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SEARCH ENGINES FOR VIDEO

Annotation. The article is devoted to an overview of search engines that process media
files. The relevance of the work is due to the fact that more and more information in the
Internet is represented not by text, but either images or video. The purpose of the study is
to identify problems that affect the search engines work performance. The key points for
any search engine are the form of saving the tag tags used in the search and the algo-
rithms used for the search (these factors determine the speed of the search), as well as
how accurately the tags characterize the video (this factor determines the accuracy of the
search). We are primarily interested in the accuracy of constructing tags that describe
video clips. To increase a system efficiency it is necessary to make a model that would si-
multaneously combine sound and images (i.e. combine information that was produced
during analysis of both), regarding the history of sounds and images of the video and
form logical connections with minimal information loss.
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Introduction. The amount of video content in the World Wide Web actively
grows, hence an ability to examine it effectively becomes severe. To find wishful in-
formation users undergo a long and exhausting search in the Internet, caused by
software engines that provide more video records both that fill and unfill require-
ments. As a result users need to analyze those records to extract essential one.

According to web sources reports, based on society researches [1], the amount
of Internet content will increase up to 80% in 2021 year. It means that video content
popularity grows every day, thus video operations that ameliorate working with it is
a promising direction.

Research purpose. The aim of the research is to reveal problems that affect
video searching function efficiency of search engines.

The structure of a search engine comprises of three modules. Modules are re-
sponsible for:
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e  video data receiving;
o data analysis;
o providing of analysis results in a structured logically correct way.

The research is dedicated to the data analysis module, which is planned to be
optimized in future studies. Hence now the task is to find a prototype system which
would provide users the most suitable video results according to users requirements.

System should be represented as a software system.

1.  System input data: video files.

2.  Files formats: MPEG, AVI, MP4.

3.  File attributes that will be analyzed:
e static;
e dynamic.

Static attributes: format, name, size, quality that help to estimate video analy-
sis (i.e. dynamic attributes) — speed of the process and quality of the process results.
Examples: time analysis of AVI format video file will vary from WMV video, because
of files structures difference; meaningful file name may describe its content and
speed up its analysis; file size determines analysis time.

Dynamic attributes: sounds and images of video objects. Objects are natural,
artificial or abstract (something that can be comprehended intellectually e. g. defini-
tions or events) elements. Object is characterized by its state, behavior (that can be
described as an action list) and identity [2]. People examine characteristics of objects
with the help of sight, hearing, touch, smell organs. Considering that fact a video
provides sound and image information, people can use sight and hearing organs
without an ability to touch or smell it. From that fact it is can be inferred that sound
complements image and vice versa, because:

e image analysis provides information about objects

sizes/shapes/colors/origin/materials/use;

¢ sound analysis concomitant provides information about the actions of ob-

jects;

¢ analysis of sequentially connected sounds/images provides with processes

(actions) information that are performed by objects and object states changes

(more in [3]).

Based on the last dynamic attributes fact it was deduced a rule: to obtain com-
plete accurate information about the content of a video (compared to human capa-
bilities), a system should analyze each dynamic attribute of the video in the context
of the whole video (thus "analysis of related images/sounds sets" describes the proc-
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esses, rather than taken out of context, objects without knowledge of changes in
their states and behavior). This rule is applied during the review phase of existing
video analysis systems to determine its quality. A system is of a high quality if pro-
vides complete and accurate information about video content in the shortest possi-
ble time compared to existing analysis systems (including human).

Analysis of recent research and publications. Currently, there are many
search engines on the market that can work with video [4]. According to the scope,
they can be grouped into the following categories (for each of the categories given its
typical representatives):

e any (Amazon Rekognition [5], IBM Watson Visual Recognition [6]);

e recommendation systems (film or video clips searching — YouTube video

recommendation system [7]);

e manufacturing (image recognition/operational equipment — Cogniac [8]);

¢ sport (people recognition, events registration — Kinovea [9],

SkillSpector [10]);

e distance education (proctoring systems — Dartfish [11]);

e security systems (video surveillance, security, incident analysis [12]).

According to the input information, search engines are divided into those that
analyze:

e image (an overview of such systems is in [13]);

e image and sound (an overview of such systems is in [14]);

e image and text (an overview of such systems is in [15]);

e image, sound and text (an overview of such systems is in [16]).

Video elements that can be recognized by search engines in a recognition com-
plexity order:

e sound to text conversion (subtitles creation);

e image text recognition

e person face and identity recognition;

e object recognition by its characteristics;

e object trajectory recognition;

e events identification and description.

Video recognition (both sound and image) is a relatively simple task, which is
currently well developed and implemented in all considered systems at a high level.

To solve the problem of face recognition in most cases, classifiers are used,
most often based on the method of k nearest neighbors (kNN and the method of ref-
erence vectors SVM), and neural networks of different types [17].
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Recognition of objects by features is similar in principle to the recognition of
faces with their subsequent identification, but requires a much broader basis for the
preservation of reference samples and a more complex model for their classification.
There is also a need to re-train the model to add a new recognizable object. To solve
this problem, neural networks are mostly used [16, 17, 18]

Object trajectory recognition is a relatively new task that requires large com-
puting power to be solved. Now methods for its solution are offered: the hidden
Markov model, multi-object tracking on the basis of Siamese neural networks and
use of heterogeneous associative graphs [16, 19, 20].

And the last — identification, a coherent description of events or processes, can
be solved as a combination of previous tasks. Currently, there are few such solutions
and they can be improved [16, 21].

The results of the search engine work can be in the form of:

¢ video files or their fragments that match the specified search keys;

e a list of tags that best describe the video;

e a list of objects and/or people present in the video;

¢ alist of events recorded on video;

¢ detailed logically-connected structured text description of properties and

behavior of objects, and also directly or indirectly connected processes.

The key points for any search engine are the form of saving the tag tags used in
the search and the algorithms used for the search (these factors determine the speed
of the search), as well as how accurately the tags characterize the video (this factor
determines the accuracy of the search) [22-26].

We are primarily interested in the accuracy of constructing tags that describe
video clips. In this case, the greatest attention should be paid to the identification of
events and objects involved in these events.

Conclusions. The main problem of existing systems is the lack of a logically
connected detailed summary of video living/man-made/automatic systems [27],
which would describe the events, behavior, properties and relationships of the video
objects.

Excessive conversions of video information from data to text or image to text,
use of only one information source (either sound or image) lead to the loss of rela-
tionships and other information of objects. To increase a system efficiency it is nec-
essary to make a model that would simultaneously combine sound and images (i. e.
combine information that was produced during analysis of both), regarding the his-

tory of sounds and images of the video and form logical connections with minimal
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information loss. For example, let's describe a moment in time: there is a sound of a
shot, image with a bursting inflatable ball: first we combine sound and image - if the
human can describe the event, she/he immediately names and describes it, if not,
then can begin to create logical connections regarding event history, previously ana-
lyzed information about objects existed in a video and acquired for the life knowl-
edge base.

Thus, the next step in improving video systems is to create models (such as
neural networks), which can be used to build logical inferences as humans do.
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ITowykoei cucmemu

Cmamms npucesueHa 02710y NOWYKOBUX CUCMEM, WO MOXYmb npauiosamu 3
mediagatinamu. AkmyanpvHicme pobomu noe’s13aHa 3 mum, wo ece Oivblue iHpopmayii i
iHmepHemi npedcmaejieH0o He meKCMoM, a 300paxceHHaMu abo e8ideo. Mema
00Ci0HCeHHs — 8UABUMU npobieMu, WO 8NaUBAMb HA eheKmusHicms pobomu nouiy-
Kosux cucmem 0ns pobomu 3 mediagatiramu.

JIns ompumaHHs NOBHOI MOUHOI IHopmayii npo emicm 8ideo cucmema NOBUHHA
aHanizyeamu KoxceH JuHamiuHuti ampubym 8ideo 8 KOHmMexkcmi uinozo 8ideo (4inozo,
mak Ak “aumania Habopy nos’s3aHux 300paxceHb/368yKie” onuUCye Npoyecu, d He 8UPBAHi 3
KOHmMeKcmy, 06°ekmu, 6e3 3HaHb Npo 3MiHU ix nosediHku). JJaHe npasuio 3acmoco8aHo
nio uac emany oznady eapiaHmie iCHYWYUX CUCMeM aHanizy 8ideo 071 8U3HAUEHHS
AKOCMI cucmemu: CUCMeEMaA 88aMCAEMbCS SAKICHOW, KOJIU HAOAE MAKCUMAIbHO NOBHY i
MouHy iHGopmayito npo emicm 8ideo 8 HAUIKOpOmMuli CMpPOKU NOPIBHSIHO 3 ICHYOUUMU
cucmemamu aHanizy, 8KaUAYU JH0OUHY.

Kniouosumu momenmamu 0ns pobomu 0yOb-sKOi NOWYK080i cucmemu € opma
30epexceHHs MimoK-mezig, N0 IKUM 8i00y8AEMbCS NOWYK, MaA an20pummu, w0 8UKOpu-
cmosyrmocs 01 noulyky (yi pakmopu 006yMo8a00ms wWeudKicme nOwyKy), d makox
HACKIZIbKU MOYHO MIMKU Xapakmepusyomeo 8ideo (ueii pakmop 06ymM08/110€ mouHicmo
nowyky). Hac e nepwy uepzy yikasume mouHicmes nobydosu mezis, w0 ONUCYHOMb
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gideogppazmermul.

HatizonosHiuia npobsema icCHyROUUX cucmem - 8iocymuicmes nobydosaHoi no 8ideo
JI02iuH0-38'93aH0i demanvHoi living system, aka 06 onucysana nodii, nogediHky i
gnacmugocmi 06'ekmis yiei cucmemu. Bid 3atisux koHeepmayiti 0aHux 38yK-mexcm, 300-
pPaXceHHsI-meKcm ma 8i0 8UKOPUCMAHHS Npu KOH8epmayii minsku 00HO20 Oxcepena
iHpopmayii (mineku 38yk abo minvku 300paxeHHs) 2youmocs iHpopmayist npo 38'a3Ku
Mixc 06'ekmamu. [lna nidsuweHHs epekmueHocmi cucmemu 8apmo 3poodumu Mooens,
aKka 6 00HOuacHo noedHysana 3eyK i 300paxceHHs (npoaHanizosamy iHgopmayirno npo
HUX), 8paxo8ysana icmopiio 38yKie i 300paxceHv y 3azaibHili cucmemi 8Cb020 8ideo, o
MU aManizyemo, i ymeopweana 6 J02iuHi 38'A3KU 3 MIHIMAJIbHUMU 8mpamamu
iH(hopmauii 3a paxyHOK YHUKHEHHSl, NPU MOXCIUBOCMI, KOH8epmauii.

Iouckoewsle cucmemol

B cmamuwe 8binosiHeH 00630p NOUCKOBbIX CUCMEM, KOMOpble MO2Yym 8bINOJIHSMb NO-
uck 8 meduagaiinax. AkmyaisHocms pabomost 00yci08/1eHa mem, Umo 8c€ 60Jvlie UH-
gopmayuu 8 uHmepHeme npedcmasyieHo He 8 8ude mekcma, a U300PaAXEHUSAMU UIU BU-
deo. ILlenv uccnedosaHuss — 8visIBUMb NPoOAEMDbL, 8AUSTIOUIUE HA IPPeKMUBHOCMb NOUC-
K08bIX cucmeM, pabomarowjux ¢ meouagatiramu.
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