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(54) Detection of flash illuminated scenes in video clips and related ranking of video clips

(57) In a method of processing video data in which
the video data is extracted to a plurality of frames and
the single frames are analysed for detecting a flash illu-
mination each of the frames is segmented into spatial
groups of elements of predefined characteristics and
each segmented frame is analysed with regard to illumi-
nation transition of its segments. This method allows an
implementation involving comparably simple computa-
tions and improved reliability, reproducibility and tracea-

bility can be achieved with it. The method allows the de-
tection of scenes in video clips whose illumination chang-
es noticeably because of flash light sources rather than
detecting the flash light sources themselves. Like this,
the quality of the video data processing can be improved
and the field of its possible applications can be extended.
Thus, the method according to the invention allows a
comparably simple and efficient video data processing
and in particular detection of flash illuminated scenes in
video clips and related ranking thereof.
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Description

Technical Field

[0001] The present invention relates to a method according to the preamble of independent claim 1 and more particularly
to a computer program and a system adapted for performing said method.
[0002] Such methods in which video data is extracted to a plurality of frames and the single frames are analysed for
detecting a flash illumination can be used for processing video data and in particular for the detection of flash illuminated
scenes in video clips as well as related ranking of video clips. Detection of such abrupt events, such as caused by
camera flashes in the scene, allows for isolating and ranking salient segments in video clips. Ranking video clips or
video segments within a video clip according to the number of detected camera-flashes in the scene of a given video
stream can be relevant for automatic or quick indexing, browsing and retrieval of video data and it alleviates fast search
for important sections of video clips within large databases. For example, the invention can be used in multimedia
database browsing systems, remote video-based education, video summarization, video-on-demand services, or quickly
indexing important segments in live video capture etc..

Background Art

[0003] Unconstrained video clips belong to no specific source or method of capture or method of distribution. It can
be any type of video stream from personal or family events (birthdays, recitals etc.) using a handheld camera to publicly
transmitted video streams such as sports events, news or entertainment events available on the World Wide Web or as
part of the television programming such as news and entertainment channels, documentaries, movies and the like. In
many cases these unconstrained video streams are available without any indexing information, i.e. the important seg-
ments of the video clip are unknown unless the complete clip is viewed and consciously marked by a user. Additionally,
because of a recent development of the data storage technology, video compression techniques and broadband internet
connections, the amount of the available video information is greatly increased. In such an environment, search for a
desired video material is a difficult problem. Hence, efficient search and indexing procedures becomes necessary.
[0004] To this end, many automatic processing methods that extract key or important segments in video clips exist.
Such automatic methods enable users to quickly and easily browse to relevant segments without viewing the complete
video document sequentially.
[0005] Video search and indexing has been an active topic of the recent research in video summarization, where a
video content has to be represented in a user-friendly manner. For instance, in Truong and Venkatesh, "Video abstraction:
a systematic review and classification", ACM Transactions on Multimedia Computing, Communications and Applications,
vol. 3, issue 1, 2007, video clips are summarized by sets of key-frames (i.e. still images) or condensed video skims,
which give the user maximal information about the content. In general it is desirable to match the video search capability
with the expectations of the human user and therefore video search has been used in conjunction semantic video
processing. Object and scene retrieval has been applied in Sivic and Zisserman, "Video google: a text retrieval approach
to object matching in videos", IEEE International Conference on Computer Vision, 2003. Several semantic video search
methods have been developed within the MediaMill engine, as explained in Worring et al., "The MediaMill semantic
video search engine", IEEE International Conference on Acoustics, Speech and Signal Processing, 2007. Moreover, a
multimodal semantic search method over video broadcast news databases (CuVid) has been proposed in Chang et al.,
"Columbia University’s semantic video search engine", ACM Conference on Image and Video Retrieval, 2007.
[0006] An important step in video search and indexing is detection of scene changes. While many types of scene
changes can be localized in the detection such as colour transition, facial expression changes, scene changes or the
like, the change caused by transition of illumination of the scene carries significant information and it is easily detectable.
Such a transition can be slow (fade in or fade out, camera adaptation, etc.) or sharp (scene cut, flash light, etc.). A
method for detection of both illumination transitions has been proposed in Qian et al., "Effective fades and flashlight
detection based on accumulating histogram difference", IEEE Transactions on Circuits and Systems for Video Technol-
ogy, vol. 16, no. 10, 2006, where the difference of histograms of the consecutive frames is analyzed and classified into
several cases. However, computation of accumulating histogram differences is complex which can cause on one hand
that the performance of the method can be low and/or on the other hand that the technical requirements to a system for
performing the method can be high.
[0007] Another method that has addressed flash detection in videos has been described WO 2009/090586 A1, where
the difference between consecutive frames is used to detect light source in the scene. However, this method is limited
to the detection of flash light sources in the frames. Furthermore, in a method described in WO 2009/075845 A1, the
flash is detected using threshold of normalized differences of the colour video components Y, U and V. However, this
method involves the heuristic definition of the thresholds which can limit the applicability of it and the method also is
computationally and conceptionally comparably complex.
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[0008] Therefore, there is a need for a method allowing a comparably simple, reliable and efficient processing of video
data particularly for detection of flash illuminated scenes in video clips.

Disclosure of the Invention

[0009] According to the invention this need is settled by a method as it is defined by the features of independent claim
1, by a computer program as it is defined by the features of independent claim 20 and by a system as it is defined by
the features of independent claim 21. Preferred embodiments are subject of the dependent claims.
[0010] In particular, the invention deals with a method of processing video data wherein the video data is extracted
to a plurality of frames and the single frames are analysed for detecting a flash illumination. Thereby, each of the frames
is segmented into spatial groups of elements of predefined characteristics and each segmented frame is analysed with
regard to illumination transition of its segments. The term "predefined characteristics" in this context relates to grouping
characteristics of the elements of the frame such as, e.g., groups of foreground elements and background elements of
the frame, illumination intensity groups of the frame or the like. In the analysis of the illumination transition of the segments
of a frame, the method can include a detection of illumination transitions and in particular a detection of the sharp
illumination transitions being caused by flash light. These transitions can be generated in several ways such as camera
flash light source, lighting, strobe-lights, etc., but a common property is that the illumination is changing as a pulse
function of time, i.e. an abrupt increase followed by an abrupt decrease of the illumination. Typically, these changes
caused by flash last only for a few frames in the video clip and take no more than 200 ms.
[0011] The method according to the invention allows an implementation involving comparably simple computations.
For example, no computation of accumulating histogram differences is necessary. Further, in the method according to
the invention it is not necessary to heuristically define any input parameters such as thresholds or the like. Like this,
improved reliability, reproducibility and traceability can be achieved. Still further, the method according to the invention
allows the detection of scenes in video clips whose illumination changes noticeably because of flash light sources rather
than detecting the flash light sources themselves. The method uses higher level information by segmentation the images
into distinct parts and extracting signal measures for flash illumination detection from each segment. Like this, the quality
of the video data processing can be improved and the field of its possible applications can be extended. Summarizing
the above, the method according to the invention allows a comparably simple and efficient video data processing and
in particular detection of flash illuminated scenes in video clips and related ranking thereof.
[0012] Preferably, in the method according to the invention luminance components are extracted from each segment
of each segmented frame. Such extraction of luminance components from a segment allows to concentrate the com-
putation for detecting flash illumination on a reduced set of parameters and to discard other parameters. Thus, a com-
parably simple and efficient computation is possible. The luminance component extraction preferably comprises obtaining
the frames of the video data in a RGB-format wherein the RGB components are converted into the luminance component
wherein the RGB-format can also only be used internally after decompressing the video data into raw data, i.e. into a
sequence of frames. Thereby, said conversion preferably is implemented by using floating point operations. Alternatively,
said conversion preferably is approximated by using integer operations. This allows a comparably efficient processing
of video data of the wide spread RGB-format. Thereby, RGB-components of the RGB-format are preferably converted
into the luminance component by applying the formula Y = WR • R + WG • G + WB •B, wherein Y is the luminance
component, R is the red-component of the RGB-format, G is the green-component of the RGB-format, B is the blue-
component of the RGB-format, WR + WG + WB = 1 and at least two of the coefficients WR, WG and WB are chosen
according to a colour model of the video data. Such RGB-components conversion can be a comparably simple and
efficient implementation of the luminance components extraction.
[0013] Preferably, a mean of the luminance components is calculated for each segment of each segmented frame.
Like this, the luminance components of a segment can be reduced to one parameter or feature which is further processed.
This allows further improving simplicity and efficiency of the method according to the invention. As an example of such
mean calculation the luminance components calculated from the RGB-components of each pixel of a segment can be
concentrated to one parameter or feature per segment. Such parameters or features the calculation of which is not
relying on a plurality of consecutive frames is also named "non-differentials" hereinbelow. Preferably, differences of the
means of luminance components of corresponding segments of consecutive segmented frames are also calculated.
Like this a second parameter or feature being characteristic for flash illumination of a video clip scene can be extracted
which can further improve the quality of the flash illumination detection in a comparably easy manner. Such parameters
or features the calculation of which is relying on a plurality of consecutive frames is also named "differentials" hereinbelow.
[0014] Preferably, in the method according to the invention the segmentation of each of the frames into spatial groups
of elements of predefined characteristics comprises plural segmentation of each of the frames by applying a plurality of
different segmentation methods such that a corresponding plurality of segmented frames is provided per frame. After
this plural segmentation each extracted segment of each frame can be processed independently in the following steps
such that this plural segmentation step has multiple output streams, wherein the number of outputs is equal to the number
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of applied segmentation methods. Such plural segmentation allows an improved efficiency of the detection of flash
illumination in video data without essentially increase the computational complexity of the method. Thereby, the seg-
mentation methods preferably are rectangular segmentation, foreground-background segmentation, illumination intensity
histogram-based segmentation, colour-based segmentation or no segmentation, wherein rectangular segmentation can
be non-adaptive quad-tree and no segmentation means that the entire frame is treated as a single segment. Preferably,
segmentation features of the plurality of segmented frames are consolidated per frame. In this context, the term "seg-
mentation features" corresponds to luminance components, mean of luminance components, differences of these means
and the like. Consolidation can preferably correspond to augmentation. Like this, the quality and efficiency can be further
improved.
[0015] Preferably, in the method according to the invention a set of reference data is created by manually labelling
each of the frames with regard to the presence of a flash. This manual reference data creation can typically be performed
prior productively processing the video data. For example, this reference data creation can be performed as a training
step using one or more reference video data sets. The reference data preferably comprise a global mean and a global
variance calculated from the consolidated segmentation features and the manual labels.
[0016] Preferably, in the method according to the invention important normalized features are extracted. In this context,
the term "normalized features" corresponds to consolidated segmentation features, manual labels, global means and/or
global variances. Of the normalized features those are important for the method which are retained according to specific
criteria, wherein it is also possible that all normalized features are treated as important. Such extraction of important
normalized features allows to further improve the efficiency of the method. Thereby, the extraction of the normalized
features is preferably performed by applying principal component analysis. The term "principal component analysis" in
this context relates to a mathematical procedure that transforms a number of possibly correlated variables into a smaller
number of uncorrelated variables called principal components wherein the first principal component accounts for as
much of the variability in the data as possible, and each succeeding component accounts for as much of the remaining
variability as possible. Like this, the initially extracted parameter or feature set, which has many components, can be
simplified. Hereinbelow, the number of parameters or features in such a set is also called dimensionality, since each
feature can be considered as a dimension of a parameter or feature vector. The reduction of the dimensionality can be
done using the principal component analysis allowing a comparably simple and fast application of the method.
[0017] Preferably, in the method according to the invention eigenvalues of the normalized features are calculated and
the eigenvalues are ordered. Thereby, the normalized features with the highest eigenvalues are preferably retained
such that the sum of squares of the retained eigenvalues is above a predefined threshold p, wherein p is larger than
zero and smaller or equals the sum of squares of all eigenvalues. In this context, the term "square" also relates to energy
as used hereinbelow.
[0018] Preferably, an automatic label with regard to the presence of a flash is associated to each of the frames.
Thereby, the video data is preferably ranked with regard to the automatic labels. Such a method allows for an efficient
ranking of the video data. Ranking video segments using flash detection and number of detected flashes has a variety
of applications. For example, in "Audiovisual celebrity recognition in unconstrained web videos" by M.E Sargin, H.
Aradhye, P.J. Moreno and M. Zhao published in International conference in acoustics speech and signal processing
(ICASSP) 2009. ISBN: 978-1-4244-35 2353-8, the authors describe a method to recognize celebrities in unconstrained
video. Using flash detection and video ranking described in this invention, it is also possible to isolate video segments
in which a celebrity is present and also process videos for celebrity recognition according to the ranking.
[0019] Further aspects of the invention relate to a computer program for processing video data, comprising means
for performing the method described above and to a system comprising a computing means and a memory means
wherein the computing means and the memory means are adapted to perform the method described above. Such
computer programs and systems allow for a efficient, flexible and economic implementation of the method according to
the invention.
[0020] These and other aspects of the invention will be apparent from and elucidated with reference to the embodi-
ments) described hereinafter.

Brief Description of the Drawings

[0021] The method according to the invention, the computer program according to the invention and the system
according to the invention are described in more detail hereinbelow by way of exemplary embodiments and with reference
to the attached drawings, in which:

Fig. 1 shows a schematic flow chart of an embodiment of the method according to the invention particularly with
regard to feature extraction;

Fig. 2 shows a schematic flow chart of the method from Fig. 1 particularly with regard to a training phase;
Fig. 3 shows a schematic flow chart of the method from Fig. 1 particularly with regard to automatic labelling;
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Fig. 4 a schematic flow chart of the method from Fig. 1 particularly with regard to video ranking; and
Fig. 5 a schematic view of an embodiment of a system according to the invention including an embodiment of a

computer program according to the invention.

Mode(s) for Carrying Out the Invention

[0022] Fig. 1 shows an embodiment of the method according to the invention comprising frame extraction 2 for extracting
input video data or an input video stream, respectively, to a plurality of frames. The frame extraction 2 also includes
decompressing 21 the video data. The output of the frame extraction 2 is a sequence of frames 3 which is used in feature
extraction 1. The feature extraction 1 comprises segmentation 4 of the sequence of frames 3 applying three segmentation
methods such that three streams of segmented frames are provided by the segmentation 4. To each of the streams of
segmented frames luminance extraction 5 is applied in which a luminance component is extracted and feature compu-
tation 6. The computed features of the streams of segmented frames are then augmented and normalized 7 in order to
reduce their dimensionality 8.
[0023] The following applies to the rest of this description. If, in order to clarify the drawings, a figure contains reference
signs which are not explained in the directly associated part of the description, then it is referred to previous description
sections.
[0024] In Fig. 2 a training phase is shown in which a human operator or user 12 labels each of the frames of the
sequence of frames 3 with regard to flash illumination. Thereby, a set of reference data is created and stored as labelled
feature vectors 10. The labelled feature vectors are then used in a pattern recognition algorithm 11. Fig. 3 shows automatic
labelling of a sequence of frames by the pattern recognition algorithm 11 using the labelled feature vectors wherein an
automatic labelled set of illumination data 13 is created. In Fig. 4 it is shown that the set of illumination data 13 is used
in post processing 14 such as ranking of the video data.
[0025] Summarizing the invention, it is an objective of the method to determine if a current frame of the video data or
in a given video clip, respectively, is flash illuminated. Furthermore, ranking is also implemented wherein video clips or
segments within a video clip are ordered/ranked according to the number of detected flash instances.
[0026] The required input to the method is video data such as a video clip. The intermediate flash-detection output is
a series of binary labels denoted as "flash" and "no-flash" that are associated to each extracted frame. This information
stream is statistically measured and the result is used subsequently to rank a given video clip or a segment of video
clip. The embodiment of the method shown in the Figs. can be broken down into the blocks/steps illustrated. The Figs.
comprise the following blocks/steps for feature extraction: decompressing video clip into raw data 2; segmentation 4;
extraction of luminance Y component 5; feature computation 6; augmentation and normalization of the features 7; and
dimensionality reduction 8.
[0027] The input in the block 2 is a video clip as video data. The block 4 applies a variety of segmentation methods
to the decompressed raw frames and, thus, it provides a set of outputs. These outputs are separately processed in the
blocks 5 and 6. Finally, the parallel outputs are joint in block 7 and 8.
[0028] The method is implemented in three functionalities: offline training; online deployment for flash detection; and
online deployment for ranking. First, within the training functionally, manually or semi-automatically, i.e. under a human
supervision, annotated video clips are used to train the pattern recognition algorithm. This process is marked as block
11. Once the training is complete, the method is applied to non-annotated video clips for flash detection in the deployment
functionality. Finally, the number of flashes detected over a time period is measured to determine the relative rank of
the video segment being processed.
[0029] In the following the embodiment of the method according to the invention is explained in more detail, first
particularly with regard to each block of the detection and ranking methods. The main points covered here are the three
functionalities: training; flash-detection deployment; and video-ranking deployment.

A. Decompressing video clips into raw data:

[0030]

The goal of this block 2 is to extract the raw video data from the compressed input version. The raw data is represented
as sequences of frames in the raw RGB format and the subsequent processing is applied to these uncompressed
frames. Thus, the input in the block 2 can be any relevant compressed video format, whereas the output is always
the uncompressed sequence of RGB frames 3. The implemented decompression algorithm has to match the input
compressed video format. The extracted RGB frames are indexed in time.

[0031] Notice that the spatial and temporal resolution of the video clip, i.e. the number of the horizontal and vertical
lines in the frames and the number of frames per time unit, respectively, are unchanged by the decompression process.
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However, compression is usually lossy and, thereof, it introduces a certain distortion to the original signal. This distortion
does not affect significantly the subsequent processing as long as it is bounded by an acceptable visual quality of the
recorded video.

B. Segmentation of frame sequences:

[0032] Segmentation 4 is applied to each frame of the processed video clip separately. Thus, the task of the segmen-
tation block 4 is to spatially group the contiguous elements with the same predefined characteristics within a frame so
that the feature extraction block 1 allows for more efficient flash illumination detection. Different characteristics are
addressed in the segmentation process and, thereof, there are several segmentation methods. In particular, any com-
bination of one or more of the five segmentation methods can be applied. These methods are: rectangular segmentation
(non-adaptive quad-tree); foreground-background segmentation; illumination intensity histogram-based segmentation;
colour-based segmentation; and no segmentation (entire frame as a single segment).
[0033] Each extracted segment is processed independently in the subsequent blocks 5 and 6. As a result, this block
has multiple output streams, where the number of outputs is equal to the number of applied segmentation procedures.

C. Extraction of luminance Y component:

[0034] The influence of the illumination changes caused by flash light on the colour components, R, G and B is
correlated. Hence, instead of these three 20 components, only the luminance component is analyzed further to remove
this correlation and to reduce both the complexity of the processing and dimensionality of the stored information. To
extract the luminance component from the RGB frames, each frame is converted using the linear transform 

where WR + WG + WB = 1 and the coefficients WR and WB are chosen according to the colour model of the input video
format. The conversion can be implemented using floating point operations or approximated using integer operations
in case computational complexity has to be saved. This block is depicted as 5 in Fig. 1.

D. Feature computation:

[0035] Two types of parameters or features, respectively, are computed from the luminance Y components in block
6 for each segment of the frames: non-differentials and differentials.
[0036] In the shown embodiment, the non-differentials are calculated as the mean of the luminance coefficients within
the analyzed segments so that one feature per segment is generated. Thus, the number of the non-differentials for each
frame is equal to the number of extracted segments in block 4. The differentials are calculated as the difference between
the mean of the luminance coefficients across each segment in consecutive frames. Therefore, the number of features
is equal to the number of segments in a group of consecutive frames. As a consequence, the detection is delayed by
the duration of the corresponding group of frames.

E. Augmentation (normalization) of the features:

[0037] The differentials and non-differentials are calculated for each segmentation method or segmentation procedure,
respectively, in block 4. This results in multiple streams of information per frame from the video clip. As a result, the
dynamic range and the offset differ from each other depending on the illumination conditions and the method of calculation
for a given frame and the applied segmentation procedure. To make the values of the different feature streams compa-
rable, in block 7, all the features belonging to a given time index are consolidated by augmenting the features from each
stream and subsequently a global mean and global variance is calculated for a given set of semi-automatically labelled,
i.e. under a human supervision, video clips. Subsequently all the extracted features for an unknown video stream in the
online deployment are also normalized using the global mean and global variance values obtained in this step.

F. Dimensionality reduction:

[0038] All features extracted in block 6 and normalized in block 7 are processed together in a step of principal component
analysis (PCA). The goal of PCA is to extract the important low-correlated features from the input set while keeping the
total number of features, i.e. dimensionality of the feature set, is reduced.



EP 2 345 978 A1

7

5

10

15

20

25

30

35

40

45

50

55

[0039] First, the eigenvalues are computed and ordered in descending order of magnitudes for all the input features.
Then, only the minimal number of the features with the highest magnitudes (or variances) are retained so that the sum
of energy of the eigenvalues is above a given threshold p, such that 0 < p ≤ E, where E is the total sum of energy.
Typically, p = 0.90 • E. The retained features are forwarded to the next block as a series of numbers for each frame.
[0040] The outputs of blocks 4 to 8 comprise the feature extraction stage (jointly denoted as block 2). Feature extraction
is performed for each video segment presented to the system. A flash or no-flash is detected based on the signal
information extracted in this stage in combination with a pattern recognition algorithm.

G. Functionalities:

[0041] According to the embodiment of the invention shown in the Figs., the method is applied within three function-
alities: Offline-training as illustrated in Fig. 2; online-deployment for flash-detection as illustrated in Fig. 3; and online-
deployment for video ranking as illustrated in Figure 4. During training, a set of annotated data is created. The annotation
of the data assumes that each frame of a chosen video clip or a set of video clips is labelled semi-automatically, i.e.
under human supervision, as "flash" or "no-flash". Then, this data is analyzed in the method and the pattern recognition
algorithm is tuned for obtaining best detection accuracy. During deployment, the pattern recognition algorithm which
may or may not include the labelled data obtained previously is used with non-annotated data as input. The output of
the offline-training step is a trained pattern recognition algorithm 11. The online-deployment is illustrated in Figs. 3 and
4. Fig. 3 depicts the flash detection system that takes a raw video stream as the input and outputs a binary signal ("TRUE"
or "FALSE") for each frame that is detected to have a flash or otherwise respectively. Fig. 4 shows the video ranking
system that uses the flash detection system described in Fig. 3.
[0042] Regarding the offline-training shown in Fig. 2, the goal is to label each frame in the video clip or the sequence
of frames 3 as "flash" or "no-flash" according to the set of features extracted in block 2. These labels refer to the two
possible outcomes of the detection, that is, the analyzed frame is or is not flash illuminated, respectively. In embodiment
of the inventive method shown in the Figs., a collection of video clips that comprises clips with and without flash is input
to the system. A human operator or user 12 sequentially checks out and manually labels each frame as "flash" or "no-
flash". This results in table 9 that contains the frame number and an additional field that marks each frame to have a
flash or no-flash. In Fig. 2 it is shown that frames no. 3, no. 4 and no. 131 are labelled to contain flash illumination,
whereas the others are labelled as non-flash illuminated. In addition to this, feature extraction 1 is applied to the frame
sequence 3 and augmented to the table 9. This results in table 9 having each feature vector extracted from each frame
in the sequence as containing flash illumination or otherwise. This training data is the collection of labelled feature vectors
10. This collection 10 is used as a reference to train the pattern recognition algorithm 11, that learns to classify a given
feature vector from an frame into flash or no-flash by learning a deterministic function or by learning parameters of a
probabilistic function. The support-vector-machine classifier described in "A Tutorial on Support Vector Machines for
Pattern Recognition" by C.J.C Burges in Data Mining and Knowledge discovery Volume 2, Number 2 / June, 1998 with
ISSN 1384-5810, can be used in one embodiment of the method according to the invention. In another embodiment, it
is also possible to use a nearest neighbor classifier as described in "Nearest Neighbor Pattern Classification" by T. Cover
and Hart. P in IEEE Transactions on Information Theory Volume: 13, Issue: 1 25 ISSN: 0018-9448, on page(s): 21- 27.
In this work, a deterministic function is replaced by direct comparison with the labeled data 11 using a distance metric
such as Euclidean distance metric.
[0043] Regarding the online-deployment for flash detection shown in Fig. 3, the previously described blocks are used.
Block 2 is used to convert the input video stream into a sequence of decompressed frames 3. Later, the feature extraction
stage 2 is used to extract signal features from each frame. This is the input to the previously trained pattern recognition
block 11, which may use the labelled data 10. The output of the pattern recognition algorithm block is a series of "TRUE"
or "FALSE" for each time-indexed frame for flash or no-flash respectively.
[0044] Regarding the online-deployment for video ranking shown in Fig. 4 the flash detection block from Fig. 3 described
previously is used. Blocks 2, 3, 1 and 11 are sequentially used as described. The output of block 11 is a binary signal
("TRUE"/"FALSE" or "1"/"0") that labels each frame as a flash or no-flash, respectively. This binary signal is shown as
D(iframe). This signal over a period of time, such as from a few frames, or seconds to a whole clip, is used to calculate
the rank of a given video stream or a segment of a given video stream. The video ranking devised in this invention is
based on the fact that if a camera records a scene with multiple flashes at different segments of the capture, the most
important segment containing the stream can be deduced by estimating the number of flashes detected using the
previously described flash detection algorithm.
[0045] In the embodiment of the method according to the invention shown in the Figs., the rank is calculated proportional
to the number of non-zero values in D(iframe) over a period of time or over a set of frames.
[0046] This is: Video Rank (segment iL to iU ) = sum(D(iframe)) where iL < iframe < iU
[0047] By appropriately setting iL and iU\ the rank value can be calculated for a video segment or a whole video clip.
If iL = iU then it simply scales back to the flash detection module presented before.



EP 2 345 978 A1

8

5

10

15

20

25

30

35

40

45

50

55

[0048] Fig. 5 shows an embodiment of a system 30 according to the invention comprising a computing means 31 such
as a central processing unit (CPU) or the like and a memory means 32 such as random access memory (RAM) and/or
a hard disk. On the memory means a computer program 40 according to the invention is stored as well as a database
33 system comprising the labelled data 10. The system 30 is adapted such that the computing means 31 can execute
the computer program 40 in order to perform the method described above.
[0049] While the invention has been illustrated and described in detail in the drawings and foregoing description, such
illustration and description are to be considered illustrative or exemplary and not restrictive. It will be understood that
changes and modifications may be made by those of ordinary skill within the scope and spirit of the following claims. In
particular, the present invention covers further embodiments with any combination of features from different embodiments
described above and below.
[0050] The invention also covers all further features shown in the Figs. individually although they may not have been
described in the afore or following description.
[0051] Furthermore, in the claims the word "comprising" does not exclude other elements or steps, and the indefinite
article "a" or "an" does not exclude a plurality. A single unit may fulfill the functions of several features recited in the
claims. The mere fact that certain measures are recited in mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage. The terms "essentially", "about", "approximately" and the
like in connection with an attribute or a value particularly also define exactly the attribute or exactly the value, respectively.
A computer program may be stored/distributed on a suitable medium, such as an optical storage medium or a solid-
state medium supplied together with or as part of other hardware, but may also be distributed in other forms, such as
via the Internet or other wired or wireless telecommunication systems. Any reference signs in the claims should not be
construed as limiting the scope.

Claims

1. A method of processing video data wherein the video data is extracted to a plurality of frames and the single frames
are analysed for detecting a flash illumination characterized in that each of the frames is segmented into spatial
groups of elements of predefined characteristics and each segmented frame is analysed with regard to illumination
transition of its segments.

2. The method according to claim 1, wherein luminance components are extracted from each segment of each seg-
mented frame.

3. The method according to claim 2, wherein the luminance component extraction comprises obtaining the frames of
the video data in a RGB-format wherein the RGB components are converted into the luminance component.

4. The method according to claim 3, wherein RGB-components of the RGB-format are converted into the luminance
component by applying the formula Y=WR · R + WG · G + WB · B,
wherein Y is the luminance component, R is the red-component of the RGB-format, G is the green-component of
the RGB-format, B is the blue-component of the RGB-format, WR + WG + WB = 1 and at least two of the coefficients
WR, WG and WB are chosen according to a colour model of the video data.

5. The method according to any one of claims 2 to 4, wherein a mean of the luminance components is calculated for
each segment of each segmented frame.

6. The method according to claim 5, wherein differences of the means of luminance components of corresponding
segments of consecutive segmented frames are calculated.

7. The method according to any one of the preceding claims, wherein the segmentation of each of the frames into
spatial groups of elements of predefined characteristics comprises plural segmentation of each of the frames by
applying a plurality of different segmentation methods such that a corresponding plurality of segmented frames is
provided per frame.

8. The method according to claim 7, wherein segmentation features of the plurality of segmented frames are consol-
idated per frame.

9. The method according to any one of the preceding claims, wherein a set of reference data is created by manually
labelling each of the frames with regard to the presence of a flash.
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10. The method according to claims 8 and 9, wherein the reference data comprise a global mean and a global variance
calculated from the consolidated segmentation features and the manual labels.

11. The method according to any one of claims 7 to 10, wherein important normalized features are extracted.

12. The method according to claim 11, wherein the extraction of the normalized features is performed by applying
principal component analysis.

13. The method according to claim 11 or 12, wherein eigenvalues of the normalized features are calculated and the
eigenvalues are ordered.

14. The method according to claim 13, wherein the normalized features with the highest eigenvalues are retained such
that the sum of squares of the retained eigenvalues is above a predefined threshold p, wherein p is larger than zero
and smaller or equals the sum of squares of all eigenvalues.

15. The method according to any one of the preceding claims, wherein an automatic label with regard to the presence
of a flash is associated to each of the frames.

16. The method according to claim 15, wherein the video data is ranked with regard to the automatic labels.

17. A computer program for processing video data, comprising means for performing the method according to any one
of the preceding claims.

18. A system comprising a computing means and a memory means wherein the computing means and the memory
means are adapted to perform the method according to any one of claims 1 to 16.

Amended claims in accordance with Rule 137(2) EPC.

1. A method of processing video data wherein the video data is extracted to a plurality of frames and the single
frames are analysed for detecting a flash illuminated scene characterized in that each of the frames is segmented
into spatial groups of elements of predefined characteristics and each segmented frame is analysed with regard to
illumination transition of its segments.

2. The method according to claim 1, wherein luminance components are extracted from each segment of each
segmented frame.

3. The method according to claim 2, wherein the luminance component extraction comprises obtaining the frames
of the video data in a RGB-format wherein the RGB components are converted into the luminance component.

4. The method according to claim 3, wherein RGB-components of the RGB-format are converted into the luminance
component by applying the formula

Y=WR· R+WG·G+WB·B,

wherein Y is the luminance component, R is the red-component of the RGB-format, G is the green-component of
the RGB-format, B is the blue-component of the RGB-format, WR + WG + WB = 1 and at least two of the coefficients
WR, WG and WB are chosen according to a colour model of the video data.

5. The method according to any one of claims 2 to 4, wherein a mean of the luminance components is calculated
for each segment of each segmented frame.

6. The method according to claim 5, wherein differences of the means of luminance components of corresponding
segments of consecutive segmented frames are calculated.

7. The method according to any one of the preceding claims, wherein the segmentation of each of the frames into
spatial groups of elements of predefined characteristics comprises plural segmentation of each of the frames by
applying a plurality of different segmentation methods such that a corresponding plurality of segmented frames is
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provided per frame.

8. The method according to claim 7, wherein segmentation features of the plurality of segmented frames are con-
solidated per frame.

9. The method according to any one of the preceding claims, wherein a set of reference data is created by manually
labelling each of the frames with regard to the presence of a flash illuminated scene.

10. The method according to claims 8 and 9, wherein the reference data comprise a global mean per frame and a
global variance per frame calculated from the consolidated segmentation features and the manual labels.

11. The method according to any one of claims 7 to 10, wherein important normalized features are extracted.

12. The method according to claim 11, wherein the extraction of the normalized features is performed by applying
principal component analysis.

13. The method according to claim 11 or 12, wherein eigenvalues of the normalized features are calculated and the
eigenvalues are ordered.

14. The method according to claim 13, wherein the normalized features with the highest eigenvalues are retained
such that the sum of squares of the retained eigenvalues is above a predefined threshold p, wherein p is larger than
zero and smaller or equals the sum of squares of all eigenvalues.

15. The method according to any one of the preceding claims, wherein an automatic label with regard to the presence
of a flash is associated to each of the frames.

16. The method according to claim 15, wherein the video data is ranked with regard to the automatic labels.

17. A computer program for processing video data, comprising means for performing the method according to any
one of the preceding claims.

18. A system comprising a computing means and a memory means wherein the computing means and the memory
means are adapted to perform the method according to any one of claims 1 to 16.
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