]>0.9%, then at 424 the method 400 may set GTr to GTo+ 1. At 416 the
method 400 may proceed to the next frame (i+2) and make a sinular determination of the
cardinality of the first bin of the normalized Y component color histograrn of next frame
(i+2).

[6036] The method 400 may continue to cycle through 420, 424, and 416 until, at
424 the cardimality of the first bin of the normalized Y component color histogram for the
current frame is < 8.98. Upon this occurrence, at 428 the method 400 may determine ifa
fravae histogram simnilarity between a temporally adiacent previous frame (-1 and a
temporally forward frame (i+ GTo + 1} is less than a false positive similarity threshold T3,
In one example, T3 may be 2.9 or the same value as the second histogram sirmlarity
threshold value T2, This determination may be represented by:

Hip wgris << T3
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{6037} I Hiq irgmies > T8, then at 432 the method 400 may fnclude determining
whether all of the frames 1o the video content have been examined. If all of the frames wn
the video content have been cxamined, then the method 400 may end. If all of the frames
of the video coutent have not been examined, then at 436 the method 400 may proceed to
the next frame comparison.

{0038} Returning o 428, if Hiy irgrio) < T3, then at 436 the method 400 may
include determining that the target frame (i) is a gradual transition start frame, and setting
the length of the gradual transition to GTi. At 432 the method 400 may then include
deterrmining whether all of the frames m the video content have been examined.

With reference now to FIG. 5, an example method 500 of identifying a gradual
shot transition of the second calegory described above will now be described. At 502 the
method 500 may include initializing a count to 0. At 504 the method 500 may include, for
each frame (1) 1u the video (the target frame), calculating a number of histograwm frame
differences between the target frame {1} and consecutive following frames. More
particularly, at SO8 and with respect to the target frame (1), the method 500 may inchude
calculating a first set of frame histogram differences between the target frame (i) and each
of X consecutive following frames ending in an end frame (X)), where X is a positive
integer. In the example discussed below, X =5, It will be appreciated that other 1nteger
values of X may also be utilized. Where X = 3, the first set of frame histogram differences
may inciude:

Ho s, HS o, HB s, HS s, HE s
{6039} At 512 the method 500 may imclude caleulating a second set of frame
histogram differences between the end frame (i+X) and the target frame (i} and between
the end frame (i+X) and cach of the consecutive following frames between the target
frame and the end frame (i+X). Where X = §, the second set of frame histogram
differences may include:

Mo ivs, Mot s, Moo s H%uz g, M ies
{6049} In one example, to calculate the above frame stogram differences, the
Euclidian distance between the color histogram of two frames (i}, {j) may be used as

foliows:

HS = [ (HY(D) — HYO) + HE0) — HOm)? + G5 h) - HO )P 12
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b1

{6041} At 516 the method 560 may include determining whether the frame
histogram differences o the first set are increasing towards the end frame (+5). In one
example, this determination may be expressed as follows:

HO pen << MO e <O HB s < HBG g <0 HBG s

10042} At 520 the method 500 may include deterruining whether the frame
histogram differences in the second set are decreasing towards the end frarme (i+3). In one
example, this determination may be expressed as follows:

Ho s > Hownies > MO0 s > HBua s > HBjug jes

{6043} At 524 the roethod 500 may include deterraining whether a false positive
frame histogram difference between the target frame (1) and the end frame (i+5) is greater
than a talse positive difference threshold Ta. In one example, this determination may be
expressed as follows:

HS s > Ty
10644} in one example T4 = 0.1, It will be appreciated that other suitable examples
of Tamay also be utilized.
{0845] Hfany of the determinations at 516, 520 or 524 are NO, then at S28 the
method 500 may include setting the count to 0. At 532 the method 500 may next include
determining whether all of the frames wn the video content have been examuned. Ifall of
the frames n the video content have been examined, then the method 500 may end. H all
of the {frames of the video content have not been examined, then at 536 the method 500
may proceed to the next frame.
{0046} Returning to the determinations at 316, 520 and 524, if all of these
determinations are YES, then at 536 the method 500 may inclade setting the count to
equal count + 1. At 540 the method 500 may include determining whether count > Y,
where Y 18 a positive inleger. In this example, Y = 4. 1 will be appreciated that other
suitable integer values for Y may also be used.
{0047} If count < 4, then at 532 the method 500 may deternune whether all of the
frames in the video content have been examined. If all of the frames in the video content

have been examined, then the method 500 may end, 1 all of the framces of the video
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content have not been examined, then at 536 the method 500 may proceed to the next
frame.

{6048} Returning to 540, if the count > 4 then at 544 the method 500 may include
determining if a blur value of a sample frame taken frovo any of the frawes (4, (1), (+2),
(i+3), (i+4} and (i+5) is greater than a blur value threshold Ts.  In some examples, this
deterraination may be used to identify certain {alse positives, such as a moving camera,
that may be mistaken for a gradual transition. 1t will be appreciated that this determination
may detect an amount of blur or sharpness at the edge frames (1) and (1+5). Insome
examples, frames i a rooving camera sequence have sharper gualities, while frames ina
gradual transition include greater blur. It will also be appreciated that any suitable bhur
value associated with a corresponding blurring technique may be ulilized.

{3049} At 544, if the sample frame blur < Ts then the method 500 may proceed to
528, set the count = U and continue to 532, If the sample frame blur > Ts then at 548 the
method 500 may determine that the target frame (i) 1s a gradual transition start frame. The
method 500 may then proceed to 552 to determine whether all of the frames in the video
content have been examined. I all of the frames in the video content have been examined,
then the method 500 may end. If all of the frames of the video content have not been
examined, then at 556 the method 500 may set the count to 8, and at 536 the method may
proceed to the next frame.

{06501 With reference now to FIG. 6, as noted above a scene may be characterized
as a set of temporally adjacent shots in the video content 34. FIG. 6 schematically illustrates
a serics of temporally adjacent shots that are temporally rearward and temporally forward
of a target shot 604, More specifically, in this example six shots 608, 610, 612, 614, 616,
and 618 that are temporally rearward of the target shot 604 are shown. Five shots 620, 622,
624, 626, and 628 that are temporally forward of the target shot 604 are shown.

{6051} With reference now to FIG. 7, an embodiment of a method 700 for detecting
a scene in video content 1s provided. The following description of method 700 is provided
with reference to the software and hardware components of the scene detection system 10
described above and shown wn FIG. 1. It will be appreciated that method 700 may also be
performed in other contexts using other suitable hardware and software components.
{6052} At 704 the method 700 may melude wdentifying a plurality of shots in the
video content 34. To identify the plurality of shots and as described above, the method 700
may include analyzing cach frame of a plurality of frames n the video content 34 to wdentify

the plurality of shots. In one exarnple, the method 700 may wclude identifying a shot
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boundary by identifying a hard cut transition between a first frame and a second as described
above with respect to the roethod 300, The method 700 may also wmechude identifying one or
more gradual transition start frames in the phurality of frames, indicating the beginning of a
gradual transition shot boundary, as described above with respect to method 400, It will
also be appreciated that the method 700 may utilize other methods and techniques for
identitying a plurality of shots, wdentifying hard cut transitions and/or identifying gradual
shot transitions.

10053} At 708 the method 700 may include caleulating color shot histograms for
sach shot i the video content 34, In one example, the color shot histograms for each shot
may be calculated as follows:

Y i+ Y

() = /L T Hb)

Ch #+ih Ch
Heb) = /L ¥ Hidb)
Cr +L Cr
Hob) = /L ¥ Hidb)

where 1 1s the first frame of shot x, and L is the number of frames in shot x. Alternatively,
the {rame mstograra of ope represeniative frame in the shot can be used as the color
histogram of the shot. In one example, the individual frame histograms for each frame in
the video content 34 may have already becn computed in identifying the plurality of shots
via identifying hard cut transitions and/or gradual shot transitions as described above.
Advantageously, the same frame histograms may be utilized to calculate the shot
histograms. Accordingly, by making use of this pre-calculated frame histogram data, the
method 700 for detecting a scene in video content may utilize minimal additional
compuiational resources.

{6054] At 712 the method 700 may include selecting a target shot in the pharality of

shots. At 714 the method 700 may deternne if the target shot includes a gradual transition
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start frame. I the target shot does not include a gradual transition start frame, then at 716
the method 700 may include, beginning with the target shot, building a forward window
including the target shot and containing a first number A of following shots that are
temporally abead of the target shot, and bulding a rearward window containing a second
number B of previous shots that are temporally behind the target shot. With reference to
FIG. 6 and target shot 604, in one cxample the forward window 634 may contain a total of
6 shots including the target shot 604 and 5 following shots 620, 622, 624, 626, and 628
{A=5). A rearward window 638 may also contain a total of 6 previous shots 608, 610, 612,
614, 616 and 618 (B=6).

{0055] it will be appreciated that in other examples, the forward window and
rearward window may have a different murnber of shots such as 3, 6, 7, §, 14, or other
suitable number of shots. Additionally, the total number of shots in the forward window
may be different than the total number of shots 1o the rearward window.

16056} it will also be appreciated that the number of shots in the forward and
rearward window may be selected to be large enough to capture one scene boundary
defining two separate scenes. The number of shots in the forward and rearward window
may also be selected to be small enough to avoid capturing two scene boundarics defining
three separate scenes. In some examples, factors and/or characteristics of the type of video
content 34 may be utilized to select the number of shots in the forward and rearward
windows. For example, video content comprising a television soap opera program may
utilize a different number of shots in the forward and rearward windows than video content
comprising a television sitcom program.

15057} At 720 the method 700 may inclade, for each of the shots in the forward
window, determmning a dissimilarity Dxy between a selected shot and cach of the other shots
in the rearward window. For example and with reference to FIG. 6, the selected shot may
be shot 620 in the forward window. Shot 620 may be compared to the other 6 shots in the
rearward window. Each such comparison may yield a dissinularity Dxy between shot 620
and the other shot in the comparison. Next, shot 622 may be compared to the other 6 shots
in the rearward window, and so forth until each of the 6 shots in the forward window has
been compared to each of the 6 shots in the rearward window ..

{6058 In one example, at 724 the method 700 may mclude determining a
dissimilarity Dyy between a selected shot in the forward window and each of the other shots

in the rearward window by calculating a Euclidean distance betwoen the shot histograms of
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the selected shot and cach of the other shots. The Euclidean distance between shot

histograms of two shots x and y may be calculated as follows:

B Y Y Ch Ch Cr Cr
Dy = | S (L) — ()2 + (D) — Hy () + (HLb) — Hy(h)2 112
b=1

where B is the number of bins of the histogram.

15059 At 728 the method 700 may include determiming whether any of the
deterruined dissimilarities Dx,y arc less than a scene boundary threshold Ta. In some
examples, T4 may be approximately 1, 1.1, 1.2, 1.3, or 175, It will be appreciated that other
suitable values of T4 may also be utilized.

{6060} If one or more of the determined dissimilarities Dx,y 18 less than the scene
boundary threshold T4, then at 732 the method 700 may include determining that no new
scene beging at the target shot 620, At 736 the method 700 may then determine whether all
of the shots in the video content 34 have been examined. If all of the shots in the video
content 34 have been examined, then the method 700 may end. If all of the shots of the
video content 34 have not been examined, then at 73¥ the method 700 may proceed to the
next target shot comparison.

{0061} Returning to 728, if none of the determived dissimilarities DR,y are less than
the scene boundary threshold Ta, then at 740 the method 700 may include determining that
a new scene begins at the target shot 620, In oue exaruple, the wethod 700 may then wmsert
metadata into the video content indicating that a new scene begins at the target shot 620.
{6062} At 736 the method 700 may then determuine whether all of the shots in the
video countent 34 have been examined. H all of the shots in the video content 34 have been
examined, then the method 700 may end. If all of the shots of the video content 34 have not
been examined, then the method 700 may proceed to the next target shot comparison. In
this manner, the method 700 may cxamine all of the shots in the video content 34 and
efficiently deterraine one or more scene boundaries at one or more target shots, where a new
scene begins at each scene boundary.

{6063} Returning to 714, if the target shot includes a gradual transition start frame,
then at 740 the method 700 may include determining that a new scene begins at the target

shot 620. In one example, the method 700 may then msert metadata into the video content
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indicating that a new scene begins at the target shot 620. The method 700 may then proceed
to 736 to determuine whether all of the shots 1o the video content 34 have been examined,
and continue as described above.

{0064} In some embodiments, the methods and processes described above may be
tied to a computing system of one or more computing devices. In particular, such methods
and processes may be implemented as a computer-application program or service, an
application-programming interface (AP, a library, and/or other computer-program
product.

{8065} FIG. R schematically shows a noplimiting embodiment of a computing
device 800 that may perform one or more of the above described methods and processes.
Computing device 800 1s shown 1o simplified form. 1t 1s to be understood that virtually any
computer architecture may be used without departing from the scope of this disclosure. In
different embodiments, computing device 800 may take the form of 2 mamnframe computer,
server computer, desktop computer, laptop computer, tablet computer, home entertainment
computer, gaming console, set-top box (¢.g. cable television box, satellite television box},
network computing device, mobile computing device, mobile communication device, etc.
{6066} As shown in FIG. &, computing device 800 includes a logic subsystem 804,
a data-holding subsystem 808, a display subsystem 812, and a communication subsystem
816. Computing device 800 may optionally include other subsystems and components not
shown in FIG. 8. Cowmputing device R00 may also optionally inclade other user input
devices such as keyboards, mice, game controllers, and/or touch screens, for example.
Further, in some embodiments the methods and processes described herein may be
implemented as a computer application, computer service, computer API, computer library,

and/or other computer program product in a computing systern that includes one or more

computers.
{6067} Logic subsystem 804 may inclade one or more physical devices configured

to execute one or more nstructions, For example, the logic subsystern may be configured
to execute onc or more instructions that are part of one or more applications, services,
programs, routines, bbravies, objects, compouents, data structures, or other logical
constructs. Such instructions may be implemented to perform a task, implement a data type,
transform the state of one or more devices, or otherwise arrive at a desired result.

16068] The logic subsystemn 804 may include one or more processors that are
conligured to cxeccute software instructions. Additionally or alternatively, the logie

subsysten may inchude one or more hardware or firmware logic machines configured to
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execute hardware or firmware instructions. Processors of the logic subsystem may be single
core or maulticore, and the programs executed thereon may be coufigured for parallel or
distributed processing. The logic subsystem may optionally include individual components
that are distributed throughout two or more devices, which may be remotely located and/or
configured for coordinated processing. One or more aspects of the logic subsystem may be
virtualized and exccuted by remotely accessible networked computing devices configured
in a cloud computing configuration.

106069} Data-holding subsystern 808 may clude one or more physical, persistent
devices configured to hold data and/or 1ustructions executable by the logic subsystem 804
to implement the hercin described methods and processes. When such methods and
processes are implemented, the state of data-holding subsystem 808 way be transformed
{e.g., to hold different data). Data-holding subsystem 808 may be configured to holid, for
example, the video content 34,

16076 Data-holding subsysteny 808 may include removable media and/or built-in
devices. Data-holding subsystem 808 may mclude optical memory devices {e.g., CD, DVD,
HD-DVD, Blu-Ray Disc, etc.}, semiconductor memory devices (e.g., RAM, EPROM,
EEPROM, etc.} and/or magnetic memory devices {e.g., hard disk drive, floppy disk drive,
tape drive, MRAM, etc.}, among others. Data-holding subsystem 808 may wnclude devices
with one or more of the following characteristics: volatile, nonvolatile, dynamic, static,
read/write, read-only, random access, segquential access, location addressable, file
addressable, and content addressable. In some embodiments, logic subsystem 804 and data-
holding subsystem 808 may be mtegrated into one or more common devices, such as an
application specific integrated circuit or a system on a chip.

{6071 FIG. § also shows an aspect of the data-holding subsystern 808 o the form
of removable computer-readable storage media 820, which may be used to store and/or
transfer data and/or instructions exccutable to implement the methods and processes
described herein. Removable coruputer-readable storage media 820 roay take the form of
CDs, DVDs, HD-DVDs, Blu-Ray Discs, EEPROMs, and/or floppy disks, among others.
16072} It is to be appreciated that data-holding subsystem 808 inchudes one or more
physical, persistent devices. In contrast, in some embodiments aspects of the instructions
described herein may be propagated in a transitory {ashion by a pure signal {e.g, an
slectromagnetic signal, an optical signal, stc.} that s not held by a physical device for at
ieast a finite duration. Furthermore, data and/or other forms of information pertaining to the

present disclosure may be propagated by a pure signal.
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8073} Display subsystem 812 may be used to present a visual representation of data
held by data-holding subsyster R08. As the above described methods and processes change
the data held by the data-holding subsystem 808, and thus transform the state of the data-
holding subsystem, the state of the display subsystemn 812 may likewise be transformed to
visually represent changes in the underlying data. For example, as the above described
methods and processes identify scene boundaries in the video content 34, the display
subsystern 812 may visnally depict such scene boundartes in a visual representation of the
video content. For exarmple, the display subsystem 812 may depict representative frames
from ecach scene in a browser bar panel, where a user can navigate to a particular scene by
selecting the corresponding frame. The display subsystem 812 may include one or more
display devices utilizing virtually any type of technology. Such display devices may be
combined with logic subsystem 804 and/or data-holding subsystem 808 in a shared
eunclosure, or such display devices may be peripheral display devices,

18074} Communication subsystem 816 may be configured to communicatively
couple computing device 800 with one or more networks, such as network 42, and/or one
or more other computing devices. Communication subsystem 816 may include wired and/or
wireless communication devices compatible with one or more different communication
protocols. As nonlimtting examples, the communication subsystem 816 may be configured
for commmunication via a wireless telephone network, a wireless local area network, a wired
local area network, a wireless wide area network, a wired wide area network, ete. In some
embodiments, the communication subsystern may allow computing device 800 to send
and/or receive messages to and/or from other devices via a network such as the Internet,
{B075] it will also be appreciated that in some examples the computing device 860
may operate in a cloud-based service that delivers video content to a client display device.
In these examples the video content sent to the client display device may also include scene
markers that denote onc or more scenes that are detected using the above described systems
and methods,

8076} The above described systems and methods may be used in a computationally
efficient manner to accurately identify scenes i video content, thercby addressing
inefficiencies identified in the Background. As a result, viewers of video content may be
provided with an enjoyable user expericuce in browsing the content and locating desired
portions of the content.

16077} The term “program’ may be used to describe an aspect of the scene detection

systera 10 that is mplemented to perform one or more particular functions. In some cases,
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such a program may be instantiated via logic subsystem 804 executing instructions held by
data-holding subsystem 808, It is to be understood that different programs may be
instantiated from the same application, service, code block, object, library, routine, AP,
function, etc. Likewise, the same program may be instantiated by different applications,
services, code blocks, objects, routines, APIs, functions, ete. The term “program” is meant
to encornpass individual or groups of executable files, data files, libraries, drivers, scripts,
database records, etc.

16078} 1t 18 to be understood that the configurations and/or approaches described
herewn are exeruplary in nature, and that these specific embodiments or examples are not to
be considered in a limiting sense, because numerous variations are possible. The specific
routines or methods described herein may represent one or more of any number of
processing strategies. As such, various acts illustrated may be performed in the sequence
ithustrated, in other sequences, in paralich, or in some cascs omitted, Likewise, the order of
the above-described processes may be changed.

{0679] The subject matter of the present disclosure inclades all novel and
nonobvious combinations and subcombinations of the various processes, systems and
configurations, and other features, functions, acts, and/or properties disclosed herein, as well

as any and all equivalents thereof.
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CLAIMS:

I A method for detecting a scene in video content, comprising:

identifying a plurality of shots in the video content;

selecting a target shot in the plurality of shots;

building a forward window including the target shot and having a first number of
the plurality of shots that are temporally shead of the target shot;

building a rearward window having a second number of the plurality of shots that
are temporally behind the target shots

for each of the shots 1o the forward window, determining a dissimnilarity between a
selected shot and each of the other shots in the rearward window;

if oue or roore of the determined dissimilarities is less than a scene boundary
threshold, then determining that the scene does not begin at the target shot; and

il none of the determined dissimilarities is less than the scene boundary threshold,

then determining that the scene begins at the target shot.

2. The method of claim 1, wherein identifying a plurality of shots conmprises
identifying a gradual transition start frame in one or more of a plurality of frames in the
video content, and further comprising:

if the target shot includes the gradual transition start frame, then determining that

the

73]

ceue begins at the target shot.

3. The method of claim 2, wherewn identifying a gradual transition start frame
further comprises:
for a target frame (i) in the plurality of frames, determining a cardinality ot a first
bin of a Y component color histogram of the target frame;
if the cardinality of the first bin 15 > 0.98, then:
determining a numiber GTo of following frames that are temporally adjacent
and forward of the target frame (i), where cach of the following frames hasa Y
component color histogram with a first bin cardinality > 0.98; and
if a frame histogram similarity between a temporally adjacent previous
trame (i-1) and a teraporally forward frame i+ GTr +1) is loss than 4 false positive
similarity threshold, then determining that the target frame (1) is the gradual

fransition start frame and setting a length of a gradual transition to GTw.

ig
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4. The method of claim 2, wherein identifying a gradual transition start frame
further comprises:

for a target frame (1) in the plurality of frames:

calculating a first set of frame histograr differences between the target
frame (1} and each of X consecutive following frames ending in an end frame
(i+X), where X is a positive integer;

calculating a second set of frame histogran differences between the end
frame (1+X) and the target frame (1) and between the end frame (1+X} and cach of
the cousecutive following frarses between the targel frame and the end frame
(i+X})

it

{a} the frame histogram differences in the first sot are increasing towards
the cnd frame (1+X}, and

{b} the frame histogram differences in the second set are decreasing
towards the end frame (1+X), and

{c} a false positive frame histogram difference between the target frame (i)
and the end frame (1+X) is greater than a false positive difference threshold, and

{a}, (b} and (¢} are true for Y of the cousecutive following frames, where Y
is a positive integer, then

determining that the target frame (1) 1s the gradual transition start frame,

5. The method of claim 1, further comprising:

calculating a frame histogram for each frame (1} in a phurality of frames in the
video content;

using the frame histograms to identify a hard cut transition between a first frame
and a temporally adjacent second frame (1) in the plurality of frames;

using the frame histograms to iwdentify a gradual transition start frame (1) in the
plurality of frames;

using the frame histograms to calculate shot histogrars of each of the shots 10 the
video content; and

using the shot histograms to determine that the scene begins at the target shot.

6. A scene detection system for detecting a scene in video content, comprising:

a computing device wcluding a processor and meraory;
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a scene detection program exccuted by the processor using portions of the memory,
the sceue detection prograra configured to:

identify a plurality of shots in the video content;

select a target shot in the plurality of shots;

build a forward window including the target shot and having a first number
of shots that are teraporally ahecad of the target shot;

build a rearward window having a second number of shots that are
temporally behind the target shot;

for cach of the shots n the forward window deterrmne a dissimnianity
between a selected shot and each of the other shots in the rearward window;

if one or more of the determined dissimilarities 13 less thau a scene
boundary threshold, then determine that the scene does not begin at the target shot;
and

if none of the determined dissimilarities is less than the scene boundary

threshold, then determine that the scene begins at the target shot.

7. The system of claim 6, wherein the scene detection program is further
configured to:

identify a gradual transition start frame (1) in one or more of a plurality of frames
in the video content, and

if the target shot includes the gradual transition start frame, then determine that the

scene begins at the target shot.

8. The system of claim 7, wherein the scene detection program is further
configured to:
for a target frame (1} in the plurality of frames, determine a cardinality of a first bin
of'a Y component color histogram of the target frame;
if the cardinality of the first bin 15 > 0.98, then:
deterrmine a number GTo of following frames that are temporally adjacent
and forward of the target frame (1), where each of the following frames hasa Y
component color histogram with a first bin cardinality > 0.98; and
if a frame histogram similarity between a temporally adjacent previous

trame (i-1) and a teraporally forward frame i+ GTr +1) is loss than 4 false positive
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similarity threshold, then determine that the target frame (1) is the gradual

trausition start frame and set a length of a gradual transition to GTL.

9. The system of claim 7, wherein the scene detection program is further
configured to:

for a target frame (1) n the plurality of frames:

calculate a first set of frame histogram differences between the target frame
(1) and cach of X consecutive following frames ending n an end frame (i+X),
where X s a posifive juteger;

calculate a second set of frame histogram differences between the end
frame (i+X} and the target frame (1) and between the end frame (1+X) and each of
the consecutive following frames between the target frame and the end frame
{i+X}

if:

{a) the frame histogram differences n the first set are mcreasing towards
the end frame (i+X), and

{b} the frame histogram differences in the second set are decreasing
towards the end frame (i+X), and

{c} a false positive frame histogram difference between the target frame (i)
and the end frame (1+X) 15 greater than a false positive difference threshold, and

{a}, (b} and {c) are true for Y of the consecutive following frames, where Y
is a positive integer, then

determine that the target frame (i) is the gradual transition start frame.

10, The system of claim 9, wherein the scene detection progran is further
configured to:

select a sample frame from among the target frame (1) and the X cousecutive
following frames; and
if a blur value of the saruple frame is greater than a blor value threshold, then deternmine that

the target frame (1} is the gradual transition start frame.



WO 2014/055203 PCT/US2013/058431

1/6

SERVER 38

(VEDEO CONTENT _@4)

’!(}m\

¢ NETWORK 42 <

4 COMPUTING DEVICE 22 h

MASS STORAGE 18

SCENE DETECTION
FROGRAM 14

50 (\/iDEO CONTENT gg)

(  MEMORYZ28 )
E
(  PROCESSORZ0 )

-~

FIG. 1

~OOEE O E E-

FIG. 2




WO 2014/055203 PCT/US2013/058431

2/6

300

N

304
CALCULATE COLOR HISTOGRAM OF EACH S
FRAME
! 308
NORMALIZE EACH FRAME HISTOGRAM

FOR ALL FRAMES IN VIDEO, CALCULATE FRAME “j;‘ 2
HISTOGRAM SIMILARITY H BETWEEN A FIRST FRAME
AND TEMPORALLY ADJACENT SECOND FRAME

PROCEED TO NEXT
FRAME COMPARISON

((((((((( E XAE\ v‘fi i N ED"B B — (((((((((((((( e

T, DETERMINE THAT SHOT |/
N 4 BOUNDARY EXISTS

FIG. 3
[638 [634

i 1
ER“EHR?HR?iéR‘iiETSiEF’iHF’iEEF’EEEF‘EHF‘?'
-616 614 ~612 610 608 04 B20 622 624 626 628

FIG. 6

f

-

18




WO 2014/055203 PCT/US2013/058431

400

404
FOR EACH FRAME (i) INVIDEO —
436 | DETERMINE THE FOLLOWING

PROCEED TO NEXT FRAME (i) g
NC

408

AAAAAA N O

EXAMINED /%
il

101> 0.98 7)

412
SET LENGTH OF GRADUAL |~

TRANSITIONGT . TOGT =0

416

PROCEED TO NEXT FRAME  {egim

T :

NO

NO ¥
{Ha 0] > 0.98 7

S Hi et < T37

DETERMINE THAT FRAME | 430
(i) 1S GRADUAL TRANSITION +—
START FRAME AND SET
LENGTH OF GRADUAL
TRANSITION TO GT,

FIG. 4



WO 2014/055203

4/6

COUNT = § ““\502

y

504

FOR EACH FRAME (i) IN VIDEO DETERMINE THE FOLLOWING

ey

v

508
y

P

CT/US2013/058431

500

<

f/536

CALCULATE HISTOGRAM FRAME

¥

PROCEEDTO  je

CALCULATE HISTOGRAM FRAME DIFFERENCES 512
H s Horps B onops Housiea Hopans —

536
{,

et S H e H N
3 Hoapa< H ps?

Hous > H pais™ 3
H o2 > H wapns >/
H i+4,i+5 ?

B ii o (((((

DIFFERENCES H i H o H g Hoiie H s NEXT FRAME (i)

~gpi SET COUNT =@

o

COUNT = COUNT

{,548

DETERMINE THAT

FRAME () IS A

GRADUAL TRANSITION

START FRAME

SET COUNT =0

FIG. 5




PCT/US2013/058431

WO 2014/055203

s/6
}G
704
IDENTIFY A PLURALITY OF SHOTS IN THE VIDEO CONTENT | '
¥ 708
CALCULATE SHOT HISTOGRAMS FOR EACH SHOT IN THE |
714

VIDEQ CONTENT
% 712
-
SELECT A TARGET SHOT IN THE PLURALITY
OF SHOTS

ARGE
AAAAAAAA SHOT = GT
= ARt

“ FRAME?

v
716
FROM THE TARGET SHOT, BUILD A FORWARD WINDOW ey
CONTAINING THE TARGET SHOT AND *“A” FOLLOWING SHOTS,
AND A REARWARD WINDOW CONTAINING "B° PREVICUS SHOTS “@“““‘““"]
PROCEED
TO NEXT
TARGET
FOR EACH OF THE SHOTS IN THE FORWARD WINDOW (THE SHOT
SELECTED SHOT), DETERMINE A DISSIMILARITY Dy, BETWEEN THE
SELECTED SHOT AND EACH OF THE OTHER SHOTS IN THE 720 \\738
REARWARD WINDOW Tod

| CALCULATE EUCLIDEAN DISTANCE BETWEEN THE SHOT |
| HISTOGRAMS OF THE SELECTED SHOT AND EACH CF THE - ”
OTHER SHOTS IN THE REARWARD WINDOW ;

~

ALL SHOTS

TERNEXAMINED?

ot

740

\

DETERMINE THAT NEW e

TARGET SHOT

SIS ANY D, , < TP

DETERMINE THAT NO
NEW SCENE BEGINS
AT TARGET SHOT

FIG. 7



WO 2014/055203

6/6

COMPUTING REVICE 800

LOGIC SUBBYSTEM 804

Yo o

(DATA-HOLDING SUBSYSTEM

808
N Wi

" DISPLAY SUBSYSTEM 812 )

N ~

C COMMUNICATION |

SUBSYSTEM 818

FIG. 8

o0
.
L

PCT/US2013/058431



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/058431

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO6K9/00 HO4AN5/14
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO6K HOA4N

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X Jihua Wang ET AL: "CINEMATIC-BASED MODEL 1,2,5-7,
FOR SCENE BOUNDARY DETECTION", 10

The Eight Conference on Multimedia
Modeling, 2001,

5 November 2001 (2001-11-05), XP055087360,
Retrieved from the Internet:
URL:http://citeseerx.ist.psu.edu/viewdoc/d
ownload?doi=10.1.1.17.9790&rep=repl&type=p
df

[retrieved on 2013-11-08]

Y Section 4, Section 4.1.2 3,4,8,9

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

°ited.t°| establish the pul_r;_licdation date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

12 November 2013 19/11/2013

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .
Fax: (+31-70) 340-3016 Boltz, Sylvain

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/058431

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

Yoshihiko Kawai ET AL: "Shot Boundary
Detection at TRECVID 2007",

1 January 2007 (2007-01-01), XP055087356,
Retrieved from the Internet:
URL:http://www-nlpir.nist.gov/projects/tvp
ubs/tv7.papers/nhk.pdf

[retrieved on 2013-11-08]

Section 4

AOKI H ET AL: "A SHOT CLASSIFICATION
METHOD OF SELECTING EFFECTIVE KEY-FRAMES
FOR VIDEO BROWSING",

PROCEEDINGS OF ACM MULTIMEDIA 96. BOSTON,
NOV. 18 - 22, 1996; [PROCEEDINGS OF ACM
MULTIMEDIA], NEW YORK, ACM, US,

18 November 1996 (1996-11-18), pages 1-10,
XP000734704,

DOI: 10.1145/244130.244135

ISBN: 978-0-89791-871-8

Frame comparison depth;

page 7

US 6 606 409 B2 (WARNICK JAMES [US] ET AL)
12 August 2003 (2003-08-12)

column 10, Tine 10 - column 11, line 12
BOON-LOCK YEO ET AL: "A unified approach
to temporal segmentation of motion JPEG
and MPEG compressed video",

PROCEEDINGS OF THE INTERNATIONAL
CONFERENCE ON MULTIMEDIA COMPUTING AND
SYSTEMS. WASHINGTON, MAY 15 - 18, 1995;
[PROCEEDINGS OF THE INTERNATIONAL
CONFERENCE ON MULTIMEDIA COMPUTING AND
SYSTEMS], LOS ALAMITOS, IEEE COMP. SOC.
PRESS, US,

15 May 1995 (1995-05-15), pages 81-88,
XP010154584,

DOI: 10.1109/MMCS.1995.484911

ISBN: 978-0-8186-7105-0

Section 3.2

JINHUI YUAN ET AL: "A Formal Study of
Shot Boundary Detection",

IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS
FOR VIDEO TECHNOLOGY, IEEE SERVICE CENTER,
PISCATAWAY, NJ, US,

vol. 17, no. 2,

1 February 2007 (2007-02-01), pages
168-186, XP011161876,

ISSN: 1051-8215

Section III

4,9

3,8

4,9

4,9

1,6

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2013/058431
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 6606409 B2 12-08-2003  US 6195458 B1 27-02-2001
US 2001004403 Al 21-06-2001
US 2001005430 Al 28-06-2001

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report

