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KY FAN NORM APPLICATION FOR VIDEO SEGMENTATION

Annotation. This article presents results of applying the Ky Fan norm in the context of solving the problem of video
segmentation. Since the task of video analysis can be considered as analysis of the sequence of images, it was decided to find a way
to formalize the description of the video frame using the mathematical apparatus of non-square matrices. When choosing a method,
particular attention was paid precisely to universality with respect to the dimension of the initial data due to the technical
characteristics and nature of the video data - video frames are matrices of arbitrary dimension. The ability to skip the step of matrix
transformation to square dimension, or vectorization using some descriptor allows you to reduce computational costs required for
this transformation. It was decided to use the value of the Ky Fan norm as an image descriptor, since it is built on top of matrix
singular values. As it is known, singular values are calculated during the singular decomposition of the matrix and can be used,
among other features, to reduce the dimension of the source data. A singular decomposition does not impose restrictions on either
the dimension or the character of the elements of the original matrix. In addition, it can be used to derive other matrix
decompositions with required characteristics. A comparative analysis of the effectiveness of the obtained descriptor was carried out
in the case of using the k-norm and 1-norm, which showed that the 1-norm allows us to identify the most significant changes in the
scene, while k -norm is able to detect minor. In other words, depending on the context of the source video data and the scope of the
developed application, it is possible to configure the sensitivity of the application to a change in the scene by varying the number of
singular values involved. The decision about the presence of changes in the context of video scene is made based on a comparison of

descriptors of two consecutive images, that is, the values of the Ky Fan norm.
Keywords: Video stream segmentation; Ky Fan norm; Singular value decomposition

Introduction. Video segmentation is an area of
current interests in the field of video processing and
computer science. It affects dealing with big data
storages, streaming video analysis, processing data
from surveillance cameras and so on. Recent
researches show that fundamental mathematical
apparatus like time series and cluster analysis can be
successfully applicable to detect scene changes and key
frames [1-2].

When it comes to solving video stream
segmentation and identifying key frames, special
attention is needed to the formation of a descriptor and
the method of comparing two descriptors. This topic is
wide enough and is actively developed. Newest
achievements and novel mechanisms are published in
[3-6]. Brief results overview received for comparison
of widespread descriptors used in open source tools is
described in [7].

As it is shown, the mathematical apparatus
applicable to the description of video frames is
extremely diverse and includes fundamental techniques
like time series [8-9], neural networks [10], cluster
analysis [11] and other. Choosing an approach,
attention should be paid to the technical characteristics
and content of the video data, as well as the purpose
and scope of the developed method. For example, how
sensitive the method should be to minor changes in the
scene, whether processing is performed in real time, or
delayed, what are the shooting conditions, etc.
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As already mentioned, the analysis of video data
involves dealing with images, which in turn comes
down to working with matrices of a certain dimension.

For example, in [12] approach based on color co-
occurrence matrices is used to describe the video
frames and generate a synopsis with the most
representative frames. In [13] algorithm based on the
L1-norm by accumulating action frames via optical
flow method shows that it outperforms the-state-of-the-
art algorithms in terms of compression ratio.

Special attention should be paid to matrix
decompositions, which allow us to represent the
original matrix in the form that has the required
characteristic (for example, symmetry, orthogonality,
etc.). In machine learning, matrix decomposition is
actively used to identify in the initial data hidden, at
first glance, patterns and relationships (the task of
personalizing content, the task of predicting user
behavior based on previous actions).

Speaking about the analysis of video data, special
attention should be paid to decompositions that allow
to reduce the dimension of data, since this allows to
reduce the requirements for the necessary computing
resources. The most used matrix decompositions that
allow one to reduce dimension are the principal
component method, nonnegative matrix
decomposition, and singular decomposition. In this
paper, we will consider the possibility of using the
singular decomposition of the matrix and Ky Fan norm
as an application to processing video data.
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The purpose of the article. The purpose of this
article is to develop a method for video segmentation
based on results of singular value decomposition
(SVD) applied to video frames. Since Ky Fan norm is
built on top of SVD, it was taken as a descriptor for
individual video frame. In other words, video is
represented as a sequence of images which in turn are
matrices. For each matrix SVD is applied so that Ky
Fan norm can be retrieved. Incorporating this norm
into process of scene detection allows considering
video as a norm space, which in turn can be
transformed to metric space. Difference between the
norm values of two consecutive frames is considered
as a metric and used to evaluate features of scene
changes.

Main part. Singular value decomposition.
Ky Fan norm overview

The use of matrices opens wide possibilities in
the application of existing methods and approaches
[14-15]. In video processing it is worthwhile to have
technique insensitive to the dimension of a source
data due to the non-square nature of video frame.
Dealing with row matrix allows to reduce
computational costs significantly because in this
case we can avoid vectorization of a source matrix
or transformation into another form like square one
for further processing.

On the one hand, descriptors-based approaches
allow to reduce dimension of a source data
significantly, on the other hand — its calculation still
require full processing of video frame. So, having in
place meaningful metric retrieved from source data
directly rather than vectorized representation allow
to skip one step of the processing comparing to
traditional approach [16-17].

Moreover, calculations based on the whole
frame (or predefined subset of a given matrix) also
allow to omit complex step for finding
correspondence between received descriptors on two
consecutive frames.

Possible technique with such characteristics is
singular values decomposition. It allows to use
initial matrix without dimension transformations.
The SVD of a given matrix A€ R™™ is a
factorization in the form

A=UsVT,

where: U € R™™ and V € R™™ are unitary
matrices, columns of which consist of left-and right-
singular vectors of A respectively; X — is a diagonal
matrix of a size m X n with non-negative diagonal

elements denoted as ;i €[1,2,...,min[m,n]]
which are the singular values of A. Non-zero o; are
the square roots of the non-zero eigenvalues of both
A'A and AA".

More information related to the SVD approach
and derivation can be found in [18-21].

Important thing about SVD is that it does not
require source matrix to be square which makes it
easily applicable for video processing. The point is
that support of matrices of any dimension gives
flexibility in source data representation. In other
words, technical to represent video frames can be
based even on source image as well as any
composition of descriptors without additional
transformations.

In addition, SVD allows reducing dimension of
the source data and it positively affects performance
of related application. The decomposition
expresses original matrix as a linear combination of
low-rank matrices so that it can be applied to
distinguish static and dynamic part of the video
scene. In other words, scene changes can be
captured by subtracting the background matrix
(approximated with lower rank) from the source one.

Possible way to find matrix with reduced rank
is to apply SVD to source matrix and zero out the
smallest singular values. Next step is to reconstruct
approximated matrix by adjusted components:

A, =UX'VT.

Open question here is how to determine k.
Singular values can be used to estimate how many
components to keep. Standard approach is keeping
so many values to explain 85 % of the variation:

k 2
Zi=19 % 100 % ~ 85 %,

l
Xi=1 0}

where: [ = max{m, n}; o —singular value of A [22].

Meanwhile, choice of reduced rank is a
complex task and depends on many aspects like
features of a source data, requirements to the result,
performance and others. For complex cases can be
used progressive algorithms, for example usage of
so-called heat maps.

Talking about applying SVD to video
segmentation, we need to introduce norm and metric
which would be based on this decomposition so that
provide frame representation able to incorporate
image characteristics by means of this mathematical
tool.
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It was decided to use Ky Fan k-norm [23] of a
matrix A € R™™ as it is built on top of SVD so
enables to benefit from all the power of described
decomposition. Namely, it is defined as the sum of k

largest singular values of this matrix:
min{m,n}

.= > ol

L

The Ky Fan 1-norm, is the same as the operator
spectral norm of A. The last of the Ky Fan norms,
also known as nuclear norm, or trace norm,
corresponds to Schatten p-norm with p =1 [24].

Having described Ky Fan norm, we can
consider set of video frames as hormed space. As we
know, every normed space is a metric space and its
metric can be defined as (X, y) =[x —V||. In our case
distance is a difference between Ky Fan norms of
consecutive frames.

Pros and cons of SVD application. Decision
to use SVD for further investigation was made based
on several reasons. This decomposition is built on
top of unitary matrices, so its result is valid even if
geometrical transformations take place. In other
words, result of the decomposition can be easily
interpreted for machine learning activities in self-
explaining way (for example, rotation and reflection
without scaling).

As it was already mentioned, SVD is the most
universal approach in terms of source data as it is
applicable not only for square or symmetric matrixes
(like LU or Cholesky decomposition). SVD does not
require elements of the matrix to be nonnegative as
for nonnegative matrix decomposition.

Singular decomposition is stable, i.e. small
changes in the original matrix correspond to small
changes in the matrix X and vice versa. In addition,
the diagonal matrix ¥ makes it easy to understand
whether the matrix A is degenerate. SVD decom-
position can be brought or integrated with other
methods like non-negative matrix decomposition,
can be adapted to improve independent component
analysis (ICA) results [25], principal component
analysis (PCA) can be expressed by means of
matrices calculated as a part of SVD.

At the same time, the disadvantage is the high
computational costs, however, over the long time
using SVD, accelerated algorithms for finding it
have been developed that are included in the main
libraries and are also optimized for use on modern
computers.

Application of Ky Fan norm for video
segmentation. In this section we will consider
results produced by developed application. The
experiments were carried out for 20 videos with
various technical characteristics related to different

domains: video from surveillance cameras, modeling
of geometric surfaces, animation clip.

First step is to represent source video as a
sequence of frames. Then each frame is converted
from RGB to grayscale model so that the value of
each pixel carries only intensity information.
Received matrix of a size m x n is applicable for
SVD transformation so singular values are
calculated. As a result, Ky Fan norm is found for
each frame and difference between them is taken.

Now we consider results of Ky Fan norm
application for video segmentation for several test

videos (854 x 480,27471 kbps). Calculations were
made with i7 processor and 32 gb RAM available.

Key frames of the video sequence with the most
significant changes and its indexes detected
manually and by developed system, are shown on
the Fig. la and Fig. 1b respectively (for further
videos Fig. 2ab and Fig. 3ab). On the Fig. 2a and
Fig. 2b (for further videos Fig. 3ab and Fig. 4ab)
appropriate fluctuations of the Ky Fan k-norm are
presented (first and last norms respectively).

Considering that there are several options how
to assign indexes for key frames, in order to simplify
understanding, indexes are specified by ranges. It is
assumed that within the range scene context is not
changed significantly.

Developed application for scene changes
detection. In order to visualize results of Ky Fan
norm usage for video analysis standalone Java
application was developed and launched on i5
processor with 16 gb RAM and Ubuntu OS installed.

Oracle Java SE Development Kit 11 was used
(latest LTS version). The application has
dependencies from three open source libraries with
Apache license: commons-math3 for SVD
calculation, org. bytedeco for converting video into
sequence of images and Apache Open Office API
for charts creation.

Fig. 1. Key frames detected manually (a) and by the
developed system (b)
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Black swan k-norm

1 357 911131517192123252729313335373941434547

a

Blaskswan 1-norm

1 357 91113151719212325272931333537394143454749

b
Fig. 2 Ky Fan norm fluctuations for k-norm (a) and
1-norm (b)
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Fig. 3. Key frames detected manually (a) and by the
developed system (b)

In contradistinction to previous video, this
test data contains significant scene changes and it
is reflected in the absolute value of the received
Ky-Fan norm. For second experiment it is several
times greater than in previous case. Next step here
is to investigate correlation between context of the
video and corresponding norm value to identify
thresholds of method sensitivity. Based on initial
results, possible option can be to provide
normalization or results smoothing in order to
distinguish features of the context.

motocycle k-norm

1 5 9 131721252933374145495357616569 73778185

a

motocycle 1-norm

1 5 9 1317212529333741454953576165697377818589

b

Fig. 4 Ky Fan norm fluctuations for k-norm (a) and
1-norm (b)

Conclusions. This paper contains description of
the results received for applying Ky-Fan norm for
video segmentation. As a part of this prove of
concept SVD application to video segmentation
whole video frame converted to grayscale model
was taken as a matrix for singular value
decomposition. Based on retrieved singular values
Ky Fan 1-norm and k-norm were calculated in order
to detect scene changes.

Computations show that Ky Fan norm is
capable to reflect frame changes and it is
proportional to scene changes. In other words, the
more difference between images is, the bigger
absolute value of the norm is. Open question and
appropriate next step here is to investigate how to
determine nature of video context changes based on
the calculated value.

It is also proved that 1-norm reflects bigger
changes than k-norm so it can be used for cases
when only significant changes are point of the
interest. For cases when it is required to detect even
small diversity between images Ky Fan k-norm is a
better option.

For further investigation it is also important to
compare received results with different source data.
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Namely, it is planned to calculate region-based Ky
Fan norm instead of for whole image. Such approach
is expected to detect smaller changes of the video
context and is more effective from performance
point of view as allows parallelization of computing.
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BUKOPUCTAHHA HOPMH K| ®AH UIS1 BUPIITEHHSA 3ATAYI
CEI'MEHTALII BIZEOIIOTOKY

Anomauin: 'V oaniii cmammi posensiwymo pesynomamu 3acmocysannss nopmu Ki @ana y xoumexcmi piwenus 3adaui
ceemenmayii gideooanux. OCKINbKU 3a0aya ananizy 6i0eo 3600Umvcsi 00 AHANI3Y NOCIIO06HOCHI 306padiceHb, OYI0 NPULHAMO
piwenns 3Hatumu cnocio gopmanizayii onucy 6i0eokadpy 3 BUKOPUCHAHHAM MAMEMAMUYHO20 ANapamy HeKeaopamHux Mampuyb.
Ilpu eubopi memoody pemenvna ysaza NpuliiANACs came YHIBEPCANbHOCMI NO GIOHOWEHHIO 00 PO3MIPHOCMI SUXIOHUX OAHUX,
36A2CAIOYY HA MEXHIYHI XapaKmepucmuky 8i0e00anux - gideokaopu € mampuyi 008iibHoi posmipuocmi. Mowcaugicms nponycmumu
KpOK npugedeHnHss mampuyi 00 Keaopamuoi, abo eexmopuzayii 3a 00NOM0O2010 0esIK020 0eCKpUnmopa 003605€ 3HUUMU
00UUCTIIOBATbHT 6UMPAMU, GU3BOIAIOUU PECYPCU, HeOOXIOHUX 01 Ybo2o nepemesopents. byno npuiinamo piwenns euxopucmosysamu
6 sIKOCmi Oeckpunmopa 300padicenns snavenns nopmu Ki ®@ana, ockineku 60na no6yoosana Ha 0CHOBI CUHZYNAPHUX YUCeN MAmMPUuyi.
AK 8i00MO, CUHSYNAPHI YUCIA OMPUMYIOMBCA 8 X00i CUHSYIAPHO20 PO3KNAOAHHA MAmMpuyi i MOXCyms O6ymu GuKopucmaui Ois
3HUdICEHHS pO3MIpHOCHi 8UXIOHUX Oanux. CuH2YIApHUL PO3KIAO He Mac 0OMedceHb Hi 00 pO3MIpHOCI Hi 00 Xapakmepy ejleMenmia
suxionoi mampuyi. Kpim moeo, 6in mooice 6ymu euxopucman Ois npueeoOeHHs 00 [HWUX MAMPUYHUX PO3KIAOAHb, WO MAronb
HeoOXxiOni xapaxmepucmuku. bye nposedenuil nopigHsAnbHUL AHANI3 ePEKMUBHOCMI OMPUMAHO20 OecKpunmopa 6 pasi
suxopucmanus k-nopmu i 1-nopmu, axuil nokazae, wo 1-Hopma 00360J15€ GUAGIAMU HAUOLIbW CYMMEST 3MIHU CYeHU, 8 MO Yac K k-
HOpMa 30amHa Oemekmysamu i He3HauHi. [HwuMU ClO8aMU, 6 3ANEIHCHOCMI 60 Xapaxmepy 6UXIOHUX 6i0e00anux ma cgepu
3aCcmocy8ants po3pobnenozo 000amKy, € MONMCIUGICMb 3a0a8amu YYmMAUGicms 00 3MIHU CYeHU, 6apilolouu KilbKicmb 3a0iaHux
cuneynapuux uwucei. Piwenns npo HassHicmb 3MIH 6 KOHMEKCMI CYeHu 6i0eoKadpy NpUUMAEMbCA HA OCHOGI NOPIGHAHHS
deckpunmopis, moomo snauennsi Hopmu Ki @ana, 060X nociioosHux 300paiceHs.

Knwwuosi  cnosa: ceamenmayis 6loeonomoxy; nopma  Ki Dan; POo3KA0

CIH2YIAPHUL Mmampuyi
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HUCITIOJIb30OBAHUE METPUKHU KU ®AH B KOHTEKCTE 3AJIAYA
CEI'MEHTAIIMU BUJEOIIOTOKA

Annomayusn: B dannoii cmamoee npedcmagiensl pe3yiomanst npumenenus nopmol Ku @an 6 konmexcme peuienust 3a0ayu
ceamenmayuu 8udeodanHwvix. I10ckoIbKy 3a0aua ananu3a 8uoeo C800UMCA K AHANU3Y NOCIe008AMENIbHOCMU U300padxceHull, 6bLIo
NPUHAMO peuleHue Halmu cnocod gopmanuzayuy ONUCAHUA BUOEOKAOPA € UCHOAb30GAHUEM MAMEMAMUYecKoeo annapamd
Hexgaopamuuvix mampuy. Ilpu evibope memoda ocoboe eHumanue YOeisAn0Ch UMEHHO VHUBEPCATbHOCMU NO OMHOWEHUIO K
PAZMEPHOCU UCXOOHBIX OAHHBIX 66UOY MEXHUYECKUX XAPAKMEPUCMUK U NPUPOObl 8UOCOOAHHBIX — GUOCOKAOPbL NPeOCmAasision
€000l Mampuybl NPOU3BONLHOU pasmeprocmu. Bosmooicnocme nponycmums wiae npusedenus Mampuyvl K K6aOpamuou, 1ubo
6EKMOPU3AYUU C NOMOWBIO HEKOMOPO20 OeCKPUNMOpA, NO360JIAeN CHUUMb GbIYUCIUMENbHbIE PACX00bl, 0C6060iC0as pecypcel,
Heobxo0umMble 0151 9Mo2o npeobpazosanus. bvulo npunsmo peuieHue ucnoivb3o8amv 6 Kauecmee OeCKpUnmopa uzoopadiceHusl
3Hauenue nopmol Ku @ana, nockonvbky ona nocmpoena Ha 0CHO8e CUHZYIAPHBLIX Yucel mampuybsl. Kak uzeecmno, cuneyisapuvle 4ucia
BBIUUCTAIONMCSL 8 X00€ CUHZYNPHO20 PA3LOJCEHUs. MAMPUybl U MO2ym OblMmb UCNONb308AHbL, 6 YUCLEe NPo4e20, Osi CHUICEHUS!
pazmepHocmu UcxoOHwix Oannvix. CuHyIsapHOe pasiodiceHue He HAlazaem OZPAHUYeHUll HU HA PA3MEePHOCMb HU HA Xapakmep
21eMeHmo8 ucxooHot mampuysl. Kpome moco, ono modcem Obimb UCNONB308AHO OISl NPUBEOCHUS K OpYeUM MAMPUYHBIM
PA3N0dCEHUM, 00NA0AIWUMU HEOOXO0OUMbIMU Xapakmepucmukamu. bBuln npoeeden cpasHumenvHulil aHaiu3 d@dexmusHocmu
NOJYYEHHO20 OECKPUNMOPA 6 CyYde UCNONb308aHUsL K-HOpMbL U 1-HOpMbI, KOMOPbLITL ROKA3A, YMO 1-HOpMA NO36015em GbIAGIAMb
Haubolee CyujecmeenHble USMEHEHUs CYeHbl, 8 Mo epems Kak K-Hopma cnocobna demexmuposamv u HesHauumenvHvle. JIpyeumu
CL08AMU, 8 3ABUCUMOCIU OM XAPAKMEPA UCXOOHBIX BUOCOOAHHBIX U Chepbl NPUMEHEHUs pa3paboOmManHO20 NPUTIOJICEHUs, eCMb
603MOJICHOCb  340A6aMb  YYECMEUMENbHOCIb NPUILOJICEHUs. K UMEHEHUIO CYEHbl, apbUupysi KOIUYEeCMmE0 3d0eliCmE06aHHbIX
CUHSYIAPHBIX uucel. Pewlenue 0 HAIUuuu USMEHEHUl 6 KOHMEKCMme CYEeHbl GUOeOKAOpd NPUHUMAEMCs HA OCHO8E CPABHEHUs.
Odeckpunmopos, mo ecmo sHavenus Hopmol Ku @ana, 08yx nocnedogamenvHuix u300paxceHuil.
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