FULLGL BrEdULP ZUUULUUCULE. SLSEUUSPSARR3NRL
2022, Ne 3, 67-75 Stunkuunlwpbdwwnplmlwa unpbjun/npoid
https://doi.org/10.46991/BYSU:G/2022.13.3.067

COMPUTER VISION APPLICATIONS FOR SMART CITIES USING
REMOTE SENSING DATA

LILIT YOLYAN

With the rapidly growing urbanization level overpopulation became one of the
main challenges for the municipalities, country economics, and governmental manage-
ment. Many issues concerning waste management, city resource planning, air pollution,
traffic and transportation overload and population health issues challenge existing infra-
structures. Smart city aims to improve people's lifestyle, create more sustainable envi-
ronments and make it easier to manage all these processes by municipalities and gov-
ernments. The application of Al and computer vision techniques can solve smart city
problems (surveillance, area coverage, land usage and land coverage, damage monitor-
ing, fire detection, etc.) that weren't possible or easy to do a few years ago.

Here, we are reviewing deep learning and computer vision applications for smart
cities using remote sensing data. Moreover, we present 2 types of data sources for creat-
ing datasets to solve smart city problems for cities in Armenia. The first type is potential
data sources that can be collected through the efforts of the municipality, the second
type is open-source data ready to be used for the solutions below.

First, historical data from 3 different satellites were used to calculate available
open-source data that can be used to apply deep learning algorithms. Next, for each type
of data and each smart city task, the most convenient deep learning methods were found
and described. All techniques were summarized in Table 1.

Key words: Smart city, computer vision, deep learning, remote sensing, artificial intelli-
gence

Introduction

Based on the World Bank population dashboard, the world population in
2021 is 7.8 billion. Moreover, the urbanization level in 2020 was 56.15%."
Based on the UN Economic and Social Affairs report in 2050 the level will
reach 68%.> Due to overpopulation in existing cities municipalities are not
ready to defeat different problems that high urbanization level brings. Many
issues concerning waste management, city resource planning, air pollution, traf-
fic and transportation overload, and population health issues challenge existing
infrastructures.’

Urban population (% of total population). (n.d.). The World Bank. https://data. world-
bank.org/indicator/SP.URB.TOTL.IN.ZS
2 "World Urbanization Prospects The 2018 Revision, https:/population.un.org/wup/ Publi-
cations/Files/WUP2018-Report.pdf
3 Chourabi, H., Nam, T., Walker, S., Gil-Garcia, J. R., Mellouli, S., Nahon, K., Pardo, T.
A., & Scholl, H. J. (2012). Understanding smart cities: An integrative framework. In Proceedings
of the 45™ Annual Hawaii International Conference on System Sciences, HICSS-45 (pp. 2289-
2297). [6149291] (Proceedings of the Annual Hawaii International Conference on System Sci-
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Nowadays cities are confronting these challenges and trying to figure out
new, revolutionary and smart ways to manage arising and existing issues that
overpopulation brings. Although the smart city concept is becoming more and
more trendy among researchers, there is no clear definition of what this para-
digm represents. Paskaleva K.A. (2009) defines a smart city as one that takes
advantage of the opportunities offered by ICT (Information and Communica-
tions Technologies) in increasing local prosperity and competitiveness — an
approach that implies integrated urban development involving multi-actor,
multi-sector and multi-level perspectives.* A city “connecting the physical in-
frastructure, the IT infrastructure, the social infrastructure, and the business
infrastructure to leverage the collective intelligence of the city.”” A city “com-
bining ICT and Web 2.0 technology with other organizational, design and plan-
ning efforts to dematerialize and speed up bureaucratic processes and help to
identify new, innovative solutions to city management complexity, in order to
improve sustainability and livability.”®

In 2012 Chourabi’ represented a whole new framework that explains smart
city concepts, and based on the framework there are 8 critical factors that can
help to create new smart city initiatives: management and organization, tech-
nology, governance, policy context, people and communities, economy, built
infrastructure, and natural environment.”

As we can see above in different publications, smart city concepts are de-
scribed differently, but one thing is common. Most of the researchers bring the
importance of ICT in developing and implementing smart city concepts in city
infrastructure. In Chourabi's framework technology is one of the 8 factors that
can affect the development of the city.

As was mentioned before ICT is one of the game-changer in city planning,
it has a huge impact on the development and implementation of the smart city
concept. Technologies like sensors, IoT (Internet of Things), networks, and
algorithms can make cities smarter.® Those technologies can have a huge impact
on all different infrastructures of the city like city administration, education,
healthcare, public safety, real estate, transportation, utilities. In 2010, Harrison

ences) IEEE Computer Society. https://doi.org/10.1109/HICSS.2012.615

* Paskaleva K. A. (2009), Enabling the Smart City: The Progress of City E-Governance in
Europe International Journal of Innovation and Regional Development.

5 Harrison, C., Eckman, B., Hamilton, R., Hartswick, P., Kalagnanam, J., Paraszczak, J., &
Williams, P. (2010) Foundatrons for Smarter Crtres IBM Joumal of Research and Development
54(4).

% Toppeta, D. (2010). The Smart City Vision: How Innovation and ICT Can Build Smart,
“Lrvable” Sustainable Cities. The Innovation Knowledge Foundation.

7 Chourabi, H., Nam, T., Walker, S., Gil-Garcia, J. R., Mellouli, S., Nahon, K., Pardo, T.
A., & Scholl, H. J (2012) Understandmg smart cities: ‘An mtegratrve framework In Proceedmgs
of the 45™ Annual Hawaii International Conference on System Sciences, HICSS-45 (pp. 2289-
2297). [6149291] (Proceedings of the Annual Hawaii International Conference on System Sci-
ences). IEEE Computer Society. https://doi.org/10.1109/HICSS.2012.615

Sanchez-Corcuera R, Nuiiez-Marcos A, Sesma-Solance J, et al.(2009) Smart cities survey:
Technologies, application domains and challenges for the cities of the future. International Jour-
nal of Distributed Sensor Networks.
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et al. mention the importance of operational data, which is a combination of
data extracted from traffic, power consumption and other sources, in order to
optimize operations. In their work three points are mentioned as the most im-
portant features of smart cities: (1) the near-real-time data obtained from physi-
cal and virtual sensors, (2) the interconnection between different services and
technologies inside the city, and (3) the intelligence from the analysis of the
data and the process of optimizing and visualizing it.” Some researchers stress
the importance of data gathering, as a starting point for creating a smart city.
Then this data can be used to provide services."

Visual data for Smart City Problems

Many definitions presented above show that ICT is one of the keys to the
success of making a city smart. But data gathering is only a minor part of the
whole process. Gathered data can be used differently: (1) visualization mecha-
nisms like dashboards for different e-government departments,'’ (2) video
streamings from surveillance cameras for safety reasons, '>-"* (3) monitoring
systems for buildings and roads,'* (4) sensors for transportation improve-
ments'

A huge part of the data for the smart city can be visual data gathered from
(1) surveillance cameras, (2) city cameras, (3) UVA, (4) Satellites, etc. Visual
data can be used for data visualization and Al in different areas.

One of the most useful data sources can be aerial imageries, which gather
remote sensing data. “Remote sensing is the practice of deriving information
about the Earth’s land and water surfaces using images acquired from an over-
head perspective, using electromagnetic radiation in one or more regions of the
electromagnetic spectrum reflected or emitted from the Earth’s surface”.'®

Remote sensing data is collected with the help of special cameras which

° Harrison, Colin & Eckman, Barbara & Hamilton, R. & Hartswick, P. & Kalagnanam,
Jayant & Paraszczak, J. & Williams, R.. (2010). Foundations for Smarter Cities. IBM Journal of
Research and Development

Al-Hader M, Rodzi A, Sharif AR, et al. (2009) Smart city components architecture. In:
International conference on computational intelligence, modeling and simulation, pp.93-97. New
York: IEEE.

! Jing, Changfeng & Du, Mingyi & Li, Songnian & Liu, Siyuan. (2019). Geospatial
Dashboards for Monitoring Smart City Performance. Sustainability.

% Nigam N. and Kroo I., (2008), Persistent Surveillance Using Multiple Unmanned Air
Vehlcles " IEEE Aerospace Conference

BagulaA Tuyishimire E., Wadepoel J., Boudriga N. and Rekhis S., (2016), Internet-of-
Things in Motion: A Cooperative Data Muling Model for Public Safety, Intl IEEE Conferences
on Ubiquitous Intelligence & Computing, Advanced and Trusted Computing, Scalable Comput-
ing and Communications, Cloud and Big Data Computing, Internet of People, and Smart World
Congress pp. 17-24.

*Li D., Shan J., Shao Zh., Zhou X. and Yao Y. (2013) Geomatics for Smart Cities - Con-
cept, Key Technrques and Apphcatrons Geo-spatial Information Science.

>"Nikitas A.; Michalakopoulou K.; Njoya E.T.; Karampatzakis D. (2020) Artificial Intelli-
gence, Transport and the Smart City: Definitions and Dimensions of a New Mobility Era. Sus-
ta1nab111ty

'S Campbell I. B. and Wynne R. H., (2011) Introduction to Remote Sensing. Fifth Edition.,
The Guilford Press, pp. 662.
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measure reflected and emitted radiation of an area at a distance. They use dif-
ferent technologies like photogrammetry or LIDAR sensors to find fingerprints
of objects on the Earth's surface. Based on the type and the used technology
these cameras can be placed on:

e Satellites and airplanes and can collect images of very large areas on the
Earth's surface

e Sonar systems on ships can scan the ocean floor without reaching the
bottom,

e Cameras on satellites can be used to capture temperature changes in
oceans.

Types of remote sensing data differ depending on the camera type and

where it will be placed. Those are different types of remote sensing data:

e Light Detection and Ranging (LIDAR)
Radio Detection and Ranging (RADAR)
Unmanned Aerial Systems
Hyperspectral Imagery
Thermal Imagery
Aerial Photography

LIDAR cameras use laser signals to capture objects on the surface of the
earth, RADAR systems work with radio waves instead of a laser. The third type
uses Unmanned Aerial Vehicles or other similar technologies to capture images
from the bird’s height. Hyperspectral Imageries analyze a wide spectrum of
light instead of capturing images in RGB. Thermal systems use heat to identify
and visualize objects. Aerial images are very similar to UAS images, the main
difference is that aircrafts, rockets, or other spacecraft are used to capture im-
ages.

Machine Learning and Computer Vision application in smart cities

Remote sensing data are collected in huge amounts. The correct use of this
amount of remote sensing data can be a solution to various types of smart city
problems. And part of these solutions can be found with the help of Al and ma-
chine learning techniques. Early applications of Al in remote sensing machine
learning algorithms (SVM, ensemble models) were used, nowadays the research
involves more and more applications of deep learning. First damage detection,
classification, and localization problems are solved with algorithms like SVM,
later CNNs as well.'” A huge amount of smart sensors and IoT data was gath-
ered in the sector of energy consumption and mobility where classical machine
learning algorithms are more useful.

In 2020, Cugurullo and co suggest three categories of urban artificial in-
telligence. The first one is associated with autonomous cars, which can result in

7 Luckey, Daniel & Fritz, Henrieke & Legatiuk, Dmitrii & Dragos, Kosmas & Smarsly,
Kay. (2020). Artificial intelligence techniques for smart city applications.
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many urban changes like decreasing traffic, energy use, etc. The second cate-
gory is robotics, which can improve and fasten many mechanical processes.
And last but not least is the city brain which is a monitoring mechanism that
collects data from different IoT sensors, analyzes the data and creates more
data-driven decision-making processes."®

Deep learning techniques are one of the most popular ones when it comes
to Al in smart cities. The subfield of it is convolutional neural networks which
can be very effective in solving different computer vision techniques. CNNs are
the state of the art for image data. Aerial, remote sensing imageries, surveillance
videos can be input data for computer vision models. Classification and object
detection networks can be used for rescue monitoring, destruction monitoring,
area coverage calculations, environment mapping, and surveillance. Drone data
can be used in smart parking, fire detection, environmental clean-up, agricul-
tural monitoring, etc."

City cameras can be used in authentication in different urban areas (sub-
ways, airports, and other public places). For security reasons, car license plate
identification and face recognition techniques can be applied.”® Calculating
traffic volume and driving quality estimation can be done using UAV data.
Siamese networks can be used in image registration problems.”’

Problem Type

Computer Vision
Technique

Remote Sensing
Data Type

Related Litera-
ture

Rescue Monitoring

Object detection,

UAV, aerial im-

Jing, Changfeng &

ing

object detection

segmentation ages Du, Mingyi & Li,
Songnian & Liu,
Siyuan. (2019) "
Area Coverage, Object detection, UAYV, aerial im- MaL,LiuY.,
Land Usage and segmentation ages, satellite im- Zhang X, Ye Y.,
Lang Coverage ages Yin G., and John-
(LULC) son, B.,(2019) '
Damage Monitor- | Classification, UAV, city cameras | Jing, Changfeng &

Du, Mingyi & Li,
Songnian & Liu,
Siyuan. (2019) "

Surveillance

Classification,

City cameras,

Nigam N. and

'8 Cugurullo, Federico, (2020), Urban Artificial Intelligence: From Automation to Auton-
omy 1n the Smart City. Frontlers in Sustainable Cities.

? Ismail A, Bagula BA, Tuylshlrnlre E., (2018),

Coalition Model for Remote Sensing in Smart Cltles Sensors (Basel).
20 Ershad F., Shervan. (2019). Computer Vision in Smart City.

Internet-Of-Things in Motion: A UAV

"MalL, L1u Y., Zhang X, Ye Y., Yin G., and Johnson, B.,(2019). Deep learning in remote
sensing applications: A meta-analysis and reV1ew ISPRS Journal of Photogrammetry and Remote
Sensing.
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object detection,
anomaly detection

UAV

Kroo 1., (2008)"
Bagula A., Tuyi-
shimire E., Wade-
poel J., Boudriga
N. and Rekhis S.,
(2016)"

Smart parking

Classification,
object detection

City cameras,
UAV

Dixit M., Srimathi
C.,Doss R., Loke
S., Saleemdurai,
M.A.. (2020) *

Few shot learning

Fire Detection Classification City cameras, Chunyu Y., Zhibin
UAV M., Xi Zh.,
(2013)%
Agricultural moni- | Object detection, UAV, aerial im- Jing, Changfeng &
toring Segmentation ages, satellite im- Du, Mingyi & Li,
ages Songnian & Liu,
Siyuan. (2019) "
People Authentica- | Object detection, City cameras Ershad F., Shervan.
tion Siamese networks, (2019)*

License plate de-
tection

Object detection

City cameras,
UAV

Ershad F., Shervan.
(2019)*

Drivers Behavior
Estimation

Anomaly detection

City cameras

Ershad F., Shervan.
(2019) *°

Image registration

Siamese network,
Few shot learning

UAYV, aerial im-
ages, satellite im-
ages

MaL,LiuY.,
Zhang X, Ye Y.,
Yin G., and John-
son, B.,(2019) *!

Table 1: Summary of computer vision application with remote sensing data for smart cities

Implementation for Yerevan

As was mentioned above there are 4 main remote sensing data sources that
can be used for implementing computer vision techniques to solve smart city
problems: UAV, city cameras, aerial images and satellite images. To collect
UAYV and aerial images some governmental funds and initiatives are needed.
That's why for the rest of the paper we will discuss only accessible and existing
data sources. Existing data sources for Yerevan are city cameras and satellite
images. According to a 26.08.2020 report from the Police of RA states, there

22 Dixit M., Srimathi C., Doss R., Loke S., Saleemdurai, M.A.. (2020). Smart Parking with
Computer Vision and IoT Technology.

2 Chunyu Y., Zhibin M., Xi Zh., (2013).A Real-time Video Fire Flame and Smoke Detec-
tion Algorithm, Procedia Engineering.
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are 150 crossroad cameras in Yerevan. Many other cameras are placed from
Yerevan Municipality showing aerial views of the Republic Square, Sasuntsi
David Square, Cascade complex, North Avenue, Mashtots park, Charles
Aznavour, and Garegin Nzhdeh Squares in Yerevan city. The main problem
with these cameras is that data is lifestream and it’s not collected for a longer
timestamp. Moreover, the companies that own cameras don't have warehouses
to keep that much data. The next data source mentioned above is satellite im-
ages. There are 3 satellites that collect data from Armenia as well: Landsat-7,
Landsat-8, and Sanitel-2. USA launched Landsat-7 on April 15, 1999. At the
time it was the most accurately calibrated Earth-observing satellite. Landsat-8 is
an American Earth observation satellite launched on 11 February 2013. Those
two are the seventh and eighth satellites in the Landsat program. Landsat-7 and
Landsat-8 have spatial resolutions of 30 meters. Sentinel-2 is an Earth observa-
tion mission from the Copernicus Programme that systematically acquires opti-
cal imagery at a high spatial resolution over land and coastal waters. The spatial
resolution of Sanitel-2 is from 10 to 60 meters.

The table below represents the number of scenes(images) of Yerevan per
satellite mentioned above.

Name Number of scenes of Yerevan Monthly number of | Coverage in
from 09/30/2020 - 09/30/2021 scenes of Yerevan | km per scene

Landsat-7 | 44 3-4 185x180
Landsat-8 | 35 3-4 183x183
Sanitel-2 132 8-12 290x290

Here it is noticeable that satellites cover a huge area of land which are
good for several types of problems described above (Area Coverage, LULC,
Agricultural monitoring, etc.), but may not be possible to use in other cases
(Damage Monitoring, Surveillance, Fire Detection, etc.)

Conclusion

A huge part of smart city problems can be defined as machine learning and
deep learning problems, but the main differences are in data type, size, and
structure. Here Al problems are more unique, as domain knowledge and data
specialties create new difficulties that are different from classic, general-
purpose Al problems.

Smart city problems can’t be solved without accurate data, and remote
sensing is one of these data sources that can be most useful. Remote sensing
data makes it possible to solve several smart city problems starting from city
monitoring with dashboards to Al applications for more sophisticated problems.
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However, collection and working with such big data can be an issue. The exam-
ples in Yerevan showed that good infrastructure is needed to create the proc-
esses of working with such data. Funding from the government or municipality
is important to create proper data collection procedures, and warehouses to
gather data from UAVs, aerial images, and city cameras. Moreover, it’s impor-
tant to create well-defined procedures and problems to solve with data that is
already accessible (like open satellite imageries).

However, the existing datasets can help to work on Al challenges like Area
Coverage and land usage prediction, agricultural monitoring, water quality
monitoring, etc.

LbLhE 8NTI3UV - Lwiwlwpguypl nkupuluiah jhpwnnipmian jubjugh
pumupbkpnud’ oqunugnpdkyny hbknwqbinfwb ngjuyhkp — Mippuithqughwih
dwlwpnulh waht qmigplipug ghpphwltgnup nupinid  punuph b whwnw-
jut junwupdwi, tphph mbnbunipjut wdktwljupbnp pughpubphg dkyn:
Unwowgws hunhpubpp (onh wnunujwsénipinitp, punuph nbumpubbph
wwbwynpnudp, puthntubph junwjupnidp, Eppbbiynipjut b mpubuwnp-
wnwhtt dhongubph Swtpwpbkntjwsmipniup, phwlsmipjul wpnnonipiniun)
dwpunwhpwdbtp kb thnnid wnju Bipujunnigyusputpht: vkjugh punwph
tywwnwl E pupbjudt] hwuwpulnipjut jktuwdwupnulp, unbnst] wyk-
1h wyuwhny b uynit dhowduyp, punupujhtt b whnwlwh jurwdupdub
wnwyl] hunwl] dbjuwihqdutp: Uphbunwljwt puwtuljuinipjut nt hwudw-
Jupgsuyhtt nkujwljuth Yhpwempnitp jupnn Enist) jubjugh punwuph wy-
whuh pughpubp, npnup twpuhinid wuhttwp jud swwn nddwp kp hwypwhw-
phl Epwhulnnnipinit, mwpwsph dwsinyp, hnnoquugnpénid b hnnh dws-
ynyp, Juwutbnh dnthpnnphtg, hppthh hwjnbtwpipnud b wy):

Uju wpjuwwnwipnid ukpjuyugynid b junpp ntunigdwi h hwdwljupgsm-
1ht mbujuwuh fhpwnnipmniup jubjugh punupttph hwdwp oquugnpstinyg
hinwqubudwb ndjuutipp: Fugh wyy, tbpuyugynd i tplynt mkuwlh ngjuyg-
ubph wnpniptkp, npnbp Yoqukh (nistint ubjugh punuph jpunhpubpp Zwjwu-
nwinid: Unwghtt mkuwljp nfjujubph htwpunp wnpnipttp By, npnup Yw-
pon kb hujupwugnty punupuytnwpuih gwbpkpm], kpypnpyp pug iy -
ubtp kU, npnup Jupkjh E oqgunugnpst) tkpuyugdws juunhpubpn nusknt hw-
dwpn:

Unwohti thnyny hwdupugpyt] b hwoqupldl] i pug htnwquudwi
njjuiubph Swdwjbubkpp, npnup Yupnn Eu oquugnpdyl|] junpp niunigdwb
huunhpubp ustint hwdwp: Uguw tjupugpdt) Eu wyb wignphpdubpp, npnip
wykh b hwdwywunwupmind B nipus ndjujutpny jubjugh pwunuph
fuunhpubph nsdwip: Zbnwgnunipjut wpyniupukpp wdpnnowljuugus
Eb wnniuwly 1-nud:

Pwuunh punkp - kjugh punwp, hudwlupgsuypll nkupulpul, funpp niunignid,
hEpwhwp gnigun/npnud, wphkunw§ub hflnnkyEln

74



JIMJTAT MOJSH — Ipunosicenus KoMnoiomepnozo 3penus 01sa yMHbIX 20p0-
006 ¢ UCNONBL306AHUEM OAHHBLIX OUCMAHYUOHHO20 30HOUpO6aHusa. — B ycnoBusax
CTPEMUTEIBHO PACTYIIETO YPOBHsS ypOaHHM3allMK MEPEHACEICHHOCTh CTalla OJHOW W3
TJIABHBIX TPOOJIEM IJIi MYHHUIMIIAJIUTETOB, IKOHOMHKH CTPAaHBI W TOCYOapCTBCHHOTO
ynpasieHus. MHorHe mpoOieMbl, CBSI3aHHBIE C YIPABICHWEM OTXOJAaMH, IIAHWPOBA-
HHEM TOPOJICKHX PECypCOB, 3arpsA3HEHHEM BO3/1yXa, 3aTPYKEHHOCTHIO JOPOT U TpPaHC-
MOpPTa, a TaKXKe BOMPOCAMH 3O0POBBS HACENCHHs, OpPOCAOT BBI3OB CYIIECTBYIOLICH
HHPPACTPYKType. YMHBII TOpOJ HaNpaBJIeH Ha YIydlleHHe obOpa3a XW3HU JII0JEeH,
co3zaHue 0oiee yCTOWIMBOM CPEeibl W YIPOIIEHNE YIPABICHUS BCEMH 3TUMH IIPOIIEC-
caMmH¥ JIsi MYHUIIMIIAJIUTETOB U MPABUTENLCTB. [IprMeHeHe METOI0B HCKYCCTBEHHOTO
MHTEJUICKTA U KOMITBIOTEPHOI'O 3PCHUS MOXKET PEIIUTh MPOOIeMbl YMHOTO TOpoja (Ha-
OI0IcHUE, OXBAT TCPPUTOPUH, 3EMIICTIONH30BAHUE U 3EMEJIbHBIN TOKPOB, MOHUTOPUHT
MOBPEXKICHUMN, OOHAPYKCHUE TOXKAPOB H T. JI.), KOTOPbIC ObLTH HEBO3MOXXHBI WIIH HE-
MPOCTHI [T PEHICHUS HECKOJIBKO JICT Ha3a]l.

3/1ech MBI paccCMaTpUBACM TPUIIOKEHUSI 11 KOMIIBIOTEPHOTO 3PCHUS IS YMHBIX
TOPOJIOB C UCIIOJIB30BaHNEM JaHHBIX AMCTAaHIIMOHHOTO 30HAMpoBaHusA. Kpome TOTO, MBI
TPEICTaBIsIeM 2 THIAa UCTOYHHUKOB MAHHBIX U CO3MaHUS HaOOpOB HaHHBIX JAJIS perle-
HUS 32/1a4 YMHOTO ropoJia Uit TopooB ApMeHUH. [1epBhIif THII — 3TO MOTEHINAIBHBIC
WCTOYHUKHN JAHHBIX, KOTOPBIE MOTYT OBITH COOpaHBI OJlarogaps yCHIINSAM MYyHUITUITAIH-
TeTa, BTOPOW THUI — 3TO NAHHBIC M3 OTKPBITHIX HCTOYHHKOB, TOTOBHIE K MCIIOJIB30BA-
HUIO JUTSI HIDKETIPUBEICHHBIX PEIICHUI.

Bo-nepBbiX, HCTOpUYECKUE NAHHBIC ¢ 3 PAa3HBIX CIYTHHKOB HCIIOJIB30BAIUCH IS
pacdera JOCTYIHBIX JAHHBIX M3 OTKPBITBIX UCTOYHUKOB, KOTOPBIC MOXKHO HCIOJB30-
BaTh JUIsl MPUMEHCHHS aNrOPUTMOB TIyOOKOTO 0OydeHus. Jlanee Ais KakJOro THIIA
JAHHBIX M KaXXJOW 3aJla4d YMHOTO ropojia ObUTH Hal/IeHBI M OMKCAaHbI Hanbolee yno0-
HBIE METO/IbI TITyOOKOro 00yueHus. Bee onn ObuM cBeneHbI B TabIMIy 1.

KiroueBble cioBa: yuublii 20poo, KomnviomepHoe 3penue, 21yookoe obyyeHue, OUcman-
YUOHHOE 30HOUPOBAHIUE, UCKYCCIMBEHHbII UHMELIEKM
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