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COMPUTER VISION SYSTEM FOR GRANULOMETRIC ANALYSIS OF THE SAMPLE
OF MATERIAL

This research is devoted to the development of an automated system for granulometric analysis of the sample
of concrete and asphaltic concrete. The source of information for measurements is a digital image. The auto-
mated system contains filtering and a binarization algorithm. Such tasks as aggregate counting, square meas-
uring, shape and allocation estimation were solved. Software for automated measurements was developed.
Keywords: Computer vision, binarization, granulometric analysis, Feret diameter, particle analysis.

Introduction. Granulometric measure-
ments are actual in research of properties of
different materials. Such measurements are
common in soil analysis, granulometric analy-
sis of a concrete and asphaltic concrete and an-
other materials [13]. A sample of material is
used for the granulometric measurements of a
concrete and asphaltic concrete. The measure-
ments acquired can be used for estimating the
durability of a material [15].

The task of sample analysis can be
solved using a multipurpose method for differ-
ent types of materials. The analysis of a sample
usually involves the use of visual information.
In consequence an image of a sample can be
used as the source of information. The tasks
are: calculation of aggregates quantity; estima-
tion of the particles square; analysis of parti-
cles allocation.

Methods of computer vision and image
procession can be used to solve these prob-
lems. During the first step it is necessary to re-
duce the noise on the image using filtering,
which means transforming an image into an-
other image using the correlation between pix-
els. Review of the modern methods of filtering
is given in [17]. Methods of quality image en-
hancement used in flaw detection are de-
scribed in [18]. The algorithm of weighted me-
dian filtering is being developed in [12]. Lin-
ear filtering and frequency filtering are most
common and universal methods of image fil-
tering.

The problem with aggregate counting
and size estimation is the assumption of the
separation of aggregates and cement material.
This is a particle analysis task. Research [1],
[3] are devoted to particle analysis. There are

three approaches for solving this problem:
contours estimation on the basis of brightness
difference; binarization — the separation of
pixels on groups; calculations based on color
information. Contours estimation is not very
accurate and needs additional methods for par-
ticle size measurement (like mathematical
morphology in [16]). Methods of binarization,
which are based on brightness difference be-
tween the object and background, are most
suitable for the task.

Binarization is the separation of a set of
image pixels into two subsets in such a way
that one of them consists of object pixels, and
another one consists of background pixels. Re-
sulting in the transformation of image f(x,y)
into new image:

fG,y) = R(x,y) € {0,1}; (1)

Binarization threshold is based on
brightness value:

0, fl,y) <k
ReN={, s @

The purpose is to find a proper threshold
value. There are a lot of methods of binariza-
tion. They could be sorted based on global and
adaptive methods. Most common global
method is Otsu algorithm [7] and its modifica-
tions, e.g. [8]. Otsu method consists in estima-
tion of the threshold, which gives least disper-
sion in every set of pixel (usually in two sets).
There is no extra parameter to fit while using
this method. Another method of global binari-
zation developed by Bredley and Roth [2]
deals with using of integral images.

Methods of adaptive binarization are
used to process patchy images. There are a va-
riety of methods based on Nibleck method [6].
These consists of threshold estimation for
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every pixel due to statistical parameters in
some area around the pixel. The area is rectan-
gular with size wy, w,,. Theshold is estimated
in linear form:

T(x,y) =ulx,y)+ ka(xl, y), (3)
ulx,y) =

Qw, + 1D (2w, + 1) %

xz D dG+iy ), 4)

o(x,y) = Vul(x,y)?) — u((x,y))?% (5)

Parameter k depends on image features.
Most common modifications of this method
were proposed by Sauvola et al. [9], which was
eventually modificated by Wolf et al. [10].
Main difference between them and the original
Niblack method is the use of global parameters
in the formula (3) in addiction to local statis-
tics (4), (5). Both methods were used for text
analysis; however they are applicable for our
task.

To estimate the quantity and geometry of
aggregates on binary image they should be
separated. This means using segmentation al-
gorithms. In the case of a binary image, all of
these methods give the same result depending
on 4-connection or 8-connection segmentation
[19].

Aggregate shape analysis means classi-
fication of the aggregates on cubiform and
non-cubiform (platelike and acicular). To cat-
egorize them the ratio between length and
width should be found. Measurements on the
image of sample require a method invariant to
the location of the particle in the image coor-
dinates. Estimation of Feret diameters [14]
could solve this condition.

The aim of this research is to develop the
computer vision method of granulometric
analysis of the material sample. Main points
are: establishing the proper method of binari-
zation; development of the square estimation
algorithm; development of the methods of ag-
gregate classification and particle allocation
analysis.

Materials and Methods. Materials for
measurements are digital images of the sam-
ples of concrete and asphaltic concrete. Aggre-
gate measurements are based on [11]. Analysis

of existing image procession and computer vi-
sion methods are used for synthesis of a com-
plex computer vision system. Comparison be-
tween existing methods were experimental. A
system-design platform and development en-
vironment LabVIEW were used for software
development.

Results. To solve the tasks the software
for granulometric estimations was developed.
The first part of the algorithm deals with filter-
ing. To improve the quality of binarization we
used contrast normalization algorithm:

k
f(X! Y) -

g(X’ Y) (fmax - fmin)
2k —1 ¢ 6
(fmax - fmin) e ( )

A high-pass frequency filter was added
to reduce noise and make the image smoother.
Parameters for cutoff frequency can be
changed interactively by user. Filters can be
turned off entirely if there is no need for them.

Binarization using Otsu’s method
wasn’t effective enough. Some particles disap-
peared, and others were united into one ele-
ment (pic. 1, a). Consequently, an adaptive
method, based on Niblack’s research with
square area and preliminary contrast normali-
zation was used. However, global parameters
like in [10] weren’t used here because the
background was unstable. Comparing results
with Otsu method we notice that particles are
much more distinct (pic. 1,b) and even washy
elements were estimated. The reason for this is
in independent analysis for every area without
counting distant pixels. Parameter k of equa-
tion 6 can be changed to improve the quality
of binarization. The size of window can be ad-
justed too, in accordance with aggregate size.

Segmentation of binary image does not
require any improvement, because the differ-
ence between the existing methods is only ev-
ident in performance. Segmentation algorithm
result is an image, where every particle is
marked by unique index. Maximum value of
the image function is equal to particles quan-
tity.

Square estimation method requires pixel
counting. In this case we only have one object
on the binary image. The task is to find the
number of pixels where the image function’s
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value is equal to 1. In our case we have to cal-
culate the square of every aggregate. Pixels are
added together according to index value. Al-
gorithm returns an array with particle squares;
array indices correspond to the area number.

Pic. 1. Binarization with Otsu (a) and Niblack (b)
method

Square estimation method requires pixel
counting. In this case we only have one object
on the binary image. The task is to find the
number of pixels where the image function’s
value is equal to 1. In our case we have to cal-
culate the square of every aggregate. Pixels are
added together according to index value. Al-
gorithm returns an array with particle squares;
array indices correspond to the area number. It
is hard to make any conclusions because of the
huge amount of aggregates on a sample. Con-
sequently we propose to make the classifica-
tion of aggregates by their square. Parameters
of classification are defined by user according
to the conditions of the experiment. This ap-
proach also allows for the making of a thresh-
old through square value. This means that we
have no necessity to use aggressive filtering to
get rid of the small mistakenly found particles.

Square is estimated in pixel values. To
interpret the results, the conversion of the
squares into the real units should be done. In
order to make this possible, a calibration scale
should be placed on an image. In this case we
can measure the distance in pixels, find a pixel
ratio in accordance with distance in real units,
and make a conversion according to estimated
ratio.

Feret diameter is used to estimate the
shape of aggregate. This method [16] was
modified for the task of analyzing a large num-
ber of objects in one image. This is based on
the concept of base lines, which tilt angle is
changes evenly from 0° to 180°. To avoid
problems with vertical lines the base line is de-
termined by start and end points. Feret diame-
ter is calculated as the minimal and maximal
distance from particle to base line (pic. 2).Fi-
nally the algorithm finds the ratio between
maximal and minimal Feret diameter for the
current particle.

7 >

ferel damefer 7/ 7

Base line 1 &,

Pic. 2. Aggregate shape estimation

The task of particle allocation analysis
allocation was solved with implementation of
free positioning, size and amount of the re-
gions of interest (ROI) on the image. Segmen-
tation is performed only in ROIs and the
counted quantity and total square of particles
is written in the results table. Every processed
aggregate is drawn with a rectangle on source
image. The green color corresponds to cubi-
form, and the red to the non-cubiform aggre-
gates. Classification of the aggregates by their
square displayed in every ROI (pic. 3). User
can add a new ROI when the program is run-
ning.

The interface of program consists of an
image group (source and modified images),
control buttons and setting elements for adjust-
ments of binarization, filtration and classifica-
tion parameters (pic. 4).
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Plc 3. Source image with two ROIs after estima-
tion. Aggregate classification is displayed on ROI

The program is built on hierarchical
structure of virtual subinstruments. Parts of al-
gorithm are placed in subroutines. Maximal
number of ROIs is 9 which was enough for
sample analysis. The result table incorporates
the number of cubiform and non-cubiform par-
ticles, their total quantity and square and the
ROI’s square.
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Pic. 4. Interface of the program

Discussion. The automated system of
computer vision for granulometric analysis
was developed. It could estimate quantity of
aggregate, classify of particles according to
their square using conversion into real unit,
and estimate their shape. The computer vision
system can analyze aggregate allocation. It is
multipurpose system that can be used for dif-
ferent kinds of materials and under varies ex-
periment conditions. All methods could be ad-
justed for current tasks and purposes.

The algorithm can be improved by the
addiction of methods of mathematical mor-
phology. The point of this would be to fill par-
ticles which were distorted with holes after fil-
tering and binarization. Such improvement
could increase accuracy of square counting.
The method of aggregate shape estimation can

be used separately from sample analysis to ex-
amine aggregate properties. Simultaneously,
classification of aggregates on the sample is
restricted due to the use of two-dimensional
image on a three-dimensional aggregate.
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VJIK 624.151.2

Tecsienko M. I'' CHCTEMA KOMII'IOTEP-
HOI'O 30PY JJis1 AHAJII3Y TPAHYJIOME-
TPUYHOI'O CKJALY 3PI3Y MATEPIAJY.
JocnipkeHHs TpUCBSYEHE PO3POOII aBTOMATH30-
BaHOI CHCTEMH JUIsSl IPOBEJICHHS TPAHYIOMETPUY-
HOTO0 aHaJIi3y 3pi3y 6eToHy Ta acanrbToOeHy. IHKe-
pesioM iHpopMarii 11 BUMipIOBaHb € IU(POBE 30-
OpakeHHs. ABTOMaTH30BaHa CHCTEMa MIiCTHUTD aJl-
roput™Hu GiabTpamii Ta 6iHapizamii 300pakeHHS.
VY [ocHiKeHHI BUPIIYIOTHCS TaKi 3a/1ayi, sIK ij-
paxyHOK KUTBKOCTI 3allOBHIOBadiB, aHalli3 IX
101, (hOpMU Ta po3TaNTyBaHHA Ha 3pi3i. s Bu-
pilIEHHsI TOCTaBIEHUX 3a7a4y PO3POOISETHCS CIie-
HianizoBaHe MporpaMHe 3a0e3MeYeHHS.

Kuro4uoBi ci1oBa: KoMIT IOTEpHHH 3ip, aHAJI3 Tpa-
HYJIOMETPUYHOTO CKIaay, OiHapizaris, maiamerp
®epe, aHai3 YACTOK.

Teciaenko M. I'' CUCTEMA KOMIIBIOTEP-
HOI'o 3PEHUSA JJSA AHAJIU3A T'PAHY-
JJOMETPUYECKOI'O COCTABA CPE3A
MATEPHAUJIA. HccrnenoBanue MOCBSIIEHO Pa3-
paboTKe aBTOMATH3UPOBAHHON CUCTEMBI AJISl TIPO-
BEJICHUS TPaHyJIOMETPUYECKOrO aHalu3a cpes3a
6eroHa u acdanprodberona. Mcrournkom uHbOp-
MAITUH TSl I3MEPEHHHA CITYKUT ITUPPOBOE H300pa-
JKeHHE. ABTOMAaTU3UPOBAHHAS CUCTEMA COJCPIKUT
aNropuTMBl QUIBTPALUHU 1 OMHApHU3AKUK N300pa-
JKeHMs1. B ucciiegoBaHuy peraroTes Takue 3a/1au,
KaK MOJCYEeT 3aloJHUTEICeH, aHaIN3 UX IJIOIa/H,
(bopMBI 1 pacrosioxkeHus Ha cpese. [is perieHus
MOCTAaBJICHHBIX 3a/1a4 pa3palaTbIBaeTCsl CIIELHa-
JM3UPOBAHHOE IPOrPaMMHOE 00ecTIedeHueE.
Kio4eBble ¢J10Ba: KOMIIBIOTEPHOE 3peHUE, ONHA-
pu3anys, aHaJIn3 TPaHyJIOMETPHUECKOIO COCTABA,
muametp depe, aHATU3 YACTHIL.

boaorckunx H.C., boaorcknx H.H.
XapbKo6cKkuil HaYUOHAbHBIL YHUBEPCUMEM CIMPOUMENbCMEd U aApXUmeKnypbl
(v1. Cymckas, 40, Xapvkos, 61002, Vkpauna, e-mail: kstuca@ukr.net)

HUHTET'PAJIBHBIE OT'NBAIOIIUE BE3PASMEPHBIE BAKYYMHBIE
XAPAKTEPUCTUKHU BOJOCTPYHUHBIX HACOCOB, TIPUMEHSEMBIX
B YCTAHOBKAX CTPOUTEJBHOI'O BOAOITIOHUXEHUSA

B crathe onmucaHbl 0COOCHHOCTH paboUero pexrMa BOJOCTPYHHBIX HACOCOB, UCTIONB3YEMbIX IS CO3AaHUS
BaKyyMa B YCTAHOBKaX CTPOHTEILHOTO BOAOTIOHIKEHHUS, BHIBEICHBI aHATUTUICCKUE 3aBUCUMOCTH U TIOCTPO-
C€HBbI 663pa3MepHLIe BAaKYYMHBIC XapaKTCPUCTUKU, aHAJIU3 KOTOPBIX IMO3BOJINII ITOJIYUYUTH UHTCIPAJIBHBIC OT'U-
6aIOIIII/Ie XapaKTCPUCTUKHU, SABJIAIOINHUECSA T'COMETPUYCCKUM MECTOM TOUYCK, COOTBETCTBYIOIINX MaKCHUMaAJlb-
HbIM 3HaYeHUsM KITJ] BoMOCTpyHHBIX HACOCOB, AaHBI PEKOMEH/IAIMU MO MPUMEHEHUIO UX B TPAKTHKE MPO-
SKTHPOBAHUS U DKCILTyaTallH.
KiroueBble ciioBa: BOJOCTPYHHBIN Hacoc, Oe3pa3MepHas XapaKTepUCTHKA, BAKYYM, BOJIOTIOHIKEHHE.
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