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1. Introduction

2. Literature review and the problem statement

In natural stone facing of buildings, there may be
differences in the hue of different tiles caused by the min-
eralogical and chemical composition of the stone. Change
in the natural stone color can be observed not only within
a single deposit, but even within one site of a quarry.
This problem occurs when manufacturing a large batch of
natural-stone facing products. A characteristic feature of
Pokostivskiy granodiorite (Grey Ukraine) is the change
in lightness at a constant stone texture, perceived by the
human visual analyzer. Thus, in natural stone facing of
buildings, particularly of a large area, a problem is to se-

lect solid tiles [1].

Significant problems of selecting natural stone arise
in the restoration and reconstruction of monuments and
architectural objects made of natural stone. The reason is
that the majority of the fields either have ceased to exist or
other horizons of natural stone, decorative figures of which
differ considerably are developed. It should also be noted
that during prolonged use of natural-stone products, the
machined stone surface gradually loses original aesthetic
characteristics under the influence of an aggressive envi-

ronment [2, 3].

Currently, aesthetic indicators [4] are determined using
the organoleptic method, which is subjective. But the present
requires more objective methods for determining the deco-
rative quality indicators of stone products. Standard colori-
metric parameters — brightness, basic hue saturation, basic
(dominant) hue wavelength can be determined in a quanti-
tative form by information and computer technologies. The
method that eliminates the subjective determination of dec-
orative properties of rocks has been proposed in [5].

The changes in the microtexture of rock-forming min-
erals in natural stone grinding-polishing have been exam-
ined in [6, 7] using microscopy and spectral analysis of the
mineral microtexture formation. Also, processes of abrasive
machining have been experimentally investigated in [8]. The
change in gloss depending on the stone surface roughness
has been studied in [9], but high-strength natural stones
have not been studied.

The effect of high temperatures on the change in the
stone properties using digital image processing has been
investigated in [10]. It has been found that the stone gets
lighter with increasing temperature. Black-and-white digital
image processing [11] has been used to identify light areas




on the natural stone surface in the study of the weathering
influence and the effect of salts on stone. According to [12],
stone roughness during polishing can affect the surface
color. The work has studied not only the effect of polishing,
but also the influence of acid environment on limestone and
marble, which to some extent increases the stone surface
roughness, but these changes are nonuniform. However,
unlike mechanical polishing, the stone surface color after
exposure to acidic environment depends not only on the
surface roughness, but on the mineral particles that make
up the rock.

Digital image processing methods based on the in vitro
measurement of surface brightness and contamination of
the stone, which was subjected to pollution in an urban
environment have been described in [13, 14]. Over time this
method has been improved, allowing to measure the color
coordinates [15, 16], and the calibration procedure has been
established [17].

The method of natural stone hue management using
surface machining has been developed in previous studies
[1, 18]. The stone hue management needs information about
the color indices of raw decorative stone, which allows deter-
mining the stone processing technology at once according to
the method.

The literature review shows that previous studies deal
with the study of stone microtexture features [5, 6, 19], the
effects of an aggressive environment [2, 3], the development
of methods of determining color coordinates [11-17]. How-
ever, little attention has been paid to the study of the color
characteristics of deposits of decorative stone within the
same brand.

3. Research goal and objectives

The goal is to study the structural features of the types of
Pokostivskiy granodiorite of different hues.

To achieve this goal, the following tasks were solved:

— to determine the patterns of lightness change of rough
and polished samples of the types of Pokostivskiy gran-
odiorite of different hues depending on the share of white
minerals;

—to develop a method to identify the types of Pokos-
tivskiy granodiorite of different hues using digital image
processing;

—to make a generalized description of the types of
Pokostivskiy granodiorite of different hues.

4. Materials and methods of study of grinding-polishing
effects on gloss and lightness

4. 1. Materials and equipment used in the experiment

The study was performed using stone samples of the
types of Pokostivskiy granodiorite of different hues. A sur-
face grinding machine with the specifications listed in Table
1 was used for machining.

Table 2 shows the numbers and grain size of the fickerts
that were used as a diamond tool. It also shows the number
of passes by those numbers. Such a scheme of use of the dia-
mond tool provides a high quality and gloss of the stone sur-
face. The gloss of Pokostivskiy granodiorite corresponds to
the second category in terms of reflectivity and is provided
by such a textured finish.

Table 1

Surface grinding machine specifications

Specifications Value
Water consumption 30 1/min
Working head rotational speed 1.460 rpm
Working head lifting speed 1.98 m/min
Carriage speed 3.96 m/min
Table 2
Diamond tool specifications
Number of passes Number of tool Grain size, um
calibration Ne 00 (diamond) 710/600
1 Ne 24 500,400
1 Ne 240 200/160
4 Ne 400 80,/63
2 Ne 600 60/40
2 Ne 800 40/28
2 Ne 1200 28/20
2 Ne 1500 20/14
2 Ne 2000 10/7
2 Ne 3000 5/3
1 Polishing 1/0

Research of structural features was conducted using the
GAOSUO digital microscope. Scanning of polished surfaces
of stone samples was carried out by the Skypix TSN 415
scanner.

4. 2. Method of determining the types of Pokostivskiy
granodiorite of different hues

The analysis of the surface appearance needs forming a
digital image of the facing stone surface and its processing
by means of modern computer technologies.

An example of determining the LAB color coordinates in
the Mdistones program is shown in Fig. 1.
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Fig. 1. Sample surface image processing in
the Mdistones program

The procedure is as follows:

— machining of plates by diamond fickerts on surface
grinding machine;

— drying of samples and scanning of the machined sur-
face;

— processing of the resulting image in the Mdistones
program;



— determination of the average lightness L in the LAB
system for each of the images of the polished sample surface
(Fig. 1);

— color correction, namely saturation increase (+255)
using color processing functions in the Mdistones program;

— determination of the average parameters of the color
coordinates A and B in the LAB system for each of the im-
ages of the polished sample surface.

The significance of the components A and B is observed
when it exceeds +£5. At lower rates, they have almost no in-
fluence on the hue.

The hues of Pokostivskiy granodiorite are determined by
the following factors:

A=[+5; +120] — red hue;

A=[-5; —120] — green hue;

B=[+5; +120] — yellow hue;

B=[-5; —120] — blue hue.

Since the values A and B are insignificant, the hue is
determined by the coordinate with a greater module. For
example, the estimated average parameters of the stone sam-
ple surface: L=30; A=—10; B=5 show that the module of the
component A is greater than that of the component B. So,
the hue is determined by this coordinate. In this case, there
will be green hue:

— determination of the type of Pokostivskiy granodiorite
according to the hue classification;

— splitting of polished samples of Pokostivskiy granodi-
orite of different hues, according to the classification, into
two parts;

— obtaining a macroscopic image of the split sample sur-
face using a digital microscope;

— determination of the average lightness L, and color
coordinates of A and B in the LAB system for each of the
images of the split sample surface (Fig. 2);
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Fig. 2. Color processing in the Mdistones program

— image conversion to black-and-white;

—image segmentation into objects and background
(Fig. 3). In this case, objects are regions of light-colored
stone minerals, the background is the region of dark-colored
minerals. The color segmentation method is used for image
segmentation;

— determination of the total area of objects on the image
and relation to the area of the entire image. This relation is a
generalized indicator that characterizes the number of dark-
and light-colored minerals;

— analysis and synthesis of data to create a method for
determining the hue of rough samples of Pokostivskiy gra-
nodiorite.
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Fig. 3. Image segmentation into objects and background

3. Research of structural features of the types of
Pokostivskiy granodiorite of different hues

A stone structure is considered as structure, which is
caused by shape, size and quantitative ratio of minerals that
make up the rock. As Pokostivskiy granodiorite is a mono-
chrome type of stone, the lightness value will depend on the
content of dark- or light-colored minerals. Description of
structural features of the types of Pokostivskiy granodiorite
of different lightness is shown in Fig. 4.
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Fig. 4. Description of structural features of rough types of
Pokostivskiy granodiorite of different lightness

Fig. 4 shows that the types of Pokostivskiy granodiorite
of different lightness are characterized by different values
of the areas of dark- and light-colored minerals shown in
Table 3.

Also, stone surface lightness increases with the increase
in the areas of light-colored minerals. The surface of split
rough samples of Pokostivskiy granodiorite was investigated
using a digital microscope, resulting in the graph of depen-
dence of lightness changes in rough stone on the share of
white minerals (Fig. 5).

Depending on the area of light-colored minerals, the
lightness L for Pokostivskiy granodiorite is described by the
3rd order polynomial relationship:
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where L — lightness, %; S,, — areas of white minerals, %; S}, —
areas of black minerals, %.

It is known that polishing of decorative stone improves
decorative properties, namely emphasizes its texture and
structure. Stone lightness and other properties also change.
Therefore, structural properties of not only rough, but also

Comparison of the average lightness of different types
of rough and polished samples of Pokostivskiy granodiorite
indicates that it is impossible to determine the differences in
the lightness of rough stone, because in addition to black and
white there are colored minerals with a certain lightness.
Therefore, determination of the types of Pokostivskiy gra-
nodiorite in terms of lightness is based on the ratio of black
and light minerals.

Table 4

Description of polished samples of the types of Pokostivskiy
granodiorite of different lightness

polished stone were investigated. Type of stone | Areas of Areas of Areas of | Average
Table 3 according to |black miner-|white miner-| other min- | lightness
lightness als, Sy, % als, Sy, % | erals So, % | Luvg %
Description of roug'h s.amples. of the t){pes of Pokostivskiy Very dark 298 47 239 61.16
granodiorite of different lightness Dark 261 195 A 65.52
Type of stone| Areas of Areas of Areas of | Average Light 24.3 54.6 211 69.32
according to |black miner-|white miner-| other min- | lightness
lightness als, Sy, % als, Sy, % | erals S, % Lavg, % o ) )
Very dark 2% 146 314 58.8 After polishing of natura}l stone, its lightness also
depends on the share of white minerals, stone surface
Dark 27.9 525 196 59 lightness increases with the increase in the areas of light
Light 251 53.8 211 595 & W 8
minerals.
The graph of dependence of lightness changes in the
o 65 - polished stone samples on the ratio of the area of white
SN 2§ RN minerals to the area of black minerals was constructed
E_g 62 *oo (Fig. 7).
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Fig. 5. The graph of dependence of lightness changes in
rough stone on the share of white minerals

Fig. 6 shows that the types of Pokostivskiy granodiorite
of different lightness are characterized by different values of
the areas of dark- and light-colored minerals shown in Table 4.
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Depending on the share of white minerals, lightness L
for Pokostivskiy granodiorite is described a power-law re-

lationship:
S 0.4651
L=70.145) — , 2
S, +S,

bt

where L — lightness, %; Sy, — areas of white minerals, %; S}, —
areas of black minerals, %.

The approximation reliability is R?=0.8916.

The generalized description of the types of Pokostivskiy
granodiorite of different hues was compiled as a result of
quantitative values of structural features of samples of the
types of Pokostivskiy granodiorite of different lightness and
based on previous studies (Fig. 8).
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Thus, the generalized description of different types of
Pokostivskiy granodiorite will allow determining the blocks
of different hues using the developed method for selecting
the stone processing technology, ensuring minimum light-
ness difference between the types of Pokostivskiy granodio-
rite of different hues.

6. Discussion of results of research of grinding-polishing
impact on stone gloss and lightness

Natural facing stone has uneven color, clearly observed
after polishing. When laying natural stone tiles with differ-
ent hues, there is a difference in the perception by the human
visual analyzer. Nowadays, the batch of tiles made of Pokos-
tivskiy granodiorite of one hue is created by sorting finished
products, which increases working hours. Also, making a
lightness-uniform batch of tiles requires natural stone block
processing with a margin of 30 %. Excess finished products
that did not match are stored in the company warehouse and
expect another customer.

In previous publications [1, 3, 18], the authors have
proved that lightness can be managed by various mechan-
ical and chemical methods. The problem was that rough
Pokostivskiy granodiorite cannot be classified by according
to lightness visually. Therefore, the lightness management
method was selected after stone product finishing. This
leads to additional material costs. This can be avoided if gra-
nodiorite lightness in raw stone blocks is quantified, which
allows using a particular lightness management method at
the initial stone processing stage.

It was found that the lightness differences in various
types of Pokostivskiy granodiorite are not observed during
the macroscopic study of rough samples (lightness L of
rough samples is: 59.5 % — for light types, 59.0 % — for dark
types, 58.8 % — for very dark types). The average ratio of
lightness (L components, Lab system) of the types of Pokos-
tivskiy granodiorite of different lightness is almost the same.
It was revealed that the areas of dark- and light-colored
minerals (Fig. 4) have a direct impact on the stone light-
ness. Stone surface lightness increases with the increase in

the areas of light-colored minerals (Fig. 5). Herewith, the
description of the basic types of Pokostivskiy granodiorite
according to the hue that contains data about the character-
istics of rough samples was compiled. The present research
will allow developing a rapid method for determining the
lightness of Pokostivskiy granodiorite in raw stone blocks
before machining, which makes it easier for stone processing
enterprises to select raw materials.

7. Conclusions

The patterns of lightness changes in rough and polished
samples of the types of Pokostivskiy granodiorite of different
hues depending on the ratio of the areas of white minerals
to the areas of black minerals, described by the polynomial
and power-law relationships respectively were determined.
In rough samples, the L component (LAB system) ranges
within 55—-64, in polished samples — 46—66.

The method of determining the types of Pokostivskiy
granodiorite of different hues using digital image process-
ing by image segmentation into objects and background
was developed. This method allows identifying the tone of
Pokostivskiy granodiorite in raw stone blocks without pre-
liminary processing. Other methods do not provide such op-
portunities because Pokostivskiy granodiorite in raw blocks
has almost the same tone and it varies widely in finished
products only after processing.

The generalized description of the types of Pokostivs-
kiy granodiorite of different hues was compiled. This will
allow identifying the blocks different in lightness and hue
on stone processing enterprises based on computer stone
surface image processing and comparison with the classi-
fication for solving problems of selecting the lightness of
the polished surface. According to the area of white, black
and other minerals, Pokostivskiy granodiorite is divided
into very dark, dark, light. The average area of white,
black and other minerals of rough Pokostivskiy granodio-
rite is, respectively, as follows: very dark — 44.6 %, 24 %,
31.4 %; dark — 52.5 %, 27.9 %, 19.6 %; light — 53.8 %,
251 %, 211 %.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

References

Korobiychuk, V. V. Influence of grinding-polishing of natural stone on its shine and lightness shades [Text] / V. V. Korobiychuk,
V. I. Shamrai // Eastern-European Journal of Enterprise Technologies. — 2014. — Vol. 5, Issue 5 (71). — P. 56—60. doi: 10.15587/
1729-4061.2014.28036

Krivoruchko, A. O. Stability of natural stone in hostile environments [Text] / A. O. Krivoruchko, V. V. Kotenko, O. V. Kamskyh //
M. Ostrohradskyi Visnyk KrNU. — 2015. — Vol. 1, Tssue 90. — P. 133-138.

Korobiichuk, I. The study of corrosion resistance of Pokostivskiy granodiorites after processing by various chemical and mechanical
methods [Text] / 1. Korobiichuk, V. Korobiychuk, M. Nowicki, V. Shamrai, G. Skyba, R. Szewczyk // Construction & Building
Materials — 2016. — Vol. 114. — P. 241-247. doi: 10.1016/j.conbuildmat.2016.03.147

EN 1469:2004, IDT. Natural stone products [Text]. — Slabs for cladding — Requirements.

Krivoruchko, A. O. Substantiation of methods of gabbro beds geometrization on the basis of determination and evaluation of struc-
ture and ornamental property [Text] / A. O. Krivoruchko. — Dnipropetrovs’k: Nacional’nyj girnychyj universytet, 2006.

Dawei, W. Study of micro-texture and skid resistance change of granite slabs during the polishing with the Aachen Polishing
Machine [Text] / W. Dawei, C. Xianhua, O. Markus, S. Helge, S. Bernhard // Wear. — 2014. — Vol. 318, Issue 1-2. — P. 1-11.
doi: 10.1016/j.wear.2014.06.005

Hideo, A. Evaluation of subsurface damage in GaN substrate induced by mechanical polishing with diamond abrasives [Text] /
A. Hideo, T. Hidetoshi, K. Seong-Woo, A. Natsuko, K. Koji, Y. Tsutomu, D. Toshiro // Applied Surface Science. — 2014. —
Vol. 292. — P. 531-536. doi: 10.1016/j.apsusc.2013.12.005

Xie, J. Parameterization of Micro-Hardness Distribution in Granite Related to Abrasive Machining Performance [Text] / J. Xie,
J. Tamaki // Journal of Materials Processing Technology. — 2007. — Vol. 186, Issue 1-3. — P. 253-258. doi: 10.1016/j.jmatpro-
tec.2006.12.041

Yavuz, H. Polishing experiments on surface quality of building stone tiles [Text] / H. Yavuz, T. Ozkahraman, S. Demirdag // Con-
struction and Building Materials. — 2011. — Vol. 25, Tssue 4. — P. 1707-1711. doi: 10.1016/j.conbuildmat.2010.10.016

Ozguven, A. Investigation of some property changes of natural building stones exposed to fire and high heat [Text] / A. Ozguven,
Y. Ozcelik // Construction and Building Materials. — 2013. — Vol. 38. — P. 813-821. doi: 10.1016/j.conbuildmat.2012.09.072
Vazquez, M. Digital image processing of weathered stone caused by efflorescences: A fool for mapping and evaluation of stone
decay [Text] / M. Vazquez, E. Galan, M. Guerrero, P. Ortiz // Construction and Building Materials. — 2011. — Vol. 25, Issue 4. —
P. 1603-1611. doi: 10.1016/j.conbuildmat.2010.10.003

Benavente, D. Influence of surface roughness on color changes in building stones [Text] / D. Benavente, F. Martinez-Verdq,
A. Bernabeu, V. Viqueira, R. Fort, M. Garcia del Cura, S. Ordéiez // Color Research & Application, — 2003. — Vol. 28, Issue 5. —
P. 343-351. doi: 10.1002/c0l.10178

Thornbush, M. J. Integrated Digital Photography and Image Processing for the Quantification of Colouration on Soiled Surfaces
in Oxford, England [Text] / M. J. Thornbush, H. A. Viles // Journal of Cultural Heritage, — 2003. — Vol. 5, Issue 3. — P. 285-290.
doi: 10.1016/j.culher.2003.10.004

Thornbush, M. J. Surface Soiling Pattern Detected by Integrated Digital Photography and Image Processing of Exposed Limestone
in Oxford, England [Text] / M. J. Thornbush, H. A. Viles; Saiz-Jimenez, C. (Ed.). — Air Pollution and Cultural Heritage, 2004. —
P. 221-224. doi: 10.1201/b17004-34

Thornbush, M. J. Photo-Based Decay Mapping of Replaced Stone Blocks on the Boundary Wall of Worcester College, Oxford
[Text] / M. J. Thornbush, H. A. Viles; P ikryl, R., Smith, B. J. (Eds.). — Building Stone Decay: From Diagnosis to Conservation,
Geological Society, London, 2007. — P. 69-75.

Thornbush, M. J. Photographic Monitoring of Soiling and Decay of Roadside Walls in Oxford, England [Text] / M. J. Thornbush,
H. A. Viles // Environmental Geology. — 2008. — Vol. 56, Issue 3-4. — P. 777-787. doi: 10.1007/s00254-008-1311-3

Thornbush, M. J. Grayscale Calibration of Outdoor Photographic Surveys of Historical Stone Walls in Oxford, England [Text] /
M. J. Thornbush // Color Research and Application. — 2008. — Vol. 33, Issue 1. — P. 61—67. doi: 10.1002/c0l.20374

Shamrai, V. I. Quality management of finished products made with granodiorite using different methods of polishing natural stone
[Text] / V. 1. Shamrai // News of ZSTU. Technical sciences. — 2015. — Vol. 4, Issue 75. — P. 137-144.

Korobiichuk, I. Peculiarities of natural stone extraction technology with the help of diamond wire machines [Text] / 1. Korobiichuk,
V. Korobiichuk. S. Tskov, M. Nowicki, R. Szewczyk // 16 th International Multidisciplinary Scientific GeoConference Science and
Technologies in Geology, Exploration and Mining, Book 1. — 2016. — Vol. 2. — P. 649-657.



