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Abstract. The subject of this research is the image classification methods based on a set of key points descriptors.
The goal is to increase the performance of classification methods, in particular, to improve the time characteristics of
classification by introducing hashing tools for reference data representation. Methods used: ORB detector and de-
scriptors, data hashing tools, search methods in data arrays, metrics-based apparatus for determining the relevance of
vectors, software modeling. The obtained results: developed an effective method of image classification based on the
introduction of high-speed search using hash structures, which speeds up the calculation dozens of times; the classifica-
tion time for the considered experimental descriptions increases linearly with decreasing number of hashes; the mini-
mum metric value limit choice on setting the class for object descriptors significantly affects the accuracy of classifica-
tion; the choice of such limit can be optimized for fixed samples databases; the experimentally achieved accuracy of
classification indicates the efficiency of the proposed method based on data hashing. The practical significance of the
work is - the classification model’s synthesis in the hash data representations space, efficiency proof of the proposed
classifiers modifications on image examples, development of applied software models implementing the proposed clas-
sification methods in computer vision systems.

Keywords: computer vision; structural methods of image classification; ORB descriptor; hashing; linear search; hash;

processing speed; classification accuracy.

Introduction

A network node solves a set of tasks for servicing
packet flows, which in terms of Markov, queuing sys-
tems are called queries. Queries are generated by vari-
ous sources in a random way, at random time moments
and arrive at the network node interface. Next, the
packets pass through the node interface to a free intelli-
gent node to initiate the service process. If all intelligent
nodes are busy at the moment, then the newly arrived
query from the interface enters the queue to wait for
service (Fig. 1).
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Fig. 1. Scheme of the work of network node
f or packets service

The network node functioning for packet flows
service can be described by using models of multidi-
mensional continuous random processes with a discrete
states set.

Analysis of the literature

Queuing systems (QS) are the most common
mathematical apparatus used to analyze processes in
networks. Classical works in the field of the theory of
QS are [1, 2, 3]. Sources [2, 3] generalize the theory of
QS, considering the subject area objects as a set of
“queues” and “service channels” at the input of which
queries for service are received. Single and multi-link,
single and multichannel QS with a normal uniform and
exponential queries flow are considered in these

sources. The general laws of the query delay time calcu-
lating, the length of the queue, etc., depending on the
type of QS and the flow of queries, are substantiated
and deduced. The source [2] considers the QS theory for
substantiating the structure and topology of ARPONET
networks. In this work, the main assumptions that al-
lowed to obtain analytical dependencies for the network
quality assessment are substantiated. Kleinrock-Jackson
Model represents a network as a set of independent
networks, each of them is a single-channel QS with an
infinite queue and flow of packets (queries). Kleinrock
Independence Approximation is the assumption about
the independence of the flow at each node, the inde-
pendence of the query arrival time and its length from
the previous queries, while it is assumed that the query
flow is stationary and the query arrival time and service
time are distributed exponentially. In [2] the main net-
work quality indicators (QoS) are formulated as:

- average time of query service;

- effective bandwidth with constraints on the deni-
al of service probability, on the network topology, on
the network cost (directly proportional to the length and
maximum network bandwidth);

- denial of service probability.

The constraints and assumptions of [2] will subse-
quently form the basis of many studies on the infor-
mation computing network (ICN) quality assessment.
Further works set the goal of various types network
modeling on the QS basis. It were substantiated the
ALOHA models for satellite channels [4, 2], multiple
access models for air radio communication networks
[2, 12], models of wired (including fiber-optic) "point-
to-point" type networks [4, 2, 5, 6]. Based on the QS,
two-level models were built, which include backbone
network model, serving traffic between computer com-
plexes and terminal networks, describing terminal ac-
cess to computer complexes [7, 4, 8, 9, 11]. However,
the traffic redistribution, the new data transmission
technologies emergence [10, 11], the formation of glob-
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al networks associated with the information and compu-
ting support growth in the 80-90s lead to the needs of
new adequate ICN models forming [12, 13]. For ade-
quately describe processes in ICN it starts to widely use
models with constraints on buffer devices, adaptive
traffic distribution models, models with priority dis-
patching of incoming queries, multichannel service
models [9, 12]. However, all of the above models, de-
scribing real traffic in network nodes, have an ultra-high
dimension, which makes the problem solving as very
time-consuming or impossible. The paper proposes a
technology for accelerating the problem solution using
the decomposition approach.

The problem formulation

Let’s postulate that the total flow of queries at the
node interface, which resulting from the superposition of
several flows from different sources, is Markov flow.
This assumption is natural and has the following substan-
tiation.

Let's assume that each of the queries flows entering
the computer network is a stationary, ordinary random
process, and the number of generate query sources is
quite large. If the query sources have the same priority,
then they have an approximately equal influence on the
overall process. Then, similar to the central limit theorem,
we can prove that summing (overlapping) of a large
number of ordinary stationary flows with practically any
aftereffect leads to a flow arbitrarily close to the simplest
one. In practice, it is enough to add 4-5 flows to get a
flow that can be operated as the simplest one [1].

Let at random time moments from different sources
queries arrive to the network input with intensity A;,

and the queries service intensity by intelligent nodes is
equal to pj. Let's create a graph of states and transi-

tions for a quite simple system with three servicing
nodes, a superposition of two flows comes to the input
of it (Fig. 2).

In the resulting graph, the vertices correspond to the
states of the system. Each state corresponds to N-
dimensional vector, the components of which reflect the
queries amount in the queue in front of the correspond-
ing node.

When a new query arrives or an already received
one is processing, the system switches to another state
corresponding to the queries amount in the queue in
front of each node.

To find the final probability distribution of the sys-
tem, the Kolmogorov differential equations system can
be used, based of which a system of linear algebraic
equations relative to the sought states probabilities of
the system forms. In this case it is significantly that for a
real network node and real traffic the problem dimen-
sion is very large and its solution is associated with
serious computational problems.

The states and transitions graph for the simplest
network (Fig. 2) illustrates this remark well.

Due to this, the work goal is to substantiate a prac-
tical methodology for solving the problem of analyzing
service quality indicators for network nodes, the model
of which has a large dimension.

A
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A

Fig. 2. The states and transitions graph of the network
functioning Markov model with three independent
incoming flows of queries, when the maximum
number of each type queries in the system is two

Analysis method
for high dimensional Markov systems

To solve the large dimension problems, the phase
consolidation technology of the Markov chain states,
which implements the decomposition approach, can be
applied [2]. The essence of the method is as follows.
The problem solution is cyclical. Each cycle contains a
number of iterations. Let’s consider the first cycle con-
tent. The set of all system states is divided into subsets,
and all subsets, except one, are upsized. At the first
iteration the first subset remains non-upsized. As a re-
sult, the problem dimension is significantly reduced,
which allows to calculate the states probabilities for
such a system (Fig. 3, a). At the next iteration the sec-
ond subset is downsized and all others are upsized. The
states probabilities are calculated already for such a
system (Fig. 3, b). The probabilities of the system stay
in each upsized states are equal to the sum of the proba-
bilities of being in the states of the corresponding sub-
set. Thus, if the upsized state 1, contains states with

numbers g1, ig2,--ign, . then the probability of the
system being in this upsized state nﬁi) , calculated at the

next step, is calculated by the formula

g
k
n54> :E‘ingg) ,q=123,..,0-1(+1...m. (1)

In this case we obtain a system with a set of possi-
ble states

120 bbby s g I}

and the probability distribution of the system being in
these states
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Fig. 3. Phase coarsening of states method
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This distribution will be called group distribution.

Let’s calculate the transition probabilities in this
new system. The numerical value of these probabilities
depends on the type of the corresponding states.

The transition probabilities from the states of the
selected subset ¢ to the states of the same subset remain
the same as they were in the original matrix W , that is

~(k
pgsl),[SZ = pCsl,Cszy (/6511352) e EC .

The transition probability from any non-upsized
state i, to any upsized state 1, is equal to the sum of
the true transitions probabilities from this non-upsized
state i, to all states of the subset E, , that is

ﬁgk), :%p(quv lseky,
teby & Prs @

v=12,.,0-1C(+1..m.
The transition probability from the upsized state I,

to some non-upsized state i/ is equal to the sum of the
products of the true transition probabilities pyq s from

the states of subsets E, to the state i,; by conditional
probabilities W\,(é‘) of the system stay in these states of
the subset E, . In turn of, this conditional probability

WV((;() of the system stay in the state i, of subset E, is

calculated as the ratio of the probability of being in this
state, corresponding to the next obtained complete dis-

tribution, to the sum of such probabilities for all states
of the subset. Thus

n,
~(k ¥ k
pgv,)es = Pug.ss 'W\Sq) =

g=1
i . : 3
¥ k) /<o _(k
= z Pvg, s 'nglq) Z Tcglq) .
g=1 g=1

Finally, the transition probability from any upsized

state I, to another upsized state I, is calculated as

the sum of the system transition probabilities from the
upsized state I\,l to all states included in the upsized

state |y, , that is
N My M
5k) (k) (k)
Piviv, = Z z Py vatz v Z T Q)
Gp=ley=1 =1

Thus, using formulas (1) - (4), the next group prob-
ability distribution of the system stay on the set of states

#K) | obtained after the upsizing, and the transition
probability matrix corresponding to the next upsizing
stage are calculated as

0 —(ofe),

ij
(i, i) € {120 gty iy onitn Vst I - (5)

The preparatory calculations have been completed.
Now the new group probability distribution is calculated
using the formula

fc(k+l) _ (n(k+1)

« n(k+1) (k+1) _(k+1)

(k+1)
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The resulting group distribution is used to obtain a
new whole distribution

kD) _ ((nﬁﬂ),nigﬂ),m’nﬁlﬂ)),”,

k+1 K+1 K+1 K+1 K+1 K+1
(R0 5D oD ). (52, 5D, ).

T mng,

The components of this distribution are calculated
by the formulas

n(k+1) ~ ~(k+1)

s =Ry ,S=12,..,ng, @)

(k1) _ (kD) (k) /% (k)

mg =Ry mg [ D mg ®)
g=1

v=L12,..,0-10+1..m g=12..,n,.

The iterations are repeated until the last subset is
downsized (Fig. 3, ¢).

The resulting probability distribution is compared
with that one obtained at the end of the previous cycle.
The solving process continues until the difference be-
tween the probabilities of the system being in states
with the same indices in two adjacent cycles is lower
than a predetermined small value ¢ .

The fundamental advantage of the described meth-
od is that it allows transforming the original complex
high dimension problem to a sequence of significantly
lower dimension problems, the solving of each of them
no longer creates serious computational problems.

Conclusions

The paper proposes a simple practical method for
analyzing multiinput and multichannel computer net-
works. The method realizes the technology of complex
problem decomposition to set of simpler ones. The
described method can be used to analyze any high di-
mensional Markov systems. Further research can be
aimed at constructing hierarchical procedures for phase
consolidation, the needs for which will arise in the study
of ultrahigh dimensional systems.
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Merton niABMIEHHS IBUAKOCTI MOJeJILHOr0 By3Jja MapkoBa
I1. €. IlycroBoiitoB, M. 0. Oxpumenko, B. M. Boponens, /1. B. Yaanos

AnoTtaunis. IIpexmerom pociaiikenb € MeTonu Kiacudikamii 300pakeHb 32 MHOKHHOIO JECKPUIITOPIB KIIOYOBHUX TO-
4yok. MeToI0 € MiZIBUIICHHS MPOIYKTUBHOCTI METOIIB Kiacu(ikalii, 30kpemMa, IPUCKOPSHHS YaCOBHX MOKa3HUKIB KilacHdikarii
LIISIXOM BIPOBA/KEHHSI 3aCO0IB XEUIyBaHHS JUIsI NMOJAHHS ETAIOHHHMX JaHMX. MeTOIH, 10 3aCTOCOBYIOTHCS: JIETEKTOp Ta
neckpunropu ORB, 3aco0u xenryBaHHs JaHUX, METOJIH MOIIYKY B MAacHBax JaHUX, arapaT BU3HAYEHHS PEJICBAHTHOCTI BEKTOPIB
Ha OCHOBI METPHK, IPOrpaMHe MojenoBaHHs. OTpuMaHi pe3yJbTaTH: po3podicHo edeKTHUBHUN MeTon Kiacudikaiii 300pa-
JKeHb Ha OCHOBI BIIPOBA/KEHHS IIBU/KICHOTO MOMIYKY i3 BUKOPUCTAHHIM XEII-CTPYKTYP, IO IPUCKOPIOE OOUINCICHHS B IECATKH
pasiB; dac xmacugikarii 11 po3rITHYTHX €KCIIEpUMEHTAIBHUX OTHCIB JIIHIIHO 3pOCTaE 31 3MEHIIIEHHSM YHCIIA XEII-KOIIHKIB;
BUOIp MOPOTY AJIs 3HAUYEHHS MiHIMYMY METPUKHU IPU BCTAHOBIICHHI KJIACY JUIS JECKPUNITOPIB 00 €KTY CYTTEBO BILIMBAE HA TOY-
HICTPh KacuQikalii; BHOIp TaKoro MOpory Moke OyTH ONTHMIi30BaHO s iKCOBaHHX 0a3 3pa3KiB; eKCIEPHUMEHTAIBHO TOCATHY-
Ta TOYHICTH KiIacu(ikallii BKa3ye Ha Mpare3IaTHICTh Ta pe3yJIbTaTUBHICTh 3alPOIIOHOBAHOTO METOAY Ha MiAIPYHTI XEIIyBaHHIM
nanux. [IpakTnyna 3HaYymicTh po6oTH — OOy 0Ba MoJenel Kinacuikanii y MpocTopi Xel-IIoaHHs IaHNX, ITiATBEpIKSHHS
Mpale3aTHOCT] 3alPONOHOBaHUX MoaudiKaii kiacudikatopiB Ha NpUKiIagax 300paxxeHb, PO3pOOICHHs NPHUKIATHUX Mporpa-
MHHX MOJIEJICH [T BIPOBAKEHHS 3aIIPOITOHOBAHUX METOIIB KiIacH(DiKaIlii y cHCTeMaX KOMIT FOTEPHOTO 30pY.

Kaw4doBi cimoBa: KOMII'IOTEpHUIA 3ip; CTPYKTYpHI MeToau kinacudikaii 300paxens; neckpuntop ORB; xemnryBanHS;
JHIHHAE TOTYK; XEII-KONIMK; IIBUIKO sl 0OpOOICHHS; TOUHICTh Kiacudikarrii.

MeToa NOBBIIEHHS] CKOPOCTH MOAEJILHOIO0 y3j1a MapkoBa
I1. E. ITycroBoiitos, M. 0. Oxpumenxo, B. M. Boporer, JI. B. Y ganos

AnHotanus. [lpeamerom nccienoBaHUN €CTh METOMBI KIACCUPUKAINHI H300paKCHUH C TIOMOIIBI0 MHOXECTBA JIe-
CKPUNTOPOB KITFOYEBHIX ToueK. Llesb — MOBHIIEHNE MPOU3BOAUTEIBHOCTH METOJIOB KIIACCH(HUKAIINU, B YaCTHOCTH, YCKOpe-
HUE BPEMEHHBIX ITIOKa3arejel KiIacCH(PHUKAIHWU MyTeM BHEAPEHUS CPEACTB XEMIMPOBAaHUS IS MPEICTaBICHHUS 3TATOHHBIX
naHHBIX. [I[puMeHseMbie MeToaBI: AeTekTop U Aeckpuntopsl ORB, cpencTBa XsmimpoBaHus JaHHBIX, METOIBI MIOMCKA B Mac-
CHUBaX JaHHBIX, allapar ONpEAeNIEHUs] PEIEeBAaHTHOCTH BEKTOPOB Ha OCHOBE METPHUK, MPOrpaMMHOE MojenrpoBaHue. ITomy-
YEeHHbIC Pe3yJIbTAThI: pa3paboTaH 3P QeKTUBHBIH MeTo] Kiaccu(pHUKaul U300pakeHH Ha OCHOBE BHEJIPEHHs CKOPOCTHOTO
MOMCKA C MCIOJIb30BAaHUEM XJII-CTPYKTYP, YTO YCKOPSIET BBIYMCICHHS B JCCSATKH Pa3; BpeMs KiIacCH(UKALNHU I PACCMOT-
PEHHBIX SKCIEPUMEHTAIBHBIX OMMCAHUH JTMHEHHO BO3pacTaeT C YMEHBLICHHEM UYHClIa XEHI-KOP3UH; BBIOOp Mopora A 3Ha-
YeHHUsS. MUHHMYyMa METPHUKH MPH YCTAHOBJICHUH KJIacca JJIsl NECKPUITOPOB 0OBEKTa CYNIECTBEHHO BIHSECT HA TOYHOCTH KJiacC-
cuuKaum; BEIOOP TaKOTO MOPOTra MOXET OBITh ONTHMHU3HPOBaH Ui (PUKCHPOBaHHBIX 0a3 00pas3loB; SKCIEPHMEHTAIBHO
JOCTUTHYTask TOYHOCTh KIaCCH()HUKALNU YKa3bIBaeT Ha pPabOTOCIIOCOOHOCTh U PE3yIbTAaTHBHOCTH MPENIOKEHHOTO METO/1a Ha
OCHOBE XCIIUpOBaHHEM JNaHHEIX. [IpakTHYecKkasi 3HAYUMOCTH PAa0OTHI — IOCTPOCHHUE MOJIETICH KIIaCCH(UKAIIMY B IPOCTPaH-
CTBE XJUI-NPEJCTABICHUs AaHHbIX, MOATBEPXKACHHE PabOTOCHOCOOHOCTH MPEUIOKEHHBIX MOAU(UKALNI Ki1accu)UKATOPOB
Ha IpuMepax u300pakeHuil, pazpaboTka NPUKIAJHBIX MPOrPaMMHBIX MOJAENEH Ul BHEAPEHMS NPEIJIOKEHHBIX METOI0B
KJIacCU(PHKALUK B CHCTEMaX KOMITBIOTEPHOTO 3pSHUSI.

KawueBble ca10Ba: KOMIBIOTEPHOE 3pEHHUE; CTPYKTYPHBIE METOBI KiIaccH(pUKanuy n3odpaxenuit; neckpuntop ORB;
XEIINPOBAHNE; THHEHHBIN IIONCK; XCHI-KOP3HHA; CKOPOCTh 00pabOTKH; TOYHOCTh KJIACCH(UKAIHH.
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