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GEOINFORMATION APPROACH TO THE URBAN GEOGRAPHIC SYSTEM RESEARCH
(CASE STUDIES OF KHARKIV REGION)

C. B. Kocmpixos, JI. M. Hemeys, K. 1O. Cezioa, K. A. Hemeus, 4. Mopap. TEOIH®OPMALIHHWH ITIXIT 10 JOCII-
JUKEHHA YPBAHICTHYHHUX 'EOT'PA®IYHHUX CHCTEM (na npuknadi m. Xapkie ma oonacmi). Cmamms npuceésuena 00-
CKOHANEHHIO § NOOATLULOMY PO3BUMKY KOHYENMYATbHO20 NiOX00Y w000 docuioxcents ypoanicmuunux eeocucmem (YI'C) uepes I'IC-
3acobu. Ypboeeocucmema uznauacmsvcs AK OHMON02IYHA CYMHICMb, WO PYHKYIOHYE | PO3BUBAEMbCS 8 OKPEMOMY 2e02paditHOMY
excmenmi ypbanizoeanoi mepumopii. [looaromucs dea piens ypbozeocucmem: excmepuanvia YI'C, AK cyKynHicms 63a€M038 A3AHUX
OKpeMmux micm, ma inmepHanbHa ypbozeocucmema — MHOJICUHA PALIOHIE okpemo2o Micma. Ompumana nooanrbuiii po3gumox ioes npo
me, wjo ypOaHiCMuuHy 2eocucmemy MOX*CHA 8I0MBOPIOBAMU Yepe3 MPU MOOENbHI CYMHOCMI: HADID OUCKpemHUX (MOUKO8UX) 2eo2pa-
@iunux 06’ckmis, W0 NOOAIOMb CYCHINLHO-2€02PAPIUHI MA eKOHOMIUHI amPUOYMU OKPeMUux HaceneHux NyHKmie abo 6UOKpeMieHUxX
yacmun 00HO20 Micma, CYKYRHICMb JIHIUHUX 00 €Kkmis, wjo eusHauaromos 63acmooii mioc yumu ckradosumu YI'C; ma muoxcuna
00 exmie naowi, ki, enacue, i onucyromo enemenmu YI'C. [loscnioemocs, yomy nodiona gopmanizayis smicmy YI'C nadae wupoxi
Mmodrcnueocmi came 015 3acmocyganns I'IC-3aco6ie 015 modenrosanns, ananizy i gizyanizayii ypboeeocucmem. [Jemanizyiomvcs YuH-
HUKU, WO 00YMOBTIOIMb HEOOXIOHICIb 8NPOBAONHCEHHS 2e0ihopMayilino2o nioxo0y 00 00CTIONHCeHHA yux cucmem. Y euenidi 610k-
cxemu gpopmanizyemuca aneopumm oocuiodxcenns YI'C uepes 3acobu I'IC i3 nooanvuium po3ensioom KOHCHO20 3 11020 KAHY08UX O0KIE.
3oxpema, ocobnuso niokpecroemovcsa 3acmocysanus Jlioap-mexnonoeii sk 0as eenepayii moodeneti YI'C, max i 0na ananizy ixuvoi ou-
Hamiru. Posensioaiomecsa I'IC-inmepgetic ma ¢ynkyionanshicms 6i0nogioHo20 npocpamnozo 3abesneuents. Hasooumscs npuxiad
docniodceHs ekcmepHanbHoi ypooceocucmemu — ¢ inmepgpetici I'lC Mapinfo 6yna enposadoicena moodenb masmuukoeoi miepayii,
nobyoosana uepes ananiz enacmusocmei YI'C. [looaromubcsi memamuuni npukiaou siomeopenist inmepranvhoi YI'C. Pozensdaemovcs
nocnidosnicms it mooeniosanns uepes Jlioap-oani. Ob206oproemvcs nodbyoosana na naam@popmi ArcGIS modens noxanizayii dinsaHox
Micma i3 6USHAYEeHHAM DYHKYIOHATLHO20 6NAUGY YpOO2eocucmemu Ha 0coOru8ocmi po3noodiny 3axnadie coyianrvhoi cipepu. Ha 3asep-
WEeHHsL Y3A2aTbHIOIOMbCA Pe3yibmamu 00CTi0NCeHH: | nepedasu 0aH020 Ni0X00y wjooo yinel MyHIYUNATbHO20 MEHEOHCMEHTNY.

Knrouogi cnosa: ypoozeocucmema, I'IC, zeoingpopmayitinuii nioxio, ypbanicmuyni 00CioNceHHs, aN0pummivHa nociioos-
Hicmb, eKkcmepHalbHa ma iHmepHAIbHA ypooceocucmemu, memMamuyti 00CaiONHCeHHs.

C. B. Kocmpukos, JI. H. Hemeuy, K. FO. Cezuoa, K. A. Hemeu, 4. Mopap. I EOI/IH(DOPMALII/IOHHI;II/? rHojaxoa K
HCCIIE/]OBAHHIO YPBAHUCTHYECKHX TEOI' PA®HYECKHX CHCTEM (na npumepe 2. Xapvkosea u oonacmu). Cmamos
nocsaujena oanvHeliuiell paspabomke KOHYenmyaibHo2o no0xood, Kacaiowezocs ucciedosanus ypoanucmudeckux eeocucmem (YI'C)
€ NOMOWIO 2e0UHPOPMAYUOHHBIX CUCIEM U meXHoNo2ull. Ypbozeocucmema onpeoensemcs KaK HeKas OHMOIOSUYECKas CYUHOCb,
KOMopas yHKYUOHUpyem u pazeusaemcs 8 OmoenbHOM 2eoepaguieckom dkcmenme ypbanusuposannoti meppumopuu. Ilpeocmas-
Jenvl 08a yposHs ypboeeocucmenm: excmepuanvuasn YI'C, kak co8OKYRHOCMb 83AUMOCEAZAHHBIX OMOETbHLIX 20p0008, U UHMEPHATbHAS
— MHO2ICECmB0 patioHos 001020 20pooa. Tlonyuuna danvuetivee pazgumue uoes 0 MOM, Mo YPOAHUCMUYECKYIO 2e0CUCTHEMY MOICHO
60cC030a8amb uepes mpu MOOeIbHble CYWHOCMU: HAOOP OUCKDEMHBIX (MOYeUHblx) 00beKmos, Komopbie npedCmasisiion COYUAIbHO-
2eoepaghuyeckue u IKOHOMUUECKUe ampubymol HACENEHHbIX NYHKIMOE UNU BbIOETEHHbIX PATIOHO8 00HO20 20p00A, COBOKYRHOCHIb NU-
HeLHbIX 00beKNo8, KOMopble ONPedesiiom 83aumooeicmsus mexncdy ykazanuvimu cocmasisiowumu YI'C; u mHodcecmgo 06bexmog
naowaou, Komopwle, COOCMBEHHO, U ONUCHIBAIOM dneMenmbl ypbozeocucmemsl. ObvacHsemcs, nouyemy no00oHas PopMaIU3ayus co-
Oeposcanus YI'C npedocmasnaem wupoxue 603MOHCHOCU UMeHHO O npumenenus I UC-mexnono2uti MoOeruposanus, ananuza u
suzyanusayuu ypoozeocucmem. Hemanuzupyromes ¢paxmopwl, Komopbvie 00ycio8IuU8aom Heodxo0uMocmy 6HeOpeHUs: 2eo0urHpopma-
YUOHHO20 NOOX00A O/ UCCAEO08aHUs Imux cucmem. B sude bnok-cxemvl popmanuzyemes ancopumm uccnedosaruss Y1'C uepesz TUC-
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UHCIMPYMEHNbL ¢ OANbHEUUUM PACCMOMPEHUEM KAXNCO020 U3 €20 KI0Uesblx O10K08. B uacmHocmu, omoenbHo nodyepkusaemcs npu-
Mmenenue Jluoap-mexnonocuu kax onsa eenepayuu mooeneu YI'C, max u ons ananusa ux ounamuxu. Paccmampusaiomcea I ' UC-unmep-
delic u GYHKYUOHATLHOCb COOMBEMCMBYIOWE20 NPOSPAMMHO20 0becneyenus. [Ipueooumca npumep uccie008aHus IKCMePHATLHON
VI'C — 6 unmepgpetice 'UC Mapinfo 6vina nocmpoena mooenb MAAMHUKOBOU MUSPAYUL, C2EHEPUPOBAHHASA NOCPEOCTNEOM AHAIU3A
ceoticme YI'C. IIpedcmasnenvt memamuyeckue npumepsl mooenuposanus unmepranvroi YI'C. Paccmampusaemcs nociedosameins-
HOCMb ee MOOenuposanus Ha ocHose Jluoap-oannvix. 3amem obcyscoaemces nocmpoennas Ha I UC-nramgpopme ArcGIS modensw no-
KAIU3ayuu yuacmkoe 20pood ¢ onpedeneHuem PYHKYUOHATbHO20 6IUsHUS YPOo2eocucmemsl Ha pacnpedeietue 00beKmos CoyuaibHo
cghepul. B 3asepuienue 0606waomes pe3yibmamol UCCIe008aHUA U NPEUMYWECEa OaHH020 NOOX00d NPUMEHUMENbHO K YelsiM My-

HUYUNATLHO20 MEHEOHCMEHMA.

Knrwoueswvie cnosa: ypoozeocucmema, I'YUC, 2eoungopmayuonnsiii nooxoo, ypbanucmuueckue uccie008anus, aieopummuye-
CKasl nOCNed08amenbHOCMb, IKCMEPHANbHASL U UHMEPHANbHAS YPO02e0CUCmeMbl, meMamuiecKue uccile008aHus.

Research problem introduction. It is a com-
mon fact that the global world has been transforming
to the information society for several recent decades.
We may also accept a Geographic Information Sys-
tem — GIS as one of the core tools of this transfor-
mation. Just this period of time has also been featured
by the continuing urbanization process that still takes
place in many first of all — in developing countries.
According to the estimation of the United Nations ex-
perts (http://esa.un.org/), if the whole world popula-
tion grows up to 32% till 2050, then the urban popu-
lation in the world — up to 70%, and thus, up to 68%
of world population will reside in the cities. It means
that we may face the largest urban growth wave
throughout the whole mankind history, which also
concurs with the drastically rapid development of the
information technologies, computer sciences, geoin-
formatics, and GIS.

For several recent decades it has been recognized
by many researches that with the world population
and urban growth more and more cities are operating
and developing as more and more complicated urban
systems [7, 14, 15, 19, 45]. This complexity is also a
key feature of the contemporary urbanization process
that circumstance requires to be evaluated by taking
into account not only spatial, but purely geographic
issues as well. Both the mentioned rapid urbanization
growth, and its attendant alterations in both old, and
new cities do not allow us to accept any other alterna-
tive to consideration a city as an urban geographic
system entity — an urbogeosystem (UGS), which op-
erates within a certain extent of the geographic space
[49-51]. Thus, a geographer-urbanist needs both a re-
liable research approach, and advanced innovative
technological tools developed to identify the nature
and spatial peculiarities of the urbanization process in
a given area. This methodology and its applied deriv-
ative solutions meet the necessity for more efficient
urban mapping, city understanding, and municipal
management. All three mentioned domains may be
combined in one innovative development — 3D City
Cadaster, intended to resolve those complex property
and infrastructural situations, in which a traditional
2D digital cadaster is rather limited [5]. The relevant
illustration from a paper, we have just referred to, has
been used by the authors as the background for

outlining the reasons of the urbogeosystem concept
introduction (Fig. 1).

For the time being, a GIS is used every day by
everyone in the developed world for various, both
routine, and complicated operations with different
spatial data formats: digital elevation models;
scanned images and their processing applications;
vector map data — roads, rivers, contours; raster map
data — aerial photos, satellite images; 3D objects —
buildings, geobodies; engineering data — surface and
subsurface, etc.; LiDAR and orthophoto point clouds
[24, 33]. The new virtual GIS-worlds and spatial im-
ages elaboration with all these data extend our own
real world and allow us to think about our only world
in many remarkable ways. In this context, GIS is
simply one part of a larger tradition of digital data
handling and spatial representation at all levels —
global, national, and local one [16, 34]. There has
been rapid growth of GIS software using for urban
management in recent decades accompanied by im-
provements and expansions of the city simulation ca-
pabilities together with the methods / rules / interfaces
developed for various modeling-visualizing packages
[11, 18, 22, 31, 43].

Apart from some other reasons, the mentioned
fact was based mainly on the following circumstance.
It was the ability of the advanced GIS applications to
solve the partial differential equations of the unsteady
urban area expansion and relevant population move-
ment by numerical techniques and describe properly
different spatial regularities of urbanization types
based on the models developed. The relevant meth-
odological approach had been created even earlier,
than either the introduction of GIS technique took
place, or a GIS was involved in urban studies [7,8,12,
19,41,42,46]. Only somewhat later, on the one hand,
a GIS became a routine tool for municipal planning
and urban studies for about 25 years before [15], and
it is a sustainable part of both ambitious developing
programs [6], as well as it is a subject of the university
agenda for the time being [10]. On the other hand,
there still may be lack of fundamental research with
only few exceptions, which would combine the strong
spatial aspect of the urban system analysis with the
GIS application advantages, while, for example, a
general trend of the system approach, in the research
of both urban, and environmental systems was con-
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clusively outlined in the subject literature [3,33,
36,41].

The main research goal of this paper is to pro-
vide the urban geosystem research concept based on)
of GIS and remote sensing data processing software
involvement and to give some details about this con-
cept applied implementation. Few regional examples
(case studies) of its practical application are also pro-
vided. We accept this concept as the core part of the
broader Human Geography methodology of using
GIS, once represented by two authors [27]. Our paper
recognizes the conceptual research approach relevant
to the GIS-tools of urban data geoprocessing, model-
ing and visualizing on the basis of either open, or mu-
nicipal attributive urban data, as well as based on the
data extracted by LiDAR-technology remote sensing.
It is obvious that an emphasized spatial aspect of the
urban research implies the GIS procedures, tools, and
operations involvement, what we attempt to examine
briefly in the text below.

The geoinformation concept of the urban ge-
ographic system research. The external and inter-
nal urbogeosystems. Mostly the urban studies com-
pleted in the fifties—early seventies of the past century
defined an urban system as a straightforward set of
separate units (different cities or, in rare case studies
- different areas in a single city). Some scant atten-
tion, if any, was directed to connections among cities.
There were two seminal publications in the second
half of the seventies, which introduced the nodal
structure of the system of cities, which gave us the
chance to determine interconnections and relation-
ships among its structural nodes, thus revealing the
pure systematic features [7, 19]. Urban system mod-
eling techniques and initial elements of urban system
analysis were represented a few years later. The au-
thors announced, that they simply summarized these
issues for practical applications and methods, which
had existed since the fifties [3, 23]. Nonetheless, all
four referred to publications demonstrated only a few
research examples, which could be defined as phe-
nomena of pure emergent properties of an urban sys-
tem, while this system does not only refer to the set
of cities in a certain area, but also demonstrates some
unique relationships among them.

This certain drawback can be explained by the
circumstances that in the wide-spread acceptance of
the “urban system” definition many key spatial as-
pects have been simply lost. As an attempt to remedi-
ate the disadvantage mentioned by one of the authors,
the category of an urban geographic system was once
suggested [49]. This catergory has been already men-
tioned in our text above. The UGS is an urban system,
located within a definite extent of the geographic
space; it is an unsustainable social-environmental
system which is also a united entity of various archi-
tectural features and dramatically changed natural

ecosystems. The direct reference to the certain spatial
extent of the geographical space is the key issue in the
UGS definition. This not only allows providing all
necessary prerequisites for GIS involvement in urban
studies, but also securing detailed consideration of
most linkages and relationships within a given area,
and finally — reveals pure emergent properties of an
urbogeosystem.

The nodal structure of the system of cities [7, 14]
implies understanding of each single system compo-
nent as a point object, while relationships among all
city pairs within a given system entity — as a linear
object. It is easy to accept that, a certain set of cities
located within a definite region, simply is within a
chosen areal object. In this way, taking into account
the relevant thoughts reported earlier [7, 8, 14, 15,19,
20], it is possible not only to introduce the GIS tech-
niques in urban studies, but also to outline some ini-
tial UGS hierarchy, making the assumption that point,
lines and areas are fundamental spatial constituents of
an urban geographic system. What is more, the given
methodological assumption looks like a unigque
method, that allows us to introduce the so- called ge-
ographical scalability, while we consider a certain in-
stance, a city, as a point feature upon some small
scale, and that very city upon another, larger, scale —
as a feature related to some area. If we apply the
scalability to the linear features, representing various
interconnections among the constituents of some cit-
ies set, we may obtain these linear features of differ-
ent ranks, which would mirror the power of each par-
ticular connection between each pair of the chosen
cities.

Thus, in the case of GIS-modeling one can easily
see the correspondence just mentioned above of these
UGS spatial constituents to the so- called basic
graphic primitives as GIS features, which are also
points, lines, and areas. This already explained key
research component of any system study, the method
of scalability, can easily be implemented exactly with
the GIS-tools. For instance, in some regional case, by
zooming in upon a set of cities study, we pass sooner
or later that already mentioned threshold, after which
“a city as a point” becomes ““a city as an area”. Thus,
firstly, a set of N cities presents the matrix of N*N,
while the latter defines a number of linear features,
which mirror spatial linkages in an external urboge-
osystem in terms of human, industrial, commercial,
and information traffic. Secondly, not the same, but
similar matrix represents N city districts with all pairs
of connections among them within an internal urbo-
geosystem, which upon straightforward consideration
is simply a set of city districts.

Algorithmic sequence of the urbogeosystem
study with a GIS. Based on the foregoing and taking
into account once presented ‘“components and process
of GIS for urban system analysis” [15, p. 214], we
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algorithmic sequence of this research provision with

GIS (Fig. 2).

introduce one of the core issues of the geoinformation
approach to the urban geographic system studies — the
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This algorithmic flowchart starts with the first
data algorithmic block — a block of gathering urban
LiDAR (Light Direction and Ranging) data. This
flowchart block has been already introduced in details
as a set of terrain / vegetation / buildings acquisition
techniques in one of our previous papers [50]. What
is more, since then one of the authors leads the R&D
program at the EOS Company (https://ecs.com),
which elaborates the LiDAR data processing web-
based software intended for urban studies — the ELIT
—EOS LiDAR Tool server-client application [28, 29].

The remote sensing information obtained from
LiDAR-tools has gradually become to be preferred to
traditional photogrammetric tools for the last few dec-
ades in many subject areas of interest related to the
feature extraction, because of its better operability,
productivity, accuracy, and higher resolution [40].

Moreover, these tools have been already applied for
urban studies since the beginning of this century [44].

Almost all LIDAR devices are either Airborne
types (ALS, aircraft based), or Terrestrial (vehicle
based) ones. The latter are also called Mobile Laser
Scanning (MLS) devices. The LIDAR unit uses the
GPS-high precision and an Inertial Measurement Unit
(IMU) to define the placement and measure the atti-
tude of the aircraft in order to determine the ground
location of the return pulse. The LIDAR sensor gen-
erates a series of point measurements (LiDAR Point
Cloud sets) that consists of plain coordinates (X & Y)
and the elevation (Z) of both natural and man-made
features in the environment. Since we emphasize that
AL LiDAR data may be sooner the dominant ones for
urban studies, we depict some summarizing content
of the LIDAR ALS survey as the following scheme

(Fig. 3).

Hardware components

- GPS to measure the
position of the vehicle

- INS to measure, heading,
pitch, roll

- Collecting vehicle .Z y
- Laser scanning system GPS £ __ X
LN g
L 1 1 1 ===
e _71,,-_.)(—
e ;
= S
Laser ! Y
Scanner Z NS

roll

heading pitch

Fig. 3. Airborne LiDAR techniques and operations
(this illustration content originally combined by the authors of this paper)

In our papers previously issued in this subject do-
main we emphasized that LiDAR remote sensing can
broadly be defined as the technique set used to obtain
the information about the topographic surface, vegeta-
tion, and various features of the human infrastructure
at certain distance from them (buildings, bridges,

roads, power lines, etc.) for further processing [28, 29,
50]. This information is usually the result of the low
range airborne LIiDAR data processing, which has the
second return attribute defined. It measures reflected
light from distant features to determine the range, and
consequently from this information, to determine a
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feature position. Ordinary data resolution of our pro-
cessing technique is between 5 and 90 LiDAR points
per square meter. One of the principal LiDAR data and
its further processing contribution is to increase our
knowledge of the land surface, vegetation, about those
mentioned human infrastructural features and, hence,
to improve their use.

While normally photogrammetric technigues
rely on remote sensing images, mainly — on the aerial
ones, LiDAR sensors provide the fundamentals for
further generation of 3D building models from point
clouds all over various urban areas.

Certainly, any operations within the flowchart
first data block are omitted, there is plenty of availa-
ble attribute data, or the possibility of LIDAR data in-
volvement is absent.

Automated feature extraction (AFE) has been
the main topics of discussion in papers and in forums
during the last one and a half decade. It means, first
of all, extraction of city buildings and other infra-
structural urban features [2, 9, 30, 32, 37, 38 39, 47].
Now, AFE is still a vitally crucial part of what is done
and what people are trying to do better. How have we
further progressed with AFE recently? We hope that
our paper text will contribute, to a certain extent, to a
possible answer to this question.

Derivative data of building extraction together
with complicated classified information for the area
of interest, gained from these point clouds too, may
strongly enhance the second data algorithmic block —
a block of attributed data for a given city (see Fig.2).
Attribute data, representing different characteristics
of this city, may be either commercial ones, or those
that are in the open access. Attribute properties are
prescribed to various types of GIS features according
to standardized procedures [25]. Main attribute char-
acteristics for each city (a case of the external UGS),
or for each district (a case of the internal UGS) depict
its basic properties, e.g., an urban area size, social ge-
ographic properties, including industries, services,
transportation, and other features of municipal econ-
omies. While we are enhancing city attributes by de-
rivative information obtained on the basis of the Li-
DAR data processing, we enter the first summarizing
node into this flowchart, which indicates the initial
key point of geoprocessing. With the ELiT web-based
software functionality we can prescribe, edit, and vis-
ualize a set of various attributes with the ELIT Viewer
for any urban object modeled from a LiDAR point
cloud and provide processing of attributes for a whole
layer of these objects [29] (Fig. 4):

Fig. 4. Visualization of the modeled urban feature attributes
by the ELIT Viewer of the ELIT web-based software

An algorithmic block of the branching Applying
the geographic scalability directs the flowchart route
either to study of the external urbogeosystem, or the
internal one. The key issue of this choice is the

availability of two alternatives — we may examine a
region with point-cities, or look through a continuing
urban area of city districts. Thus, we mainly operate
with point GIS-features in the first case, and with
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areal features in the second one. This flowchart sec-
ond summarizing node is the intermediate key point
of geoprocessing, that redirects processing flow either
towards modeling an external UGS, or to modeling an
internal one.

The core block of flowchart is a subject area
model block — A Human Geography model chosen for
urban studies. A right choice of a proper subject area
model prevents us from any probable failure upon the
finalizing an ultimate GIS-model of an urbogeosys-
tem. Choosing one among the series of Human Geog-
raphy models, we need to address the model which
provides the most effective and accurate estimate of
the existing spatial patterns and regularities according
to the content of data entering blocks in our flowchart.
In general, a provider of this flowchart can select a
required model from both a number of classic urban
models (Burgess — 1924, Hoyt — 1939, Ullman and
Harris — 1945, etc.), and from some updated ones,
such as “land value / bid rent model”, “model of mul-
tiple-nuclei urban structure”, “urban realms model”
[1, 4, 13]. Applying the scalability together with a se-
lected subject area model allows us to obtain an initial
set of linear linkages among these urban system units.
Before the final completion of an UGS GIS-model
these linear GIS-features have to be exposed to final
geoprocessing at the third summarizing node of a
flowchart. The final flowchart block of visualization
— Emergent properties... - in the optimal case has to
expose the core structural properties of an urban geo-
graphic system by visualizing it either in a map win-
dow, or in a graphic window, as well as in a browser
window of a graphic user interface.

A case study of the external urbogeosystem. In
two following paper sections we take a few examples
of both external and internal urban geographic sys-
tems of Kharkiv region, Eastern Ukraine, to demon-
strate in what way the geoinformation approach to
UGS research can be provided in a practical perspec-
tive. Two from these authors have already published
some unique results due to the regional commuting
modeling by GIS Maplnfo Professional [26].

By developing further Renkow-Hoover’s model
of commuting [35] and representing corresponding
mathematical techniques, we introduced the spatial
econometric analysis for commuting study directed to
a regional workforce market. It has been proved that
both labor migration and commuting are two domi-
nant issues for studying any workforce market, either
at the national level, or at its regional one. What is
more, in our attempts to understand a regional migra-
tion level, we should select just commuting as its
dominant trend. The elaborated model has assisted to
estimate a rough number of regular daily-weekly
commuters to the central one and other cities in the
region in 2012-2014.

Built within the research referred to framework
a detailed geodatabase (GDB) of the social geo-
graphic properties of the region significantly assisted
in determination by the flowchart above (refer to Fig.
2) of the external UGS spatial distribution / interac-
tion pattern completed by main individual cities of
this area. With three summarizing nodes of the
flowchart, which finally built the interactive structure
of GIS-linear features, key cities of the regional nodal
network, accepted as an external UGS core, have
been defined by analyzing all initial linkages and de-
rivative interdependencies among all city pairs in the
region.

Strong spatial correlation has been defined be-
tween a city nodal rank, which it possesses in the ex-
ternal UGS and the value of commuting density (a
number of commuters per sg. km) introduced by us in
the previous publication referred to [26]. Afterwards
a number of interactions for each county center with
all its neighboring settlements was calculated, valued,
and ranked.

The MapBasic programming language module
has been developed for this purpose, and results of its
application are visualized in the next illustration (Fig.
5). Five classes of nodal cities have been defined in
the GDB on the basis of commuting density value
spatially modeled for their neighboring areas. Ran-
domly selected, spatially referenced point values of
commuting density bounded to a settlement (a city or
a village), which was completed at A GIS-model of an
urbogeosystem block of the flowchart (refer to Fig.
2), have been finalized with the following results of a
spatial GIS-classification (refer to Fig. 5):

e Taking into account the contemporary eco-
nomic situation in Ukraine (the drastically forced la-
bor migration from rural to urban areas), the highest
values of commuting density (the first class) were
prescribed by default to all urban areas of county cen-
ters in the region (red square symbols both in the map,
and in the classifying legend — refer to Fig. 5);

e The first class (300 — 492 commuters per sq.
km) — there are 4 spatially referenced point values of
commuting density in city neighboring areas belong-
ing to this class;

e The second class (18-300 commuters) — 23
point values;

e The third class (2-18 commuters) — 8 point
values;

e The fourth class (1-2 commuters) — 22 point
values;

e The fifth class (0-1 commuters) — 62 point
values.

The key assumption is that commuting density
around a certain urban area should reflect a nodal
weight of a corresponding city. Such an assumption
may be made proceeding from common references
about some connection existing between the degree
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of commuting activity in a certain area and a number
of interactions of a given city, which is the aim of
commuters [20, 21]. For proving the reliability of city
nodal weighting definition through commuting val-
ues we attempted to define spatial correlation ratios
between point values belonging to each class, on the
one hand, and a number of significant interactions for
each city from this class. The interaction significance
was determined at Linear GIS features block of the
flowchart according to modeling technique of the ur-
ban geosystem of two levels GIS-model published ear-
lier (Koctpikos, 2016). The first class possesses the
aggregated correlation ratio value of 0.645; the sec-
ond class — 0.747, the third class — 0.710, the fourth
class —0.797, and the fifth — 0.891. All classes of spa-
tial ratios have been defined as statistically signifi-
cant, if we apply to the variety of their separate point
values bounded to a certain cities Student’s t-criterion
of the correlation ratio significance.

Those administrative counties that demonstrated
the lack of aggregated data according to these two cri-
teria — commuting values and a number of significant
interactions —are depicted as blank spaces on the map
(See Fig. 5). Some cities were included in modeling
based on the territory directly adjacent to a city, not a
whole country area (a case of Kupiansk, lzium,
Lozova, Pervomaisk, and Liubotyn). Chuguiv has
been excluded from calculations, because the adja-
cent territory, where commuting density can be relia-
bly estimated, is extremely small. One county (Blyz-
niuky as a county center) showed an unreliable corre-
lation ratio between the two basic parameters, and it
was excluded from modeling (bordered by a red line
in the map — Fig. 5).

Proceeding from two interactive factors outlined
above, we have provided the following spatial classi-
fication of nodal cities and their neighboring territo-
ries, which nodal rank is diminished from the first
class to the fifth one. The “nodal cities + adjacent ar-
eas” classes of the external UGS possess the follow-
ing cities of Kharkiv region:

o Thefirst class: Kharkiv-City; Izium, and Ku-
piansk;

e The second class: Liubotyn, Lozova;

e The third class: Derhachi, Zmiiv;

o The fourth class: Valky, Krasnograd, Pervo-
maisk, Balakliya;

e The fifth class: Krasnokutsk, Vovchansk,
Nova Vodolaga, Borova, and Dvurichna.

Both nodal cities ranging and their spatial distri-
bution over Kharkiv region generally correspond to
known social economic regularities in the area, but
nonetheless it also demonstrates some deviations,
which should be a subject of further research.

Case studies of the internal urbogeosystem of
Kharkiv-City. Two other applied examples

introduced in this paper are related to the internal
UGS of Kharkiv-City.

In the first example of the internal UGS study the
LiDAR data obtained from both an aircraft (airborne
LiDAR — ALS data), and from a mobile surface vehi-
cle (MLS data) have been processed by our original
software, developed by one of the leading authors and
presented in our earlier paper [50]. Processed results
were employed for estimation of architectural dynam-
ics of Kharkiv-City and for enhancement of the avail-
able attribute data for the city according to the first
two blocks of the flowchart of the urbogeosystem
study (refer to Fig. 2).

Not the ELIT web-based software, but our desktop
LiDAR data processing application, developed few
years earlier, has been employed. The Surface Detec-
tor tool of this software is designed to deal with the low
range airborne LiDAR data that has the second return
attribute defined. Normal data resolution of the devel-
oped technology is between 5 and 80 LiDAR points per
square meter, which means some advantage in com-
parison with most of the similar techniques existed [37,
39, 40]. The Building Extractor tool is designed to op-
erate with both the low range ALS and the MLS data.
The approach aims to produce the output building
models with resolution of 35 cm approximately. This
supposes that the input MLS data should have the res-
olution of 400 points per square meter or more. The
approach also intends to build the colorized planes (im-
ages) based on RGB attribute of MLS data to be draped
on a building model. This assumes that the input MLS
data should have the RGB attribute assigned to each
data point. Testing MLS-survey provided within an
area-of-interest (AQI) - a selected key parcel of Khar-
kiv-City proves the reliability of its results (Fig. 6).

Procedures of the LiDAR point cloud AFE and
classification have been provided further on the base
of testing surveys described above. In the following
example for a test site, which belongs to Kharkiv ur-
ban area, the LiDAR data processing desktop soft-
ware assigns point objects to one certain class from
four nominated (i.e. ground, vegetation, buildings,
other human infrastructure) (Fig. 7).

Successful spatial classification secures further
applying of thematic GIS-mapping and allows us to
provide prompt visual data analysis “on fly”. Then
any particular class of defined points can be put into
a separate mapping layer for further processing. As a
final output, a number of pseudo-vector files (of .3D
Obj format) are produced, where each file represents
one separate building extracted while processing
from LiDAR. These files reference to separate image
files. The latter contains textures to be draped on the
3D models. All this completes a combined 3D picture
of a certain urban area, which can be almost of any
size according to city borders upon applying the geo-
graphic scalability procedure (refer to Fig. 2).
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Fig. 7. Results of LIDAR data automated classification for a test site

With respect to the case study examined, the
high-resolution LiDAR data generated from the point
clouds have been proved to be the most efficient in-
formation for automated extraction of buildings in
densely built-up parts of Kharkiv urban territory in
comparison with any other remote sensing data.

Any significant changes in the spatial structure
of the internal UGS mean changes in social economic
attributes of a city. The latter understandably can be

traced by monitoring city architectural modifications.
All aforementioned in this paper section explains,
why architectural alterations in the optimal way
should be monitored by application of LiDAR tools
thus enhancing the quality of whole city attribu-
te data.

The second example concerning the internal
UGS study, introduces this urbogeosystem function
research with GIS-tools through a megalopolis
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urbanized area. In this case, the arrangements of ca-
tering services over the urban area of Kharkiv have
been examined as a urbogeosystem function [48]. The
municipal social sphere, which includes these ser-
vices, has been described as a key city attribute

according to the second data block of the flowchart.
Geoprocessing, analysis, and visualization of the ca-
tering services spatial distribution has been com-
pleted within an advanced GIS-interface of the
ArcGIS 10.2 platform (Fig. 8).

Population density
people per sq. km

l10000

5000
. 200
KuiecbKull - a city district title (in Ukrainian)
~———  urban area borders
——  bordersof city districts ® cafeteria @ snackbars
pedestrian accessibility of
O public trasport stops @® cafe ® restaurants

Fig. 8. Mapping overlay of spatial distributions of population density (raster layer), catering services
(vector features), and buffer zones of pedestrian availability along main routes of public transport network:
a case study of Kharkiv-City [48, p. 97]

Spatial distribution of the urban population den-
sity and population income, as well as spatial charac-
teristic features of the city public transport network
have proved to be three key factors of the catering
services allocation (only statistically estimated the

most visited ones have been selected for visuali-
zation).

At the first sight, it is reasonable for municipal
authorities to place catering services in the place
where townsmen change public transport for walking

-118 -



BicHuk Xapkiecbko20 HauioHanbH020 yHieepcumemy imeHi B.H. KapasiHa

(and opposite) upon their daily routes. Such alloca-
tion upon the factor of mandatory pedestrian availa-
bility (5-7 minutes of walking and 400-500 m of dis-
tance) provides complete covering of all customers
independently of city district borders. To check this
rule of catering services allocation we have built 400
m buffer zones by the Zone burring methods around
each public transport stop and merge all zones into
one mapping layer all over the city with assistance of
ArcGIS tools [17].

We overlaid both factor layers, and a resulted
layer of spatial correlation to reveal the internal UGS
emergent properties caused by its functionality. The
final overlaid picture of spatially correlated three fac-
tor layers (population density, pedestrian accessibility
of public transport stops, and intracity borders of dis-
tricts) and one resulted layer (catering services allo-
cation) is shown above (refer to Fig. 8). Topological
and geometric regularities of defined spatial zones of
catering services distribution indicate definite impact
of the urban geosystem functionality on this distribu-
tion. This impact consists in such topological entity
generation though a whole urban area as a “six petal
flower” of these services spatial distribution. Had ca-
tering services been allocated only on the base of mu-
nicipal socio-economic rules mentioned above, any
topological definite entity would have hardly been de-
fined over a whole urban area. It means that spatial
structure of city districts as components of an internal
urbogeosystem does impact social infrastructure allo-
cation throughout an urban area.

Results and conclusion. The authors of this pa-
per have further developed the concept of the geoin-
formation approach to the study of two-level urban
geographic systems. The authors have attempted to
prove that an urban geographic system itself is not
merely a straightforward aggregate of either cities
upon the external case study, or city districts in the
internal one. The whole methodological approach can
be considered as some general outlining in what way
to use a geoinformation software for the analysis of
an urban geographical system. Analytical capabilities
of the geoinformation software, both desktop and

web-based one, for an UGS, have been listed and
briefly discussed with the emphasis on the LiDAR
data processing operational procedures. The proposed
urbogeosystem concept may appear highly essential
for both visual research, and a set of different analysis
applied for urban areas, including, for instance, city
planning, urban viewshed analysis, municipal proper-
ties inventory, allocation of transportation network
and other infrastructure, facility management, etc.

Within this research provided we have com-
pleted the following issues:

e Brief summary of the GIS and LiDAR data
processing software contemporary performance in ur-
ban studies focused on some specific issues of this
technique application;

¢ Introduced GIS-approach to urban studies
has been further developed and additionally proved to
be a significant constituent of the Human Geography
methodology;

o The definition of an urban geographic system
has been specified and theoretically grounded more in
details in comparison with its earlier introduction;

e Basics of GIS-primitive features use in urban
studies have been extended further;

e Template algorithmic sequence for the UGS
research with GIS has been proposed, accurately ex-
plained and proved;

e Two levels of an urbogeosystem (external
and internal ones) outlined earlier have been featured
with applied examples;

e Arregional case study of the external UGS of
Kharkiv region has been provided with GIS MaplInfo
tools;

e Two urban case studies of the internal urbo-
geosystem of Kharkiv-City have been introduced —
one with the original software of LiDAR data pro-
cessing for enhancement of the city attribute data, and
the other — with ArcGIS spatial analysis tools for es-
timation of the urbogeosystem functionality impact
on spatial distribution of some socio-infrastructural
objects and services.
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GEOINFORMATION APPROACH TO THE URBAN GEOGRAPHIC SYSTEM RESEARCH
(CASE STUDIES OF KHARKIV REGION)

Research problem introduction. The main research goal of this paper is to provide the urban geosystem
research concept with both the theoretical basics presentation of GIS involvement in urban studies, and with
examples of its practical applications.

An urbogeosystem (UGS) has been presented not as a simple aggregate of cities, but as the emergent
entity that produced complicated interconnections and interdependencies among its constituents. By the urbo-
geosystem concept the authors attempt to introduce a reliable research approach that has been deliberately
developed to identify the nature and spatial peculiarities of the urbanization process in a given area. The exi-
gency of this concept elaboration is listed by the number of needs and illustrated with ordinary 2D digital city
cadaster limitations. The methodological background has been proposed, and its derivative applied solutions
meet the number of necessities for more efficient urban mapping, city understanding, and municipal mana-
gement.

The geoinformation concept of the urban geographic system research. External and internal ur-
bogeosystems. The authors explain why an UGS can be formalized as three major components: an aggregate
of point features, a set of lines, an aggregate of areal features. The external UGS represents a set of cities, the
internal one — a set of delineated areas within one urban territory.

Algorithmic sequence of the urbogeosystem study with a GIS. The authors introduce algorithmic
sequence of research provision with GIS, in which the LiDAR data processing block has been examined in the
details with the procedure of the automated feature extraction explanation. Relevant software user interface
sample of the visualization of the urban modeled feature attributes is provided.

A case study of the external urbogeosystem. The regional case study of the external urbogeosystem
modeling is introduced with GIS Maplnfo Professional. The authors present the spatial econometric analysis
for commuting study directed to a regional workforce market. The results of the external UGS research mainly
correspond to some published social economic regularities in the area, but nonetheless it also demonstrates
significant deviations that may be explained by this system’s emergent properties.

Case studies of the internal urbogeosystem of Kharkiv-City. Two case studies of the internal urbo-
geosystem of Kharkiv City have been demonstrated, too. In the first one, automated feature extraction provided
by the authors’ original software from LiDAR data has been applied for modeling this UGS content throughout
a densely built-up urban parcel. In another case the GIS-analysis of the urbogeosystem functional impact on
the catering services spatial distribution has been provided with the ArcGIS software.
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Results and conclusion. Summarizing all primary and derivative data processed with this technique as
well as generalizing key ideas discussed in the text, the authors underline this whole methodological approach
as such that can be considered as a general outlining showing how to use geoinformation software for the
analysis of urban areas. Concluding their research, the authors emphasize that the urbogeosystem concept may
be quite useful for visualization and different analysis applied for urban areas, including city planning, facility
and other municipal management methods. The short list of the obtained results has been provided at the end
of the text.

Keywords: urbogeosystem, GIS, geoinformation approach, urban studies, algorithmic sequence, Li-
DAR, external and internal urban geosystems, case studies.
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