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The purpose of the study. The problem of applying terrain laser scanning method (TLS) is current, when it is
used to determine real estate and construction physical deterioration of industrial areas and cultura heritage objects.
The quality of laser scanning gives the possibility to develop intensively application of TLS for determining building
deformation and engineering structures and physical deterioration of their structural components, inside and outside
the object. Today the necessity to apply new modern methods has appeared in order to make an objective valuation
and thus, to set its market value. M ethodology. The methodology is based on the necessity of applying the terrain
laser scanning method for determining real estate physical deterioration. While assessing valuating the real estate the
main criteria is its physical deterioration for determining building and structure value which is considered as its
validity loss and as aresult its value loss for any reason [Kharryson H., 1994; Ekkert K., 1997]. The main factors that
effect the accuracy and quality of laser scanning are considered to be the accuracy of the device (calibration);
scanning conditions (weather conditions); scanning object properties (reflectivity); scanning geometry; previous
processing of scanned materia (Schultz R., 2010). The results. The importance of terrain laser scanning for
calculation of building and structure physical deterioration has been learnt during application. The result has been the
basis for the development of a new methodology of real estate valuation. Today the value of building component
physical deterioration is determined by visual observation with the help of the simplest devices (plumb, linear,
hammer, etc.). The value of physical depreciation of separate structures, and their technical egquipment or their partsis
determined by comparing of the existing features of physical deterioration with those which have been found during
the observation [Kirichek Yu., 2016]. TLS application gives the possibility to set accurately structural parts of the
damaged real estate. Scientific innovation. The research has been done based on the possibility of using digital laser
scanning for determining the real estate physical deterioration. The necessity of using terrain scanning method in
order to improve the methodology of real estate's valuation and determination its physical depreciation has been
stated in the article. This method gives the possibility to avoid appraiser’s subjectivity while calculating, and in
accordance with “legal weak-points’ of the got results of real estate market value. It has been defined that regulatory
methodol ogical documents of real estate physical deterioration are out of date and do not coincide with the real estate
market requirements. That is why they need to be improved. Its practical significance. Using TLS for real estate
valuation is of a great economic efficiency. It reduces the cost for determining the geometric object characteristics
tenfold compared to traditional geodetic methods. Appraisers are recommended in their work to use pulse and phase
laser scanners for determining rea estate physical deterioration. Terrain laser scanning gives the possibility to get
detailed structure of theredl estate.

Key words: physical deterioration, terrain laser scanning, valuation, real estate market value, buildings and
constructions.

Introduction rioration value. Valuating deterioration does not

There is a fundamental difference between the correspond to the age of the red estate, and

meaning of depreciation as market value reduction
and its meaning as an accountant of its reduction
based on standard of depreciation rate. Thus,
valuating deterioration always reflects the market
reaction to the object’'s aging and accountant
reduction is a standard value of reverse dete-

accounting reduction is always correlative with it.
The simplest concept of deterioration,
especially with short existing separate components
has a linear approach. The subject of this concept is
that permanent annual percentage (whichis equal to
adopted annual deterioration) is used for reducing
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the cost in such way that its functional termis equal
to 100 % of the initial object value. This linear
approach is simple and easy, but it does not fully
reflect the reality of the most cases. The time factor
is not the only factor effecting the deterioration.
Thus, it prevents determination of the exploitation
value. Time period has less impact on additional
object destruction itsdf if real estate physical and
functional conditions are quite good.

As the object’s age is a critical factor thus, the
best approach to value real estate physical
deterioration is to combine object state and age. For
example, heating, ventilation and air conditioning
under the pressure of hard usage in the condition of
hot or humid climate can deteriorated quickly thus
reducing its functional time. At the same time
components of construction such as pit, foundation
and cement exterior walls can be deteriorated quite
slowly. These durable components of construction
are often the main parts of the total real estate
value. When they are preserved it means that they
will extend their functional time Physical
deterioration can not be regarded as the direct
deduction out of the recreated value. The periodical
maintenance and object repairing may make slower
or even completely delay the deterioration. Another
approach to determination such has been called mid
functional term theory. This approach takes into
account that most of the buildings have been partly
ruined during the first few years. When it is
obvious that the buildings are no longer new,
despite on the fact that they are kept in good
condition, the cost service is increasing, rent
payment is lowering and buildings are destroyed
more quickly. They will be at the so-caled mid
functional term period in a few years during which,
if the buildings are in stable condition and are
served properly the deterioration remains
unchanged. The theory of mid functional term does
not take into account the fact that the average
building expenditures are arising for saving their
exterior. But ages of building components may be
out of date at any period of their functional term.

These concepts are the basis for the third theory
which is called the concept of extended functional
time. The starting point of the concept is the
hypothesis that buildings are aging nearly in the
same way as a man and the older heis the moreis
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expected of their functional term. This concept
considers that the building isin its best condition up
to the mid functiona term and the rapid
deterioration of building characteristics begins
further. But defects of the building can reduce the
effective object age and extend its remaining
functional term. This renewal process that is
repeated periodically prevents rapid aging
determined by aging scale. It diminishes the rate of
deterioration because building components are
renewed. This nonlinear approach explains the
large current value and lower deterioration rate at
the beginning of functional term in comparison
with the further period when real estate exploitation
can acceerate deterioration. [Perovych L., Hu-
bar Yu., 2016; Kirichek Yu., 2016; Kharryson H.,
1994; Ekkert K., 1997].

The purpose

With the development of modern methods of
terrain laser scanning (TLS) of red estate,
industrial areas and cultural heritage objects the
problem of applying these methods to determine the
building and construction physical deterioration has
become urgent. The quality of laser scanning has
given the possibility to rapid development of
applying TLS for monitoring landslides and
deformations,  territory ~ management, etc.
[Dorozhynskii O., 2010, 2014]. Today there is a
necessity of implementing new modern methods in
order to avoid appraiser’s subjectivity and thus, to
obtain real market value. The possibility of laser
scanning is constantly extending. Deciding
different scientific tasks by using laser scanning is
important for getting maximum accuracy.

M ethodology

The complex real estate deterioration means
dimension of land recreation value (replacement)
when it is not properly exploited (physical
deterioration); with the appearance of new modern
and effective  improvements (functional
deterioration); under the influence of external
changes which are basis for real estate market in
general (external deterioration).

Thus, the cumulative deterioration of land is
caculated using the following formula
[Drapikovskii O., 2015]:



106 leodesis, kapmozpachisi i aepogpomosHimaHHs. Bun. 85, 2017

I=1- (1' Iphys)x(l' Ifunc)>(1- Iext)’ ()

where | is cumulative deterioration coefficient;
| s IS Physical deterioration coefficient; |, is
functional deterioration coefficient, and | is

ext
external deterioration coefficient.

While determining the cumulative deterioration of
land recregtion it must be taken into account thet for
buildings and constructions located in areas with
increasing attractiveness, the market value is the result
of simultaneous influence of the opposite processes
(negative is physical and functional deterioration and
positive is external recreation). Thus, the loss of
object value because of physical and functional aging
and its value increasing based on external factors.
Thus, taking into account the valuation of cumulative
deterioration plays an important role in setting the redl
estate market value

Physical deterioration (deterioration) is aloss of
recreating value due to various physical damages of
the building structure, equipment and decoration.
The value of physical deterioration is characterized
by technicah and exploiting building and
construction indexes which have become worse.
The project one is determined by the correlation of
necessary spenders for their repairing to the real
estate recreation value.

The exact percentage of the physical deterio-
ration value within taken interval is determined
based on the following considerations:

if the part has al thefeatures of physical dete-
rioration for the set interval this value is considered to
be and equal to the upper interva margin;

if in the part only one of several features of
physical deterioration is found this value is
considered to be equal to the lower interval margin;

if physical deterioration must be deter-
mined only by one feature (or incomplete set of
features) it is calculated by the way of interpolation
depending on its size or nature of its existing
defects.

The following methods for determining
physical  deterioration of  buildings and
constructions are practically used: enlarging scale;
determining physical deterioration of components,
involving technicians.

The method of deermining physica
deterioration of components is implemented in
VSN 53-86 “Regulation of building physical
deterioration value’ it has been the basis for
approving “Regulation of residential building
physical deterioration value “KDP-2041-12
Ukraine 226-93 and later it became the basis for
processing Ukrainian utility standard “Regulation
of residential building physical deterioration value’
SOU utilities 75.11-35077234.0015-2009. Ap-
praisers usually use approximate valuation scale of
physical deterioration (Table 1).

Table 1
Approximate Valuation Scale of Building Component Deterioration
. Valuation
Physical . i . .
deterioration, % of ph)_/s_lcal General characteristics of physical condition
condition
There is no deformation but there are some defects which do not effect
0-20 Good exploitation of the component of the building and they can be taken
away during with repair.
. Components of building are valid but need repairing which is the most
2140 Satistactory effective at this stage.
21-60 Unsatisfactory Functlon_a_l compon_ents of the building are possible to explait only in
the condition of their repair.
The bearing structural components of the building are in the state of
61-80 Emergency emergency and their operating features are limited and they can be
exploited only after the done secure measures or compl ete replacement
of these components.
- Components of the building are ruined. When its deterioration is 100 %
81-100 Invalidity it is completely destroyed.
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Table 2
Standard Valuation Requirements of Brick Wall Physical Deterioration
_— i , Physical .
Features of deterioration Quantitative valuation deterioration, % Measures required
Some cracks and potholes The width of cracksisup to Imm 0-10 Cementing of cracks
and potholes
The depth of the cracks and Thewidth of cracksisup to 2 Plaster repairing,
falling plaster in some places, | mm, itsdepth isup to 1/3 of the joint expansion or
mortar weathering out of wall thickness, destroying joint 11-20 cleaning exterior
joints up to 1 cm of the depth and the
destroying areaisup to 10 %
Falling of wall plagter, cornice | The depth of the joint destruction Plaster repairing and
and dructural frames, mortar | isup to 2 cm at the area of 30 %. brickwork, joint
weathering out of the joints The width of the cracksismore 21-30 cementing, externa
than 2 mm cleaning, repairing of
cornices and
structural frames
Expended plaster defects; The depth of joint destruction is Repairing of
mortar weathering; loosing of | up to 4 cm of about 50 % of the 31-40 damaged wall
bricks and loss of separate area sections, cornices and
bricks structural frames
Outlet cracks frame under Indoors vertical displacement is Fastening walls with
window space, brick falling, not morethan 1/200 of a height, 41-50 beltsand joists,
small vertical displacement, wall deflection isup to 1/200 of fastening piers
deflection deformative area length
Loss of brick laying, different | Deflection with deformation over Brick laying of 50 %
sediment, expanding outlet 1/200 of the deformative area of thewalls, fastening
cracks, weakening, sgnificant | length 51-60 and mounting the
wall digortions remaining parts of the
walls
Partial destroying of brick - 61-70 Entire brick laying of
laying the walls

Standard of Ukrainian utilities “Regulation of
residential building physical deterioration value’
gives information about physical deterioration
value for various buildings and constructions
depending on their technical state characteristics
(aging, defects, damages) of separate structures
such as. foundations, walls, ceilings, floors,
window and doorways, dectrical network and
plumbing. Standard valuation requirements of brick
wall physical deterioration are shown at Table 2.

The part of separate structural components and
the system of engineering equipment for buildings
and constructions is used for average deterioration
calculation.

Thus, the physical deterioration value is deter-
mined by the formula [Perovych L., Hubar Yu.,
2016; Kirichek Yu., 2016]:

F=aF

i
i=1

2

ol

where F, is the physical deterioration value of the
physical
deterioration value of separate parts of the
component %; P, is the size and the cost of the

building  component, %; F is

component part, m, m?, m’, %, UAH; P, isthe size

and the cost of the entire component, m, m?, m®, %,
UAH; and n is the number of parts the component
has been divided into.

The average deterioration value is calculated by
the formula [Perovych L., Hubar Yu., 2016;
Kirichek Yu., 2016] based on data of determined
Separate construction deterioration and their partsin
the entire building construction.

n I )
F=aF, x—,
; §EQmo

is building physical deterioration

3

where  F

value, %; Feq is physical deterioration value of sepa-
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rate parts, technical equipment, %; |, is the density

of components in the recreating building value, %;
n is the number of separate building components.

The scheme of real estate functional time period
isshown at Fig. 1 [Perovych L., Hubar Yu., 2016].

The period of economic building existence is a
time-period during which the building can be used
for profit. This is the full period of time during
which recreations increase real estate vaue
Recreation comes to the end of their economical
existence when their part in ageing area is zero
because of its ageing.

The period of physical building existence is the
time period during which a building exists and is
valid for living or functioning there in. As 90 % of
constructions has been built hundreds of years ago,
and they are still existing it is almost impossible to
predict their expected lifespan. Using tables for
calculating the entire physical existence of different
types of buildings one must be very attentive,
because for an appraiser they have limited value
[Perovych L., Hubar Yu., 2016; Kirichek Yu.,
2016; Drapikovskii O., 2015].

Effective period is based on the upraising of the
building exterior which takes into consideration its
condition, design and economic factors effecting its
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value. For example, if the building condition is like
a 13-year-old building, it must be valued like a
13-year old one (with the effective term of 13 years),
even if the building has been 10 or 20 years old. Its
value must be mentioned in the building
chronology if it is known, but it can usualy be
ignored when calculating building value.

The remaining period of economic building
existence is the period from the valuation date until
its end and this must be calculated by an appraiser.
It cannot be considered as timely real estate
deterioration and real estate destruction. Such
factors as frequent repairing, modernization and
equipping will increase real estate existence while
the lack of these factors decrease its existence
During the red estate valuation to determine the
physical real estate deterioration the method of
determining existent period is used more often
which is calculated by the formula [Perovych L.,
Hubar Yu., 2016]:

BC

PEBE
is building physical deterioration;

phys

(4)

where |,

BC is building chronology; PEBE is the period of
economic building existence.

The period of physical building existence

" | g
| | |
: The period of economic building existence : :
i ] ‘: I
| | I |
I Building chronology | I |
(N g ! 1
I I ! I
| I Theleft period ! I
| I of economic : |
I | building | |
| | existence 1 |
| I 1 |
I - I ! I
I Effective period I | I
| < q| ! |
I I , I
| | 1 |
[ & - ®
Finishing of the building process The valuation Building
and beginning its exploitation date destroying

Fig. 1. The period of real estate existence
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The advantage of the eguation (4) is its

simplicity. However, it has some disadvantages:

linear nature of dependence which does not
reflect the real (non-linear) nature of physical real
estate value reduction in time;

achieving absolute physical deterioration of
equal chronological periods for economic building
existence. This value is exceeding when
PEBE < BC .

Modern approaches to the analysis of physical
building and construction deterioration provide its
dividing into remedial and remediless ones.

Remedial physical deterioration (delaying
repairing) means that it is accumulated frame
deterioration and decorations, building equipment
which appear under the impact of poor maintenance
and delayed repair. Remedial deterioration is such
kind of deterioration when the recreating cost is
less than the effect got out of the recreation. The
remedial physical deterioration is understood as the
value lost under the impact of possible repairing
cost for the damaged building constructions and
building components. It is assumed that the
constructions and the building components will be
completely restored to the standards of expectation
or completely replaced.

Remediless physical deterioration is a natural
process of ageing of building materials,
constructions,  engineering  equipment.  This
deterioration is calculated as the remainder value of
constructions and components (excluding remedial
physical deterioration) proportionally to the
correlation of actual and expected terms of
construction and component existence. If the actual
period of any component of the building existence
exceeds the expected period of its existence then
than certain component is 100 %. Remediless
physical deterioration is calculated separatdy
basing on different structural components, and it is
monetarized by determining the physical age of the
component divided by the period of its physical
existence and by multiplying the got value by the
value of creating component. For further
calculations, the market object value, the got
remedial and remediless physical deterioration
values are summarized [Jack P. Friedman, Jack C.
Harris, J. Bruce Lindeman. 2012; McKenzie M.
Betts R., 1992; Ventolo W., Wiiliams M., 2005].
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Thus, as gtated above, it is necessary to improve
the procedures and methods for determining the
physical building deterioration. Taken into account
the standard subjectivity in determining the
physical building and construction deterioration and
in order to avoid this, it has been suggested to apply
terrain laser scanning method for improving
quantitative and qualitative physical state value of
the structural components of the studying object.
As the result, it gives the possibility to avoid “legal
weak-points” of the results of real estate market
value by the appraisal.

Using terrain laser scanning for real estate
valuation is suggested in this article. Thus, it helps
to avoid appraiser’s subjectivity. Applying of TLS
give the possibility to accuratdy assess damages of
structural components of thereal estate.

Laser scanning is a method of creating a digital
object moddl with the help of laser (scanning) in the
form of a dense point network defined by spatial
coordinates. Terrain Laser Scanner (TLS) is a
device that measures the distance to the object point
and two angles: horizontal and vertical. Three
resulted values obtained in such a way give the
possibility to calculate the spatial point coordinates
reflected by the laser ray. Laser scanner
significantly affects any surveying, because so
many point coordinates can be got manualy in a
few minutes that it cannot be got by any other
method.

Modern methods of computer information
processing is based on the creation of digital object
models (DOM), digital terrain models (DTM) and
digital reief models (DRM), are in priority of a
number of scientific and economic tasks. Deciding
a large number of applying tasks requires getting
information about the area in digital form, such as
interactive methods of projecting engineering
constructions, analysis of spatial data, terrain
management etc. [Dorozhynskii O., 2014].

In the article by Miller P., 2008 and
Dorozhynskii O., 2014 it is stated that the important
component of the laser system is software. It fulfils
the field work and device monitoring, optimizing
the information amount for storage and it also
performs visualization of “images’, construction of
3D-models, data analysis, their processing and their
presentation result in standard formats which are
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accessible to other systems. The positive features of
laser scanner are sureto be:
there is no need for a reflective prism or
mirror on the aobject surface unlike an electronic
tachometer;
high velocity of surface scanning in the
range from 5.000 to 1.000.000 measurements per
second,
high degree of field work automation, at
amost minimum operator’s activity;
distance studying of the object situated in a
hard access for a human;
high point density on the object surface
(thousands or hundreds of thousands of points);
Technological scheme of TLS for determining
physical deterioration has the following steps:
work projecting (the calculation and the
valuation of the expected scanning accuracy is
done);
field work (scanning station and securing
marked points setting at the object);
object scanning;
office work (calculation of the station
coordinates and “marked” points, processing
scanning results, getting the final results);
the analysis of the got results and
calculation of physical building deterioration.
Thanks to the high level of automation and
work productivity providing the accuracy in
creating spatial object models the terrain laser
scanning has been used for applying in different
branches. It is applied for deformation and
landslide monitoring, mine surveying, topography
and territory object management, civil and
industrial building, cultural heritage objects etc.
The exact full-scale measurement can be done by
using TLS. Graphical information about the object
valuation can be considered effectively by applying
TLStoo [Dorozhynskii O., 2014; Miller P., 2008].
The studying concerning conducting frontal
plans of architecture constructions by digital terrain
scanning and laser scanning has been considered in
the article [Glotov V., Resin K., 2008]. It has been
stated that the set of points aobtained by using laser
scanning gives the possibility to detect the errors
connected with survey, to learn and consider the
distortion of the made images (distortion, error,
orientation components, etc.). The accuracy of the
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set coordinates of the construction meets the
demands of accurate measurements of architectural
monuments.

Thus, it is adopted that using TLS for the exact
determining of areas and volumes of apartments,
buildings, constructions and other real estate
objects can be done. In addition, TLS gives the
possibility to set quantitative and qualitative
characteristics of the object components more
exactly. It gives the possibility to avoid appraiser’s
subjectivity while determining the red estate
physical deterioration. As the result, it is suggested
to determine the real estate physical deterioration
by using pulse and phase laser scanners.

Accuracy of the data is the most important fact
for deciding various scientific tasks with the help of
terrain laser scanning. It is awell-known fact that the
accuracy of laser scanning depends on a number of
factors. One of them is the laser scanner accuracy.
Modern scanner producers do not usually point out
the accuracy of the coordinates set with the help of
laser scanner. The most common characteristics set
in the instruction are the accuracy of distant
measurement and the accuracy of the point coord-
inates for a certain distance. The working principle
of laser scanner, based on setting not a single point
but a cloud of points and makes the process of
calibration difficult. It is difficult to calibrate terrain
laser scanners because unlike camera, it is too
complicated to create a physical modd of the
systematic errors [Schultz R., 2011, 2012].

The first large-scale studies of the scan
accuracy has been done in Germany at the Institute
for Spatial Information and Measurement
Technology (in the town of Mainz) in 2002—-2005.
The test object has been the steps with the surface
of 3,55 min size The marked points have had
spherical surface and have been set on the device,
their coordinates had been known. The studying
object has been scanned out of three stations at the
distance of 15 m. To learn its resolution a box has
been made 30" 30 cm in size as a measuring unit.
The ray width was 30 cm at the margin of the box.
Scanning was carried out at a distance of 6 m and
22 m. The test in the form of two painted plates
placed at different distance from the scanner was
applied to learn the effect of ray reflection at the
margin of two set surfaces. The main studying
results are shown at Table 3 and 4.
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Table 3
Linear Displacement Caused by Angular Errors at Vertical and Horizontal Planes
N Scanner _ Vertical _ Horizonta _ Maximum
displacement, mm displacement, mm difference, mm
1 Callidus-1 5.6 4.3 12.2
2 Callidus-2 9.9 25 18.3
3 Cyrax 2500-1 0.8 0.8 16
4 Cyrax 2500-2 0.5 0.5 11
5 Mens S25 3.8 34 9.2
6 Mens GS100 19 23 33
7 Mens GS200 4.7 2.2 8.3
8 Riegl LMS Z210 10.2 16.8 27.1
9 Riegl LMS Z420i 17 21 4.1
10 Riegl LMS 25HA 25 3.9 6.5
11 | Zoller+Fr. Imager 5003 29 7.5 111
Table 4
Linear Measurement Valuation for Different Types of Scanners
Accuracy of the segment at the distance, mm Maximum
N Seanner Uptol1l0m From 10to 50 m difference, mm
1 Callidus-1 15 - 2.6
2 Callidus-2 2.8 - 5.9
3 Cyrax 2500-1 0.6 11 2.3
4 Cyrax 2500-2 0.4 0.5 0.9
5 Mens S25 14 4.6 7.7
6 Mens GS100 2.6 2.0 8.2
7 Riegl LMS Z210 19.7 - 404
8 Riegl LMS Z420i 2.6 2.7 5.9
9 Zoller+Fr. Imager 5003 16 0.7 12.3

The accuracy of linear measurements is set
based on linear displacement 14 segments are used
at ataken distance of 10 m; 14 segments are used at
ataken distance of 10-50 m. The data are shown at
Table. 4.

The facts learnt above show that used methods
of terrain laser scanner give the possibility to value
the quality and accuracy of the devices objectively
in  comparison  with  manufacturing data
[Dorozhynskii O., 2014].

Based on the results of the study it can be
concluded that the accuracy of existing terrain laser
scanners allows entirdy to determine the real estate
physical deterioration. These results are shown in
Tables 3 and 4.

Thus, terrain laser scanning is a powerful tool
for spatial modelling and object mapping. Modern
possibilities of this method are rather attractive and

give the chance of further improvement (increasing
accuracy and velocity, TLS automation). The cost
of TLS equipment is sure to be lower soon and as
the result, it will become more available for firm
valuating and appraisers themselves.

Standard requirements contain a significant part
of subjectivity while determining physica dete-
rioration. It is shown at Table 2. The application of
TLS gives the possibility of accurate (and not nearby)
valuation of constructive building component.

For example if the depth of joint destruction is
from 2 to 4 cm and its area is from 30 % to 50 %
and the crack width is from 2 mm to 4 mm then
using table 2 it can be said that physical
deterioration isin the range from 31 % to 40 %. But
what is the reasonable rate of physica
deterioration? The results of the studying are shown
at Table5 and at Fig. 2, 3.
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Table5
Deter mination of Physical Deterioration of Structural Building Components Accor ding
to Their Quantitative Valuation
The depth of joint The crack width, mm | Therate of the damaged areaof | Physical deterioration, %
destruction, cm building component, %
2.0 2.0 30.0 30
2.2 2.2 32.0 31
2.4 2.4 34.0 32
2.6 2.6 36.0 33
2.8 2.8 38.0 34
3.0 3.0 40.0 35
3.2 3.2 42.0 36
3.4 3.4 44.0 37
3.6 3.6 46.0 38
3.8 3.8 48.0 39
4.0 4.0 50.0 40

Physical deterioration of structural component,

45

y = 19,6206
R? = 0,9984
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30

25
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30 35 40 45 50
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Physical deterioration of structural
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Based on the got corrdation (Fig. 2, 3) and
applying terrain laser scanners in order to avoid
subjective valuation, the possibility to prove the
value of physica deerioration of building
structural  components and constructions has
appeared. As the result, it gives the possibility to
avoid “legal weak-points’ of getting real estate
market value. This method objectively both
guantifies and quantifies real estate assessment.

Theresearch practical implementation

It is necessary to know the entire real estate
market value (land and land recregtion). If the land
market value with the set building on it is 200
thousand UAH and there is no functional and
external deterioration then the creating cost is 500
thousand UAH.

As the result, the calculation (1) is in such form

=1 s

While valuating the building appraiser has
conducted:

1. Physical building deterioration valuation by
standard methods (classic)

2. Physical building deterioration valuation
applying terrain laser scanning.

As the result of valuation insignificant defects
have been found in bearing structural frames. The
basement is laid with decorated brick. The rooms
are located on the ground floor. Based on the
physical object condition and its valuation it can be
divided in two groups:

1. The first group includes the room where
recently, before the valuation date, decorative
repairing has been done. These rooms are in
excellent condition. A new parquet, wallpaper, have
been set. A new sanitary equipment, walls with
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ceramics, boiler have been set in the bathroom. All
the defects of these rooms have been economically
effective eiminated and as the result, recreating
and deterioration is zero.

2. The second group includes all other rooms.
These rooms are decorated worse, with lower
quality. In general, they arein good and satisfactory
condition, but to meet the current requirements they
need decorative repairing.

Vauation done by an appraiser describes the
state of the rooms as follows (Table 6).

The results of caculating physical building
deterioration value by classic method of real estate va
luation (based on Figs. 2, 3) areshown at Table 7.

The results of calculating physical building
deterioration value by using terrain laser scanning
are shown at Table 8. Having applied TLS the got
results of the studying are shown at Table 5 and at
Figs. 3, 4. The possibility has appeared to explain
the physical deterioration value of building
components and thus, to avoid subjective valuation
whichis shown at Table 8.

The results of calculating the market value of
the entire real estate complex (land and land
recreating) are summarized at Table 9.

Based on more precise determination of
physical deterioration (complex deterioration)
received by the market value of the entire real
estate complex has been got (see Table 9). It has
been under much smaller impact of appraiser’s
subjectivity. The physical real estate deterioration
has been determined by using TLS method. The
final derivations are 6350 UAH or that is 1 %. It is
considered to be significant and important and thus,
it shows the importance of using TLS for physical
building and construction deterioration.

Table 6

Physical Room State of the Second Group

Name

Physical state

The floor
way.

Parquet has threadbare and cracks. Linoleum has threadbare at the door and foot

Window spaces

Window frames have cracks and threadbare in walls. The cement has been lost in
some places, part of the equipment has been damaged.

Doorways

Doorways have small damages and defects.

Theinterior

thewalls.

Ceiling painting has darkened. Wall painting has been darkened and dirty. There
are some of the wall damages. Some decorative panels have been displaced from
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Table 7

The Results of Calculating Physical Building Deterioration Value
by Classic Method of Real Estate Valuation

_— Density of Physica deterlo_rat_lon Physical deterioration
Buildings components value of the building o
component value of the building
component
1. Fundamental 4 10 0.40
2. Walls 20 13 2.60
3. Partitions 7 15 1.05
4. Ceiling 11 10 1.10
5. Roof 5 38 1.90
6. Floor 12 11 1.32
7. Steps 4 15 0.60
8. Windows and doors 12 25 3.00
9. Interior decoration 8 10 0.80
10. Others 8 15 1.2
11. Sanitary technical equipment including: 6.7 0.99
Central heating 1.6 10 0.16
Plumbing 0.5 20 0.10
Hot running water 14 25 0.35
Sewage 3.2 12 0.38
Total: 100 14.96
Table 8
The Results of Calculating the Physical Building Deterioration Value
by Using Terrain Laser Scanning
Physical deterioration . N
Buildings components Density of component va)ll ue of the building Physical deterioration

value of the building

component

1. Fundamental 4 10 0.40
2. Walls 20 15 3.00
3. Partitions 7 18 1.26
4., Celling 11 12 1.32
5. Roof 5 38 1.90
6. Floor 12 14 1.68
7. Steps 4 15 0.60
8. Windows and doors 12 25 3.00
9. Interior decoration 8 10 0.80
10. Others 8 16 1.28
11. Sanitary technical equipment 6.7 0.99
including:

Central heating 1.6 10 0.16
Plumbing 0.5 20 0.10
Hot running water 14 25 0.35
Sewage 3.2 12 0.38
Total: 100 16.23
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Table9

The Results of Calculating the Market Value of the Entire
Real Estate Complex

Calculating components The classic method The method of using TLS
Physical deterioration |, coef. 0.14% 0.1623
Cumul ative deterioration | , coef. 0.1496 0.1623
Therecreation cost, UAH. 500 000 500 000
Cumulative deterioration, UAH. 74 800 81150
Displacement value, UAH. 425 200 418 850
Theland plot value, UAH. 200 000 200 000
The value of the entirereal estate 625 200 618 850
complex, UAH.

The difference of the got resuilts, 6 350

UAH 0.0101
Deterioration coefficient 1.01%
Deterioration rate

Theresults

The importance of terrain laser scanning for
calculation of building and structure physical
deterioration has been learnt while studying. The
result has been the basis for the development of a
new methodology of real estate valuation. Today
the value of building component physical
deterioration is determined by visual observation
with the help of the smplest devices (plumb, linear,
hammer, etc.). The value of physical depreciation
of separate structures, technical equipment or their
parts is determined by comparing of the existing
features of physical deterioration with those which
have been found during the observation [Kiri-
chek Yu., 2016]. TLS application gives the
possibility to set accurately structural parts of the
damaged real estate.

Scientific innovation

The research has been done based on the
possibility of using digital laser scanning for
determining the real estate physical deterioration.
The necessity of using terrain- scanning method in
order to improve the methodology of real estate
valuation and determination its  physical
depreciation has been stated in the article. This
method gives the possibility to avoid appraiser’s
subjectivity while calculating, and in accordance
with “legal weak-points’ of the got results of real
estate market value. It has been defined that
regulatory methodological documents of real estate

physical deterioration are out of date and do not
coincide with the real estate market requirements.
That is why they need to be improved. Having done
research by using TLS and the got mathematic
equations give the possibility to prove the value of
physical deterioration of structural building
components.

Its practical significance

Using TLS for real estate valuation is of a great
economic efficiency. It reduces the cost for
determining the geometric object characteristics
tenfold in comparison with traditional geodetic
methods. Appraisers are recommended in their
work to use pulse and phase laser scanners for
determining real estate physical deterioration.
Terrain laser scanning gives the possibility to get
detailed structure of thereal estate.

Conclusion

1. The basis of current standard metho-
dological documents concerning real estate physical
deterioration is out of date. The formality of the
current method of calculation prevents getting
accurate results of valuation.

2. The before suggested methods of
determining real estate physical deterioration
cannot be considered as final because they only
determined object physical deterioration in general
without determination its separate components
(apartments, rooms, €tc.).
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3. It is suggested to use terrain the scanning
method in order to quantify physical deterioration.
It gives the possibility to avoid appraiser’s
subjectivity and thus, “legal weak-points’ of the got
real estate market value.

4. Appraisers are recommended while ope-
rating to use pulse and phase laser scanners in order
to determine real estate physical deterioration.

Further research prospects

1. The necessity of improving standard
methodological basis for determining real estate
physical deterioration has appeared because of the
further development of real estate market and the
spread process of real estate valuation.

2. It is necessary to create the main working
steps and the set of calculated models for real estate
physical deterioration.

3. Methods of using terrain laser scanning is
going to be conducted and applied in the practical
activity of the appraisers in order to determine
functional and exterior deterioration.

4. To study calculations of cultural heritage
object market value having applied TLS.
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0. I'YBEAP

Kadenpa xanactpy tepuropiii, Hanionaneuuii ynisepcurer “JIbBiBcbka nomitexuika”, Byn. C. bannepu, 12, JIbBiB, VkpaiHa,
79013, ten. +38(032)2582631, ei. momra Y urii.P.Hubar @l pnu.ua

3ACTOCYBAHHA HASEMHOI'O JIABEPHOI'O CKAHYBAHHA 3 METOIO BUSHAYEHHA
GI3MYHOI'O 3HOIIEHHSA OB’ €KTIB HEPYXOMOCTI

MeTta. I3 pO3BHTKOM Cy4acHHX METOMAIB HazeMHOro JjasepHoro ckanyBauHs (HJIC) o6’ ekTiB HepyXxOMOCTI,
MIPOMHUCIIOBUX TEPUTOPIi, 00’ €KTIB KYJIBTYpPHOI CIIaIIMHHU TOIIO aKTYaJIbHOCTI HaOyBae mpodiieMa 3aCTOCYBaHHS X
METOIIB Uil BU3HA4YEeHHs (i3WYHOrO 3HOIIEHHs OymaiBenb 1 cropyd. SIKiCTh JIa3epHHMX CKaHepiB Jajia 3MOory
iHTeHCHBHO po3BuBaTH npukiany chepy HIIC, a came: Bu3HaueHHs nedopmartiii OyniBens Ta iHKEHEpHUX CHOPYI, a
TaKkoX (PI3UYHOTrO 3HOIIEHHS IXHIX KOHCTPYKTUBHHX €JIEMEHTIB SIK BCEpEMHI, TaK 1 330BHI 00’ €KTiB HEPYXOMOCTI
tomo. ChOrofHi BUHUKAE HEOOXiIHICTH BIIPOBA/PKEHHS HOBUX CYYaCHHX METOJIB 3 METOI0 YHHMKHEHHI Cy0 €KTUBHOCTI
OIIHIOBaYa 1 BIMOBIJHO /IO IIOrO OTPUMAaHHS PEAJbHOI PUHKOBOI BapTOCTi 00 €kTa omiHkd. MeTommka. Meroauka
I'PYHTYETHCS Ha HEOOX1AHOCTI BUKOPUCTAHHSI METO/IIB HA3EMHOI'0 JIA3€PHOT0 CKaHYBaHHS JJIsl BU3HAUYEHHS (hi3UYHOTO
3HOUIEHHsSI 00 €KTiB HEPYXOMOCTi. B OIliHII HEpyXOMOCTi 3HOIIEHHS PO3TJSNAIOTH SK OCHOBHMH YHMHHHK JIJIS
BH3HAYEHHS! BapTOCTi OyIiBENb i COPY/A Ta BU3HAYAIOTh SIK BTpaTa KOPUCHOCTI, a OTXKE 1 BapTOCTI 3a OyIb-IKHX
npuuud [Kharryson H. S., 1994; K. Dkkert, 1997]. Cepen roJoBHUX YHHHHKIB, 1110 BIUIMBAIOTH HA TOYHICTH Ta SKICTh
JIa3ePHOT0 CKAHYBaHHs OiJbIIICTh (DaxiBIliB BHIUIAIOTH TAKi OCHOBHI YMHHHUKH, SIK TOUYHICTh MpUIady (KaaiOpyBaHH:T);
YMOBH CKaHyBaHHs (aTMOc(hepHi UHMHHHKH); BJIACTHBOCTI 00 €KTa CKaHyBaHHs (BiZOMBHA 3[aTHICTB); T€OMETPIst
CKaHyBaHHS, TomepeHe o0pobieHHs MartepiamiB ckanyBanus (Illymer; P.B., 2010). Pe3ynabraTH. Bukonani
JIOCITIJPKEHHST JOBOJISITh BaXUTUBICTh 3aCTOCYBaHHS HAa3eMHOI'O JIa3€PHOI'O CKaHYBaHHS Uil PO3PaxyHKY (hi3WMYHOTrO
3HOIIICHHS OYyIiBENb i CIOPYJ Ta IUIS PO3BUTKY METOMOJIOTII OIIHKM HEPYXOMOCTi 3arajioM. ChOTOJHI BEIHYHHA
(i3UYHOTO 3HOILIEHHS €JIEMEHTIB OY/iBIIi BU3HAYAIOTHCS Bi3yaIbHUM OOCTEKEHHSIM 3 BUKOPHCTaHHIM HAHITPOCTIMINX
npunagiB (BHCOK, piBeHb, JiHiliKa, MOJIOTOK TOIIO). BenuduHa (i3MIHOr0 3HONICHHS OKPEMHX KOHCTPYKIIiH,
TEXHIYHOTO O0JIaJHaHHS a00 iXHIX AIJSIHOK BH3HAYA€ThCS 3a JIOIMOMOTOI0 MOPIBHSHHS HaBEAECHHX y HHUX O3HAK
Gbi3nyHOro 3HOIIEHHS 3 BUABICHUMH mi yac obcrexxenns [Kipiuek 0. O. 2016]. 3acrocyBanus HJIC macts 3mory
TOYHO BCTaHOBJIIOBATH IONIKOPKEHHS! KOHCTPYKTHBHUX e€JIeMeHTiB HepyxomocTti. HaykoBa HoBu3Ha. BukonaHo
JIOCITIJPKEHHS TI0B' 13aH1 13 MOXJIMBICTIO BUKOPHUCTaHHSI LU(PPOBOTO JIA3EPHOTO CKAHYBaHHS 3 METOI0 BCTAHOBJICHHS
(i3MYHOrO 3HOMIECHHS 00’ €KTIB HEPYXOMOCTI. Y CTaTTi JOBEACHO, IO 3 METOK YIOCKOHAJICHHS METOIONOTT OIliHKA
HEpYXOMOCTI Ta BH3HA4eHHs! (DI3MYHOrO 3HOIIEHHS HEOOXiJHO BHKOPHUCTOBYBATH METOJIW HA3€MHOI'O CKaHYBaHHS,
IO JOTIOMOXKE OLIIHIOBayaM YHUKHYTH CyO €KTHBHOCTI y pPO3paxyHKax Ta BIAINOBIAHO “IOPWAWNYHOI BPa3JIUBOCTI"
OTPUMAaHUX PE3YJbTATIB PUHKOBOI BapTOCTI HEPYXOMOCTi. JlOBeIeHO, 10 HOPMATUBHO-METOIMYHA JOKYMEHTAIs
IIOJI0 OLIHKH (DI3MYHOr'0 3HOIIEHHS HEPYXOMOCTI 3acTapijia i He BiJIIOBiJa€ BUMOTraM PHHKY HEPYXOMOCTI 1, OTKe,
norpebye BaockoHaneHHs. [IpakTuaHa 3HauymicTh. Bukopucranas HJIC s OMiHOYHOI MisTIBHOCTI Ma€ JOCHUTH
BHCOKY €KOHOMIYHY €()eKTUBHOCTI, a cCaMe 3/JICIIEBUTh BU3HAUYEHHS TEOMETPHYHHUX XapaKTEPUCTHK 00’ €KTa OLIHKH B
JIECSITKM pa3iB IMOPIBHAHO 13 TpamULiIHHUMHU T'eofe3nIHUMH MerofaMu. OIiHIOBaYaM PEKOMEHIYIOTh y CBOIiH
MPaKTHYHINA JisTIBHOCTI BUKOPUCTOBYBATH IMITYJIbCHI Ta (pa3oBi Jia3epHi CKaHepU 3 METOK BU3HAYECHHs (Pi3HYHOrO
3HOLIEHHs 00’ €KTiB HepyxoMocTi. HazeMHe 1a3epHe CKaHyBaHHS JacTh 3MOT'Yy OTPUMATH AETallbHI XapaKTEPUCTUKH
CKJIaZIOBUX 00’ €KTa HEPYXOMOCTI.

Kniouosi cnosa: ¢izuuHe 3HOLICHHS, HA3eMHE Jla3epHE CKaHYBaHHS, OI[IHKA HEPYXOMOCTI, PHMHKOBA BapTICTh
HEepyXOMOCTi, Oy/IiBIIi 1 CIOPY/IH.
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