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Editorial

Dear authors, dear readers, let me introduce you to the publication of our 10-
journal papers.

First of all, I would like to thank you for collaborating, correcting articles on
the basis of opponent testimonies and accepting changes to the template editing, edited
by the editorial board so that the jounal is of ever higher quality and solving the current
problems associated with the use of computer science and close disciplines in a broad
practice. The articles published in this issue focus on the application of IT in transport
networks, urban applications and architectures, applications in medicine, the creation
of modern www-pages, image processing and visualization of processes in biotech-
nology.

I would like to alert you that the posts to the next issue will only be accepted
in English and according to a new template that is published on the journal page and
is designed to meet the current requirements and trends of the publication in modern
magazines.

I wish you a pleasant summer and | look forward to your other contributions.

Juraj Stefanovic
ITA Editor-in-Chief
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SIMULATION OF TRAFFIC LOADING
IN MESH NETWORKS

Andrey Preobrazhenskiy, Igor Lvovich, Oleg Choporov

Abstract

This paper analyzes the performance of reactive, proactive and hybrid routing protocols when used in
a wireless mobile peer-to-peer network (MANET). An appropriate algorithm for evaluating the effec-
tiveness of routing protocols is developed. The simulation tool was an OPNET network simulator (Op-
timized Network Engineering Tool) Modeler version 14.0. The modeling process was based on the fact
that the performance of routing protocols in networks with increased scalability and mobility was stud-
ied. Two possible situations were considered: UDP traffic was used in the first one, packet delivery is
not guaranteed, generating traffic was video conference traffic, in the second one TCP traffic was used,
packet delivery is guaranteed, traffic generator was traffic from the FTP server. A simulation model of
the video conference network was developed, with each of the nodes in the network configured to run
the appropriate routing protocol. Several parameters were analyzed: the amount of lost information
(bits/sec), delay (sec), network load (bit/sec), the ratio of the number of retransmitted packets to sent,
the intensity of the input stream (bits/sec). Next, a multi-criteria selection of the routing protocol by the
method of hierarchy analysis for the video conference was carried out. A matrix of pairwise comparisons
was formed among the selected parameters for the second level of the hierarchy, which contains criteria
that affect the General goal - the choice of the routing protocol. After the simulation, it was found that
the least amount of information loss is characterized by the OLSR protocol, since the amount of infor-
mation loss is minimized due to the fact that a subset of repeaters is used. The minimum delay we get
for the TORA protocol, but this increases the load on the network, because the service information of
the protocol is noticeably increased. Based on the scale of the relative importance of the criteria, as
well as the results obtained on the basis of the method of analysis of hierarchies, it was found that in the
analyzed model it is preferable to use the OLSR protocol as a routing protocol.

Keywords:
Computer network, traffic loading, protocol.
ACM Computing Classification System

Network protocols, Network algorithms, Network types

[ Introduction

This paper is devoted to the investigation of speed reactive, proactive and hybrid routing pro-
tocols in a wireless mobile peer-to-peer network (MANET), as well as the development of an algo-
rithm for evaluating the effectiveness of routing protocols. MANET is a type of Ad-Hoc network
that operates under 802.11 standard in a discrete and dispersed environment without a common con-
trol center.

The mobile peer-to-peer network (MPN) is rapidly evolving and is an important area of the
wireless mobile network. MPN is combined in it wireless networks in which mobile nodes move and
control the construction of routes.
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In MPN network topology changes very quickly and unpredictably, each mobile node moves
without a fixed access point. MPN nodes can transmit information using multiple retransmissions,
and the number of intermediate nodes can vary. Nodes must support multiple routes. If the mobile
nodes are within each other's radio access zone, the source node can send the message directly to the
destination node, otherwise the transfer will take place through the intermediate nodes. Therefore,
today, routing is an important role to ensure reliability and efficient operation in mobile wireless
networks. Efficient routing management saves you the cost of building routes, which leads to im-
proved network performance.

Mostly, the MPN is used in military communication between soldiers, aircraft, tanks, etc. in
operations management in battles, emergency management teams to rescue people, in search opera-
tions of fire or police and to deploy fixed infrastructure in case of floods, fires, etc.

Mobile offices, taxis, sports stadiums, electronic payments from anywhere, voting systems,
automotive computers, the education system, from the installation of virtual classrooms, conference
rooms, file sharing between users, sharing game multiple gamers [1].

The main problem in MANET is to restore communication when it is lost and to build a route
for the subscriber with the minimum amount of time delay for mobile nodes in chaotic motion.

The MPN will be an integral part of the next generation of networks because of its flexibility,
infrastructure, ease of maintenance, automatic configuration and cost-effectiveness.

In mobile ad hoc networks, mobile nodes should communicate with each other in order to
restore communications and organise dynamic topology mobility for rapid changes of the route and
the restoration of relations in a wireless network.

A 1 Wireless network simulation based on OPNET simulation tool

As a means of simulation the network simulator OPNET (Optimized Network Engineering
Tool) Modeler version 14.0 is used. It is the most widely used commercial simulator running under
the Microsoft Windows operating system and includes realizaciju studied routing protocols.

This software product not only supports MANET routing, but also provides a parallel core to
support increased stability and mobility in the network. Functions of intense analysis OPNET provide
the best conditions for comparisons, calculations, and coordination of output.[1].

Opnet Modeler offers users a graphical environment for creating, executing, and analyzing
event modeling of communication networks. This user-friendly software can be used for a large
number of problems, such as typical creation and verification of communication protocol, analysis
of rotocol interactions, network optimization and planning. It is also possible to carry out with the
help of the package verification of the correctness of analytical models and description of the proto-
cols [2].

Within the framework of the so-called project editor, palettes of network objects can be cre-
ated, to which the user can assign various forms of connection of nodes and connections up to the
puzzle-like ones. Automated generation of network topology-ring, star, random network, is also sup-
ported and reserved by utilities for imported network topologies in various formats.

Random traffic can be automatically generated from the algorithms specified by the user, as
well as imported from the standard package of real line traffic formats. The results of the simulation
can be analyzed, and the graphs and traffic animation will again be generated automatically. A new
feature is the automatic conversion to html.

One of the advantages of creating a network model using the software is that the level of
flexibility provided by the core of the simulation is the same as for the simulation, written from
scratch, but the object the build environment allows the user much faster to do the development,
improvement and to produce models for repeated use.



Simulation of traffic loading in mesh networks ]

There are several editor environments - one for each object type. Organization of objects -
hierarchical, network objects (models) are connected by a set of nodes and communication objects,
while node objects are connected by a set of objects, such as priority modules, processor modules,
transmitters and receivers. Version software for modeling the radio channel contains a model of the
antenna of a radio transmitter, receiver antenna, moving objects node (including satellites).

The behavior logic of the processor and precedence constraints determines the model of the
process that the user can create and modify within the process editor. In the process editor, the user
can determine a process model using the combination of the algorithm of a finite state machine (fi-
nite-state machine - FSM), and operators of the programming language C/C++.

The invocation of a process model event during the simulation is controlled by the initiation
of the interrupt, and each interrupt corresponds to an event that must be processed by the process
model.

The basis of communication between processes is a data structure called a package. Package
formats can be defined, that is, they define which fields can contain standard data types such as
integers, floating-point numbers, and package pointers (this last ability allows you to encapsulate a
package simulation).

Data structure, the caller information for the control interface (interface control information-
ICI) can be divided between the two process models is another mechanism for interprocessor com-
munication, it is very convenient for teams simulation and corresponds to the layered architecture of
the Protocol.

A process can also dynamically spawn child processes that simplify the functional description
of systems such as servers.

Several basic process models are included in the basic package, simulating popular network
protocols and algorithms, such as the border gateway protocol (BGP), the Protocol of transmission
control.

Internet Protocol (TCP/IP), frame relay (frame relay), Ethernet, asynchronous transfer mode
(asynchronous transfer mode -ATM), and WFQ (weighted fair queuing). Basic models are useful for
the rapid development of complex simulation models for common network architectures as well as
for training to give an accurate functional description of the Protocol to students.

There is a possibility of support by companies and graphics (with hypertext support) of net-
work, node or process models [3, 4].

In this paper, the simulation is based on the study of the performance of routing protocols in
a network with increased scalability and mobility. Thus, two modeling scenarios were created. The
first-with UDP traffic, where the delivery of packets is not guaranteed, as the generating traffic was
video conference traffic, the second-with TCP traffic, where the delivery of packets is guaranteed, as
a traffic generator used traffic from the ftp server [5, 6].

The simulation model of the video conference network consisted of 20 mobile units, randomly
located on the territory of 2000m per 1000m. 10 nodes from which transmitted information, and 10
nodes are received.

Each node was moving randomly throughout the territory. The speed varied between 10 Mbps
and 20 Mbps throughout the simulation.

The nodes were configured with the following parameters:

- Physical characteristics of 11 Mbps

- Transmitter power 0.005 W

Traffic for the model was specified explicitly, traffic from the video conference with the fol-
lowing parameters was used as traffic generation:

- number of frames per second: 15 fps;

- frame size: 128x240 pixels.
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Each node in the network has been configured to run the appropriate routing Protocol for
AODV, DSR, OLSR, TORA for each simulation. The simulation time was 600 seconds. Each node
was randomly configured with a path to simulate network mobility in space throughout the simula-

tion.

As a result of simulation for video conference traffic, we got the following numerical data

(table 1).

The simulation model of the FTP server network consisted of 20 mobile nodes and one fixed
node simulating the FTP server located randomly on the territory of 2000m by 1000m.

Each of the 20 nodes contacted the server to download the file with the specified characteris-
tics. The traffic for the model was also explicitly set on the FTP server side, the FTP traffic with the
following characteristics was used as traffic generation:

- file size: 1.4 Gb;

- request time between packets : 3600 s.

Table 1 - Results of the network analysis using video conferencing

Protocols

AODV DSR OLSR TORA
Amount of lost infor-
mation (bits / sec) 96 150 000 75 990 000 35120 000 35875 000
Delay (sec) 0.16800 0.19800 0.30000 0.14000
Network load (bit/sec) 19 300 000 16 900 000 17 800 000 23000 000
The ratio of the number of 0.96 0.92 1.49 0.95
packets relayed to sent
The intensity of the input 40000 110 000 12600 6 900 000
stream (bits/sec)

After a packet is requested, each packet is sent according to the Gaussian distribution law, i.e.
each subsequent value is independent of the previous one and this value is characterized by a request
time between packets of 3600 seconds.

Table 2 - Results for the network with the FTP server

Protocols

AODV DSR OLSR TORA
Amount of lost infor- 30 200 52500 21900 34500
mation (bits / sec)
Delay (sec) 0.015000 0.019500 0.008200 0.010100
Network load (bit/sec) 6 250 000 5900 000 6 400 000 6 200 000
The ratio of the number of 0,359 0,351 0,255 0,550
packets relayed to sent
The intensity of the input 16 100 20 000 3750 11950
stream (bits/sec)

As with the first model in the second model, each node in the network was configured to
perform the appropriate routing Protocol AODV, DSR, OLSR, TORA for each simulation.

The simulation time was 600 seconds, and nodes would access the server to download the file
from the fifty-fifth second after the simulation started. Each node was randomly configured with a

specific path path to simulate network mobility in space throughout the simulation.

And in the first and second cases, the simulation lasted for six hundred seconds.
For the model with FTP traffic generation we got the following results (Table 2).
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A 2 Multi-criteria routing protocol selection by hierarchy analysis
method for video conference

To make a decision based on the data obtained, we will use the method of hierarchy analysis
[7, 8]. The General view of the hierarchy of the decision will be as follows (Figure 1), where Ki are
particular selection criteria, Aj are possible alternatives.

Al-protocol AODV; A2 — protocol DSR; A3- protocol OLSR; A4- protocol TORA.

The choise of
routing protocel
| ‘u
K1 K, K. K. K.
Al A, A A,

Fig.1. Hierarchy of the decision

Table 3 is a matrix of pairwise comparisons for the second level of the hierarchy, which
contains the criteria that affect the overall goal - the choice of routing protocol.

Table 3 - matrix of pairwise comparisons of criteria

Amount of Dela Network Ratio of the number Intensity of the
CRITERIA information (K )y load (Ks) of packets relayed inout st?/eam (Ks)
lost (K1) 2 s to sent (Ka) P ®
Amount of information
lost (K1) ! o ! ! o
Delay (K2) 1/9 1 17 1/3 3
Network load (Ks) 17 7 1 5 3
Ratio of the number of
packets relayed to sent 1/7 3 1/5 1 3
(Ka)
Intensity of the input 1/9 13 13 13 1
stream (Ks)
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Based on the results obtained in the simulation of the network with video conference traffic
(table 1) and using the method of hierarchy analysis, we construct a matrix for each of the criteria.

For the criterion "The amount of lost information (K1)»:

Table 4 - Evaluation of the importance of alternatives for the criterion
of the amount of lost information (Ky)

AODV DSR OLSR TORA yfogz‘g::tz;‘\’/:;té’gates
AODV | 1 0790327613 | 0.365262611 | 0.373114925 | 0.130154
DSR | 1.265298066 | 1 0462166074 | 0472101592 | 0.164684
OLSR | 2.737756264 | 2.163724374 | 1 1.021497722 | 0.356331
TORA | 2.680139373 | 2.118188153 | 0.978954704 | 1 0.348831
sum | 7.6832 6.0722 2.8064 2.8667

For the criterion " Delay (K2)»:

Table 5 - Assessment of the importance of alternatives for the Delay criterion (K2)

Normalized estimates
AODV DSR OLSR TORA of priority vectors
AODV |1 1.178571429 1.785714286 0.833333333 0.277125
DSR 0.848484848 1 1.515151515 0.707070707 0.235136
OLSR | 0.56 0.66 1 0.466666667 | 0.155190
TORA 1.2 1.414285714 2.142857143 1 0.332550
Sum 3.6085 4.2529 6.4437 3.0071

For the criterion «Network Load (K3) »:

Table 6 - assessment of the importance of alternatives for the network Load criterion (K3)

AODV DSR OLSR TORA yfog:?g::tz;%:;tg:‘sates
AODV | 1 0.875647668 | 0.922279793 | 1.191709845 | 0.245978
DSR | 1.142011834 | 1 1053254438 | 1.360946746 | 0.280909
OLSR | 1084269663 | 0.949438202 | 1 1292134831 | 0.266706
TORA | 0.839130435 | 0.734782609 | 0.773913043 | 1 0.206407
sum | 4.0654 3.5599 3.7494 4.8448
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For the criterion «Ratio of the number of retransmitted alternatives to sent alternatives (Kas)»:

Table 7 - evaluation of the importance of alternatives for the criterion of the Ratio
of the number of relayed to sent alternatives (Ka)

AODV DSR OLSR TORA m";mg:::;‘\’/:gggates
AODV | 1 0.058333333 | 1.552083333 | 0.989583333 | 0.270395
DSR | 1.043478261 | 1 1619565217 | 1.032608696 | 0.282151
OLSR | 0.644295302 | 0617449664 | 1 0.637583893 | 0.174214
TORA | 1.010526316 | 0.968421053 | 1568421053 | 1 0.273241
sum | 3.6983 3.5442 5.7401 3.6598

For the criterion «Intensity of the input flow (K5)»:

Table 8 - Evaluation of the importance of alternatives for the input flow Rate criterion (Ks)

Normalized estimates

AODV DSR OLSR TORA of priority vectors
AODV |1 2.75 0.315 1725 0.220069
DSR 0.363636364 1 0.114545455 | 62.72727273 0.080025
OLSR 3.174603175 8.73015873 1 547.6190476 0.698631
TORA | 0.005797101 0.015942029 0.001826087 1 0.001276
Sum 4.5440 12.4961 1.4314 783.8463

As a result, we obtain the values of global priorities of alternatives AODV (A1), DSR (A2), OLSR
(As), TORA (Az):

According to the obtained values, you should choose an alternative with a maximum global priority
value equal to 0,324954, which corresponds to the OLSR protocol.

Table 9 - Global priorities of alternatives AODV (A1), DSR (Az2), OLSR (As), TORA (As):

Criteria
The ratio of
The amount The network the number Intensity of

Alternativ | of lost infor- | Delay Load of packets the input Global
es mation relayed to stream priorities

sent

Numerical value of the priority vector

AODV 0.130154 0.277125 0.245978 0.270395 0.220069 0.177248
DSR 0.164684 0.235136 0.280909 0.282151 0.080025 0.199034
OLSR 0.356331 0.155190 0.266706 0.174214 0.698631 0.324954
TORA 0.348831 0.332550 0.206407 0.273241 0.001276 0.298763
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In the model under study, based on the results, it can be seen that the smallest amount of
information loss is observed when using the OLSR protocol as a routing protocol (table 9). This is
because the OLSR Protocol minimizes information loss by using a specific subset of nodes in the
network, called preferred relays.

The minimum delay is achieved when using the TORA Protocol as the routing protocol
(table 9), but the load on the network has increased due to a significant increase in the service
information of the protocol itself.

Routing protocols AODV and DSR showed similar results. This is because both protocols
are reactive routing protocols and both build on-demand route tables based on the distance vector.
Their difference lies in the fact that the protocol uses DSR for routing, the routing table of the source,
not the intermediate nodes.

Based on the scale of relative importance of the criteria (table 3) and the results obtained by
the method of hierarchy analysis, in our model it is preferable to use the OLSR protocol as a routing
protocol.

A 3 Multi-criteria selection of the routing protocol method
of analysis of hierarchies for the FTP server

Based on the results obtained in the simulation of the network with video conference traffic
(table 4) and using the method of hierarchy analysis, we construct a matrix for each of the criteria.
For the criterion «The amount of lost information (K1)»:

Table 10 - Evaluation of the importance of alternatives for the criterion of the amount of lost information (Kz)

AODV DSR OLSR TORA yfogrr?g::f;%:gttg:‘sates
AODV | 1 1738410596 | 0.725165563 | 1142384106 | 0.261124
DSR | 0575238095 | 1 0417142857 | 0.657142857 | 0.150209
OLSR | 1.378995434 | 2.397260274 | 1 1575342466 | 0.360089
TORA | 0.875362319 | 152173913 | 0.634782609 | 1 0.228578
Sum 3.8296 6.6574 27771 4.3749

For the criterion " Delay (K2)»:

Table 11 - Assessment of the importance of alternatives for the Delay criterion (K>)

AODV DSR OLSR TORA glf";?g::tz;%:;tg:‘sates
AODV | 1 13 0546666667 | 0.673333333 | 0.196709
DSR | 0.769230769 | 1 0420512821 | 0517948718 | 0.151315
OLSR | 1.820268293 | 2.37804878 | 1 1231707317 | 0.350834
TORA | 1485148515 | 1.930693069 | 0.811881188 | 1 0.292142
sum | 5.0836 6.6087 2.7791 3.4230

10
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For the criterion «Network Load (K3) »:

Table 12 - Assessment of the importance of alternatives for the network Load criterion (K3)

AODV DSR OLSR TORA 'g'fogwg::tzj‘j/:sgﬂates
AODV | 1 0.944 1.024 0.992 0.247283
DSR | 1.059322034 | 1 1.084745763 | 1.050847458 | 0.261952
OLSR | 0.9765625 | 0.921875 1 0.96875 0.241487
TORA | 1.008064516 | 0.951612903 | 1.032258065 | 1 0.249277
sum | 4.0439 3.8175 41410 4.0116

For the criterion «Ratio Of the number of retransmitted alternatives to sent alternatives (Ka)»:

Table 13 - Evaluation of the importance of alternatives for the criterion
of the Ratio of the number of relayed to sent alternatives (Ka)

Normalized estimates
AODV DSR OLSR TORA of priority vectors
AODV 1 0.977715877 0.710306407 1.532033426 0.244896
DSR 1.022792023 | 1 0.726495726 1.566951567 0.250478
OLSR 1.407843137 | 1.376470588 1 2.156862745 0.344775
TORA 0.652727273 | 0.638181818 | 0.463636364 | 1 0.159850
Sum 4.0834 3.9924 2.9004 6.2558

For the criterion «Intensity of the input flow (K5)»:

Table 14 - Evaluation of the importance of alternatives for the input flow Rate criterion (Ks)

AODV DSR OLSR TORA 'g'fog’r?g::f;‘\j/:;té?;ates
AODV 1 1242236025 | 0.232919255 | 0.742236025 | 0.134307
DSR 0.805 1 0.1875 0.5975 0.108117
OLSR 4293333333 | 5333333333 | 1 3.186666667 | 0.576626
TORA 1347280335 | 1.673640167 | 0.313807531 | 1 0.180950
Ssum 7.4456 9.2492 1.7342 5.5264

11
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Table 15 - As a result, we obtain the values of global priorities
of alternatives AODV (A1), DSR (Az), OLSR (Asz), TORA (As):

Criteria
The amount The ratio of the Intensity of
) f lost inf Del The net- number of the inout Global
Alternatives | Ot lost infor- elay work Load | packets relayed € npu P
mation stream priorities
to sent
Numerical value of the priority vector
AODV 0.261124 0.196709 0.247283 0.244896 0.134307 0.248582
DSR 0.150209 0.151315 0.261952 0.250478 0.108117 0.180216
OLSR 0.360089 0.359834 0.241487 0.344775 0.576626 0.343204
TORA 0.228578 0.292142 0.249277 0.159850 0.180950 0.227999

In the second case, when studying the model with the generation of ftp traffic, the smallest
value of the amount of lost information is obtained when using the OLSR Protocol as a routing
Protocol.

When using the OLSR Protocol, we got the lowest latency in the network, the ratio of
relayed packets to sent packets, and the smaller value of the service information of the Protocol itself,
but the value of the "network load" was the highest.

The largest value of the amount of lost information is obtained by using the DSR protocol.
Despite the similarity of DSR with AODV, the value of this criterion is much lower when using
AODV. This is due to the fact that during the generation of ftp traffic, tcp packets prevail, in which
the sequence of sent data and their loss plays an important role. In the model of the network under
study, high mobility of nodes prevails, which leads to intensive updating of route tables of each node.
However, unlike AODV, which maintains a route table on each node, DSR is based on the source
route table, which leads to an inevitable increase in the amount of information lost.

When using the TORA protocol as a routing protocol, we have similar results as with other
protocols. However, the value of the ratio of the number of retransmitted packets to sent packets
exceeds the values of other protocols. This is due to the hybrid nature of the protocol and the high
mobility of the network under study. Since the network had high mobility and a large amount of
generated traffic, the protocol had to save and use routes between all source — receiver pairs
constantly, but not all routes were relevant.

As in the first model of mobile network with video conference traffic generation, in the
second model it is also preferable to use OLSR protocol as a routing protocol.

A Conclusion

In this paper, the problem of choosing a routing Protocol for a mobile wireless network with
a cellular topology with different types of traffic is solved. Two models of wireless network were
studied, one with udp traffic, where packet delivery is not guaranteed, as generating traffic was video
conference traffic, the second - with tcp traffic, where packet delivery is guaranteed, as a traffic
generator was used traffic from the ftp server. Four routing protocols AODV, DSR, OLSR, TORA,
characterized by a number of indicators that affect the network characteristics in different ways, and
the degree of influence was also different. The problem of choosing the best Protocol was related to
the problem of multi-criteria selection. As a result, it was decided to use the method of hierarchy
analysis as a method of selecting a suitable Protocol.

12
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A matrix of criteria importance was compiled (table 3). The main and the most important
common criterion for all protocols was the amount of user information lost, and the important criteria
were the network delay and the intensity of the input stream.

The results show that the use of THE Tora hybrid Protocol in a network with traffic generated
by a video conference allows to minimize the amount of lost information in conditions with an op-
tional guarantee of package delivery. This allows it to deliver data much faster and more efficiently
for applications that require high bandwidth or require little time to deliver data. However, this gen-
erates more service information for the Protocol itself.

Reactive protocols AODV and DSR showed similar results. However, under the conditions
of packet delivery guarantee and high mobility, AODV Protocol is clearly superior to DSR Protocol,
it has less delays and less sent service information, which leads to a reduction in the amount of lost
information.

Based on the analysis of the simulation results and the use of the hierarchy analysis method
to solve the multi-criteria problem of route selection in a wireless network, it can be concluded that
for the considered networks the optimal choice is the OLSR routing Protocol. This Protocol belongs
to the proactive protocols. It actively determines the level of network status by regularly exchanging
packets between nodes in the network. The OLSR Protocol minimizes the amount of overhead by
using a specific subset of nodes in the network, called repeaters, to relay control messages. This
explains the low load on the network using this Protocol (table 4), which is especially effective in
the transmission of information on the network, sensitive to delays.
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POCCHUM HA IPUMEPE CAHKT-IIETEPBYPT' A

Sergey Kirsanov, Evgeniy Istomin, Eva Mihalikova

Abstract:

Six months ago in Russia, the state information system of housing and communal services, which allows
you to check the license of any management company, communicate on the forum, find your home and
information on it and about its services, get acquainted with the news in the housing sector, you can in
the round-the-clock mode to use the legal framework not only for municipal issues, but also for any
other areas of legislation. However, further improvement of the information system is necessary.
Keywords:
State information system of housing and communal services
ACM Computing Classification System:

Applied Computing, Computers in other domains, E-Government

Abcmpaxm:

Iloneoda nazad 6 Poccuu 3apabomana 2ocyoapcmeennas uH@OOPMAYUOHHAS CUCEMA IHCUTUUHO-
KOMMYHALHO20 XO3AUCMEA, KOMOPAs NO360NAem Npogepums JuyeHsuo aobou ynpaeisiower
KOMRaHuu, noobwamosca Ha opyme, Haumu Ha Kapme c80U 00OM U UHPOpMayuio o Hem U 00
00CIYHCUBAIOWUX €20 OPLAHUZAYUAX, O3HAKOMUMBCS C HOBOCHAMU 8 HCUTUWHOU Chepe, MONCHO 8
KPY2LOCYMOUHOM — pedicume NOAb308AMbCS  HOPMAMUBHO-NPABOGOU  0a30ll He MOIbKO NO
KOMMYHAIbHLIM 80NPOCAM, HO U NO J100biM Opyeum cgepam 3axonooamenscmed. Oonako
Heob6x00UMo OanbHeliuee Co8epueHcmeo8anue UHPHOPMAYUOHHOT CUCEMbL.

Knroueswie cnosa:

zocydapcmeenﬁaﬂ qu)OpMaquHHaﬂ cucmema HCUAUUHO-KOMMYHAIbHO20 xossicmea

| BBenenune

Ceronns B cucreme ['MIC )KKX P@ noutu 15,8 MIUIITHOHa MHOTOKBapTHPHBIX JOMOB P®
(97,3%) 1 "HANBUAYATHHBIX XHIBIX TOMOB (83%).
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ITo cocrostamio Ha 1 okTs0pst 2017 roga B8 TMC XKKX 3apeructpupoBano 6omnee 82,5
TBICSAYN OpraHU3alui - 3T0 Bce ynpasistomue kommanuu (YK) ctpansi, 93% ToBapumecTs
cobctBerHnkoB kwibd (TCX) wm skxunmumuo-ctpoutensHBIX koomepatuBoB (JKCK), 97%
pecypcoCHa0KAIOINX OPTaHU3AIIH.

B cucreme 'MC XXKX Poccunm pasmemena mHpopmanus o 71,3 MHIIIHOHA JITHIEBBIX
cueroB, 95,6 Thicsun TapudoB, 340 ThHICIY NPOBEACHHBIX KOHTPOJIHUPYIOIUMH OpraHaMu
MPOBEPOK, Oosiee 32,2 MUIIIHOHA TIPUOOPOB yUeTa.

C I'IC XKX unrerpupoBansl 2464 NT-cuctemsl. Bce kpenuTHbIE OpraHU3aluU TaKkKe
unterpupoBansl ¢ ['MC XXKX u B exxeTHEBHOM pexXUMe IepeialoT JaHHbIe 00 OIIaTe KUIIHIIHO -
KOMMYHaIbHBIX yCIyT (mepeano 6onee 820 MUILTMOHOB (DAKTOB OMIATHI).

A 1 Bueapenue I'ocynapcrBeHHOi MH(OPMAIMOHHOM CHCTEMBI
KOMMYHa/IbHOro xo3s1iicrea B Cankr-IlerepOypre

B anperne 2017t nocranoBinenuem [IpaButensctBa CI16 No270 6pu1a co3nana "PernonansHas
roCyIapCTBeHHas MH(OPMALMOHHAs CHCTEMA JKHJIMIIHO-KOMMYyHATBHOTO Xo3siicTa".? Llensmu
coznanus pernoHanbHoi 'MIC sBisitoTCst: mpencTaBieHne HHGOPMAINK, a Takke HHPOPM aliH,
00s13aTeNIbHOE pa3MeleHne KOTOPOil B TOCYAapCTBEHHON MH(POPMALMOHHON CUCTEME JKUIIUIIIHO -
KOMMYHaJIbHOTO XO35HCTBa MOCTAaBIMKAMH HH(POPMALUH, OCYIIECTBISIOINMHE JIESTEILHOCTh Ha
tepputopun  Cankr-lIlerepOypra,  HpeaycMOTpEeHO  3aKOHOAATEIbCTBOM;  IOBBILIICHHE
s dexTuBHOCTH TOcynmapcTBeHHoro ympasienus JKKX; a Takxke obecrieueHHe pa3MelICHHS B
I'NC XXKX npenycmorpennoir @exnepanbibiM 3akoHoM uHpopmaiuu. Onepatop 'MC KKX —
JKUNMuIHeIH KOMHATET.

OcHoBHBEIME QYyHKIUAME paccMatpuBaemoit [ MIC sBustoTcst coop, oOpaboTKa, aHATH3 U
XpaHeHne WHOpPMaNnH; AOCTYN K MH(poOpManuu, cojepxkameilics B Cucreme, pa3MemieHHe U
NpEeICTaBIEHNE TAaKOM WHPOpPMAanWU B 3JICKTPOHHOH (OpMe; MpPEICTABICHUE I0JIb30BATEISIM
HHpOpMAIUU JTOCTOBEPHOW U akTyaidpbHOW uHopMmaruu; B3aumonedicteue c¢ [UC XKKX,
rocyJapCTBEHHBIMU HH(pOpMannoHHEIMU cucTteMamu CankT-IleTepOypra u 6azamMu 1aHHBIX, U JIp.

B cocmas Cucmemul 6x00am credyioujue noocucmemol

- moacuctemMa "OTpacieBoe XpaHWIUINE JAHHBIX KWJIMIIHO-KOMMYHAJIbHOTO XO3SHCTBa
Cankr-IlerepOypra", npeanaznaueHHas st cOopa, 00pabOTKK U XpaHeHHs: HHPOpMaIUH;

- moxacuctema "OTpacieBOd MOpPTan >KUIUIIHO-KOMMYHAJIBHOTO Xxo03siicTBa CaHKT-
IlerepOypra" (mamee - OTpacieBoil TMopTai), TMpeIHA3HAYCHHAs JUIS pa3MEIIeHUs B
WHPOPMAIMOHHO-TEICKOMMYHUKaMOHHON cetn  "UHTepHer" mo azapecy: www.gilkom-
complex.ru obmienocTynHoW MHGOPMAIMKM O COCTOSHUM >KWIMIIHO-KOMMYHAJIBHOTO XO35HCTBA
Cankr-IlerepOypra; a Taxke Ui IpeJoOCTaBIEHHs BO3MOXKHOCTEH 10 paboTe mosb3oBaTeleit
CucTeMbl B TMYHBIX KaOMHETAaX;

Y Hlaopuna T. Kommynaaxa yxooum 6 "snexmponky”. Jlan cmapm noanoyennoi pabome I'MC
JKKX/ Poccuiickas easema - @edepanvubiil geinyck Ne7392 (226) om 5.10.2017

2 [Tocmanoenenue Ipasumenscmea CI16 om 14 anpens 2017 200a N 270 «O zocydapcmeeno
ungopmayuonnou cucmeme Cankm-Ilemepbypea "Pecuonanvhas cocyoapcmeennas
UHDOPMAYUOHHASL CUCEMA ICUTUUSHO-KOMMYHATLHO20 X03aticmea”
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- moncucrema  "MHDopmanmmoHHOE — B3aMMOIEHCTBHE €  TOCYIAapCTBEHHBIMHU
nHpopMannoHHEIME cucteMamMu CankT-IletepOypra m 6azamu naHHBIX", IpeqHA3HAYCHHAS IS
OpraHu3aly B3aUMOJCHCTBHS C WHBIMH MH()OPMAIMOHHBIMU CUCTeMaMH, B ToM uucie ¢ [ UC
KKX;

- mogcucteMa "Cuctema 3amuThl WHpOpManuu', MpenHa3HAYEHHAs UL OOecIedeHUs
3anuTel HHbOpPMAIKK, coaepkalieiics B Cucteme, OT HEMPaBOMEPHOTO JIOCTYIa, YHUYTOKEHHS,
Moau(HUIMPOBaHUs, OIOKUPOBAHUS, KOTIMPOBAHMUSI, IPEACTABICHIS, PACIIPOCTPAHCHUS, a TAKIKE
OT UHBIX HEMIPABOMEPHBIX JICHCTBUI B OTHOLICHUH TAKOW HH(POPMAIUH; & TAKKE JIJIS COOIOICHUS
KOH(GUICHIIMATLHOCTH UHPOPMAIIUH OTPaHUYCHHOTO JOCTYIIA.

O6bmenocrynHast uHbopMmauus, cojepxkamascs B ganHod ['MC, pasmemaercs B cetn
WnTeprer Ha OTpacieBom nopraiue. JlocTyn k ykazaHHOH nHpOpManuu He TpeOyeT aBTOPU3AIIUHI
0JIb30BaTeNe HHPOPMALIHH.

PaccmoTrpum moapo6Hee OTpacieBoi HOPTa KITHITHO-KOMMYHAIIBHOTO X03s1HcTBa CaHKT-
ITetepOypra, KOTOpBIH co31aH Al OOECHEUCHMS TEXHOJIOTHYECKOH BO3MOXKHOCTH HMCIOIHEHHS
JeHCTBYyIOEro  3akoHomaTenbcTBa B cpepe  JKKX  BcemMum  ydJacTHMKaMH — OTpaciH,
MEKBEIOMCTBEHHOTO M BHYTPHBEIOMCTBEHHOTO 3JICKTPOHHOTO B3aMMOJCHCTBHS, KOHCOJIMIAINN
nHpopmanmu xumumHoit chepbr Cankt-IlerepOypra, a Takxke sl MyONMKAalMM B OTKPBITOM
noctyne uapopMmalmu o coctossauu nen B chepe JKKX ropona.

Iopran KXKX npennazHaueH Ui COBEPLIEHCTBOBaHUS HMH(MOPMAIMOHHOTO OOECIeueHHUs
HaceJeHUs. M HWCIOJNHHUTENBHBIX OpPraHoB rocynapcrBeHHoil Binacti Cankr-llerepOypra B cdepe
KIJIUIIHO-KOMMYHAJIBHOTO XO3sIHCTBa MOCPEJICTBOM CO3JaHUS MEXaHHU3MOB cOopa, 006paboTKu U
MIPE0CTAaBIICHHS CIELUATTM3UPOBAHHOTO JIOCTYIA K MH()OPMALMOHHBIM PECYPCaM UCIIOJTHUTEIILHBIX
OpraHoOB TOCyHapcTBeHHOW Biacti (manee - VOI'B), mHOZBEIOMCTBEHHBIX YYPESKICHUHU,
ynpasmsronux kommaauii, TCX (ToBapuinecTB cOOCTBEHHHKOB XWJIbA) U APYTUX YYaCTHHUKOB
oTpacnu.

IMopran XXKX obecrieunBaeT equHy0 IporpaMMHO-MH()OPMALMOHHYIO HHPPACTPYKTYpY B
coepe XKKX, coznaBaemMyro 4epe3 HHTETPAIHIO 3aMHTEPECOBAHHBIX YYACTHUKOB HH(POPMAIIIOHHOTO
oOMeHa B eAnHYI0 WH()OPMALMOHHYIO CHCTEMY, WHTErpaTopoM M PETYISITOPOM B KOTOPOH
BhIcTynaeT JKUIUIHBIH KOMUTET.

ITopranm BKIIOYAaeT OTKPBITYI0 M 3aKpBITYI0 4YacTH. OTKpbITass HH()OpMAIIOHHAS YacTb
JOCTynHa 0e3 perucTpanuy, COIEPKUT BCIO akTyallbHylo HH(popMmauuio ¢ caiita JXuiuiiHoro
KOMHTETA.

3akpeITas 4acTh B CBOIO OUEPE/h JIOCTYIHA AaBTOPH30BAHHBIM MOJI30BATEIISAM.

Jnst mosydeHust 1ocTyna K MHGOPMAIMK MOJIb30BaTENI0 MOTPEOYeTCsl MPOHTH Npouenypy
perucrpanyuy. YTpaBisIONIME OpraHM3alMd, pPecypcocHalXKalomue OpraHM3allid M OPTaHbl
ucrionHuTeNnsHOHM Bracti CankT-IlerepOypra moiydaroT IOCTYH IOCJ€ HarpaBiIeHUs 3asBKHA Ha
nogxioueHne K [loprany o¢uunanbHeIM MUCbMOM B JKWIMIHBIH KOMHTET, (H3MUYECKUE JIUIA
MIOJIY4YaloT AOCTYII TIOCIIe 3aloIHeHNs MH(pOopMaliy B paszene "Perucrpanus’.

CeenieHusl 1O ZIOMaM M TEXHHYECKas YacTbh JIEKTPOHHOTO IAclopTa MHOTOKBAPTUPHOTO
JI0OMa, He CoJepXKallie MePCOHANBHBIX TaHHBIX T'paXkJaH, JOCTYIHBI BCEM 3apeTHCTPHUPOBAHHBIM
MTOJIB30BaTeISIM. J[J11 TOTO 9TOOBI TOIYYHTh TOCTYII K JIMIIEBOMY CUETY TOJIB30BaTEI0 OTpedyeTcs
BBECTH JOIOJIHUTENBbHYI0 HWH(POPMAIUIO, MOATBEPKAAOIIYI0 €ro MpaBo J0CTyna K Heid. B
HacTosimee BpeMs BeneTca paboTra MO MOAKIIOUEeHHIO K Ilopramy OWJUIMHTOBBIX CHCTEM
rocydpexaeHus "BeraucIuTeIbHbIN HEHTP KOJUIEKTUBHOTO TIOJB30BaHUS KUJIHIITHOTO X03SMCTBA" U
oTiagka mporecca odmeHa uHOpMarei. DyHKIUS TOdydeHUsT WHPOPMAIUU O COCTOSHUHU
WHJIMBH/yaJIFHOTO JIMIIEBOTO cueTa noka HeaktuBHa. Co BpeMeHeM Ha [loprane Oyner oOecnieuena
BO3MOXKHOCTb ITOJIyYEHHS JaHHBIX O CBOEM JIMILIEBOM CUETE IS )KUTEJeH BCeX MHOTOKBApPTUPHBIX
nomoB Cankr-IlerepOypra.
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IToacucremsl [loprana JKKX u BXxoasiue B UX COCTaB MPOrpaMMHbIE KOMIIOHEHTBI:

1. noocucmema omoopaxdceHus U 66004 UHPOPMAYULU KOHEUHBIMU NOTbI0BAMENAMU COCIMOUM
U3 CIeOVIOUWUX NPOSPAMMHBIX KOMIOHEHMO8:
- IPOrpaMMHBIN KOMIIOHEHT « Y IIPAaBJIEHUE U K3IHUPOBAHUE JAHHBIX);
- MPOTPAMMHEI KOMIIOHEHT «Beb-moprany;
- mporpamMMHbIi kKoMnoHeHT «BBox u my6nukanust 11 MK s UOI'By;
- MPOTPAMMHEBIA KOMIIOHEHT «BBoj 1 myOimkarus Begomocteit KDy,
- MPOTPAMMHEIA KOMIIOHEHT «BBo 1 myOnmkarus Begomocteit MOCy;
- MPOTPAMMHEIA KOMIIOHEHT «BBOJI 1 TyOIuKaIus HHPOPMAIUHU O ACATCIEHOCTH
ynpasitrontix opraamanuit, TCXK, JKCKy;
- IporpamMMHbIH KOMIOHEHT «B3aumoneiicteue nois3osatenei [loprana XXKX ¢
HCIIOJIb30BAHUEM MEXaHU3Ma COOOIIEHHUI;
- mporpaMMHEIH KoMroHeHT «[lyonmkanus ceenenniit PCKP»;
- mporpaMMHEIA KoMroHeHT «[lybnmkanus ceenennii mpoekta PITIKPONy;
- IpOrpaMMHBIH KoMnoHeHT «[lyomikammst cBenennit n3 OmmmHroBeIX cucteM ['YIT BIIKII
WOKX».

2. noocucmema KoOHCOIUOAyUuu, xparenus u npedocmagnenus konmenma (IIKXIIK) cocmoum
U3 CRedyIoWUX NPOSPAMMHBIX KOMHOHEHMO8:
- IPOrpaMMHbIN KOMIIOHEHT «XpaHEHHUE JaHHbIX);
- IPOrpaMMHBIN KOMIOHEHT «KoHconuaanys JaHHBIX, HOTYYCHHBIX U3 BHELITHUX
HCTOYHUKOBY;
- IPOTrPaMMHBIN KOMIIOHEHT «Beb-cepBrCHI B3anMOACHCTBHS C HOTPEOUTEISIMU
JAHHBIX»;
- IPOTrPaMMHBIN KOMIIOHEHT «Y PaBJICHHE TEXHOJIOTHIECKUM MPOLIECCOM;
- MporpaMMHEIA KoMroHeHT «Coop u npenoctasnerue 11 MKJ] nns MOI'By;
- MPOTpaMMHEIA KoMoHeHT «COop U mpegocTaBieHue BegoMocteit NIKD»;
- IporpaMMHBIA KoMroHeHT «COop u mpenocTtasieHue Begomocteit MOCy;
- IpOrpaMMHBIH KOMIIOHEHT «COop M npegocTaBiieHue nHopMalum o
JIeATeNbHOCTH yrpasisitomux opranuzanuit, TCXK, JKCKy;
- aNIeKTpOoHHBI# cepBuc «[IpenocraBnenne HHPOPMAMK O IEATEINbHOCTH
ynpasisontux opranmanuit, TCXK, JKCK» 8 THC CIIb «CM3B CIIby;
- IPOTrPaMMHBIN KOMIIOHEHT «COOp U NMpeocTaBIeHHEe CBECHUI POeKTa
PITIKPOIN».
ITonb3oBarensimu [oprana XKX sBnstores:
- NUOI'B (CKumnimaoro komuteTa, AnMuHECTpanuit paifonos CII6 u npyrue);
- YK (TCXK, XK, XKCK);
- COOCTBEHHUKH, HAHUMATEIN U apeHAATOPbI IOMEICHNH;
- Hacenenune Cankr-IlerepOypra.
B memsx ocymecTBieHUs CBOMX (DYHKIMI, TONB30BaTENN B3aMMOJACHCTBYIOT CO CJEIYIOUTIMHU
MPOTPAMMHBIMH KOMITOHEHTAMHM MOPTaja:
- IIporpammHsIii kKoMIoHEeHT «Beb-mopranmy;
- IIporpammusie koMroHEeHTH «BBoa n mybmmkanus 11 MK/ gins UOT'By», nporpaMMHBIiA
kommoHeHT «Coop u npenoctasnerue 11 MKJ] g MOI'By;
- IlporpammHuble komnoHeHTH «BBon n myGmukanumst Begomoctedt DK®», nporpamMmHbIH
komItoHeHT «COop u npenocrasienne Begomocteil KDy,
- IlporpammHuble KOMIIOHEHTHl «BBox u myOnukanust Begomocteii MOC», nporpaMMHBIiH
komrtoHeHT «COop u npenocrasnenne seaomocreit MOCy»;
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- IlporpamMHBIE KOMIOHEHTH «BBoxm M myOmukanmss WHPOpPMAIMH O JEATCIBHOCTH
ynpasisomux opragmanuii, TCXK, JXCK», nporpammusiit komnoneHT «CO0p U TpeAoCTaBICHHE
nHpOpPMAIUU O [esATelNbHOCTH ympapistomux opranmsammii, TCXK, XXCK», mporpammHabii
komnoHeHT «[IpenocraBienue HHPOPMALUU O NEATEIHHOCTH yNpaBistiomux oprann3anuii, TCXK,
JKCK» B I'MC CIIb «CM3B CIIby;

- [Momp3oBarenu: Hacenenue CI16; YK (TCXK, J)KCK), Anmunuctpanuu paiionos CI16, XKK;

- IIporpammublii komnoneHT «Ilyomukanus ceenenuit PCKPy

- [Iporpammubie kommoHeHTs! «[lyOnukanus ceenenunit npoexra PIIKPOW», nporpaMMHbIit
koMnoHeHT «COop u mpeaocTaBiieHHe cBeaeHuil npoekta PIIKPOW»

Takum 00pa3oM, MOXKHO BBIICIHTH Ba OCHOBHBIX Kommonenra: front-end wu back-end
cocrasmsironue. Ha cropone front-end peanmsosan mosb3oBaTenbekmii maTepdeiic, a back-end yxe
TIpeaCTaBIIcH cepBepoM 0OpaboTku 3ampocoB u CYB/I.

A 2 CosepuieHcTBOBaHUEe HH(POPMALMOHHOMN CHCTEMBbI

B mpouecce ¢ynkuuonupoBanusi [lopran JKKX mnpuHuMaeTr wuHpOpMaimoo OT
napopmannonusix cucteM chepsl JKKX, obecrieunBaer BBOJ HHPOPMAINH, HE coleprkalneiics B
JIpyrux MHOOPMALMOHHBIX CHCTEMax, W Hepenady WHGOPMAIMK BO BHEUIHHWE MH(OPMAIOHHBIC
CHCTEMBI U €€ IyOINKAINIO PAa3INIHBIM KaTerOpHUsIM MOIb30BaTeNeH.

Paspabomxka edunozo API® ons e3aumodeticmeus ¢ opyzumu THC

B Tekymiell Bepcuu noprajia peanu3anus HHPOPMAIIMOHHOTO 0OMEHA OCYIECTBIISIETCS IPH
nomomu pasHelx CVYBJl, uro Bieuer mnpobOieMbl coBMecTUMOCTH. Ha cxeme BHemHuX
nH(pOpPMAIMOHHBIX CBsI3el Ha PUCYHKE | IOKa3aHO MHOTOOOpa3re BXOHBIX M BBIXO/IHBIX JaHHbIX.

s obecriedeHHs COBMECTHMOCTH INPHUXOIUTHCA pa3padaThIBaTh pPA3IUYHBIE CPEICTBA
npeoOpa3oBaHus U KOHBEPTAIIMU JaHHBIX U3-32 pazHooOpazus CYB/I.

B »ToM cnyyae Bo3HMKaeT MOTPeOHOCTh ONTHMH3AIMKM Tpollecca 0OMeHa JaHHBIMU JIJIst
YHA(UKAINU 1 YMEHBIICHUN BPEMEHH Tiepeiadn HHPOpMAaIHH.

OmHuM M3 croco0OB Uil AOCTWOXKEHWS STOM menu sBisercss cozmanume APl s Beex
ydacTHHKOB oOMeHa. [IpenmmymiectBamu sBisercst 1o, uto APl ompenensier ¢yHKIMOHAIBHOCTD,
KOTOpPYIO TpEeIoCTaBiIsgeT mporpamma (Momynb, Oubnmoreka), mpu 3ToM APl mosBosser
abCcTparupoBaThCs OT TOTO, KAK IMEHHO 3Ta (YHKIIHOHATBHOCTh PEaN30BaHa.

Ecnu nporpamMMy (Moayne, 6MOJIMOTEKY) paccMaTpUBaTh Kak YepHBIN AmuK, To API — 3T0
MHOECTBO «PYy4YeK», KOTOPBIEC TOCTYIHBI MOJIb30BATENI0 JAHHOTO SIUKA U KOTOPHIE OH MOXKET
BEPTETh U JIeprarh.

[IporpamMmHbBIE KOMITOHEHTHI B3aHMOICHCTBYIOT APYT ¢ Ipyrom nocpenctsom API. Ipu stom
0OBIYHO KOMITOHEHTHI 00pa3yIoT HEPAPXUI0 — BBHICOKOYPOBHEBBIE KOMITOHEHTHI HCIONB3YIOT API
HU3KOYPOBHEBBIX KOMIIOHEHTOB, a T€, B CBOIO ouepenb, HUCHOib3yioT APl eme OGonee
HU3KOYPOBHEBBIX KOMIOHEHTOB.

Ilo TakoMy NpHHLIMIY IMOCTPOEHBI MPOTOKONBI HEpeAadd AaHHBIX N0 ceTu MHTepHeT.
CraHmapTHBIA CTEK MPOTOKOIIOB 1Mo ceTeBoit mopenu OSI comepxkut 7 ypoBHel (0T Qu3mIecKoro
YPOBHS Tepefadr OUT 10 YpOBHSI IPOTOKOJIOB NPHJIOXKEHHH, Mogo0HbIX nporokonam HTTP u
IMAP).

3 APl — Ha6op roTOBBIX KJIACCOB, IPOLEAYP, QYHKIMIA, CTPYKTYP ¥ KOHCTaHT, IIPEI0CTABIISEMBIX
MpUII0KEeHNEM (OMOMNOTEKO, CepPBUCOM) HITH OTIEPAIIMOHHOMN CHCTEMOI! /I MCTIONB30BaHHS BO
BHEITHUX MPOTPAMMHBIX MPOAYKTaX. cTomp3yeTcs mporpaMMUCTaMi TIPH HAITHCAHUT
BCEBO3MOYKHBIX PUIIOKEHHI.
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Kaxnprii ypoBeHb mONB3yeTcsi (PyHKIMOHATBHOCTHIO MPEABITYIIETO («HIDKEISKAIETO))
YPOBHS Iepefaddl IaHHBIX M, B CBOIO OUYEpEeAb, IPEIOCTABISIET HYXHYIO ()YHKIMOHAIBHOCTH
creayoueMy («BbILIEIEKAIIEMY») YPOBHIO.*

CxemMa HOBOTO B3aWMOJCHCTBHS C HCCIEAYEeMOW TOCYAapCTBEHHONH WH(MOPMAIMOHHOM
CHCTEMOW TIpHWBEJeHa HIKe Ha pucyHKe 2. Kak MOXHO HaOmOmaTh, BCE MOTOKH HH(MOpMAIn
npoxost uepe3 APIL. Ilpu 3TOM ecim Hy)KHO MacIITaOMpOBaTh CUCTEMY, TO HE HYXKHO 3aHOBO
paspabateiBath nHTEp(deiickl oOMeHa ¢ pa3MYHBIMUA CUCTEMaMH, €CIIM 3apaHee MpPOINUCATh TOT
MEXaHH3M B HOPMAaTHBHOM JOKYMEHTE.

&
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Pucynoxk 1. Cxema BHEIIHUX MH(GOPMAIIMOHHBIX CBSI3CH

MOHO COCTaBUTh 0a30BbIe TPEOOBAHUS ISl peau3al[iy JaHHOTO TOIX0/1a
WHPOPMAITMOHHOTO OOMEHa:

Humepgpeiicnas wacmo nopmana

Wnrepdeiic caiita npeacrasiser cod0i BU3yalbHOE €ro 0TOOpaXKeHNe Ha 3KpaHe MOHHUTOPA
KOMITBIOTEpA U SBJIIETCS OAHUM N3 HanOoJiee BayKHBIX SJIEMEHTOB HE TOJIKO MHTEPHET-TIOpTala, HO
1 J000T0 TNPHIIOKEHMs, MPOrpaMMHOTO obecrieueHus. VIMEHHO moib30BaTeNbCcKuil MHTEpQEiic
OTBEYAeT 3a TO, HACKOJBbKO YIOOHO MOJB30BATENl0 OyJneT B3aMMOJEHCTBOBATH C CaliTOM WIIN
MIPUIIOKEHUEM, COOTBETCTBEHHO, 3aXOUET JIM OH UCIOJIb30BaTh 3TOT PECYPC U B JalbHEHIIEM.

4 https://ru.wikipedia.org/wiki/API
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CrpaHuna caiiTa ONTUMHU3MPOBaHA TOJBKO [UII SKPaHOB MOHHUTOPOB IIEPCOHAIBHBIX
KOMIBIOTEPOB, YTO B CBOIO OYEpeAb CY)XaeT ayAWTOPHIO MOJIB30BaTeNei NaHHBIM mopraioM. Ha
pUCYHKe 3 BHIHO CTpaHHUIy, Da3MEIICHHYI0 Ha BCEM OJKpaHe MOHHUTOpa. Bce 3JeMeHTHI
pacloyioKeHBl OTHOCHTEIBHO IeHTpa OJKpaHa. BepxHee MeHI0 — 310 «HaBuratop mno
rocymapcTBeHHbIM caiitam CaHKT — [letepOypray. OH siBIsieTCs 0043aTEIEHOM 3JIEMEHTOM Ha BCEX
TOCYJapCTBeHHBIX caiitax. HaBuratop, B OTIMUME OT caMOro mopTajia, MaclraOupyercs u
aJlanTHPYeTCs B 3aBUCHMOCTH OT pa3Mepa OKHa WM MOOWIIBHOTO YCTPOHCTBA.

1

EEE
B
GEE

Pucynok 2. HoBast cxeMa cBsi3eil ¢ y4eToM HOBOBBEJICHHS

Hpyras HemopaboTka riaaBHOM cTpaHuibl moprana KKX, Ha Haml B3TJs, 3TO MHOXKECTBO
pacrnoJyio’)keHHBIX OaHHEpOB BHHM3Y. Ha pucyHke 4 mpuBeAeH MpUMEp PACIONOKESHHS PEKJIaMHBIX
00BSIBIICHUIA.

st Toro 9To0Bl pemmuTh NMpodsieMy M30BITOYHOCTH MECTa, OTBEACHHOTO IO/ PEKIaMHbBIE
00BsBIICHUE, CTOUT WCIOJIb30BaTh TOPHU3OHTAJBHBIA «pOJ» ¢ OaHHEpaMH, YTO YMEHBIIUT
3aHUMAEMYIO IUIONIAb M YIYUIINAT «I03a0MIUTHY mopTana JKUIHITHOTO KOMUTETA.

Crnenyromas HeopabOTKa 3aKIIOYAeTCs B TOM, YTO NPH YMEHBIICHUH MIMPUHBI BEPCTKU
CTpaHUIIBI, YJIEMEHTHI OCTAIOTCSI HA (PUKCHPOBAHHBIX MECTaX HE ONTUMH3HPYIOCH MO MEHSFOIIUHCS
pa3Mep OKHa. ITO XOPOILO BUAHO HAa PUCYHKE 5.

CreyeT onTUMU3UPOBATh PA3METKY CTPAHULBI U CAENaTh €€ TMHAMUYECKH 3aBUCUMOW OT
pa3Mepa OKHa. DTO TakKe CKaXXETCsl Ha OXBaTe IOJb30BaTelied JaHHBIM TOCYAApCTBEHHBIM
MIOPTAJIOM.
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Sl KANMLLHEIA KOMUTET
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Pucynox 4. I[Ipumep pacrionoxenust OaHHEPOB.
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>

O cawvre

XXUNULLHbBIA KOMUTET

Otpacnesoii noptan XKX CaHKT-HelTep6ypra

A OKomwutere [lesTenbHoCTb  CrpaBoOYHWK | PeecTpbl | XKuauliHas noavTvka —Ynpasnexue gomamy | Kanuta

[06po noXanoBark Ha rocy4apCcTBEHHEIM 0TpacneBsoi HTEepHET-NopTan, NOCBALEHHbIA
KNMHULYHO-KOMMYHAmNBHOMY X038iACTBY CaHkT-MeTepbypra.

VH(OopMaLMa NPEXHEro cainTa XKUNULLHOTO KOMUTETA NONHOCTBI0 AOCTYNHA Ha AaHHOM
Moprane.

B HacToALjee BpemMa NpoAoMKaeTca TECTOBaA aKCnyaTauMa 3akpbiToi yacTu Moprana,
ZOCTYNHON aBTOPM30BaHbIM Nonb30BaTenam. B npolecce TECTOBOW 3KCnyaTaLun
obecneynBaeTca NePBUYHOE HANONHEHWE AaHHBIMW O MHOTOKBAPTUPHBIX oMax CaHKT-
MNetepOypra u 0TNaaka NPoLECCOB 3arpy3kn MHDOpMaLMK OT NOCTaBLYMKOB WHDOPMaLMK(B 4YTO Hanuca
TepMUHaxX noctaHosneHua MpasuTenscTsa PO N1468 o1 28.12.2012) 1 rocy4apCcTBEHHbIX
MH(OPMALMOHHBIX CUCTEM KNMULYHON cdepbl. Mo Mepe HanonHeHUs HMopMaLMenR U
yBENUYEHNA KONMYECTBA aBTOPU30BAHHbIX NONb30BATENEN KaK U3 Yucna XuTenen CaHKT-
MeTepbypra, ynpaensaioLLnX opraHu3aLuin, 00beaUHEHUIA CODCTBEHHUKOB XWUMb] 1
pecypcocHatKaroLux opraHu3auui, Tak U COTPYAHMKOB OPraHoB UCMOMHUTENbHOW BNacTy
CaHkT-lNetepbypra, MNopTan No3BoNKUT Nosy4aTb MHMOPMALMIO 0 HAYUCNIEHUAX M NRaTEXax
N0 KOMMYHanbHbIM YCIyraM, O TEXHUYECKOM COCTORHUW MHOTOKBAPTUPHOTO JoMa, OLEHMBATL
paboTy KOMMYHanbHbIX CAYKO W MHOTOE Apyroe. [loCTYN OCYLIECTBNAETCS C YYETOM ponu
nonb3oBaTeNa. nony4YaeMon Npu perucTpaumu, nosToMy ooGbem AoCTYNHOW HHDOPMaLMK
pasnuyaeTca. HesaperncTpupoBaHHbIM MoNb30BaTeNamM A0CTYNHA HOBOCTHAA NEHTa U
CrpaBo4Has MHMOPMAaLMA 0 XUMULLHO-KOMMYyHanbHOM X03RUcTBE CaHkT-MeTepbypra.

¥3HaTb nogpobHee MOXHO B pa3fene «O noprane»

Pucynok 5. CratudHoe pacnooKeHHe 3JIEMEHTOB Ha CTPaHUIIe

ITpu uccnenoBanuy noprana ObUIO OOHAPYXKEHO HECOOTBETCTBHE MOJEH NMpeNCTaBICHHBIM
JTaHHBIM Ha (opMe I10 3aIPOCy MOJIB30BATENS. JTO ITOKa3aHO Ha PUCYHKE 6.

[l obecriedeHys NPaBHILHOTO COOTBETCTBHS HY)KHO 00OECIeYMBaTh NMPOBEPKY HA Pa3HBIX
YPOBHSIX BBIIOJIHEHHUS 3alpocoB Momb3oBarened. Tak Kak 3TO SBISETCS HEKOPPEKTHBIM
oryOimkoBaHreM HMH(MOPMAIMM M MOXET NPUBECTH K IpobieMaM y omepatopa HMH(OpMaluu
JIAHHOTO MopTaa.
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Pucynok 6. HecooTBeTcTBHE MOJIEH MTpeaCTaBICHHON HHPOPMALIUT

A 3akjarouyeHue

Takum 00pa3oM, MOMKHO CHAENaTh BBIBOJ, YTO ONPENCHCHHBIA TEXHOJOTHYECKHH U
OpTaHM3AIOHHBIN OIBIT BHEAPCHNS HH()OPMALMOHHBIX CHCTEM, ITOAECPKUBAIOIINX NEATEIFHOCTD
OrtpacneBoro nopraina MMeeTcsl, HEOOXOANMO COBEPIIECHCTBOBATH 3Ty ACATEILHOCTb.

AHanu3 WCHONB3YEMBIX CHCTEM aBTOMATH3AlMM TOCYJApCTBEHHOM JIEATENBHOCTH
JIEMOHCTPHPYET pa300LICHHOCTh CHUCTEM B IUIaHE CTAaHIAPTOB Ha (DYHKIMOHAIBHOCTh W Ha
TEXHOJIOTHIO. B CyIIeCTBYIOIIMX YCJIOBUSIX 3aTpyAHHUTENLHO d((GEKTHBHO peaju30BbIBATh
(enepasnbHbIe LENEeBbIE TPOrPAMMBI 10 aBTOMATH3AIIMH JIESITEIbHOCTA OPTaHOB BJIACTH, OCKOJIBKY
OTCYTCTBYET €IMHasI CHCTEMa CTaHJAPTOB U PErIaMEHTOB, PETyIUPYIOIIasi JAHHYIO 00JIacTb.

Y3kas 1eneBasi HaNPaBICHHOCTh CYLIECTBYIOIINX CHUCTEM, KaK IPAaBMIIO, JTUKTYET HHU3KYIO
CTENEeHb MOIJICPKKH MEX(YHKIIMOHATIBHOTO B3aUMOJEHCTBUS BeJOMCTB. TpeOyercs co3nanne
CIEIUAIN3NPOBAHHBIX CHCTEM ISl KOOPJIMHAIMM JAaHHOTO THIA B3aMMOJEHCTBHA. B crarbe
npeanoxkeHo pemenne B Buae APl meHTpann30BaHHOrO B3aMMOJCHCTBHS I10/IBEOMCTBEHHBIX H
MEXBEIOMCTBEHHBIX CHCTEM.

Heo6xoaumo co3nanue equHON CHCTEMbI PETJIaMEHTOB M CTaH/IapTOB, KOTOPBIE OY/1yT UMETh
OTpeNieNdoniee 3HA4eHHEe IPH BHIOOpE TEXHOJIOTHH, MPHUIOKEHHH M METOAOB B IPOEKTaxX
AaBTOMATH3alllH, I[IOCKOJNBKY HEKOHTPOJIMPYEMOE pAa3BUTHE JIOKAIBHO BHEIPEHHBIX CHCTEM
Hen30€XHO MpHUBENET K BOSHUKHOBEHHIO KOH(IMKTOB B MHPOPMALMOHHOW M (PYHKIIMOHAIEHOU
uHdpacTpykrype PO.
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SOFTWARE DEVELOPMENT FOR THE DESIGN
OF STRETCH CEILINGS

Yakov Lvovich, Alexander Plotnikov, Juraj Stefanovi¢

Abstract

Work on the installation of suspended ceilings requires very accurate calculations and precise cutting.
When creating the appropriate design systems are based on geometric calculations and key formulas
describing the surface. The aim of the work was to develop a subsystem for the design of stretch ceil-
ings, which would minimize the time and material costs that inevitably arise during the organization of
production, installation of this type of structures. The classification of approaches related to geometric
modeling is carried out. There are two main approaches to geometric modeling of design objects: the
approach of structural geometry and the boundary approach. Constructive geometry is to create a li-
brary of geometric primitives (elementary objects), on the basis of which by means of regularized
Boolean operations (intersection, Union, etc.) is to build a model. The boundary approach is based on
the capabilities of piecewise analytical description of the object, description of its boundary elements
(faces, edges, vertices of features and contours, nodal point of plane objects) based on algebraic equa-
tions. Geometric models have a hierarchical structure that results from the bottom-up construction. An
element of a geometric structure can be: a coordinate system, a point, a curve (flat, spatial), a surface,
a geometric body. For the two-dimensional case, the objects of modeling are planar contours, which
consist of segments of planar curves. The elements of the topological structure of the contours are
node points, line segments. The curve can be represented by a set of points, provided that they are
close enough to each other. In the scatter method of geometric simulation model is used, the basis of
which is the point. The use of mathematical description of the curve complicates the model, but has a
number of advantages, for example, there is no need for an interpolation scheme to find intermediate
points. The program is designed "Europalace" allows you to quickly build a shape with the specified
parameters. There are tools to rotate the selected objects and enable the step-by-step construction
mode in order to carefully consider the geometric modeling process and adjust it if necessary. The
created system of design of stretch ceilings has the following features: execution of construction on the
basis of the table of input data with coordinates and angles; execution of construction of an ellipse;
execution of construction of a half-ellipse; execution of construction of a rectangle; execution of con-
struction of a triangle; functions of rotation of the selected edges;

feature construction steps; the function print project.

Keywords:

Design, stretch ceilings, program.
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Introduction

The work on the installation of suspended ceilings requires very accurate calcula-

tions and no less accurate cutting.
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And since in the modern world it is very difficult to imagine work without the use
of information technology, when installing tension structures can not do without the help
of computer programs.

The creation of such a program will significantly simplify the process of installation
of ceiling structures, to make competent calculations and cutting, quickly, efficiently and
without errors.

The developed system is based on geometric calculations and fundamental formu-
las, on the basis of which the calculation of the project of the stretch ceiling is made. On
the basis of these calculations, experts will be able to mount the ceiling, accurately calcu-
lating the amount of material that will be required, and the customer will be able to see the
ceiling, how it will look realized desires.

Today stretch ceiling is a popular way of finishing the ceiling. In the Russian Fed-
eration today is the development of systems of suspended ceilings, and firms that perform
this kind of work, not so much - it is possible to occupy a niche in the market of compa-
nies that perform such orders.

The software that helps designers in their work is also a little bit, and these pro-
grams miss some points that could help the designer in a particular situation, so | consider
the theme chosen for the final qualifying work to be reasonable and in demand, and the
product developed is able to compete with existing software products of this line.

The purpose of this paper was to develop a subsystem for the design of stretch ceil-
ings, which would minimize the time and material costs that inevitably arise during the
organization of production, installation and sales of this type of structures.

A 1 Geometric modeling methodology

When creating CAD, we can not do without methods of geometric modeling of objects in
two-dimensional and three-dimensional space.

Geometric modeling is a method of studying objects by constructing their geometric models.
A geometric model of an object is a system of geometric relations describing the object. The geo-
metric model of the object O is a triple

(0)={A,F, R}, @

where A is the set of geometric elements;
F - set of geometric attributes( characteristics, parameters);
R-set of relationships between elements and attributes.

In this model, A is the mapping of the geometric elements of object A, F is the mapping of
the attributes, and R is the mapping of the relationships between the geometric elements and the
attributes of object A.

There are two main approaches to geometric modeling of design objects: the approach of
structural geometry and the boundary approach [1] (Fig. 1). The approach of structural geometry is
to create a library of geometric primitives (elementary objects), on the basis of which the regular-
ized Boolean operations [3, 4] (intersection, Union, etc.) are used to build the model.

The boundary approach is based on the possibility of piecewise analytical description of the
object, i.e. description of its boundary elements (faces, edges, vertices of features and contours,
nodal points of plane objects) by algebraic equations.
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Geometric modeling
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Fig.1. Classification of geometric modeling approaches

A feature of the developed system of geometric modeling, focused on solving the prob-
lems of automation of design of engineering objects, is the use of a combination of two approaches
to geometric modeling, i.e. the creation of a combined model of the MKOMB object

MKOMB={MK, BM, F}, (2)

where MKG is an object model using the structural geometry method;
BM — model of the project using the marginal approach;
F — operators convert MKV to BM and BM in MKG.

Geometric models have a hierarchical structure that results from the bottom-up construc-
tion. The element of the geometric structure [5, 6] can be: a coordinate system, a point, a curve
(flat, spatial), a surface, a geometric body.

A generalized scheme of options for building models of objects is shown in Fig. 2. Arrows
indicate how to form geometric elements by using elements of a different dimension.

In the two-dimensional case, the objects of modeling are planar contours consisting of
segments of planar curves. The elements of the topological structure of the contours are node
points, line segments. The curve can be represented by a set of points, provided that they are close
enough to each other.

Point method of geometric modeling uses the model

MP={P,SA}, (3)

where P — set of points;
SA — set of attributes <xi, yi.>, where X;, yi — the coordinates of the point;
DIP — display connecting a pair of incidental points.
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The MP model is the simplest of the models. It does not use a mathematical description of
the curve. The use of mathematical description of the curve complicates the model, but has a num-
ber of advantages. In particular:

* mathematical description is accurate, which makes it easy to calculate curve characteris-
tics such as slope, radius of curvature, etc.;

* there is no need for an interpolation scheme to find intermediate points;

* the use of the MP model is difficult if the shape of the curve has to be changed to meet
some given criterion.

Mathematically, the curve can be presented in parametric or nonparametric form. The para-
metric form of the curve description has the form

x =f(t), y = g(t) “)
where t is the parameter.

A nonparametric curve is described as an explicit or implicit function. The explicit de-
scription is y = f(x), implicit f(x,y) = 0. A point on an implicit curvilinear segment can be de-
termined by computing the root of an algebraic equation.

An oriented curve is a curve with a specified bypass direction. The orientation of the curve
f(x,y) = 0 is determined by the direction of the path relative to the area specified by the inequali-
ties f(x,y) > 0. Obviously, the curve —f (x,y) = 0 coincides with the curve f(x,y) = 0, but has
the opposite orientation.

The method of oriented curves is to build a geometric model

MOC={OC, N, SA, DIP}, (5)

where OC-oriented curves;
SA - set of attributes <xi, yi.>, where X;, yi — the coordinates of the node points;
DIP — display connecting a pair of incidental node points.

The approach of structural geometry on the plane is to construct a two-dimensional object
(contour) from a set of specified two-dimensional elementary (base) objects by means of geometric
operations of Union, intersection and subtraction taking into account the orientation.

As the basic elements can be used: point, line segment, circle arc, arc parabola, arc hyper-
bola, arc ellipse, rectangle, parallelogram, circle, etc.

The method of plane elements is to build a geometric model
MPE={EO, CAP, PAR, PO, GO}, (6)

where EO — set of elementary objects;

CAP — the coordinates of the anchor point; <x, y, ¢>— coordinates and angles that define
the position of the object in the main coordinate system;

PAR — object parameter;

PO — the transformation of the object on the plane;

GO — geometric union and intersection operations.
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Fig.2. Generalized scheme of options for building object models

Various transformations can be performed on geometric models of objects: transfer, rota-
tion, uniform and non-uniform scaling. Geometric transformations are defined as the objective
mapping of a coordinate space into itself. The structure of the object is preserved.

The transformation of objects can be carried out as a transformation of a set of points char-
acterizing the object into another set, provided that these sets are described in the same coordinate
system, or as a replacement of the local coordinate system of the object to another coordinate sys-
tem, which allows to synthesize a set of objects, each of which is described in the local coordinate
system, and
The mathematical basis of transformations used in the geometric modeling of objects is the opera-
tion of multiplication of matrices that determine the elements of the object and the types of trans-
formation. Transformations of transfer, rotation and scaling in matrix form are written in the form
of

P=P+T, P"=PR, P'=PS, @

where P’ is the transformed coordinates of a geometric element;
P - transformable coordinates;
T, R, S —respectively matrix transfer, rotation and scaling.

When modeling objects can be used combinations of the basic types of geometric transfor-
mations (translation, rotation, scaling) and various derivatives thereof: mirroring, copying, etc.

Design objects can be modeled interactively in a machine graphics system using a problem-
oriented language or a software package. In accordance with the chosen method of modeling modi-
fication of objects is carried out by technical devices of the system with the use of embedded soft-
ware and hardware, language operators and programs of the package.
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Modification of objects is carried out with their linguistic models, with internal forms of
representation of object models, with images.

Analysis of geometric models of design objects allows to determine their size, area, volume,
centers of gravity, moments of inertia, static moments, distances between objects, etc.

One of the main areas of application of standard methods of geometric modeling — comput-
er-aided design and automated control systems of technological processes of design and production
of mechanical and Electromechanical systems.

The boundary method of object modeling is appropriate to use in areas where dynamic sur-
faces are designed, i.e. surfaces interacting with the external environment, or surfaces to which
high aesthetic requirements are imposed. Dynamic surfaces are divided into two classes:

* described by the environment
(external contours of aircraft, ships, cars, turbine blades, etc.));
* tracer-guiding medium
(air and hydraulic channels, spiral chambers and turbine suction pipes, etc.).

Methods of structural geometry are used in systems focused on the design of machine-
building structures, parts obtained in the technology of stamping, cutting, etc. This type of model is
most adequate to such processes of designing geometric shapes of parts, when the designer forms a
part as a combination of basic elements of shape (cylinder, cone, prism, etc.) or collects it from
some functional elements, for example, the shaft section for planting a gear, etc.

For low-performance systems, a method that uses wireframe models is used. Frame models
are usually used to define objects representing polyhedra, i.e. closed polyhedra of arbitrary shape
bounded by plane faces. Wireframe representation is often used when displaying objects as one of
the visualization methods. Feature images of objects represented by a point frame, linear discrete
frame and mesh frame.

The efficiency of the use of geometric models of objects in computer-aided design depends
on the means of data storage and processing. The composition of the database is determined by
taking into account the characteristics of the process and objects of design and current standards
and reference data.

Graphic displays are widely used for visual inspection and modification of designed objects.
Two types of graphic displays can be distinguished by scanning technology: vector and raster.
When displaying object models on a vector display, it is sufficient to use a wire representation;
visualization of patterns on a raster display allows you to get the color "deep" images of objects.

Drawing documentation is one of the main results of computer-aided design systems. The
complexity of its formation depends on the completeness of the data in the geometric model. For
example, a dimensional grid saved during the simulation process allows you to automatically place
dimensions in the drawing.

To design a drawing of a part represented as a model of a three-dimensional geometric ob-
ject, the following tasks are required: to determine the number of projections required to represent
the part; to highlight the main view; to build the appropriate projections; to determine the scale of
the image in the drawing field; to place dimensions and technological information; to apply tech-
nical requirements; to fill in the drawing stamp.

The most common form of application of automated systems of technological preparation of
production is programming for machines with numerical control. Based on the generated object
model, programs for CNC machines can be created much faster as the object geometry is already
defined. In the automated systems of preparation of control information for CNC machines the
most convenient way to use a geometric model, formed by the method of oriented surfaces.
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A 2 Geometric modeling examples

De Casteljo algorithm was chosen for the implementation of the planned program for the
design of stretch ceilings. The program is designed "Euroceiling" is a window size of 1000 by 600
pixels.

The menu is located at the top: * Order information

+ Drawing
* Print
* Settings
* Help

At the bottom there are quick start buttons that allow you to quickly build a particular shape
with the specified parameters.

Also, on the same panel there are buttons "Turn™ and "Step by step™. The first button allows
you to rotate the selected object. The second button allows you to turn on the step-by-step construc-
tion mode in order to carefully consider the geometric modeling process and adjust it if necessary.

On the left is the information coordinate panel, where the coordinates of all edges of the
drawing are displayed in a table view.

Let's consider the construction based on diagonals. If the construction is done by entering
the sides and diagonals, then you must specify the number of angles and press the "Build" button,
then a table and a tree of sides will be formed to enter the length of the values in centimeters (figure
3).
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Fig.3. Drawing Based on the sides and diagonals.

33



B Yakov Lvovich, Alexander Plotnikov, Juraj Stefanovic

In this case, the edges of the constructions are denoted by capital Latin letters, for exam-
ple, A B (the outer edge between points A and B), AW (the inner edge, which is used to "bind"
pieces of the ceiling together).

There are three ways of specifying lengths of sides and diagonals:

Table - the names of the sides are put down automatically, but the name of the diagonals
have to be entered manually;

Tree-contains all variants of sides and diagonals, which avoids manual input of the sides
and diagonals, also provides automatic transition to the next size in order when you enter the
current one and press "Enter" (this applies to both sides and diagonals);

Angles-avoids entering diagonal lengths if known angles (in degrees) between points, for
example, there is an ABCD rectangle (AB=300;BC=500;CD=300;DA=500) and it is known
that the angle A=90 degrees, hence the diagonal BD=583.1, just note that entering an angle in
degrees only automatically calculates the corresponding diagonal.

If you enter an excessive number of diagonals and there are differences in size, an error can be gen-
erated, which is displayed on the screen.

The program has a number of support functions:

* Function to "Rotate" - rotates the drawing 90 degrees clockwise;
* The "Build step” - allows you to build a drawing step by step "point by point”,
thus in difficult situations to assign the responsibility of drawing on the user.

After drawing, you can manually adjust the desired point in the drawing, it is necessary to
hold the left mouse button on the changing point and not releasing the move to the desired location.
After manual correction of the drawing, an error formed during the construction of the drawing is
formed or recalculated.

Consider the construction based on an ellipse. If the construction will be based on an el-
lipse or circle, you must specify the number of angles and two radii (for the circle radii will be the
same and the second radius can not be specified to leave equal to 0), then you must click "Build
Ellipse” or "Build half-Ellipse™ (Figure 4). The program will automatically build the drawing based
on an ellipse.

It is possible to build a half-ellipse, you also need to specify two radii, the number of ver-
tices and click "Build half-Ellipse™ (figure 5). If you need to build the right circle, it is enough to
specify two of the same radius (figure 6).

Consider manual construction of the drawing. To work with designer ceilings, which are al-
ready drawn in special modeling programs with the preservation of all proportions, you can use the
"Manual construction™ (figure 7). It is possible to enter the data (name of a line and its length) di-
rectly in the table. To apply the function, click the «Apply build» button.
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A Conclusion

As a result, a system of designing stretch ceilings was developed, which has the following features:
Perform a construction based on the input data table with coordinates and angles; Execution of
construction of an ellipse; Performing a half-ellipse build; The build of the rectangle; The build
triangle; Rotation functions of selected edges; Step-by-step build function; roject print function;
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DEVELOPMENT OF TECHNIQUE FOR RECOGNITION
OF THE COMPLEX SHAPE SIGNAL IMAGES

Oleg Choporov, Andrey Preobrazhenskiy, Eugen RuZicky

Abstract:

With the help of digital image conversion, they create conditions for improving the perception of the
image, the formation of a certain artistic image, the allocation of informative features. Image conversion
is carried out by various methods, including optical, photochemical and digital methods. The latter are
becoming increasingly common, as technical capabilities only grow from year to year. The purpose
and objectives of this work: to analyze the main methods of image processing and recognition; to de-
velop an effective algorithm for recognizing signal images; to develop a software product that conducts
experiments to recognize complex waveforms. Information about the degree of similarity of the two
signals is shown at their maximum coincidence and is determined by the behavior of the correlation
integral (functional) at the extreme point, that is, the value of the integral and its derivatives. This func-
tional is an energy characteristic, the value of which is determined by the brightness and area of the
image visible through the standard. Its extremum is observed in cases where the standard is fully fit in
the image, and the coincidence of their shape is not necessary. Therefore, this value characterizes the
similarity of the image and the standard in form ambiguously. The absolute value of the second deriva-
tive of the correlation integral to the point of its extremum is preferable for estimating the similarity of
the image and the standard in form. The dependence of the functionals on the degree of "blur"is pre-
sented. A necessary condition for the practical value of such recognition algorithm is the independence
or weak dependence of the functional threshold value on the shape, area and contrast of the image. The
table shows the values for some images with different area and contrast. as an indicator of the similarity
of the image and the standard in form, it is advisable to use the module of the second derivative of the
correlation integral normalized in contrast at the extreme point. First, the program receives the original
image in bmp or jpeg format, and shows it to the user. The image is then muted according to the noise
type selected by the user and the parameters set for the selected noise type, then displayed on the form.
You can save an image, run an experiment (plot), define a shape, or noise the image again. To compare
the capabilities of the algorithm under study and the human visual system according to the classification
of "blurred" images, the images of simple geometric shapes are shown recognized by an automatic
device implemented in the form of a software tool. The type of distortion that can be used: monochrome
noise by Gauss, color noise by Gauss, spray, turn into mosaic, blur. The program compares the distorted
image with each of the available reference figures, estimates the total standard deviation, and concludes
what image is depicted, based on its minimum value.

Keywords:
Image cognition, algorithm, program
ACM Computing Classification System:

Computer vision, Human computer interaction, Information systems applications
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[ Introduction

Currently, digital image conversion is widely used in measurement and applied television
systems and broadcast television. With the help of digital image conversion, conditions are created
to improve the perception of the image, the formation of a certain artistic image, the allocation of
informative features (for example, in object recognition systems), etc. Conversion is carried out by
various methods, which include optical, photochemical and digital methods [1, 2]. The latter are
becoming increasingly common, as technical capabilities only grow from year to year. Despite the
fact that other methods are a little passed the position, all these are of independent interest in com-
munications technology, computer technology, medicine, the environment, the conversion of film
images and other various fields.

A number of approaches to the study of images is based not only on the use of a priori data
about the optical characteristics of the image, but also on the possibilities of implementing the anal-
ysis procedures. For example: the use of image analysis procedures to control chip patterns, in med-
icine and biology in the analysis of blood smears, etc.

Purpose and objectives of this work:

- To analyze the main methods of image processing and recognition;
- Develop an efficient algorithm for signal image recognition
- To develop a software product that conducts experiments

to recognize complex waveforms.

A 1 Image recognition algorithm

The initial data for the classification of images of structural or physical features are the results
of the measurement of the latter. The most informative stable characteristic of a simple image is its
shape, as the color and brightness distribution of the image in real conditions are variable and are not
always class features. Under the form in General, the external outline, external view, contours of the
object. For a two-dimensional image, it is difficult to define the shape as a specific trajectory for each
class of images in the form of a closed line in the relative coordinate system. Unlike video and radio
signals, the form of which determines the noise immunity of reception, measurement accuracy, res-
olution and other frequency-energy factors, the form of images is essentially a visa-al code, which
contains information about the name, purpose and other information about the object of observation.

Closed lines can have an infinite number of trajectories, which creates a significant redun-
dancy in this encoding of information. Perhaps that is why, when perceiving contour images, the
visual analyzer of the human brain easily completes the missing fragments of the form and perceives
the set of contours as a complete image [3, 4].

The peculiarity of the classification feature is the impossibility of its evaluation, since the
signal code, including the shape of the image, is not subject to measurement. To evaluate only the
degree of conformity (similarity) with the same signal structure (the benchmark).
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Presumably, the information about the degree of similarity between the two signals i(X, y)
and j(x, y) appears at their maximum coincidence and is determined by the behavior of the correlation
integral at the extreme point, i.e. the value of the integral (KI) and its derivatives (1)

Kij(x, y) = [ [i(X,y)i(X =xy =y)dxdy
To identify the parameter containing the required information, we analyze the dependence

of these characteristics of the correlation integral on the distortion (change) of the image shape. To
simplify the analysis, let's consider a one-dimensional signal passing through a low-pass filter.

Figure 1 shows two distorted rectangular pulses of different degrees l;, ], , the reference

pulse j, their correlation integral Kij , its first K ij and second K ij derivatives. It follows from

figure 1 that the odd derivatives at the extreme point of the correlation integral are zero, and the even
ones depend monotonically on the degree of "blur” of the momentum. Therefore, for comparative
analysis it is advisable to allocate the values of the correlation integral and its second derivative at
the extreme point.

Functional Kij , it is an energy characteristic, the value of which is determined by the

brightness and area visible through the standard image. Its extremum is observed in cases where the
standard is fully fit in the image, and the coincidence of their shape is not necessary. Therefore, the

value Kij characterizes ambiguously the similarity of the image and the standard in form.

The second derivative of the correlation integral K "ij essentially depends on the corre-

spondence of the signal form, striving for the absolute value to infinity with perfect similarity (see
Fig. 1).In this case, the change in the image area can not be compensated for its non-compliance with

the standard form, since the value ‘K "ij‘ decreases due to the formation of a flat portion of the top

of the correlation integral.
Therefore, the absolute value of the second derivative of the correlation integral to the point
of its extremum is preferable for estimating the similarity of the image and the standard in form.

We will analyze the peculiarities of using the functional |K "ij| in recognition problems by

the example of classification of the geometric shapes depicted in figure 2. Image v of each figure
with the help of a graphic editor Adobe Photoshop formed the standard of the file in the form of a
file in the Windows BitMap format. In the course of research, the images were gradually distorted
using the developed program (see below) and the similarity of the obtained images i with each of the
standards j (2) was evaluated.

L Loty
i(x,y)= s J. v(x,Y;)e ’ dx,dy, 2

In Fig. 3 we can see the dependence of the functionals |K "ij| on the degree of "blurring" of

the trapezoid is characterized by parameter o. From figure 3 it can be seen that the similarity of a
trapezoid with its own benchmark (dotted line) is dominant to the values of o ~ 9,4 the pixels in
which the dotted line and one or more solid lines, describing an image similar to nonproprietary
standards intersect.
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The corresponding intersection point of the functional value will be called the threshold
(‘K Ij‘ ) . Further "blurring" of the image entails a decrease in its similarity with its own pattern in
P
comparison with some of the improper patterns.

As shown in the figure. 3 the dependences are typical for all the geometric shapes under
study, the classification of the presented image involves an assessment of its similarity with each of

the standards, the choice of the largest functional ‘K "ij‘ and its comparison with a non-threshold. If

the value of ‘K 'ij| max is greater than the threshold shown, the image of the standard corresponding

to this functional is considered, if it is equal to or less than the threshold, the recognition is rejected.
It is easy to show that the necessary condition for the practical value of such recognition

algorithm is the independence or weak dependence of the functional threshold value |K "ij| on the

shape, area and contrast of the image. Table 1 shows the values ‘K ’ ij‘ for some images with dif-
p

ferent areas of S and contrast, expressed in pixels and machine units, respectively. According to these
data, the threshold ‘K"ij‘ is slightly dependent on the shape and area of the image [5, 6], but is
p

proportional to the absolute value of its contrast. The normalization of the functional ‘K "ij‘ on image

contrast allows to eliminate this dependence, as evidenced by the data in table 2.

Table 1-Functional thresholds ‘K Ij‘

| s AB

mage 50 50 200
625 995 995 398.1

Square 2500 108. 108. 435
10000 1126 1126 450.6

625 99.9 99.9 399.8
Right triangle 2500 98.7 98.7 394.9
10000 9.3 9.3 3852
625 92.7 92.7 370.7

Rhombus 2500 1113 1113 445
10000 110 110 439.9

Table 2-Threshold values of the contrast normalized functional image ‘K U‘

AB
Image S
50 -50 200
625 2.82 2.82 2.82
Square 2500 2.89 2.89 2.89
10000 2.88 2.88 2.88
625 2.81 2.81 2.81
Right triangle 2500 2.79 2.79 2.79
10000 2.78 2.78 2.78
625 2.78 2.78 2.78
Rhombus 2500 2.87 2.87 2.87
10000 2.88 2.88 2.88
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Thus, as an indicator of the similarity of the image and the standard in form, it is advisable
to use the module of the second derivative of the correlation integral normalized in contrast at the
extreme point.

For the convenience of further presentation, we denote: W;; - the similarity index of the
image i and the standard j; W\ -the threshold value of the indicator W;; at i = f (v), j€ J; J the set
(bank) of patterns; W — the threshold for deciding on the compliance of the presented image i to a
particular standard. With this in mind, the decision rule can be written as follows (3), where q is the
image of the standard, in which the similarity index W;; reaches its maximum value on the set of
standards J.

q = argmax(W;;)
j i
v=gq 3)
| Wig < W,
\  veJ

The reliability of image recognition is determined by the value of the threshold W. to
avoid incorrect classification, the threshold W must be equal to or greater than the maximum for
the set of images V threshold Wy, where V is the set of images of objects of observation corre-
sponding to the set of standards J.

Wax Zvgy (W) (4)

In this case, the capabilities of the algorithm to recognize distorted images are somewhat
reduced. Indeed, the majority of images v individual threshold recognition W, will be less than the
total threshold W, but when W >Wig>W, will be a refusal of recognition, although the image v can
still be classified correctly.

When the W threshold is reduced, there is a possibility of incorrect recognition of images
for which W, > W,, but the degree of distortion at which these images can be correctly recognized
increases. This condition (4) applies to all images [7, 8] if the W threshold is less than the minimum
individual Wy threshold. If recognition rejection is not allowed, i.e. the image must be classified at
any distortion degree, the W threshold is equal to zero.

First, the program receives the original image in bmp or jpeg format, and shows it to the
user. The image is then muted according to the noise type selected by the user and the parameters set
for the selected noise type, then displayed on the form. You can save an image, run an experiment
(plot), define a shape, or noise the image again.

If you choose to save an image, the first step is to check whether the image can be saved,
then the image is saved to a file with the specified name and extension.

If an experiment is selected, the number of tests, the type of noise, the noise parameters are
determined, then the increment to the noise degree parameter is determined, and for each of the ref-
erence figures a series of experiments is carried out:

* The image is noisy from the minimum to the specified noise level

* After each noise is estimated Kl and stored in an array of values K.

After that, the values of Kl are displayed on the chart, where each line corresponds to the
Kl values at different degrees of image noise.

If you select image definition, then for each reference figure is determined to the original
relative to the reference, then select the minimum value of KI and remembered for which figure this
value was the minimum. When this is done, the program will show a sample of the reference shape
and display the shape name on the screen. You can also save the resulting image.
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If you select the re-noise, the noise is carried out relative to the already noisy image, other-
wise the noise is carried out for the original.

A 2 Recognition results

To compare the capabilities of the algorithm under study and the human visual system
according to the classification of "blurred" images, figure 4 and 5 show images of simple geometric
shapes (area S = 625 pixels) recognized by an automatic device implemented as a software tool. For
the images in figure 4, the recognition threshold W = Wy, in figure 5, the images were distorted to
their individual Wy thresholds. It is obvious that the images in figure 4 are shown to a lesser extent
than in figure 5, which is a fee for excluding their incorrect recognition at W = Wnax. In General,
according to figure 4 and 5, it can be concluded that within the framework of this task, the efficiency
of automatic recognition of blurred images is close to the efficiency of the human visual system

Thus, the above-proposed measured index of similarity between the image and the stand-
ard in form provides a sufficiently high efficiency of recognition of distorted images when passing
through optical systems or media without taking into account a priori information about the degree
of their "blur".

1 2 3 o 5

Fig.4. Images distorted to individual thresholds W,:
1 - square; 2 - circle; 3 - diamond; 4 - trapezoid; 5 - right triangle.

& ® & @ &

1 2 3 4 5

Fig.5. Images distorted to individual thresholds W,:
1 - square; 2 - circle; 3 - diamond; 4 - trapezoid; 5 - right triangle.
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For each type of noise, there is a certain value of the noise level at which the program stops
correctly determining the reference images For noise type "Gaussian monochrome" the following

threshold values were obtained:

Square-degree 4200; Kl value-1,1300512728883

Round - the degree of 4130; a value of KI - 1,12543698834234
Rhombus - grade 4400; the value of KI - 1,12643149912134
A-line - degree 4350; a value of KI - 1,13357093373766

Right triangle - a 4100 degree; the value of KI - 1,126781459449

«Gaussian color»:

The square - degree of the 4400; the value of KI - 0,91648247891954
Round - the degree of 4350; a value of KI - 0,918156459591398
Rhombus-degree 4900; value KI-0.917142759509086

A-line - degree 4300; the value of KI - 0,915388786370116

Right triangle - degree of 4050; a value of Kl - 0,915354674331766

«Gaussian blur»

«Spray»

Square-degree 19; Kl value-0,394154110055535

Round - the degree of 21.5; a value of KI - 0,408772649106782
Rhombus-degree 22; value KI-0,372755526395548

A-line - degree 14; the value of KI - 0,361606294297676

Right triangle-degree 24; value KI1-0,402003509124454

Square - grade 3; the value of Kl - 0,601763233722686

Round - the degree 5; the value of KI - 0,668544297411066
Rhombus-degree of 8; value KI-0,646404502806758

A-line - degree 4; the value of KI - 0,669168646834291

Right triangle - the degree 6; the value of Kl - 0,606404784725536

«Mosaic»
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Square-degree 20; Kl value-0,273543905599172

Round - 30 degree; the value of Kl - 0,378621893443313
Rhombus - degree 40; the value of KI - 0,40252055209977

A-line - degree 30; the value of Kl - 0,388925655293391

A right triangle is 35 degree; the value of Kl - 0,317185860370666



Development of technique for recognition the complex shape signal images ]

h 3 Software implementation of the algorithm

When you start the application, at first you need to open the image (Fig. 6).
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Fig.6. Opening the image

When you select an image, you can specify which images to open, bmp or jpeg. Thus, we
exclude the possibility of opening files with the wrong format. After opening the image, the contents
of the form will change as follows (Fig. 7).

The selected image will be displayed on the left side of the form, and information messages
about what will be displayed on them will appear in the middle and right panels of images. After
opening the image you need to make the original image distortion, for further definition of the image.
To do this, it is proposed to choose the type of distortion that will be produced:

* Monochrome noise over Gauss
* Color noise by Gauss

* Spray

* To turn into a mosaic

* Blur

For the convenience of users, the primary parameters for all noise algorithms have already
been made, but the user can change them at any time. Choosing the right panel the type of noise, at
the top right of automatically changing the panel settings for the type of noise.
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Fig.9. Changed the parameters panel for "Blur" noise.

Thus, we can adjust the noise level for each type of noise, for example (Fig. 8), (Fig. 9).

If the "Monochrome noise by Gauss" is considered, the points of white or black color are
randomly applied to the image (Fig. 10 (a). By changing the noise level, we get a more or less noisy
image (Fig. 10 (b). Image blur may be present (Fig. 10 (c).

a)

Fig.10.
a) Monochrome noise over Gauss.
b) Monochrome noise over Gauss, with stronger noise.
¢) Gaussian blur.

When increasing the degree of blur we get a more blurred image (Fig. 11 (a)). Analog of the
"spray" effect in MS Paint (Fig. 11 (b)). Increase the depth of spraying (Fig. 11 (c)).
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a) bj

Fig.11.
a) Gaussian blur, with a stronger degree of blur.
b) «Spray» Effect.
c) «Spray» effect, with increasing depth.

If you consider a "mosaic™, the image is divided into rectangles of a given size and painted
in medium color, using the arithmetic mean of the components. (Fig. 12).

a) b) C)

Fig.12.
a) Mosaic
b) Mosaic, when increasing the size of the rectangles
¢) Gaussian noise with "color" noise

Thus, we see that by choosing the type of noise and adjusting the noise parameters, we can
get different degrees of image distortion, which can continue to work.

It may be of interest to combine different types of noise, i.e. noise sequentially several types
of noise.

To do this, you need to remove the check mark from the item "do not noise again".
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A 4 Definition of a distorted image

Once all the necessary manipulations are carried out, you can proceed directly to the defini-
tion of the image. (fig.13).

The principle of estimation of the total standard deviation from the reference figure is used
for determination.

The program compares the distorted image to each of the available benchmark figures, es-
timates of the total standard deviation, and draws a conclusion about what the image depicts, on the
basis of the minimum value of standart deviation. The reference figure, when compared with which
this minimum standart deviation was obtained, is recognized as the image on the distorted image.
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Fig.13.-Image Recognition

The figure that was recognized as the reference for the current distorted image is recognized
as the reference for the current image, is displayed in the "Reference image" panel and its name is
displayed in the lower part of the main window.

The program provides for the possibility of studying the dependence of the values of standart
deviation in relation to different reference figures, depending on the type of noise and noise param-
eters.

To conduct tests and plotting, you must select the type of noise for which the dependence will
be studied, enter noise parameters, and the number of tests.

Tests are conducted in the intervals of noise parameters from the minimum to the specified.

Each line on the graph corresponds to the standart deviation of the distorted image from the
reference. (figure 14).
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10

Fig.15. Graph of standart deviation the distortion of the circle.
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A Conclusion

The model and the algorithm of image recognition based on the correlation approach are con-

structed. The results of recognition for different types of images and noise are obtained.

On the basis of the developed recognition algorithm, a software product is created in the pro-

gramming environment. This product allows you to analyze the possibility of recognition for differ-
ent types of noise and has a fairly simple and intuitive interface.
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Abstract

Educational institutions are increasingly faced with the fact that there are problems of violations of
the protection parameters of information and software, they are determined by the influence of unau-
thorized actions of legal users — employees of the institution.

The need for comprehensive protection of information and software resources determines the devel-
opment of an integrated system that is integrated into the main information environment of educational
institutions, its main focus is related to the prevention of the maximum number of types of "insider"
attacks.

The purpose of the work is related to the development of a methodology that allows for automated
management of multi-level access to information and program resources of educational organizations
to increase the level of protection.

The main tasks to be solved in the work: analysis of the characteristics of information processing in
the system, development of a technique that allows for the design of an automated system aimed at
distinguishing access to information and software, the development of a software module that allows
you to manage the database of an automated system of an educational company to ensure

Areas of access to strategically important information are given. The algorithm of work of the admin-
istrator of educational institution with system is presented. The scheme of tables of the database of the
institution is presented. Viewing the table of incidents of violation of the rules of work with information
and software of the system is available only to employees of the Department of information security of
educational institution and only in the reading mode.

Changing the data of the table is not available to the staff of the institution or the system itself. The
system produces only "additional records” of new table tuples. When logging in, the employee must
enter the appropriate identifier and authenticator (in the example provided, the authenticator is the
password).

The interrelations between the structural units of the educational institution for the subsequent anal-
ysis of information flows are revealed. On the basis of the identified relationships, a structural model of
automated information flow management based on the principles of information and software protection
of the system is developed..

Keywords:
Information security, automated workplace.
ACM Computing Classification System:

Security services, Human computer interaction , Information storage systems
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[ Introduction

Educational institutions are increasingly faced with the fact that there are problems of viola-
tions of the protection parameters of information and software, they are determined by the influence
of unauthorized actions of legal users — employees of the institution.

At the moment, there is a set of systems to prevent unauthorized use of information and soft-
ware, but none of them provides comprehensive protection of resources.

The need for comprehensive protection of information and software resources determines the
development of an integrated system that is integrated into the main information environment of
educational institutions, its main focus is related to the prevention of the maximum number of types
of "insider" attacks.

The complexity in the structure of information and software leads to the fact that the devel-
oped automated system for the differentiation of access to information and software has a complex
structure [1].

The purpose of the work is related to the development of a methodology that allows for auto-
mated management of multi-level access to information and program resources of educational or-
ganizations to increase the level of protection.

In the paper we consider these problems:
1. Implementation of analysis of information processing characteristics in the system.
2. Development of a methodology that allows for the design of an automated system aimed
at the differentiation of access to information and software.
3. Development of a software module that allows you to manage the database of the automated
system of the educational company to ensure the control of the reliability of its paper.

A 1 Analysis of the main functions
of the automated system of differentiation of access
to information and software of the educational institution
according to the method of multi-level access management

The main focus of the developed system is related to the provision of automated control of
multi-level access to information and software resources.

Information resources should be classified according to three criteria:

- Access level,

- Relation to a particular unit of the institution (developing units, secondary services, etc.));

- Presentation form (text, graphic documents, etc.).

Multi-level access management should be carried out taking into account all the criteria of
classification of information resources, taking into account the study of information flows of educa-
tional institutions and the features of joint access of employees to information and program resources.

Functions of management of multilevel access to information resources are information and
management.

The information function is a set of two mechanisms [2]:
1) the mechanism of control of the state of subjects of protection (information
and program resources;
2) the mechanism of informing on incidents of violation of rules of work with information
and software of educational institution.
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The control function is the application of the basic algorithm of differentiation of access to
information and software resources. Also the control functions include:

- accounting of information and software resources;

- Resource storage;

- The results of the requested staff resources;

- The results of media;

- Password issuance;

- Keys.

At the same time, the generation of passwords, keys, support of access control, as well as
control over the process of processing of information resources is entrusted to the staff of information
security units of the educational institution.

Also, management is necessary at all stages of implementation of the system, including at the
stage of creation, at the stage of operation.

h 2 Development of a structured model for the company
with the condition of protection of its information and software

To create a structural model of the educational institution management it is necessary to iden-
tify the relationships of the structural units of the institution in terms of information and software
protection management [3, 4].

Figure 1 shows the areas of access to strategic information.

The upper level includes personal data of students, office management system and accounting
programs, all this is designed to maintain records of students, their parents, teachers (employees) for
the operational management of educational institutions.

The highest levels of access ("red") are those structural units of the educational institution,
which are directly involved in the processing of information about students and staff of the institution,
as well as the development of projects for the educational process.

The work of these units is connected, so it is quite difficult to define the border of their access
to information about the project.

In order to achieve the main development goals, it is necessary that the area of access of
research and development units involved in the same project is as much as possible coincided.

Figure 1 shows that the top level also includes the departments of standardization, quality
control and technical documentation control.

These departments also have access to strategic information about the project being devel-
oped, so they need to be given special attention.

The staff of the General Department do not have access to any strategically important infor-
mation resources of the educational institution system, so they belong to the "green" level of access.

Access Manager-is an additional module, which is used to organize the access of the partici-
pant to the protected information, the main purpose of this module is authorization and authentication
of the employee.

To start the operation of this module, it is necessary to build a database of members of the
organization, which will be entered all the names, information about access marks, biometric char-
acteristics of the employee, password.
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Project Information
Red
fevel . - e
T ioenton Design information : anying
Yellow Information about the employees of the Economic information about projects
level educational institution

Fig.1. Project information with access areas

h 3 Algorithm of administrator work of educational institution
with the automated system of differentiation of access
to information and software

Figure 2 shows the algorithm of the administrator of the educational institution with the sys-
tem. A member of the organization provides the following information as an identification, to choose
from:

- Password;
- Material carrier;
- Employee biometric data.

Then the processes take place:
- Identification;
- Authentication;
- Authorization of employees.

Control is transferred to the beginning of the algorithm, if the process was unsuccessful, oth-

erwise the participant of the organization is given a label L, which displays at what level of access is
a particular employee. There are three levels of green, yellow and red access in the system.
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Fig.2. Algorithmic scheme of the organization participant's work with the system

4 The database structure of the organisation

To implement the above methodology, there is a need to create a database, which will pro-
vide information about both the subjects and the objects of protection. Figure 3 shows the schema
of the institution’s database tables.

5 The main components of the system

The main components of the system are shown in figure 4. The main task solved by this
subsystem of differentiation of access of employees to information and software resources of the
system is to ensure compliance with the differentiation of access through the use of organizational,
legal, technical (hardware and software), physical protection measures [23].
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Fig.3. Diagram of database tables of an educational institution
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h 6 Forms of automatic workplace of administrator
of the educational institution designated

Form of work with audit log-table of incidents of violation of rules of work with information
and software of the system. An example of the form of work with the audit log is shown in figure 5.

(i) Npocuorp Tabuus nuuaenTos (= B el
Hnentngurarop D
MHIMIEHTa Bpema ID cybrexa ID obrexra e e Kox omubrm
12887 14.07.16 08:52:55 375 113 327 1
12888 14.07.16 08:59:59 375 27 229 13 |
12889 14.07.16 09:15:55 212 111 345 3
v+ —

‘o 1
Fig.5. Example of the audit log form

All fields in the table are read-only. The system automatically writes to the table.

Viewing the table of incidents of violation of the rules of work with information and software
of the system is available only to employees of the Department of information security of educational
institution and only in the reading mode [5, 6].

Changing the data of the table is not available to the staff of the institution or the system
itself. The system produces only "additional records" of new table tuples.

When logging in, the employee must enter the appropriate identifier and authenticator (in the
example provided, the authenticator is the password). The method of password authentication can
also be made customizable (to regulate the input set of characters, the number of characters, the
waiting period after a failed authentication, etc.) menu Form of work with the database of the em-
ployee of the information security Department of the enterprise. An example of the form is shown in
figure 6.

r8 il
Soikn | O cucreme

W Mpocuorp xyprana VE |

% Patoma ¢ rafomanm » : Y Migassrw

& Bunca ‘ Lyt

¥ Obveorw

W Worpdeion- seoogm

4

Fig.6. Example of the form of work of the information security Department employees
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As shown in the figure, an employee of the information security Department of the educa-
tional institution can cause:

- The form of work with the audit log (File - view log IB);

- The form of a table of descriptions of incidents of information relations (File — table Inci-
dents);

- Form of work with the table of description of subjects of information relations (File - work
with tables-Subjects);

- The form of work with the table of objects of information relations (File - work with tables-
Obijects);

- The form of work with the table "Interfaces-inputs" (File — work with tables — Interfaces-
outputs).

As shown in figure 7, the Agency's human resources staff can call:

Form of work with the table "personnel Department of educational institutions” (file Employ-
ees).

Types of forms of work of employees of the institution were designed as one basic form. For
the necessary differentiation of the property "Visible" of the relevant fields in the menu equivalent
to "false" figure 7 shows the properties window for the menu fields of the form.

Propertes - 93 X
patotal Tatamvuaen T oolStriphes -

|

e -
Overtiow . er

Paddng 210
RghtToleft Ne
RaghtToletA Falte
hortoutieyl

Shortcutieys None
ShowShortcu True

Sae »nyn

Teg

Tent Pabora ¢ vabawm
TestAbgn Muddiel enter
TetDwection Heozontal
Testimagefe! ImageBiefore T ex
ToolTipTent

DN e 5

Vinitide

Determines whether the tem n
viable of hudden

Fig.7. Properties of the fields of the menu of the form of work
of employees of educational institution

The type of the basic form of work of employees of educational institution with information and
program resources of system is presented in figure 8.
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Fig.8. Form view when developing a project in the Microsoft
Visual Studio 2010 programming environment

A Conclusion

In order to ensure the proper level of protection of information and software systems of edu-
cational institutions developed a technique of automated management of access to strategic infor-
mation and software resources for the administrator of the institution [7].

The interrelations between the structural units of the educational institution for the subse-
quent analysis of information flows are revealed. On the basis of the identified relationships, a struc-
tural model of automated information flow management based on the principles of information and
software protection of the system is developed.

The basic modules of the automated system of differentiation of access to information and
software are designed.

On the basis of the analysis in the design process developed methods to improve existing
solutions, taking into account the identified main advantages and disadvantages of similar modules
of domestic and foreign manufacturers.

The algorithm of management of differentiation of access of employees of educational insti-
tution to information structures including processes of identification, authentication and authoriza-
tion of employees [7] is created.

According to the created algorithm, the database of the educational institution is designed, the
variant of differentiation of access to the database tables for employees of structural units is pre-
sented.

The program complex of work of the administrator of the automated system with the database
of employees of the institution is developed.
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DEVELOPMENT OF AN AUTOMATED WORKPLACE
FOR THE PC COMPONENTS WAREHOUSE
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Abstract:

Today, automated workplaces can be observed in a variety of fields. In this work, the development of an
automated workplace of the call-center operator for technological diagnostics, repair and maintenance
of the PC system unit was made. The purpose of the work is to develop an automated workplace for the
operator to manage the warehouse of components for the PC. When developing a model of an automated
workplace, it is necessary that the program performs a number of functions that will help to increase
the efficiency of the head of the organization: input of initial information and filling in the database;
correction and storage of data; presentation of data in a convenient form; issuance of reference data.
Taking this into account, the structure of the automated workplace software is formed. One of the parts
of the successful work of the call - center and guarantee of long-term profitable relationships with
customers is high-quality and efficient service. Quality and efficiency of service is formed: from the
availability of a single database; of highly qualified personel; from the established system of processing
applications; from the availability of high quality material and technical base; of the profit of the vehicle
and mobile communications. The service center is the principal operations: receiving requests from
customers; storage of applications in the information base; create progress reports for clients; moni-
toring progress and contributing to the database on the current work. For the distribution of components
in the warehouse, we were based on the solution of the linear programming problem. To determine the
distribution of PC components in warehouses, the algorithm for calculating the roots of the objective
function under these restrictions was considered.

Keywords:
Warehouse, automated workplace, information system.
ACM Computing Classification System:

Computing and business, Service-oriented architectures.
Interaction design process and methods

A Introduction

The basics of information and other software related to their use as a tool occupy an important
place in the course of the company. Their application makes it possible to reduce the time required
for processing customers ' orders, and, consequently, the speed of service with customers in the en-
terprise as a whole.

Of course, in order to identify all possible abilities, without exception, which carries the use
of databases, it is necessary to use a complex of software and hardware as detailed as possible to the
set tasks. Due to this, at the present time there is a great need for computer programs that would
support and coordinate the process [1, 2].

Today, automated workplaces can be observed in a variety of fields. In this work, the devel-
opment of an automated workplace of the call-center operator for technological diagnostics, repair
and maintenance of the PC system unit was made.
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The purpose of the work is to develop an automated workplace for the operator to manage the
warehouse of components for the PC.
Work tasks:

1) workplace automation analysis;

2) analysis of the operator's activity in warehouse management;

3) development of a model of an automated workplace for warehouse management;

4) development of the operator's arm functioning algorithm for warehouse management;

5) development of the operator's arm user interface for warehouse management;

6) development of the operator's arm program for warehouse management;

7) realization of the operator's arm model for warehouse management, repair

and maintenance of the PC system unit.

A 1 Conceptual modeling of the automated workplace
of the operator on warehouse management of PC components

The operator's workstation of the call-center needs to be provided with the following tasks:
- consultation on required data;
- automatic processing and formation of waybills;
- routing for scheduled jobs and the control of the route;
- payroll and the cost of transportation.

Making analysis of the listed responsibilities of the operator and the tasks which are solved
with the help of automation. In this paper, a program that will allow:

- shaping directions in automatic mode;

- keep a log of the work of drivers and vehicles;

- issuance and storage of reference data;

- creating and updating client database.

To solve the tasks, you need the source, output and intermediate data. To create a client database,
source data:

- type of work;

- the name of the head;

- phone number;

- address for correspondence;

- legal form;

- payment details;

- long-term plan.

These data are needed to implement the automated workplace function, can be represented in
the form of a relational data model [3,4].

Data redundancy is the repetition of values in tables or attributes.

Due to the compilation of tables for different sources, there is a data inconsistency.

Data computability is the significance of individual attributes can be determined according to
known values.

Information is almost impossible to lay out on minor and elementary relations, and there is no
connection between the information, it is permissible to move to the compilation of the file texture.

The structure of the file for saving "Clients" information is shown in table 1.
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Table 1 - Structure of the file for storing "Clients" information

Field name Field type Field length
Legal form Line 100
Address for correspondence Line 100
Shipping and payment details Line 100

Phone number Line 11

The name of the head Line 30

Type of work Number 30
Perspective (date and order quantity) Line 30

On the basis of this file structure, the necessary documents are created. The program sets the
necessary filtering and sorting settings depending on the type of document. Also, certain arithmetic
operations are carried out with the data. The output is projected as raw information that has been

processed or in the original form.

When developing a model of an automated workplace, it is necessary that the program per-
forms a number of functions that will help to increase the efficiency of the head of the organization:
- input of initial information and filling in the database;

- correction and storage of data;

- representation of the data in a convenient form;

- the results of reference data.

Taking this into account, the structure of the automated workplace is formed (figure 1).

Input module for source data

Operational information module

Module of generation the waybill ’(7

Information output module

Data base

Manager

Module of reference

information generation

Fig.1. Structure of the automated workplace
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The structure of this program consists of seven modules:
* the call centre operator or the operator;
* initial information input module;
* module for the accounting of timely information;
* module for editing waybills;
* information base;
* module for generating reference information;
* output module.

For specific tasks, there are a large number of different algorithms for their resolution. Finding the
necessary method is subject to additional conditions that apply to these methods. The procedure for
forming a method is associated with the recording method in a particular language.

The algorithm of the automated workplace model can be different. It uses all types of algo-
rithms: linear, cyclic, branching. All this is necessary for accurate data processing and creating the
necessary reports.

The linearity of the algorithm is the sequence of actions in the basic module of the program.
Branching algorithm is needed to extract information from files. That is, when you press the desired
key, a process is performed, which is described in the event according to the pressing of each key.

The method of this program uses opposite connections, which allow the operator to choose
the necessary approach to continue the program.

The call-center operator executes the project management. In the process, it contains the nec-
essary modules and ensures their correct interaction.

The advantage of this method is the ease and probability of structure and connection of spe-
cific elements to be clearly reflected.

When developing this program, it is important to pay special attention to the problem of ac-
cessibility, clarity and convenience of dialogue between the PC and the operator.

The program that creates a model of a call center specialist workstation is necessary to per-
form on the principle of modularity. This makes it more versatile and allows for upgrades as needed
[5, 6].

For the convenience of the operator you need to display the necessary tips and buttons.

One of the parts of the successful work of the call - center and guarantee of long-term profit-
able relationships with customers is high-quality and efficient service.

Quality and efficiency of service is formed:
- from the availability of a single database;
- of highly qualified personnel;
- from the established system of processing applications;
- from the availability of high quality material and technical base;
- of the profitability of the vehicle and mobile communications.

The service center is the principal operations:
- receiving requests from customers;
- storage of applications in the information base [7];
- create progress reports for clients;
- monitoring progress and contributing to the database on the current work.
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A 2 Description of the linear programming problem

To determine the distribution of PC components in warehouses, consider the algorithm for
calculating the roots of the objective function under these restrictions.

Variables that are included in only one equation of the constraint system with a coefficient of
1 are called basic variables (for our problem these are variables ). The other variables are called free
variables. Then equating the basis variables to the corresponding right-hand parts of the constraints,
and the free variables to zero , we obtain a reference plan defined by a system of unit vectors, which
form the basis of the m-dimensional space.

For the convenience of calculations in the simplex method, all data on the problem are rec-
orded in the simplex table:

Table 2 - Simplex table

X5 Cs B C1 C2 .. Ck . Cj . Cn
X1 X2 Xk Xi Xn
X51 Cs1 b1 a1 a . alk . aij . ain
Xss Css bs as1 as2 . ask . asj . asn
Xsi Csi bi ai1 ai2 . aik . aj . ain
Xom Com bm am1 am2 e amk . amj . amn
F A1 A2 Ak Aj An

In the top row of the table coefficients are made for all variables in the objective function.

In the first column of the table, the basic variables are introduced in the order in which they
come into the concept of restrictions, in the second — the coefficients of the objective function for the
basic variables, in the third — the right shares of all restrictions, in the subsequent columns — the
coefficients for certain unstable constraints in the concept.

In the lower line of the table, estimates are made according to any variable, which are then
characterized by:

It is obvious that for the basis unstable estimates are zero.

At any iteration of the simplex method, the conclusion from the basis of some other unstable
variable and the inclusion of another variable with the proper recalculation of the table components
are carried out. Before solving the problem it should lead to the canonical figure.

A 3 Using the simplex method to implement a model
of the operator's automated workplace for
the management of the components PC warehouse

The organization consists of 4 branches, each of which has its own warehouse. For example,

there are 3 types of goods that are needed in these warehouses. The number of goods of each type,
which should be on average in the warehouses is given in the table:

69



B Igor Lvovich, Yuriy Preobrazhenskiy, Eugen RuzZicky

Table 3 - Example of using the simplex method

The total
Type of 1 warehouse 2 warehouse 2 warehouse 3 warehouse “”mbe.r on
goods the basis of
wholesale
| 3 2 2 0 20
1 1 1 3 2 37
11 1 1 0 4 30
Profit from
the sale of 1 9 6 11 6
PC, rub

The table shows the total number of goods of each type on the wholesale basis and profit from
the sale of one unit of goods.

Determine how many goods of each type should be in warehouses to maximize the profit from
the sale of goods.

The final version of the system of equations:

x0=137-7/8 x2-17/8 x 5-9 / 4x6-3/8 x 7
X 3 =7-1/16 x 2+1/16 x 5-3/8x6+3/16x7

X4 =7-3/32 x 2+3/32 x 5-1/16 x 6-7/32 x 7
X 1=2-5/8 x 2-3/8 x 5+1/4x6-1/8 x 7

The optimal plan can be recorded as follows:
x3=7
x4 =7

x1=2
F (X) =137.
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A 4 Software implementation of the Simplex method

As a result of the analysis of the task and trading activity of the enterprise, a software im-
plementation was developed for the solution using the simplex method.

f |z |a |4. |s [s [: [u Is |1u | Jonacol |

] | SE) e W] &) ) FRE] =

Fig.2. Window interface of the developed program

For the problem discussed in detail in the example above, the solution using the program will
look like this:

1 Iz |3 Ia Is Is ]7 Ie Is |m l Sanscal [
1 3 2 2 0 20
2 1 1 3 2 n
3 1 1 0 4 n

-

T

O G
T T 37

Mpnenp 1 l Ngvearp 2 l Mpvensp 2 I

Fig.3. Example of solving the problem using the simplex method
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After receiving the result, we can draw the appropriate conclusions. With a given number of
PC components of each type, the maximum revenue from the sale of these products will be 137.

Let us consider a few more examples and solve them with the help of the developed program.
With the given parameters, to determine the maximum income from the sale of PC components:

) _ Cuoma :
T F T F P F T F F =]
il 1 F4 5 0 {10
I : 2 lu
—Ess -
N
G
3
{7

I)m- 5 14 68
Ps’unmJ
Gucons || Bsel | Toow? | fosapd”

Fig.4 An example of solving the problem by simplex method.
The maximum income from a given amount of goods in this problem will be 2860 rubles.

Testing of the developed program showed that the software completely copes with the tasks assigned
to it, finding the maximum in functions under the given restrictions.

Table 4 - Example of ordering of goods by the organization
The total
Type of 1 warehouse 2 warehouse 2 warehouse 3 warehouse numbe_r on
goods the basis of
wholesale
TV BBK 0 0 0 10 170
Monitor LG 0 30 10 0 200
Camera-re- 6 0 0 0 120
corder
Profit from
the sale of 1 5400 2500 2500 3700
PC rub.
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Crnaani ]
1 |2 ]3 |4 Ts |7 la Is Iw Junsce T :
1 0 0 0 10 170 I
2 0 El 10 0 200
3 6 0 0 0 m |
1 |
5 I
3 |
7 E
8 *I \
9 ’ |
10 :
T [0 20 =0 |
o= 20 20 7 !
== Q 220900
Pecwman: s
e Mowepl | Npwwo2 | Nperp3 | :
Fig.5. Determination of income from the ordered goods
The result shows that the maximum profit from the order will be 220900 rubles.
Let's analyze one more order:
Table 5 — Example of ordering of goods by the organization
The total
Type of number on
goods 1 warehouse 2 warehouse 2 warehouse 3 warehouse the basis of
wholesale
Keyboard
BTC 50 0 0 20 300
Mownwurop LG 0 0 20 0 200
Camera-re-
corder 0 40 0 0 120
Profit from
the sale of 1 300 3200 2500 300
PC rub.
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Fill in the appropriate table in the developed program:

Crnaant
1 Iz [3 |4 [5 Is |7 la Is ]w 3anaced ]
50 0 a 200
0 0 20 0 200
0 40 0 (i

| @ w| o] o] =] W] ] —

Fig.6. Determination of income from a given product

The income from this order was 39100 rubles.

i

1 I: [3 ]4 [s ]s [r ]s ls |tn Jansce [
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2 " 10 18 1% %
3 2 5 2 5 b

Fig.7. An example of solving the simplex problem
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Now, from abstract numbers, go directly to the problem that will be solved in the trading
organization with the help of the developed program.

Table 6 — Example of ordering of goods by the organization

The total
Type of 1 warehouse 2 warehouse 2 warehouse 3 warehouse numbe_r on
goods the basis of
wholesale
Keyboard
BTC 50 0 0 20 300
Momnwurop LG 0 0 20 0 200
Camera-re- 0 40 0 0 120
corder
Profit from
the sale of 1 300 3200 2500 300
PC rub.
We will enter the data into the developed program.
Crnaan |
1 ]2 ]3 ll ]5 |s |7 Ia |9 [10 [ Zanace ] :
1 0 0 0 10 170 I
2 0 k| 10 0 200 ;
3 3 0 0 0 m I
Pl :
5
6 k
7 E
8 ] |
q
10 :
e o0 20 20 :
- Bl 2 '
I 220900
Pacwrars I
Mpseep 1 I Mpueanp 2 I MNpeeaep 3 |

;

Fig.8. Determination of income from the ordered goods

The result shows that the maximum profit from the order will be 220900 rubles.
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Let's analyze one more order:

Table 7 — Example of ordering of goods by the organization

The total
Type of number on
goods 1 warehouse 2 warehouse 2 warehouse 3 warehouse the basis of
wholesale
Keyboard
BTC 50 0 0 20 300
Monwutop LG 0 0 20 0 200
Camera-re-
corder 0 40 0 0 120
Profit from
the sale of 1 300 3200 2500 300
PC rub.
Fill in the appropriate table in the developed program:
Crnaant
1 Iz |3 |4 Is Is |7 [9 llo [ Zanace! |
1 50 0 0 3] 300 !
2 0 0 20 0 200 ;
3 0 40 0 0 m |
4 |
5
6
7
8
9
10 [
[ 3200 2500 00 -
per NP 39100
_Pecenen |
Mpsavsp 1 I Npuavep 2 Mpveasp 3 |

Fig.9. Determination of income from a given product

The income from this order was 39100 rubles.
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A Conclusion

The placement of goods in the warehouse plays a key role in the optimization of warehouse

processes. The quality and speed of selection depends on how the goods are placed in the warehouse.

In this paper, the problem of goods placement in warehouses was presented in the form of a

linear programming problem and solved using the simplex method. For the presented problem the
program was made. The use of the created program at the enterprise allowed to expand the method
of storage used in the organization in a warehouse.
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INTELLECTUAL SUPPORT OF MEDICAL DECISIONS IN
SELECTION OF MEDICAMENTAL TREATMENT BASED ON
THE DUAL-MODEL APPROACH TO FORECASTING AND
OPTIMIZATION OF ITS EFFECTIVENESS
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Enena I'adpanoBu4, Aprem JIbBoBUY

Abstract:

The article presents the dual-model approach aimed at intellectual support of medical decisions in se-
lection of medicamental treatment. The duality is determined by the two ways of use of the neural net-
work model, linking the dynamics of the treatment effectiveness with the parameters characterizing a
patient’s initial condition and a medical prescription. It is demonstrated that the first method is based
on the replacement of real performance assessments in control points with prognosis evaluation in med-
icamental treatment correction. The second method allows to include expert evaluation of a doctor in
the decision-making process with an orientation to the optimal doses of medical drugs, calculated on
the basis of a mathematical model. The combination of these methods ensures an increase in the effec-
tiveness of the decisions made by reducing the number of control points and selecting a more appropri-
ate medicamental treatment for a patient.

Keywords:
Medicamental treatment, dual-model approach, forecasting, optimization, neural network modeling,
expert evaluation.

ACM Computing Classification System:

Artificial Intelligence — Applications and Expert Systems
Artificial Intelligence — Knowledge Representation Formalisms and Methods
Simulation and Modeling — Applications

Abcmpakm:

B cmamve paccmampusaemcs 0yanbHOMOOENbHbIN NOOX00, HANPABNIEHHbIY HA UHMENIeKMYalbHYI0
noooepIcKy  6pauebnbIX peuwleHull npu  noobope MeOUKAMEeHmMo3Ho2o Jedenus. [lyaibHocmb
onpeoesiemcsi 08yMsi CHOCOOAMU UCNONb308AHUSL HEUPOCEMEBOl MOOEIU, CESA3bL8AIOUell OUHAMUKY
PE3VILbMAMUSHOCIY JIeYeHUsl ¢ NApaMempamu, KOmopble XApakmepusylom UCXo0HOe COCMOsHUE
60IbHO20, U HAZHAYEHUSIMU 6PAYA.
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Tlokazano, umo nepevili cnOCoH OCHOBAH HA 3AMeHe DeaNbHbIX OYEHOK pe3VIbMAMUGHOCMU 6
KOHMPOJIbHBIX MOYKAX NPOSHOZHLIMU OYEHKAMU NPU KOPPEeKYUU MeOUKAMEHMO3H020 eyeHus. Bmopoti
€nocob no3gossiem GKIIOUUMb IKCNEPMHble OYEHKU 6payd 6 NpOYecc NPUHSMUsL peuleHull ¢
opueHmayuel Ha ONMUMALbHble 003bl JEKAPCMBEHHbIX NPEenapamos, GblYUCICHHbe HA OCHO8e
mamemamuueckoil mooenu. Coemewjerue smux cnoco606 obecnedusaem nosvluierue 3hpexmusHocmu
NPUHUMAEMbIX PeUleHUll 3a cuem COKPAUWeHUus 4Ucid KOHMPOAbHbIX moveKk u noobope 6onee
A0eK8amHO20 COCMOSIHUIO OOTLHO20 8APUAHMA MEOUKAMEHNO3HO20 JIeYeHUs.

Knrouesvie cnosa:

Meouxamenmostoe neuenue, OyarbHO-MOOENbHBIIL HOOX00, NPOSHOZUPOBAHUS, ONMUMUZAYUS,
Helpocemesoe MOOeIUPOBAHUe, IKCNEPMHOE OYEHUBAHUE. .

A Bseagenune

B mocnenHee mecsATHIECTHE B MEIUIIMHCKOM MpaKTHKE BCe OoJiee IMIMPOKOE MPUMCHCHUE
HaxXogAaAT pa3n1/1qH1,1e 3J'IeKTpOHHI>Ie cnpaBqume CUCTCMBI, CUCTCMbI HHTeHHCKTyaHLHOﬁ no;mepmku
JIeITeNIbHOCTH Bpaya MpH pelieHnd 3a1a4 JuddepeHmansHoN AMarHOCTHKY, TPOTHO3UPOBAHUS U
BEIOOpa IJTaHA M TAKTHKHU JiedeHwWsA. [lpm Hammamm pa3HOOOpa3HOTO apceHala JIeKapCTBEHHBIX
CPeICTB W pa3pabOTaHHBIX MOKa3aHWH K WX MPUMEHCHHIO MPAaKTUYECKH OYCHb TPYIHO Bpady
BEIOpATh T€ Ipemaparsl, KOTOpbIe OyayT HauOoJee MoJe3Hbl OONEHOMY B KOHKPETHOM CHTYaITUH.
OTUM Ka4ecTBOM BIAQJCIOT JIMIIb OIBITHBIE Bpadd C OONBIIUM CTaXEM IPAKTHUCCKOH
aHanmuTH4YecKoi paboThl. [lo3TOMy HCHONBP30BaHUE HOBBHIX HWH(POPMAIMOHHBIX TEXHOJOTHH IS
CO3JaHUA MCOUITUHCKUX COBeTyIOIlII/IX CHCTEM, O6'I)€[[I/IH5HOH_II/IX 3HAHUA U OIIBIT Bpaqei/i-axcnepTOB,
SIBJISIETCS] BAXKHOM 3aJ1a4ycH.

IIpobnema popmupoBanus 6a3sl 3HAHHUI, BKIIOYAMONICH pa3IMIHBIC aJTOPUTMBI M MOICIH
JHUArHoCTUKH, HpOFHO3I/IpOBaHI/I$I u HpI/IHHTI/IH OIITUMAJIBHBIX peHIeHI/Iﬁ HpI/I BI)I60pe TAKTHUKHU
JICUCHHsI, 3aHUMAeT [CHTPAIbHOE MECTO MpU  Pa3pabOTKe  KOMITBIOTEPHBIX  CHCTEM
MHTEIJIEKTYallbHOW TOJIEPKKH JEITeIbHOCTH Bpada. B cBs3u ¢ stuMm Tpebyercs paszpaboTka
Pa3IMYHBIX IMOJIXOAOB, MO3BOJSIOIINX ITOBBICUTh KA4eCTBO M HAJEKHOCTh BBIYHUCIHATEIBHBIX
mporeayp. OTO BO3MOXKHO TPH HCHOIB30BAaHUHM €IWHOW METONUKU CTPYKTYPH3AHU apXUBHOU
WHQOpPMALMY, TPOBEACHUS CHCTEMHOTO aHajdW3a IONYYCHHBIX JaHHBIX, ITOCTPOCHHS
MPOTHOCTUYECKUX M ONTHMHU3AMHUOHHBIX MOJICICH.

| 1 (I)OpMa.]'ll/BOBaHHaﬂ NMOCTAaHOBKA 3a/1a4H1

OZ[HI/IM U3 BAXXHBIX JTAIIOB JICHCHMUSA 6OJ'II)HI)IX ABJIICTCS DTaIll Hon6opa WHAWBUIYaJIbHOTO
MeTMKaMEHTO3HOro jiedenus [1]. OH ocyIecTBIseTcsSs BpauoM B TedeHue BpeMeHu t = 1, T mocie
MPOBEACHHUs 00CIeI0BAHUS MMAIUCHTA, BKJIFOYAOIIETO:

- cOopa aHamHe3a;

- O0BEKTHBHBIX UCCIICAOBAHUM;

- 1a00paTOPHBIX U MHCTPYMEHTAIBHBIX

HCCJICIOBaHU;

- ClICIaJIbHBIX HCCJ'ICI[OBaHPIﬁ.

OTU [aHHBIE MCHOJB3YIOTCSA AJISI MEPBUUHOIO NPUHATHA CIEAYIOLIeH MOCIeJ0BaTelIbHOCTH
Bpa4eOHBIX PELICHUMH:

- BBIOOpA TPy JIEKapCTBEHHBIX IPETIapaToB, HEOOXOANMBIX JUIsl METUKaMEHTO3HOTO
JICYCHMS,;
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- BEIOOpa ONpeIeTIeHHOro IpenapaTa B KaXKIoH Tpymie;

- Ha3HAYCHUsI CYTOYHOW O3Bl JICKAPCTBA;

- Ha3HAYEHHUs KOHTPOJIBHBIX TOUEK B t* IeHb M060pa HHANBHIYATBHOTO JeUeH s T
OLICHKH €r0 Pe3yIbTaTHBHOCTH.

IlepeuncnenHble pelIEHUs NPUHUMAIOTCS HAa OCHOBE 3HAHMN, YMEHMH, ONbITa Bpaua.
Henocrarounast pe3ynbTaTUBHOCTh MEPBUYHOTO HA3HAYCHMS JIEKApPCTBEHHBIX IPENapaToB
KOPPEKTHPYETCsl B IOCIENYIOUINE THU 1M000pa JICYeHHs C OL[EHKOH ero pe3ynbTaTUBHOCTH. Ecnu
PE3yNbTaTUBHOCTE B OYEPEAHOW KOHTPOJILHOM TOYKE YyCTpauBaeT Bpada, TO OTall mnoibdopa
HUHAWBUIYaNbHOTO MEIMKAaMEHTO3HOIO JiedeHus 3aBepiuaercs. COKpaTHUTh YHUCIO KOHTPOJBHBIX
TOYEK W CO3/aTh MPENNOCHUIKK JUIs T0100pa OoJiee aJeKBaTHOIO COCTOSHHUIO OOJILHOTO BapuUaHTa
JICYEHUS TTO3BOJISIIOT METO/IbI MHTEIIIIEKTYaIbHON MOIEPIKKH BpadeOHBIX peneHui [2].

C menbro MPUMEHEHUsI 3TUX METOJ0B PAacCMOTPUM (POPMAITM30BAHHOE ONMMCAHIE M3MEHEHUS
cocTostaus 6onmbHOTO B mepuon ¢t = 1,T moadopa JeKapcTBEHHBIX CPEJACTB B BHE CIEMyomet
MIPOTHOCTUYECKON MOJIEIIH:

fi(©) = 0i(%, 7, dppn (&1, dinrn 5, £:(£59), £) 1)

rae f;(t) — nporHo3HbIe 3HAUEHUS [MOKA3aTeNeH, XapaKTEPU3YIOIIUX PE3YIbTATUBHOCTD JICUECHHS B
t — ¥ IeHp pean3any 3Tamna mouoopa, i = 1,1;

f;(t*) — 3HaueHns nokasateneii B THU KOHTPOJIBHEIX TOUEK tX;

x = (xl, s Xj1s wens x]-) — BEKTOp MapaMeTPOB, BBISIBICHHBIX MPU COOpe aHAMHE3a U MPOBEIACHHUS
00BEKTHBHEIX HCCIIEN0BAHUIA;

v =1, Y, Y) — BEKTOp TApaMeTPOB  JTabOpaTOPHBIX, HMHCTPYMEHTATBHBIX
CIIEIHABHBIX UCCIIEI0BaHUIA,

Ay (tY) —3HAYEHMS CYTOUHOH 103BI M, —TO JEKAPCTBEHHOrO Mpemapata, N, = 1,N,, wu3
m —rpymisl, m = 1, M npu nepBoM Ha3HAYCHUH;

dn (t*) — cxoppexTHpOBAaHHEIE 3HAUEHHS CYTOUHOI 03Bl B KOHTPOJIBHEIX TOUKAX;

@;(-) —nporrocTrueckas HYHKIHUSL.

A 2 JlyaiabHoMoJeJbHBIH M0AX0] K NPOrHO3MPOBAHUIO
U ONTUMH3ANUMN MEIUKAMEHTO3HOI0 JIeYeHM I

IpenaraeTcs B KauecTBE OCHOBBI HHTEIUIEKTYALHOM IMOJIEPKKH BPadeOHBIX pEIICHUIN
JyaJIbHOMOJIENBHBIN TOAX0A K MPOTHO3UPOBAHHIO M ONTUMH3AIMM MEIUKAMEHTO3HOTO JIEYEHHUS.
JlyanbHOCTB OTPEeseTCs IBYMS CIOCO0aMH HCIOJIb30BaHust (hopMann3oBanHoOro onucanus (1):

- Bpau OpHUEHTHpyeTcs Ha 3HaueHus f;(t) 11d 3aMeHBl pealbHBIX 3HaueHuit f;(t*)
MPOTHOCTUYECKUMU OLEHKAMH, YTO MO3BOJISIET C MEHBIIEH YaCTOTOW KOPPEKTUPOBATh HA3HAUEHHUS
JIEKAPCTBEHHBIX MPENAPATOB U TEM CAMbIM COKPATUThH YUCIIO KOHTPOJIBHBIX TOYEK;

- ocymectBisiercst Tpancopmarus (1) B MoJenb, MO3BOJSIONIYIO BKJIOYHTH Bpada B
ABTOMATHYECKUN TMOUCK JICUEHUs, U TEM CaMbIM CO3[aTh MPEANOCHUIKA JiIs BbIOOpa Ooiee
aJIEKBATHOTO COCTOSIHUIO OOJBHOTO HA3HAUEHHMS JIEKAPCTBEHHBIX CPEJICTB B PEXKUME IKCIEPTHOTO
OLIEHHBAHMSL.

PaccMoTpuM peanu3alMio IEpBOro Crocoda IyalbHOro mnoaxoaa. B arToMm ciydae, Kak
MOKa3aHo B [2] 3 PeKTUBHOM ABISIETCS HEMPOCETEBast MOJIENb, ONPeNestonIas 3aBUCUMOCTS (1) auis
MEPBOT0 HAa3HAYECHHUS Bpaya

fl(t) = @i (X, Y, dmn(tl)! t) (2)
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C oroif menpi0 B CTpoKax oOydaromedl BBEIOOPKM HE BKIIOYACTCS PETPOCIICKTUBHAS
uadopmatus  (dp,t*), fi(t%), a xapaxtepusanms BpIGOpa BpauoM N — IO JIEKAPCTBEHHOTO
npenapata W3 M — W TPYNNbl JOCTUTA€TCA BKIIOYEHWEM HYJIEBBIX 3HAUeHUH d,(t1), He
UCIIOJIB30BAaHHBIX B WHIMBHAyalbHOM Ha3Ha4YeHWM Bpada. Ha ocHOBe ykazaHHOW oOywaromen
BeiOopkn B cucreme STATISTICA ¢opmupyercs HeiipocereBas MoOIenb, OTpakaromias
3aBUCUMOCTH (2).

Jlns moa6opa siedeHns HOBOro 6osbHOro ¢ napamerpamu x°, y° Bpaua BHOCHT 5TH JaHHBIC B
cuctemy STATISTICA, nposoaut HasHaueHue d,, (t1) U 3an01HIET COOTBETCTBYIOIIME CTONOLBL.
IMocite 3TOro MOSBISIETCS] BO3MOKHOCTD BBIMHCICHHS [IPOrHO3HBIX OLICHOK Pe3yIbTaTUBHOCTH f;(t)
ans nHeit nmedemms t! <t < t*l, rme t*! — nmed» mepBoif KoHTponmbHOH Toukn. Ecmm Bpau
YIIOBJIETBOPEH NMPOTHO3UPYEMOW TUHAMHKOH JIeYeHHs Ha TOM MHTEpBaje BPEMEHH, TO OH MOXET
He TIPOBOIUTH KOPPEKIIHIO, & TIepeiiTH K MPOTHO3UPOBAHMIO Ha MHTepBane tK! < t < t*2 rpe tF2 —
JICHb BTOPO KOHTPOJBHHON TOYKM IO HEMpOCEeTeBOH MOJAEIH, OTpakarole 3aBUCHMOCThH (2). B
NPOTUBHOM Cllydyae OH KOPPEKTHpYeT JIeYeHHWEe M Jajee A IPOTHO3UPOBAHUS HCIIOJIB3YET
HEeWpPOCETEBYIO MOJIEIb, OTPAXKAIOIIYIO 3aBUCHMOCTb

fi®) == @i(x,y, dipn (1), A &), £ (£F)) ®)

AHaJIOTUYHBIM 00pPa30M OCYILECTBIISIETCS NPOTHO3UPOBAHKE /IS OCIEAYIOIMX WHTEPBAJIOB
MEXy KOHTPOJIbHBIMU TOYKAMH.

Peanuszanus BTOporo crocoba ayalbHOMOJEIBHOTO IOJX0/a OCHOBaHAa Ha IMPOBEJCHUE B
cucreme STATISTICA, womemn (2), (3), aKTHBHOTO HWMHTAI[MOHHOTO JKCIIEPHMEHTA,
MO3BOJISIOIIET0 TPAaHC(HOPMUPOBATH ITH 3aBUCUMOCTH B HEKOTOPYIO KBaAPATHIHYIO MOJIETb [3].

fi = llJi (dmn(t)): (4)

rie t NPUHAMAKOT 3HaueHus t! ... B 3TOM ciiyuae mpemiaraercsi OCYIIECTBISITh ITOUCK
BapHaHTa MEIUKAMEHTO3HOTO JICYCHHUs HA OCHOBE MHOTOIIIATOBOM MPOIIEIYPhI AUATIOTA C BPAYOM H
BBIYMCIICHHS BEPOSITHOCTEH 3HAYMMOCTH TOKa3aTelell pe3yJbTAaTUBHOCTH JICUCHHUS Ha MPUHSITHE
periienuit npu noadope seueHust —p; [4].

Ha nepBoM 1rare nprHUMAaETCsI paBHasi 3HAYMMOCTb, YTO COOTBETCTBYET 3HAUCHHUSM

k1 k2
;t It )

1 —_—
pll = T V= 1,1 (5)

B cooTBercTBMM ¢ paBHOMEpHBIM pacrpere’aeHueM 3HauumocTu (5) ciydaiiHeIM 00pa3oM

BBI6I/IpaeTC$I II0Ka3aTeJib il, JJI1 KOTOPOT'O Ha OCHOBE 3aBUCUMOCTH (4) OIpCALIIACTCA OITHMAJIbHBIN
BAPUAHT JICUCHU d;rlm M BRIYHCIISIOTCS 3HAUCHHS BCeX IOKa3aTeei

fi=Wildin), i =11 (6)

Bpauy 3amaetrcs nepBbiii Bompoc: «Kakoe u3 3HaueHUM Moka3aresiedl pe3yJbTaTUBHOCTU
nedeHuss dll, HeoOXONMMO M3MEHHTh B TIEpBYH ouepenb?». IlycTh OTBET - ij, KOTOpBIii
(hopManm3yeTcs clenyroleii 3HaKOBOH OIIEHKOM

Ak = 1l,ecnu i = iy,
: —1, B IPOTUBHOM CJIy4ae.
3aiaercss BTOpOH BONPOC: «YBEJIMYUTbh WIH YMEHBIIUTH?»; TpeThii: «CHIIbHO, CYIIECTBEHHO,
v B
HECKOJIbKO, HEMHOT0, Majio?»; 4eTBepThIil: «Kakoe 3HaueHue ikp npeanaraercs Bpauom?». OTBETHI

Ha 5TH BOIIPOCHI MO3BOJIAIOT BBIYHUCJIUTL 3HAYCHUEC ,Ll:c q)yHKHI/II/I MPUHAJICI)KHOCTHU JIMHTBUCTHYCCKOM
HCpCMCHHOﬁ < H€06XO,Z[I/IMO U3MEHUTH > C TEPMaMH, YKa3aHHbIMU BO BTOPOM U TPETHEM BOIIPOCAX

[5].
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[lomydeHnass B auanore ¢ BpadoM JKCIEpTHas WH(OpManus MO3BOISIET CKOPPEKTHPOBATH
M3BECTHOE HAa k — M Imare pacmnpenencHme

pF,i=1,1 (k+ 1) — ro mara [6]:

ki ck+1g(k -
pg€+1=p1+£ E(L),izl,l, (7)

1+ek+1
.
ekt = gkexp [?lsign(Ai"Ai"_l)],

re 2 (4) = {1,eCJII/IA >0,
a “l0,ecnru A < 0’
e! — 3amaeTcs Ha mepBOM Iare.

Ha kaxaoM k —oM Imare mMOBTOpseTCS CIydaifHbIf BBIGOp IO pacmpeleNeHumio  pr
pe3yIbTaTUBHOCTH, M1 KOTOPOTO peHIaeTcss 3ajaya ONTHUMM3AallMd U OCYIIECTBISETCS
MOCNEAYIOIUHA AMAIor ¢ BpayoM. 3a HEKOTOpoe 4Hcino mara K pacnpenelieHHe 3HaYMMOCTH
mokazaredeii (7) crabmnmupyrores. Toraa 3HaYeHUS BEPOSITHOCTEH

pii=11
MIPEACTABIIIOT COO0M HEKOTOPBIE BECOBBIE KO3 (DUIMEHTH! 3HAYMMOCTH
I

a;=pK,0<aq; < 1,20(,- =1,
i=1

Ha OCHOBE KOTOPBIX (popMHUpYeTCs HHTETpaIbHast OLICHKA [6] pe3yIbTaTUBHOCTH JICYECHUS
1

F(dmn) = Z ] L,pi (dimn),

i=1

®)

rae lﬁi(dmn) = Pildmn) Y,

wllylaxc_w;/mx-x )
Y pYAKC —  MUHMMamBHO M MAaKCHMAJIBHO JOMYCTHMOE 3HA4YeHHWEe [ —ro IIoKa3aress
PE3yJIbTaTUBHOCTH JICUCHHSI.
®Oyukiws F(d,y,,) SBIeTCS alINTHBHOM KoMOuHanuen GyHKimit Y; (d,,,) ¥ TokKe SBIseTcs
KBa[pPaTHYHOM, MO3BOJLSIOIICH ONPEIEIUTh ONTHMAJbHBIE O3Bl JICKAPCTBEHHBIX BO3ICHCTBUIA
dmn [3] A7 K@XKI0H KOHTPOJILHOM TOYKH OLEHKH PE3yIbTaTHBHOCTH

A BroiBoabl

TakuM oOpa3oM y Bpaua IOSIBISIETCS JIONOJHUTEIbHAs WHGOPMAIHs, IT03BOJISIONIAs
IpUHUMATh Ooee 3P PEeKTUBHBIE PEIICHHUS], YTO U ONPEEISIET POJIb HHTEIIIEKTYaIbHOM ITOJIEPKKH
IIpy 1o100pe MEANKaMEHTO3HOTO JICUSHHUS] HA OCHOBE JyaJbHOMO/ICJIHOTO MOIX0/Ia.
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APPLICATION OF INFORMATION TECHNOLOGIES
FOR VISUAL EVALUATION OF LEMNA MINOR BIOASSAYS
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Abstract:

This article deals with the problem of automatic evaluation of experiments with Lemna minor. One of
the convent methods for evaluating experiments with Lemna minor is number counting of new grown
leaves of the Lemna minor. This article deals with the possibility of implementing algorithms of recog-
nition and evaluation of Lemna minor leaves using visual system implemented in the single-board com-
puters. Result of this paper is theoretical proposal of system for automated counting of Lemna minor
leaves number.
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[ Introduction

The possibilities for monitoring the environment are in continuous progress and it is necessary
to develop more advanced wastewater treatment methods and better monitoring of toxicant contents
in treated water. Because of these facts, ecotoxicological tests are considered to be relevant approach
for evaluation of impact of treated wastewater to ecosystems. No wastewater treatment plant removes
pollution perfectly, it just lowers the pollution to an acceptable level. It is very important to judge
whether the level of ecotoxicity of treated water is low enough and what will be the effect on the
water organisms [8,10].

One of the plants which are used to measure ecotoxicity is Lemna minor. During the ecotox-
icity tests the inhibition or biostimulation of plant growth caused by tested samples is watched for 7
days. The aim of the test is the quantification of substance effects on vegetable growth using number
of leaves and biomass. Average increase of number of leaves in reference sample must be 7 times
for the legitimacy of test. Also the pH of water must not change more than 1.5 unit and the level of
EC50 for standard substance — potassium chloride KCI must be between 5.5 to 10 g L [7].

The classical biotests utilizing duckweed are based on dry plant biomass comparisons between
the control and experimental samples. These are invasive methods and do not allow the continuation
of the experiments, since the plants are harvested for biomass measurements. Another method is
based on manual counting of the number of thalli (‘‘leaves’’), regardless of their size. A more reliable
and more accurate method of defining the growth of biomass is comparison of the area of thalli in
the control and experimental samples.
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This is a non-invasive method allowing the continuation of the experiment. Computer image
analysis methods provide objective support for data collection. [11].

Big scientific institutions which deal with topic of wastewater management have devices with
partially automated process of evaluation of Lemna minor experiments. Among these devices there
are leaf area meters and chlorophyll fluorescence imaging instruments. However, these devices are
expensive and not available for smaller institutions or scientific teams. Therefore the number of
leaves at the end of the exposure period has to be counted manually by a laboratory worker. This is
a very time consuming procedure and can be loaded by human mistake. Moreover, the unhealthy
leafs can vary also in size and color — dead tissues have white color (necrosis), yellow color of leafs
is caused by chlorosis — but these parameters cannot be quantified by human eye and are often over-
looked. The majority of bioassays are based in a visual observation approach, where the observer
evaluates symptoms of the toxic impact of pollution on bioindicators.

Machine vision has become a key technology in the area of manufacturing and quality control
due to the increasing quality demands of manufacturers and customers. Machine vision utilizes in-
dustrial image processing through the use of cameras mounted over production lines and cells in
order to visually inspect products, read or direct products and guide robots in real time without op-
erator intervention. Machine vision can be used not only in industrial environment but also in various
laboratories to support evaluation or analysis tasks, which would be difficult or time consuming if
they were done by humans [11].

Using the digital images for the evaluation of the test would allow to measure the total leaf
area and simultaneously to determine an average color of the plant. This method is therefore more
accurate and much less time consuming compared to the manual counting of leaves.

Our study aimed to proposed a low-cost approach to objective and quantified biomonitoring
based on computer image analysis, which can be used by a researcher without the need to purchase
expensive specialized hardware. The aim of this study is to propose basic solutions for bioassay
analysis using computer vision (standard digital camera) and framework software, which can be used
in the future used for test populations of the widespread freshwater macrophyte Lemna minor L.,
treated within a toxicity bioassay of non-ionic detergents and compare the conventionally method
(manual by research worker) and our new proposed. The function proposed algorithm was verified
on set of lemna minor images.

A 1 Lemnaminor

Lemna minor or lesser duckweed (Angiospermae, Lemnaceae) is a freshwater plant occurring
in most countries of the world, especially in the lowlands and foothill areas with stagnant and slow-
flowing waters. Body of the plant is made up of relatively long root and oval shaped leaves of 2 to 5
mm which float on the water surface. Plant usually creates the colonies of two to five leaves. A single
lesser duckweed plant can reproduce itself about every 3 days under ideal conditions in nutrient-rich
waters [9]. Bioassay on Lemna minor is quite common and easy to perform. The endpoint of the test
is growth inhibition after 7 days exposure to tested samples and the aim is to quantify the effects of
substances on vegetation growth.

A 2 Computer vision methods and algorithms

Computer vision is a field that includes methods for acquiring, processing, analysing, and
understanding images. Computer vision applications range from tasks such as industrial machine
vision systems to research into artificial intelligence and computers or robots that can comprehend
the world around them. [2]
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Computer vision covers the core technology of automated image analysis which is used in
many fields. Machine vision usually refers to a process of combining automated image analysis with
other methods and technologies to provide automated inspection and robot guidance in industrial
applications. [1]

Thresholding

Thresholding is one of the most used method for image segmentation. Let us consider image
as function f. Thresholding is then transformation of input image to output image g using

(1 forf(x,y)=T
g(x'”_{o for f(x,y) <T )

There are some methods for automatic setting of the threshold.
Shape modelling

This method uses two degree function for histogram approximation. Between this function
and histogram is minimized sum of squares. The solution is found using iteration [6]

T L
Tope = min | Y (b1 = gl + > [b,(T) = gI? @
g=0 g=T+1
by(T) = mo(T)/P(T) ©)
by(T) = m,()/[1 = P(1)] @

Local thresholding
In some cases, global thresholding give us unsatisfied results. Advantage of local thresholding
is respect of different light conditions in different parts of image.
The threshold is set for each pixel based on its surrounding. The imaginal mask is moved over
the whole image. [5]
Binary mathematical morphology
Next morphological transformation will be expressed using Minkowski formalism. [4]
Dilation

X® B={p€c’x+b,x€X,beB} 5)

Erosion
X6 B={p€cscp+beX for each beB} (6)
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Opening and closing

Using combination of this two projection, we get morphological operation opening and closing.
[5]

Opening is defined as dilation after erosion.

XoB=(XO© B)® B (7

Closing is defined as erosion after dilation.

XeB=(X® B)S B (8)

RGB color model

The RGB color model (

Fig.1) is an additive color model in which red, green and blue light are added together in
various ways to reproduce a broad array of colors. The hame of the model comes from the initials of
the three additive primary colors, red, green and blue. A color in the RGB color model is described
by indicating how much of each of the red, green, and blue is included. The color is expressed as an
RGB triplet (r,g,b), each component of which can vary from zero to a defined maximum value. If all
the components are at zero the result is black; if all are at maximum, the result is the brightest
representable white. [3]
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Fig.1. Representation of RGB color model
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HSL/HSV color space

HSL and HSV color models (

Fig.2) are the two most common cylindrical-coordinate representations of points in an RGB
color model. The two representations rearrange the geometry of RGB in an attempt to be more intu-
itive and perceptually relevant than the cartesian (cube) representation. Developed in the 1970s for
computer graphics applications, HSL and HSV are used today in color pickers, in image editing
software, and less commonly in image analysis and computer vision. HSL and HSV are the two most
common cylindrical-coordinate representations of points in an RGB color model. The two represen-
tations rearrange the geometry of RGB in an attempt to be more intuitive and perceptually relevant
than the cartesian (cube) representation. Developed in the 1970s for computer graphics applications,
HSL and HSV are used today in color pickers, in image editing software, and less commonly in
image analysis and computer vision. [6]

HSL HSV
B _Sggg_[ation Saturation

Lightness
Value

Hue Hue

Fig.2. Representation of HSL/HSV color model

A 3 Proposal of methodology for experiment evaluation

The main motivation of computer vision Lemna minor evaluation is to reduce the mistakes
caused by human. In some specific cases (e.g. small laboratories) the counting process of growth
leaves is done by laboratory workers eyes. This can cause careless mistakes and is time-consuming.

Lemna minor specifications
The leaves are shown in Fig.3. In experiment, there are two containers. The first container is referral

with clean water and the second is the same sample of contamined water with Lemna minor. In this
experiment, the growing of number of leaves and the color of leaves is important.

Proposal of the method

For proposing of methodology, we will work with Lemna minor in laboratory environment.
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Fig.3. Lemna minor laboratory experiment

Leaves segmentation

The first step is to segment the leaves in the image picture. The aim is to get only pixels in image
which represent the area and shape of examined leaves (Fig. 4 left).

For segmentation can be used HSL color segmentation. This method is based on known color
of object. The object can have various saturation of color e.g. Fig. 8 right, where the leaves are not
so saturated and are faded.

In HSL color segmentation are very important set parameters for Hue, Saturation and Lumi-
nance. Not suitable parameters can cause unwanted results. In Fig.5 we can see segmented reflections
in canister. To solve this problem by setting different values for HSL parameters can cause losing of
information about leaves which have same HSL values as reflections. This problem will be discussed
in further pats of paper.

In Fig.6 the results of wrong set Luminance parameter can be seen. The right parameters of
HSL must be set experimentally and they also depend on lighting of the scene.

Counting of area

The better indicator than number of leaves is the area of leaves. Number of leaves are used
because it is easy to count the number of leaves by laboratory workers. However, the leaves do not
have the same size and this can cause some errors. The better way is compute the area of leaves. This
task is very difficult for human laboratory worker, however for computer vision it is a very simple
task. After watershed segmentation, the number of pixels are counted. The area of one pixel depends
on used optics and camera sensor size. It is expected, that the level of water and leaves are still in the
same distance from the camera. In this case, the simple measurement can be used to find out the real
size of one pixel in image.
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Leaves tint

One of the experiment indicator is color of leaves. In Fig.3 are shown two canisters. On the
left side, there is non-toxic environment. On the right side, there is toxic environment. We can see,
that color of leaves in toxic environment is desaturated and slightly yellowish. The exact color tint
of leaves can be easily measured by meaning all HSL values of each pixel. For measuring the right
color tint, it is necessary to have stable lighting environment.

Fig.4. Lemna minor segmentation

Fig.5. Lemna minor reflection segmentation

Fig.6. Lemna minor wrong set Luminance segmentation
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Algorithm
In Fig.7 we can see the scheme of whole algorithm for experiment evaluation.

HSL color
segmentation

Image acquisition > RGB to HSL >

A\

mean HSL
values

Area counting >

Fig.7. Lemna minor surface evaluate algorithm

h 4 Proposal of visual system experiment
Leaves tint

As we mentioned in section 1V, there are a few problems in process of segmentation. The biggest
problem are reflections in glass containers (Fig.8 left). These reflections cause mistaken segmenta-
tion, which cannot be removed by setting ideal HSL values. The possible solution is using not glass
container but matt black. Container with mat black finishing would be ideal to suppress the reflec-
tions. Another solution can be using a region of interest in image. This can be used only when the
position of camera and the container is still the same.

In Fig.9 we can see effects of water tint itself. Water from toxic environment can have color tint.
This cause also error during segmentation. Container with mat black finishing would be ideal to
suppress this error.

Luminance

In Fig.6 we showed the effect of non-uniform lightning to the segmentation. In case, that some
parts of leaves are lighted non-uniform can cause error in segmentation. However,this can cause also
errors in computation of color tint. This problem can be solved by proper lighting design.

In Fig.9. Water tint we can see effects of water tint itself. Water from toxic environment can have
color tint. This cause also error during segmentation. These errors can be also removed with container
with mat black finishing.
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Fig.9. Water tint

Lightning of laboratory experiment

The lightning of the scene can be done in more ways. In

Fig.10 we can see the circle shape of lightning. Light with circle shape supplies more diffused
light with direction from the camera lens. This configuration gives bright image field.

In Fig.11 there is a scheme with dome shape lightning. This configuration gives ale bright image
field same as circle shape lightning. However, it gives much better diffused light. Adding of light
beams inside of canonical surface makes shadowless light. The surface of Lemna minor leaves can
be rough, so shadowless light can improve quality of scene image.
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camera
light
! Lemna minor
container

Fig.10. Circle lightning of laboratory experiment

camera

Fig.11. Dome shape lightning of laboratory experiment
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A 5 Implementation

Proposed algorithm and visual system experiment must be implemented. The implementation
scheme is shown in Fig.12

The whole system consists of single-board computer, visual system (camera) and cloud ser-
vice. Camera is connected to the module for communication. The acquisitioned images are trans-
formed from RGB color space to HSL. After transformation, the HSL color segmentation is done.
Result of color regimentation is watershed segmented. After this, three computing tasks are done. To
the .txt file is written the number of leaves, area of leaves and mean HSL value. To the .txt field it is
also written value from pH probe. This .txt file is processed to be suitable for cloud communication
module. This module sends the data to web service (database) to be accessible from any place or to
be processed and evaluate in future.

Singleboard computer
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Fig.112. Dome shape lightning of laboratory experiment

A Conclusion

In our work, we bring theoretical background about Lemna minor toxicity experiments. Based
on this, the computer vison algorithms are presented, which can be used for morphometric measure-
ments of plant surface. This approach can be new standard for a more objective and quantified as-
sessment of the negative influence of toxins on bioindicators. Automation can increase the speed and
accuracy of the tests evaluation. The next part of the work presents theoretical purposing of Lemna
minor experiment examination and evaluation method.
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Big scientific institutions which deal with topic of wastewater management have devices with
partially automated process of evaluation of Lemna minor experiments. However, these devices are
expensive and not available for smaller institutions or scientific teams. Our proposed algorithm
would remove these deficiencies, because it uses low cost devices, can be implemented on any image
processing framework (e.g. Matlab, NI Vision Assistant etc.) and will be easy to use. Using the area
of leaves can be more precise than the number of leaves. Number of leaves does not take into account
the fact, that the leaves can vary in size.

The future task of our work will be the implementation and evaluation of our algorithm com-
paring the conventionally method (manual by research worker) and our new proposed and its imple-
mentation to single-board computer.
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TEXT CATEGORISATION USING MACHINE LEARNING
AND NAIVE BAYES CLASSIFIER

Marek Spilda

Abstract:

The aim of this paper is to explore, implement and verify the functionality of Naive Bayes classifier to
classify natural language texts into categories. A sample classifier was developed to evaluate the results.
For text cleaning, different text features were labelled and tests were performed with different
combinations of cleaning methods to evaluate its effects on the categorization accuracy.

Keywords:

machine learning, text classification, Naive Bayes.

A Introduction

With the rise of electronic media and the Internet, the number of email and chat interactions
between companies and their customers has largely increased. Companies need to distribute a
growing number of written customer requests to specific departments and their qualified employees.
Categorization algorithms will make this process more efficient in distribution of inquiries to the
right personnel.

Automatic classification can also be used in processing other various texts such as newspaper
and magazine articles, detecting spam messages and various fraud schemas, categorize social media
posts and many other types of written texts.

This paper aims to describe different types of machine learning methods and explain, how
Naive Bayes algorithm works and show experimental results of classification of movie reviews into
two different classes (1 star and 10 star reviews) with different types of text cleaning methods
including text-only, lower and mixed case text or using special labels for question and exclamation
marks, numbers or emoticons.

A 1 Machine learning

Machine learning is a subset of artificial intelligence field, that contains algorithms able to
learn without having to implement strict processing of data sets. Machine learning explores the
possibilities to process large amounts of data, find hidden patterns between data features and use the
learned knowledge to work with new and unknown data. The main machine learning methods are:

* supervised learning

* unsupervised learning

* semi-supervised learning

* reinforcement learning

Supervised learning uses examples with existing inputs and outputs to train and then predict
the outcomes of new events.

Unsupervised learning may be used, when the outputs, categories or labels, are not known in
advance. The algorithms look for hidden relationships and patterns in given data.
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Semi-supervised learning is a combination between supervised and unsupervised learning.
Usually the input consists of subset of data including related output results (categories or labels) as
well as subset of data without its outputs.

Reinforcement learning requires feedback, using which the algorithm learns on the rightness
of its outcomes and gradually iterates to more accurate results.

A 2 Naive Bayes classifier

Naive Bayes classifier represents a statistical classifier and uses the supervised learning
method. Classifier predicts the class by calculating each class probability based on the Bayes’
conditional probability. Conditional probability is calculated using following equation:

p(BJA)p(a)

PalB) = =5

1)

A and B are some events. P(A|B) is a probability of occurrence of event A, if B is valid.
P(B|A) is a probability of event B, if A is valid. P(A) and P(B) are probabilities of events A and B
respectively. With the Naive Bayes classifier, there will be k classes Cj, C,, ..., Cy. Each tested
document will be represented as a set of words, X = {x;,x,, ... , x,}, where x; are single words in
the tested document. The classifier will predict, into which class C the document X belongs by
calculating the probability for each class. The result will be the class with the highest probability.

Naive Bayes uses the concept of so called “bag of words”. This means the order of the words
will not matter. Example givne, for the algorithm, a document “This is a good movie” is exactly the
same as “This movie good is a”. That is also the origin of the name “Naive” — the probabilities are
“naively” multiplied without considering the order of the words themselves.

To calculate the class, following equation is used, where ¢y, is the predicted class and w; is
the word at position i. The positions are indexes of words in the tested document.

Cnp = argrréax P(c) l_[i € positions P(Wi lc) (2)
CcE

An issue may arise if a tested document contains words, which are not in the training set. This
would mean working with zero probability, giving a zero final result. To overcome this issue Laplace
smoothing is introduced, where the number of occurrences of each word is increased by 1.

With documents containing significant amount of words, many very small fractions will be
multiplied, resulting in floating point underflow. Hence the calculation will be done in log space.
The final equations will be as follows:

cyg = argmax P(c) + X e positions logP(w;|c) (3)

c eC

A 3. Sample calculation

To demonstrate how Naive Bayes classification algorithm works, a simple experiment will be
used. The goal of this experiment is to utilize Naive Bayes to classify movie reviews into two
different classes (1 star and 10 star reviews).
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The following dataset contains a total number of 5 simple documents: 3 belonging to the 10
star class and 2 to 1 star class.:
Class Cystar - 10 star class documents:
1. the movie was good.
2. | liked the movie, great actors
3. great movie, star actors
Class Cy4;qr - 1 star class documents:
1. bad movie
2. bad performance, bad actors

First, an unordered set of all distinct words present in the training set is created — the bag of
words defined in the previous part of this paper. From a data mining perspective, for each document
in the training set a total number of occurences in the bag of word set is determined.

The bag of words representation of each of the classes is described in the next tables.

Table 1 — Bag of words representation of documents in class Ciostar

#DOC | the | movie | was | good | | | liked | great | actors | star | bad | performance
1 1 1 1 1 0 0 0 0 0 0 0
2 1 1 0 0 1 1 1 1 0 0 0
3 0 1 0 0 0 0 1 1 1 0 0

Table 2 — Bag of words representation of documents in class Cistar

#DOC | the | movie | was | good | | | liked | great | actors | star | bad | performance
1 0 1 0 0 0 0 0 0 0 1 0
2 0 0 0 0 0 0 0 1 0 2 1

3
P(Crostar) = s 4)
2
P(Cistar) = s )
_ ni+1
P(Wi |C) - n+vocabulary (6)

where vocabulary represents the total number of distinct words in the bag of words and n
represents the total number of words present in the class.
A sample document “very good movie” would yield following results for the two classes:

3
P(Ciostar) = 5 * P(very|Cyosear) * P(good|Cigseqr) * P(movie|Cygsqr) =
0+1 [ 1+1 ] [ 3+1
*
1

3
_E*[14+11*14+11 4+ 11)
— 06 %0.04%0.08 * 016 = 0.0003072 @)

2
P(Cistar) = g * P(very|Cigsear) * P(good|Ciseqr) * P(movie|Cygqr) =
2 0+1] [O+1 [1+1
*

5 lo+11l e+ 11l T lo+11) T
= 0.4 % 0.059 * 0.059  0.118 = 0.0001643 ©)
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P(CIOStar) > P(Clstar) (9)

The calculated values of conditional probabilities are consequently compared and classified
as belonging to the group with higher probality. Therefore the sample document ,,very good movie*
is labeled class C;gstqr-

A 4 Implementation and evaluation

Although there are many Naive Bayes classifier libraries available, own implementation of
classifier was programmed. The sample classifier for this project was programmed using Python
programming language. Python was chosen for its simplicity in creating quick prototypes, ease of
use and a steep learning curve.

Program creates class objects which hold the word strings (the bag of words) and related
information for each of the classes. A separate instance of the class is also used for testing data, as
the tested data are also treated as bag of words.

In order to be able to easily turn on or off each of the data cleaning methods, a strings utility
was implemented. Using this, the program allows to test all possible combinations by looping through
all the on/off switch combinations. The results for the whole run are then stored in one final table.

For result processing, python library Pandas was used. Pandas is a library to hold large data
frames and allows fast data processing. In addition, one line csv and excel exports are within the
available methods, which help to reduce the burden of non-project core related tasks.

The data set used was extracted from user reviews of randomly selected movies from the
IMDB database. An experimental set containing 2999 1-star and 2999 10-star movie reviews was
created. 2000 reviews from each class were used for training and 999 reviews from each class were
used for testing.

In addition, several different data cleaning methods were used during data Preparation phase
and all of their combinations were tested. Methods for converting to lowercase, extracting numbers
to be treated separately, extracting positive and negative emoticons, extracting question and
exclamation marks and also for removing all non-alphanumeric characters were implemented.

Another method to clean data is to remove stop-words. Stop words are words with no special
significance to the information carried by the test. In English texts, words such as ‘a’, ‘the’, ‘it’, ‘is’,
etc. are all considered to be stop-words. A stop-word removal was also used in some tests.

In the results table, only results subset with the most significant cleaning methods is shown.

Table 3 - result subset with cleaned testing data

Success TotalTes Total tolower only resrzfve
ts Match Case Letters P

Words

87,64% 1998 1751 FALSE FALSE FALSE
87,64% 1998 1751 TRUE FALSE FALSE
87,19% 1998 1742 TRUE FALSE TRUE
86,49% 1998 1728 FALSE FALSE TRUE
86,44% 1998 1727 FALSE TRUE FALSE
86,14% 1998 1721 TRUE TRUE FALSE
85,69% 1998 1712 TRUE TRUE TRUE
85,64% 1998 1711 FALSE TRUE TRUE

Interesting discovery was, that the algorithm showed event better performance, when only the
training set was cleaned, while leaving the testing set untouched. The results of successful matches
were up to 90%.
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Table 4 - result subset without cleaned testing data

Total Total tolower only remove
Success | Tests | Match Case Letters | Stop Words
90,49% | 1998 1808 TRUE FALSE FALSE
89,84% | 1998 1795 TRUE FALSE TRUE
88,29% | 1998 1764 TRUE TRUE FALSE
87,64% | 1998 1751 FALSE FALSE FALSE
86,54% | 1998 1729 TRUE TRUE TRUE
86,09% | 1998 1720 FALSE FALSE TRUE
85,79% | 1998 1714 FALSE TRUE FALSE
82,48% | 1998 1648 FALSE TRUE TRUE

As it turned out, the most significant cleaning method was conversion to lowercase. Leaving
out non-alphanumeric characters had small impact, but not positive. Least significant cleaning
methods were marking emoticons and marking question and exclamation marks and marking
numbers. These are not presented in the results table, as the differences varied in no more than
fractions of percentage.

The stop words removal was expected to slightly improve the process. Measurements show,
this assumption is not true. Removing stop words in all cases resulted in slightly worse classification
outcome.

In general, Naive Bayes gives good results for classification. The algorithm is not difficult to
implement and does not require significant processing power for classification. It shows to be a good
and cheap method to be considered for natural language document classification tasks.

A Conclusion

Even though the algorithm is relatively simple to implement, the results are satisfying. Since
the effect of the labelling emoticons, question and exclamation marks and marking numbers, was
insignificant, in commercial applications this would be of no meaning. Naive Bayes should be used
as its name suggests — naively calculate the probabilities without any extensive data optimization.

Natural language processing is expected extend the possibilities, how people interact with
technology. In addition, it provides many opportunities for exploration and scientific as well as
commercial experiments.
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ACCESSIBILITY OF WEB PAGES
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Abstract:

In this article we are dealing with the usability and accessibility of websites in the administration of
public or state institutions located in the territory of the Slovak Republic. Specifically, the article de-
scribes how the created application works to automate the web accessibility tests. Subsequently, the
results of web accessibility testing are carried out by the created application, as well as the results
of manually testing website accessibility, they are presented in our article. This web application is
made with JavaScript and JQuery. The user interface is created using Hyper Text Markup Language
and Cascading Style Sheets.
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Accessibility of web pages, application, testing, feasibility

A Introduction

We live in the age of information technology when almost every private or public institution
has its website to be accessible to the general public. Despite the effort to create a page accessible
to all user groups, institutions are many times unsuccessful in this area.

We often encounter web site developers they want to create sites that would be accessible to
the general public and groups with some kind of disadvantage, but the problem is that they often
fail to imagine about accessibility and usability of web pages in this area, they do not know clearly
to identify what must a web site contain in terms of accessibility and usability, and what not.

Web designers are expected to have an awareness of usability and if their role involves cre-
ating markup then they are also expected to be up to date with web accessibility guidelines [1].

For the above reasons, we have decided to explore the issue of website accessibility and us-
ability, and then we would like to suggest a way for website developers to test their sites in the fu-
ture so that their designed and implemented sites meet website accessibility standards.

According to 1SO 9241-11, usability is understood as the extent to which the product can be
used with the highest possible efficiency and satisfaction, with way to achieve the desired user
goals [2].

In Slovakia, the usability and accessibility rules of websites are summarized in rules called
Web Accessibility Standards. These standards are based on the Web Content Accessibility Guide-
lines (WCAG), which were standardized by the W3C consortium.

WCAG bears a wide range of recommendations to make web content available to a broad
circle of people with disabilities, including blindness and weak vision, deafness, learning disabili-
ties, cognitive limitations, speech disorders. These recommendations deal with the accessibility of
web content on desktops, laptops, tablets, and mobile devices. [3].
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Standards created by the Ministry of Finance of the Slovak Republic are made up of several
parties, which can be divided into three groups and these are:

- Page design rules - This set of rules discusses font contrast and formatting font

- Technical implementation rules - In this group, the standards are largely focused on
the correctness of the display, and what should individual HTML tags contain, such as
that each “img” element must contain alternate text that appears if the image is not
displayed or this text is read by nearly-blind man with e-reader.

- Page Content rules - In this group, the document describes what must be presented in
content accessibility on the web page, such as map of sites.

h 1 Application design

This application was designed to control website accessibility standards by law no.
312/2010 Z.z. the proceedings of the Ministry of Finance of the Slovak Republic, and namely ac-
cording to Annex No. 1 to the Decree entitled as website accessibility standards.

The application was designed as a web application executable by any web browser support-
ing Javascript.

The application was implemented with JavaScript and JQuery library. The basic screen that
appears when you start the application was programmed in HTML and CSS.

The application consists of a text window into which the user inserts an HTML code for
checking and a window with a list of errors found in given HTML code. Below the input text box
there are buttons for starting the HTML code validation. Using these buttons, the user can clear the
error message, restore the page, or open the validator's guide in the new browser window.
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Fig.1. Final application design
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h 2 Application functioning

The chapters below focus the principle of how an application works.

2.1 Validated embedded HTML code

The user opens the browser with validator and inserts the HTML code of the HTML page
you want to test into a blank white window. The user has two options to check the embedded
HTML code, to validate the entire code or only the correctness of HTML markup.

If a user chooses the button Validate the entire code, the validator retrieves the text entered
by the user from the text area and checks the entire HTML code. This means that validator checks,
whether the page does not contain prohibited HTML elements that, according to the website acces-
sibility standards valid in the territory of the Slovak Republic, pages should not contain and also
validator checks the allowed elements that have the prescribed structure. At the end, the selected
feature will check whether HTML tags have correct close. Subsequent errors are listed in the box
below the text area.

If the user just wants to check whether the HTML tags have correct close, user chooses the
button to validate HTML tags correct close. When you start this feature, the app retrieves text from
the text area to find if it is an HTML tag that is unpaired or if it is tag, which should have pair. In
the case of a pairing tag, the first occurrence of the given HTML tag is loaded into the field and
searches for the corresponding end tag. In the final step of this feature, validator detected errors on
the incorrectly closed HTML tags, which are written by validator in error message with line num-
ber in code.

2.2 Line spacing in validator

For easier orientation in the embedded code, the app contains line spacing.

Inserting a line number into a text field is designed and implemented using the JQuery mod-
ule, where we have created one more text area whose placement and display properties are defined
using cascading styles via JavaScript.

The numbering method and algorithm is implemented on the principle that if it writes a line
break in the text area to check the code, function adds one line and displays the line number in the
next text area which is created next to the text area designed for HTML code.

2.3 Search HTML elements in code

To simplify the search for an error that was detected using the function "Validate the entire
code" was implemented the HTML element search feature. This search function retrieves the whole
text from the text area into the variable, in the next step divided the text into rows and searches for
all elements with the given HTML tag and lists the line numbers where the tag was found. Subse-
quently, the user can find the line with error and fix the error.

2.4 Additional funcions of validator

The secondary small features include, for example, Deleting a message that the user can ac-
tivate by clicking on the deleting a message button and use that functionality if user repeats valida-
tion of the code. Deleting message and repeat validation of the code, user find out what bugs have
already fixed and what errors to fix, because the program does not automatically delete the old er-
ror message when re-checking, but current error message validator write under old error message.
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Another secondary feature that a user can use by activating a button named Refresh the page
is to delete all the data in all areas of the page in case they want to remove them. Before executing
the action described, the user's validator alerts you to this fact and requires confirm user.

An indirectly related feature that a user can use in the event of a problem is feature under the
About application button, where are the basic information on how to run JavaScript in your brows-
er, the explanation of the individual button functions and the basic characteristic of the validator.

A 3 Analysis of selected pages

To make an automated testing using the application described above and then to make man-
ual testing, we chose 5 webpages from either state or public institutions that should meet website
accessibility standards, based on a document issued by the Ministry of Finance of the Slovak Re-
public in Standards for Public Information Systems reports, including a document on website ac-
cessibility standards.

3.1 Ministry of Finance of the Slovak Republic

After inserting the source code of the Ministry of Finance® site of the Slovak Republic into
our validator, we found that three errors were found on the page in specific page elements. There
was an alt attribute missing in one image and another attribute at the input button twice. When val-
idating tags, the validator found 16 instances of incorrect closing tag.

If you are interested in eliminating the deficiencies and improving the accessibility of the
site, we recommend that you correct the errors so that the page is correct or valid according to the
Wa3C consortium, and we recommend that your optimize your site for mobile devices.

3.2 Comenius University in Bratislava

After inserting the Comenius University? site into our validator, we found shortcomings in
the standard for providing alternative text in images of the so-called alt attribute, which should con-
tain the description of the image. For twelve images, the alt attribute was not specified. Another
drawback is that they do not have properly closed HTML tags by our validator.

We recommend removing shortcomings they have not correct close HTML tag and, since it
is a college that specializes in the study of disabled students and wants to help them, it should add
descriptions to each, which should contain alternative text in HTML elements as these descriptions
have of great importance to the blind people.

3.3 Capital city Bratislava

After inserting the site of the capital city of Bratislava® into our validator, we found a mis-
take in alt attribute at elements input and several incorrectly closed tags. We recommend correcting
all of these errors because this is a page on which is the assumption of attendance a large number of
people with different devices and restrictions.

! The source code of the test page is located at: view-source:http://www.finance.gov.sk/
2 The source code of the test page is located at: view-source:https://uniba.sk/

3 The source code of the test page is located at: view-source:http://www.bratislava.sk/
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3.4 City part Bratislava - Dubravka

After inserting the city part Bratislava-Dubravka* page into our validator, we have found
incorrectly closed HTML tags, and the input element was missing a description in the form of an
alternate text.

If you are interested in improving the usability of the site, we would recommend that all
W3C error messages be removed, because incorrect closed HTML tag can have adverse conse-
quences for correct display of the page on different devices.

3.5 Slovak television and radio

After inserting the Slovak television and radio® page into our validator, we found shortcom-
ings in introducing an alternate text for the element “img” and the input element, namely, that the
alternative text of these elements was not given. The site as one of the few have correctly closed
HTML tags according to our validator.

In order to improve website accessibility, we recommend that you complement alternative
text to HTML elements.

3.6 Evaluate results from manual site testing

For a better idea than the sites tested fulfilled the criteria set by the standards, we have com-
piled a summary table. In this table, we expressed the points that the test page fully meets or par-
tially meets or does not meet the given criterion. If the web page has fully met the criterion test, the
criterion obtained 1 point for this, if the page partially met the criterion, it gained 0.5 points if the
page did not meet the criterion, it did not get any point.

Criteria/web page Ministry of | Comenius Capital city City part Slovak
Finance of University in | Bratislava Bratislava- television and
the Slovak Bratislava Dubravka radio
Republic

Web accessibilin 1 0 1 1 0

Docrment

Map from sites 1 1 1 1 1

Alr artribures 0.5 0 1 1 1

Print version 1 1 0.5 1 0

Validate by W3C 0 0 1 0.5 0.5

Funcrionality with- 1 1 0.5 1 0

out Flash and Ja-

vaScript

Correct structure 1 0.5 0 0 1

table

Text version 0 0 1 1 0

Text accuracy in 1 1 1 1 1

navigation

Optimization for 0 1 0.5 1 0

mobile devices

Funcrionality with- 1 0 0.5 1 0.5

out graphic

Forms 1 0 0 0 0

Documents in PDF, 1 1 1 1 0

doc format

Total points 9.5/13 6.5/13 1013 10.5/13 5/13

4 The source code of the test page is located at: view-source:https://www.dubravka.sk/sk/Home.html
5 The source code of the test page is located at: view-source:https://www.rtvs.sk/
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Fig.2. Graphic representation of the evaluation

The graphical representation shows that website accessibility standards from the tested pag-
es were best met by the web page of City part Bratislava-Dubravka, and the biggest gap in the ful-
fillment of the standards has the Slovak Television and Radio website.

A Conclusion

The aim of this work was to design a possibility to create universal automated tests.

We have attempted to achieve this objective by studying the document entitled The Decree
of the Ministry of Finance of the Slovak Republic on Standards for Public Administration Infor-
mation Systems, which also contains web accessibility standards, and based on a detailed analysis
of the document, we designed and subsequently implemented this proposal through the application.

We have tested the final version of the app as it works, whether there are any changes in
display in the most commonly used web browsers across different platforms like Linux, Microsoft
Windows and Apple. For Linux, we tested the functionality of the application in Mozilla Firefox or
Opera. For Microsoft Windows, we tested the application in Google Chrome, Microsoft Internet
Explorer and Microsoft Edge. For Apple platforms we tested the app in Safari.

In all tested browsers, the app appeared correctly as it should. All validator functions
worked correctly, in addition to browser Mozilla Firefox, in which the main functionality of valida-
tor did not work, which ensures that the code is validated according to website accessibility stand-
ards, so we encourage browser Mozilla Firefox users to choose one of the alternative tested brows-
ers to work with this app.

After testing the app in different browsers we looked at the application from user's perspec-
tive, so we found it convenient to write a manual. Based on this new look, we have written manual,
which is part of the application called About App.

In the future, we are thinking of creating a site where validator will be created freely acces-
sible to the public.
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Dipl. Ing. Michal Grell, CSc.

4.3.1950 - 2.2.2018

- for a long time the executive editor of our jour-
nal ITA have passed away this February.

Mr. Michal Grell was an expert for applications
of mathematic methods in economy and in
quantification of the impact of information
technologies in market companies and public
administration. He graduated at the School of
Economics and Management of Public Admin- .
istration in Bratislava. For a long time he was working as university teacher at the
University of Economics in Bratislava, and as well at the school he graduated and at
the Pan-European University in Bratislava too. He was an author and co-author of
several scientific books, university textbooks and scientific works in domestic and
foreign journals, where he contributed to the science and education. He was a
founder and chairman of civil association EDUCATION-SCIENCE-RESEARCH in
Bratislava, where he made a valuable contribution to the scientific-educational work.
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