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Counting the number of soil particles in grain size studies is of great
importance, especially in geological, agricultural, environmental, and
engineering sciences. It can be used for detailed analysis of soil properties,
determining soil structure, and environmental analysis. The main goal of this
research is to evaluate the grain size and shape recognition of soil particles
using image processing techniques. In this study, initially, color images of
soil grain size were acquired. Then, they were processed using Python
programming language and the Scikit-Image library. Finally, for model
validation, 17 rice grains and 8 coins were used. The results demonstrated
that this method was able to accurately detect the number and shape of these
particles. It also performed well in identifying the number and shape of soil
particles. Furthermore, when compared to several other software tools in the
same field, it provided better results. This approach can be utilized to plot the
soil grain size curve, ultimately leading to reduced computational costs and
time.
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EXTENDED ABSTRACT

Introduction

Image processing refers to the process of
analyzing, modifying, and extracting information
from digital images using various methods,
algorithms, and techniques. In this process,
images are collected from various sources such as
digital cameras, sensors, and imaging devices, and
then analyzed and transformed using
mathematical and engineering concepts. The main
goal of image processing is to improve image
quality, extract various features, detect patterns
and objects, correct and modify images, and
understand their content for use in various
applications and systems. The technique of digital
image processing has been expanded in the field
of civil engineering since the 1990s with various
objectives, some examples of which can be
mentioned in the topics of resistance, permeability
and compressibility of soil. In addition, it has been
widely used in determining the shape parameters
and deformation of materials, examining the
cross-section of concrete samples. One of the
most useful data about soil is related to particle
size. A review of the previous literature in this
field indicates the importance of image processing
techniques in calculating and obtaining soil
characteristics from the image. In this paper, we
have used image processing technique with the
aim of creating an efficient and fast method in
relation to soil particle evaluation. To achieve this
goal, soil particle grading was used to evaluate the
number and extract their shape. This approach
provides access to commonly available imaging
capabilities such as mobile phones and medium-
pixel cameras for material grading. Therefore, this
method brings more speed and accuracy
compared to other methods. It is hoped that this
research can be a prelude to drawing a soil-
grading curve using image-processing technique.

Material and Methods

In this research, a Samsung A series mobile phone
camera was used. This 32-megapixel camera
provided the desired quality for taking pictures.
Images were taken of three materials with distinct
visual properties, including river materials, rice
grains, and coins. To convert color images to
grayscale, the original images were imported into
Python wusing the Scikit-Image library for
processing. By converting the image to grayscale,
a single-channel image is obtained where each
pixel represents a specific light intensity. Real-
time images are usually three-channel including
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Red-Green-Blue (RGB). Other colors are
obtained from the combination of these three
primary colors. In some image processing
applications, there is a need to perform various
processing on each pixel; however, processing on
RGB pixels is not possible due to high
computational complexity and the need to store
them. To solve these problems, RGB images are
first converted to grayscale images. Then the
required processing is performed. The grayscale
scale compresses an image to its minimum pixel
and increases the visualization of images. Another
advantage of this conversion is the easy and
correct application of the Threshold algorithm on
the image. In this research, three methods of
converting color image to grayscale were
described. Brightness method, average method
and luminance method. The luminance method
was used to convert color image to grayscale. In
this method of calculating brightness, weighting is
done based on primary colors. The numerical
value of each gray pixel is as the weighted sum of
red, green and blue pixels related to that pixel.
Then, thresholding is performed. Thresholding is
an operation in image processing that is applied to
grayscale images. This method is one of the
simplest methods of image segmentation that
divides pixels in the image into two categories.
This method converts grayscale or RGB images to
binary images. The Otsu method was used in this
research for thresholding operations. To perform
morphological processing, it is necessary to swap
black and white pixels with each other. In this
operation, the background of the image turns
white and soil particles turn black. Morphological
processing may change or eliminate noise and
image clutter depending on the size and shape of
interest. Finally, a contour border that represents
lines or separating edges is applied to the image.
These borders are usually identified by changes in
color intensity or light intensity in the image.
Using a border image can be useful in object
detection and cleaning, determining borders and
shapes, shape analysis, detecting slope and edge
direction and other tasks related to image
processing.

Results

Counting various grains such as soil particles,
cereals, cells, etc. in high numbers is not
possible by humans, so this research used 17
rice grains with a black background and 7
coins with a white background to ensure the
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accuracy of the counted grains. Some
software available in the market is sensitive to
the background of images, and this increases
the error; therefore, in this research, it was
tried to use two images with different
backgrounds. This number is countable and
known for humans; therefore, this method
was used for validation. The result of the
image processing operation on the color
image and the related explanations of the
stages of this transformation for extracting the
number and shape of soil particles are
presented in Fig. 2.

Fig. 2: a) Number of identified soil particles and
b) shape of soil particles

Soil particles were mostly composed of small
sizes. Therefore, the counting of fine-grained
particles was evaluated. The research showed that
the accuracy of image processing methods is
severely limited by shadows and heterogeneous
backgrounds, but as observed in the validation
section, the proposed method is not sensitive to
the image background and can accurately and with
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high precision process images with two black and
white background colors. Considering the results
of the research, image processing techniques can
be considered an effective and efficient step in
various fields including river engineering and
environmental issues.

Conclusions

The aim of this research was to evaluate soil
particles using image processing techniques and
to extract grain shapes. The Scikit-Image library
and the Python programming language were used
to achieve this. Some of the important results
obtained from this research are as follows: 1. The
developed program is not sensitive to images with
an average number of pixels; therefore, the use of
image processing with the help of ordinary
cameras does not impose any limitations. This
reduces the need for expensive imaging
equipment; 2. High accuracy in detecting and
counting the number of coarse and fine soil
particles is another feature of the program
developed in this research. Using this feature in
evaluating soil erosion and sedimentation and
drawing a soil-grading curve is important; and 3.
This program has the ability to extract soil particle
shapes from images. Given that the written
program has the ability to evaluate any type of
grain including rice, cereals, soil particles, etc. it
can be used in various industries including
agriculture that need to estimate the number and
shape of grains. It is hoped that this research will
be able to take an effective step in various
management areas including water resources and
environmental issues.

Data Availability

The datasets generated during and/or analyzed
during the current study are available from the
corresponding author on reasonable request.

Conflicts of interest

The authors of this paper declared no conflict of
interest regarding the authorship or publication of
this article.

Vol. 10, No. 2, 2024

[
@)%

EWE

VF.¥ ul.....,...;l.v Y o)l.o.ﬁ» AR 0,99


SAMSUNG
Typewritten text
229


DOI: 10.22034/EWE.2023.405737.1878 YEY-YYY iolrin oF o,lods o)+ 0,90

Homepage: www.jewe.ir

!
ISSN: 2476-3683 EWE
63&55", Ao

S guudilo jekvwa paas lop s 5l solaiul
s *Y s \
93030 Ol 30 9 (65 Lu] (rmo ¢ (ot 901 5o (oS

u‘)-" A ‘QL.....:\); oKiils ewIg oasiiils ‘ul).o.c JERReERS °5)§ ‘)L.,.QL";_M,‘Y

Olpl les
Ao LS| oS>

Df-vefnal bl gyt

DVEexreen-1  :oy550 gyt

. S350k emlidpn pole )3 ohagdy (gl Dllllas jo S5 gladils slass 3 ,leds
DVeevresvol gl b S ’ ’

:‘5..\.3.15 6L°°3|9 (i onl el Bar oS ojlal ciwg b Jdov g S LSl s S
ui’r‘-’l‘ 59 ol pgai (Eile g slacd sl eolainl L S a3 S8 aseis ¢ gaails b))l

g il 2 Gl G b as S ganals 5 (K5, ygets spslas bl (hagl ol
S ganals &l Coles s s isle  Scikit-Image ailuliS o Python  owsgiael )b dwsas
ol S el as ols las b Lol eolaiwl aSu sas A 9’@;).3 als sae VY 5l e Jow (oo Lael
g olawl amid [0 uiored 00 aoeid 1) byl IS g olaws cudles YU cdo b g,

1] gomno s g e 50,500 lile 5 iz b auglie o wogdledy 08 e o9 5o S S
m.isari@uok.ac.ir S gonaily Soie g5 co g,y () SaSTL oS @l 03 1) 6yt o Slas de)
Sgdos Slwbre (loj g anpe ol & e 9,805, (ol )5 o) |

:lio ol 4y olciwl ogs
wu).é:.m S ‘_.;..\3443‘.) )5.15.;44.3 Rgas uu)bj.’ GL“’Qé )‘ oolawl . (VF-Y) .Q‘).e(e ,6..‘.{5.)\)& & e ’d)b-l‘ ul.Q,S ’Ls“‘ﬁﬁd‘)‘
https://doi.org/10.22034/ewe.2023.405737.1878 227-242 (2)10 .c‘_quA.dJ.Ae,oj

Environment and Water Engineering Ol wiige 5 e jlae @
Vol. 10,N0. 2, 2024 IAEAE QL’;W)L: At o)LQ.f.) AR 0,93

EWE


https://doi.org/10.22034/ewe.2023.405737.1878
https://portal.issn.org/resource/ISSN/2476-3683
http://www.jewe.ir/
mailto:m.isari@uok.ac.ir
https://doi.org/10.22034/ewe.2023.405737.1878

Yy

23 ) 400 9 (6 309a plnail pgate ()39 Jold
56T 5 Jlye 5IUT Jols PSD oo (sl Jslaie 29,
Juloigas 25 aS olls) (Astm 2017) coul jieg oun
ol Sgtul (58 5 I sy Jol olul 2 fegyen
ol p ]y ol @i a5 o)ls placasgas culply
ol (Coates and Hulse 1985) 05,5 Lo pole;
"(DIP) Jloms pgad 5310 b, & Sl sanails
ol pals do gl pl olass malS caloz 5l Ll lyls
Bged S5l gl 2 e sluly sbaosls @il Slewlxe
Jelos alox sl (s slaby) 5l Sy @l 4 a5 ol
ousaias Cdlae 4 dxgi LS ol Cewd ieg e
ool bl eolaiul Cowal g (FouS 4 e o
Wp @ Ol owiipe Aozl Glize pole 3 poal
oxte 8 cnl 3l o9 Sliniod 50 (gl (e (ol ply
Ot Slp o 0,504, SO Kim et al. (2023) .usles
3leslarul b as” wssls slpias S &l)3 ojlail 3061 coeS
hrmye U aw Giyes g oedile ol Jilos
2ade gy ol Boe 285 I3 oy p0pse (RGB)
5 Sl Jeloiga o @il b (s slosd lacggass
GO9Sl gl cnl el o) lasSs Sses
03,5 ooliius] S Sl,3 ipits ol (gl Jliamso
Sl (978 @l e o Sl SRegaee 45l
o3Il @395 (383 (e )0 1) edile b 2 (S 0 S,
e wleolid Glp sdgh 0 wes o lis S ol
00,5 Lasties b ooleiw! paal bils  slayd il S 5
pore GBGEY,) 5 Geos GpSok SeS L pgal U
aS ol las Yu et al. (2022) iegh j0 paad (o5lop
S ) VL 285 Bras (65050 SS L gl (35l0
Old S Jelos 3)ls pgal ln paeye slagd @
shls Glabglie coaS add gl cl o slaaslb S
Slr s sogby, el e (o il e
S s 5ellS wiile cilaSins &3 o3l (g puSojluil

030 sla by, CBs aitud 9o 95 g pole; (Sl

Environment and Water Engineering

doddlo -
5 Al glitl 5 e ool Al 4 g B3l
Saod g lapi sl da by, Sl oslitul b Jluzms polas
sl caliee aulis 51 jsbas a3l 4o 0,08 o L] (alises
S ppgal GBolliws g oS > Jlzmd slacem )9
5 by mealie Sl osliil b e 5 odiisslae
Glon Ghel Buaa wigh oo b g JeloS owiige
waliee sla Shy glicl ualad CodsS dee g
S5 5 sbad ol 5 gt wlosl 5 gSIl agsis
bl g basl,y ;o oolaiuwl jghaieas oyl (sleize
ok o Jlezms ngad (B3l iy, el Al
el 25 b a3 (S35 Slaiond 5o alocel i
SO 5 Oeied g 0d) Dlagzge slasalul da sl
sl gl s ubidlsn 4 Loy ye pole )5 Igas]
o ol 5w i aSd Sl Sl sl
slails slse (Mora et al. 1998) coul onioslinwl o slds
GlSee mlbs o o] 5l plaS e as 5 )ls iz glgl
&lge @ lgiee Jleplsieas )lo ) 293 o slas )8
URVURIE JOMENCE FSRNE SO IS SV (ESR g W L 4
0,5 o il el Ko sld s> 5 o o8 ¢ ng,ls sloyog
5 Jlzus pgai Guilsn o8 (Behringer et al. 1999)
o Blaal b gode e ans 3l liee gwaige da>
oo 3 ol |y o laigni | (5 a5 Sl i
Ol progdle o) Jle S (62340515 5 (5 p 359k ctaeglie
hie (o) gllae IS8 s 9 S8 slo el s o
Sl 0alpdly oolaiulsge 00 S jebay b sladigas
5o leols o sasie 51 S5 .(Aydin and Kurnaz 2023)
@l o5l el T(PSD) & ojlailay bgs e S 360
S g 5 s S S 5l pege A
3 S Glails olge ol S (6,080 a0 L]
SISk plp o Bos,S Jolas ;aS, L alilazr jsbay )3
o3kl 51 .(Yang and Luo 2015) oS caeglie oo Jlos!
Olg3 oo azmis ) 35 oo o3laiwl S gunadls gl olyd

S (Siglgree 5 (SOl JU, e o o )

Particle Size Distribution
Digital Image Processing
’Red-Green-Blue

Vol. 10, No. 2, 2024

[

EWE

VF.¥ ul.........;l.n Y o)l.o.ﬁ» AR 0,99


SAMSUNG
Typewritten text
231


YYY

VFeY ‘Q‘)&'QBWBO‘JA

(s 509051 sla g, b dvolie ;o 04 oolaiwl cllaw]
3l gased dbly g ol en ali 5l oolatul 4 Ladd g, oy
@ Glp weber 5 Sew el g, S alnbe o)l
Qlai;.w 5 cdlaw] balse 8,90 40 Sledbl o ,4] caws
259 56 e o0 b, cwl (Dan et al. 2021)
o3l ey b5 sl oo Sty oS ol
w)‘.)).v U’“"j) LSM‘}’ OMQULN) S Cwl ‘5....&5).7 )49..47)
2 S99 laosls Wl oo 6 gl by, el pgad
omiwo@ ubo o)’L.\.i‘ 3T U"‘)"L"’ s C‘)M‘ ‘) o)\S
byl (Liu et al. 2022) el polezel BB 5 5380
bl g a8 0,805, SOl eslawl b ol,d o5lusl F3TY
wgiaeln by Sl eslanal b pgad (Bilon slagd
Siapgh 50 o lailiwl JUye ybg, b ol awslie s MATLAB
O 9 B8lgs aS ols lis Damadipour et al. (2019)
a0 5l Jol bl g Jbye Jelodsn o 5l Jol> mls

3,18 3529 pgal 3100 ey oelel 6l s
G100 0 Sl izl jo aidll | wledlbol 4y axg L
Il ol Ssgios pole 38 psa B3l slagyd )
Ok 3l rSose b ngas (hilon lagd Lawgs ailsoy,
saiplel Scikit-Image abulsS 5 ebl cwngideliy
oFeal ol b gleals 5l b slaUls ool
lad Gl plde )0 CBeSy e jsbay a5 Wload |Sis
s sladsls o5l &59 Silw 05 iloadoassTy caliss
wlbog, JUB )8, Sllas sl (SHn Ml slaless,
Jleplyieds .l 5399951 5 (53909890955 S yen )3
ool plas Gl maw axly o baails slass g o3l s
J.a.) g_;‘)o J&w U"‘ > 05)1.2 ! (o )Lu.u.: Sy JLL..J‘
SThao! aygl; alox il o SeilSo 5 Suud Lolss s g oo
(oudes il 5 3o Jgoe Shinohara et al. (2000) =1
Athanassiadis et al. (2014) S>o5 25,5 Loy Jgde
(Garcia etal. s,l3% 50U Sdg,oun colon sla S5 s

SRandom Forest
®Large Scale Image Velocimetry
’Cement Replacement Material

Environment and Water Engineering

Sgaoe (1550al (sladinej 5 oasls Lwgi Salay pgal
2 583 o5k alel G Tuan et al. (2022) 545 o
o Jedos g ploliss ol 1, YSVIS) gl wpo 4l
oadiolpiinn alel aioly dewg il alain o3
s9bd g 00,8 Bl p ) naal il slags ks slaals
2P GBS el (> )3 S el wl S 4 ar g LB

S e SaS e

Glide gleojs> o eyl o S Cash, cw)
Cudgazme e (6 Lid Caaglie .ol bt 5 (65,9laS
om0 salS alse Cugh, glyime 5 T(UCS)
UCS (poets gl il oo ST 5o SuilSe Sloogas
sla iy noal (Hilon lagd 5l SB Cagb) syt
wmas leasil sl ool b e 0l zlp3eiul jLis,ee
Sz 5 TOVM) planty oy eile TANN) o5iae
Shon s 5 g ol SRF) sl
30 sl (solein g, .(Sagayaraj et al. 2021)
S8y e prgeal (5310 Gl 5l esliul L ailsss,
asdlls ool F(LSPIV) S5 wlbe j0 pgas eI
bl p Ol RSl sl B el byl ol
o, Soilul bl iS55 ,e3 oyz0 lse
Aoy ooy 4 g S oslusl s ol an e o Judow s
00itS lgnsl s g 015 o 0050y I, brailiw] Jlas as
Cglie (Suw i (Santos and Fernandes 2022) ..l
5 eolaisl b g Y(CRM) plogs 00350 olge b oy (5 )Lad
o Sl (2gdgn (Lohas (oras (AL g poal il n
ol olad mlbs al o, Waris et al. (2020) o
e SLaSLS 5 pgal Siln slaylnl 5l eslinal
el She o )lad Cwglie (mtey o (Soras
S5 b polar gunaib lp peal Ghilon slas
2 e 505 Sl S 4 cesnd o jlale glaosls
S o e gl el ooslinl pae; Lindies 3 gonylS
ol paal Silon g slolemle molar l oolatul oS

Sl 1y ey b 5 SS9y 2 e b)) s JeloS
pyas oyl (Kalidhas and Sivakumar 2022)

IStereo Vision-based Inspection System
2Unconfined Compressive Strength
3Artificial Neural Network

“Support Vector Machine

Vol. 10, No. 2, 2024

[

EWE

RS ul.........;l.n Y o)l.o.ﬁ» AR 0,99


SAMSUNG
Typewritten text
232


YYY

DSl pgal 5l 8 sl eslaill L S sanaily g

o9, g olge ¥

oyl -)-Y

S ganaly Gld JSs g olaxs 8,6] Cans 4l
ol ST aS ols vz alide slajlBlay g bl
Ol s Y (Sel S aieils laylle
ke oS LYl mhaw (cwagiasl (Lo lsiea
olwoy b des sl goasine slodie) 10 (5 i g
951098 oo 03wl gl (2310 g (oras slaaSd
P SPlasg 4 Gl oole iler yo Genly 00 nS
Ry B Aieyd WS eSS alite sladis)
3 Slas 5 Slly gein slaailbulis 5leslainl b feul
laailioiS” oyl aloxl .(Xu et al. 2016) 5l ,slas Ll
Scikit- .5,5 o Ll Scikit-Image 3 OpenCV 4 ls5
g Cewl pgar Silon jo ohg bly lle Image
S hds (ot bS5l goasie slap 5Nl
O s OB Sjpgen | (Shy pais g (owais
J=le () IS5 50 00 o0 )13 Gl st jo Casgame
Lol 00 03,91 Lidgi ol plo]

Stat

wsls Gl 5 S5 ot Slse sl 5o Wl gy
S g olaas Dbl pe pol Aegn )3 mee cpl il
08 5 7olae paai il SWSTL ol 5l sadizl Bl
S8 gl il 553,50 S oS15 anlns (6l oS
Syl calize o) 0 gHlbaw cunnl S Gl
2 b i jsba S-Sy S Jleglsiea
S 5 6 23598 o1 ez il (oote (S5 o S
S5y ST 9)90 50 |y satee DAL izes )l
e 3 (ol Slagiaghy 40 45 was o ail | S
Sl Wlgise ool oM 0,5 oo )3 colials yge S
(29,500 Comez oS5 sy p ) Gle amedan
(Sun et al. &S fpons S 0 0,ué 5 I 0lge L

2019)
gy S obml Baa b peal bilop (85l Ghagh cnl 50
oas eolawl S wlyd Sbs b akaly o &y g Sl 18
S ol ganals 5lBan ol 4 ol gl el
03y 0y bl U8 sl g ol ()l jskien,
ol i 6l o L LISl 5 onliiasl 3,Sss, oy
FSr b ploimys 5 oo slapdl wiile (Jyese
ol eapontlyl slaice ool las gamails gl |, Lawsie

) G C85 g Cepw dabyy ple 4 Cad by,

p it Modelvakdaion [+ En |

gy sl Jole o) IS
Fig. 1 Steps of research

Environment and Water Engineering

Vol. 10, No 2, 2024

»

EWE

RS ul.........;l.a Y o)l.o.;:) AR 0,99


SAMSUNG
Typewritten text
233


Yvf

VFeY ‘Ql)liwswjolﬁ

28 G S a4 (S5 polal hass () aw s aslsl o
gy el cado lil (28,5 (13 colatulege iegh oyl
aS ol slooles g, g oo 00l T Hlidg, by, 45 sl
2 e (S g ook by pleadlie bugle jlade
OP9y & pslal (hilon egms (V) akal) oS oo Sl
(Panagiotis Antoniadis. 2023) &S o oylo 1, olids,

min(R,G,B)+max(R,G,B)
2

)

o,8 sy Lol K awoamonlis i aB GRS
1 00,00 oo Hlows cins SO by, onl ol ol g o
yoboas e (ol 09 sod 0oliiwl RGB (3> G 51 o1 5o
& Gy Do Iy wesge S ) Gl S g
ool 4 bl alids; (g, oo lear el il
Cool Clngie by, SSbe (V) akl, ol Fola
s3> 4w lawgle Jlade (Panagiotis Antoniadis. 2023)

A 58 7S elede ade plgiear | (2l g S o)
25 o

R+G+B
3

Oigy Ll gl o a8 5 b o eddlie den ax ST aS

sz 0|y Sy (59 ) el jledSie 5 5 S0ke

M

2 go Gl (RiSTy Dglite (sloged 4 ST ,0 4 lagir
@ o e ) & gl (ol jsbay (Sun 2021)
slois olple ol Joles o 4 Caleys g 5008
(Panagiotis Antoniadis. oS ;5 Wb 398 doles
b9y Tl b g o815 (L ,g pgm by, 2023)
WS o B S pelar ]y (S, pglar a5 col
WS oo Jo 1 S slagts, Dol ciddse b )
3 g Db (gyS oIl Glime 4 (i ys 5O uilineg]
ole ¢lp el SLb e L] Cg =SS 40 g E_LM a=lg
295 eaizy 9 Slo goba 5| GT QU3L b 498 e (S
R EBI0) S WSS Al gy cnl 5o 0,00, @
Sy o s0ue e 358 o0 plnil (Lol a5 (slie

‘Contrast
SAverage Method
®Luminosity Method

Environment and Water Engineering

S0 R R gpad Ol pageni Y-

O myg0 3l GRgd (nl 5o ooliiuls e yglal 4 1y
YY L oysd ol ot ool A gy Sigasls ol yan
Sl &l b S as oz | pslhe CoalS (JuSoK
dlae Jolis pnlete (5,0l Sliogas |y osle a5l pglas
A Agd A g g slaaily (slaslsog,

sk Ghloy ~Y-¥

SruS 4 (S5 paal Jood V-

ok S5 LS 4 (K pglal bos ol
rolas Scikit-Image alls s Python wgacl,
).)9..4) ‘)JM L| “""Ler' ) RUCR WY U"’)bf ;.\..4‘)3 OJLAT (_;iu)
oS 5o Lol IS S5 e o281 Lubie 4
).asl..a) ] CFAM )9) AW u‘J.AA amaul.w Jw&..: B
e Jolds dblSans & j00; Voo | ably olo;
kol Ky an cpl w5l Ko b, s RGB
S rpal GBn sl )lS Sl (B e Wsdi e ol
D)0 352y JuSy 2 59y p BB Glaghley ploxl 4
Sz S wRGB la bS50, 5 G35l plnil Lo
Sy (s ol (s5lwe 30 4 5lo 5 YU lelons

Sgdisn plxl Slisyge Ghjlon e Wgdioe o
) peal SO (g S ulie (Kumar et al. 2020)
LJ’“‘"J‘B‘ ‘) }JBLAJ QLAT M 9 aé)...';’.sé UT J.u&u J5|¢>
Cawyo g Sty Jloel (o cnl Gblie Ko 5 ams o
o o (V) S el igai (59, 2 T ailiw] oy 555!
o3k o &S ciogi Wl oo 5 S Jue a5 | 2SS,

.(Jana et al. 2023) oo oo oL YO -+

S FeST Jae sl o Y IS
Fig. 2 Gray colors spectrum

'Real-time
2Threshold Algorithm
3Lightness Method

Vol. 10, No. 2, 2024

»

EWE

RS ul.........;l.a Y o)l.o.;fa AR 0,99


SAMSUNG
Typewritten text
234


Yo

ﬁﬁdjlwmw;£|)|6lﬁoquuaﬁgpgb
ds Sglas (F) S .l oadoslazwl (V) b,y 3 (6 S >
(Johndcook 2009) sas oo lis a5 1y sadse Lil o,

B .’"

L ¢ "‘l:"
L

by

W

"’

,?'{ :

: .
i% M ; = ; L

@l 5 7 08 la Sy (39 Egezme Olsieds (5 S
Sed e drmle (F) alal;, &gty oSy o 4 bgye
.(Johndcook 2009)

Y=02125R+0.7154G+0.0721B )
" 4 A o BT
' ; ', i

o,

.r‘ﬁ

Min TEENA)

oyl (b, =0 bawgite N, g (2lids; Ghs, o Gl npal i S 4 () pgal o i slats, Y S8
Fig. 3 Different ways to convert RGB image to gray image: a) The original image, b) Lightness Method, c)
Average method and d) Luminosity Method

Dygor Olee | Sl alslee JS 05800 (5 108
(Otsu 1979) 5,5 cirogs (F) ala

o2 = WixWax (i Xpa)? (t)
M2 g M Geizmed sl poal glo Sy slaw JSa

Spbwgolw sl fuSly 9 Sud WSSl Sole S
(Otsu g co dwle (B) alasl, 51 H2 g HI lade o]

1979)
_ Tiz1ixp()

Uy = T ©
_ Ziea ixp(0)

25 w,

@ JizI p(i) ol (JuSs lade) jo5 Dol Ll £ aS
(®) abay 5l a8 cosl pgai ;o1 58 S Gl el S92
59 b Gl San polae slawi L psiie 048 g0 dlore

(Otsu 1979) 5,ls YOO b+ s (g polie a5 ol

odb asiie (6 S mhaw b a8 oloJuSy slax S
Dy ool LIS L pgal glo Sy S Sl 57 L, ol
dlre () alaly 5l 68 w3 0 gy Jlaxo

(Otsu 1979) 54 0

p() ="' )

Environment and Water Engineering

aibiT s 591 Y- —Y
9y 2 S ol polas 3lo 0 Sldee SO (5,35 ailiw]
Orreske 5l (o ey, nl 09bos Jloel 6 S gl
Ry 3 1) b JuSy & Sl pglal saipends lagt,
sgbal has 4 gy onl S o el alwdgs 4
Sjlep oo ) 29990 palai & RGB yglas L (5S>
RS G sy Sy Olsear @S aibl
B> g pylal lais 90 (g ansidl ;0 el g oud B yne
O ol oSS 5 S o S8 oliiuls s e pf (Pl
2ol 0 gedgt & QLA ol 4 Wl
gmalS olon 039> 0 S (SeS it cdwlin LB
(Bl- 55,00 )5 & ddmgolw prglai ;o 5o (5,135 il
aliw! gjlwag sleol, 51 o Yamany et al. 2023)
Otsu (1979) Lwg a5 el Otsu iy, «pslas 5,35
IS o 08l 55 o Fgiansd 5| s cal ] ot
L Sy satwdgd 0,5 lax gl (5 L Otsu iy,
sy 0 Aty sl 4y atndgs oo illy oyt
sl rlie @S (23993 poba slp Ysame 5 ol
ey el Soy 90 o 45 (5 g pl T 0 0
(Otsu v o lis | yo ol 3l aliee sloosgaze
o ol 45 055 e ol g5 4 il ol 1979)
Sl Ol wiloy iSTas 4 | dxbegoln diwsgd

bl ) i 85 g bbatws g ¢ pdy laz ceel canlin

'Binary

Vol. 10, No 2, 2024

VEY bl oY ojlads Ve oy S

EWE


SAMSUNG
Typewritten text
235


YY#

VFeY su‘)&o&j(;waé‘}o

Slade b Jled e slo JuSs 5 SO Jaae b Jled sl Sy
yaie Hols 1B Loy ol Lol o8l A cul as
Slr O3 Olgisn sl o (Sas Cudge o 50 oaisl
Olyanss g blasl 5 (50,95 Sldos lz! dagSl aseis
pare S g o3lasl (F o) 0,5 solawl pgas o g Ll
e 5 5hisyse Ll o}l 5 £55 4 aan Ygona oisl
sladshe (1) IS 50 098 o0 sl 9 aseie 2,15 Lawgs
21015 So e SGjanie sl Jobe 5 jie e ol

.(Pierre Soille 2004)

o3l parie o yila - S5
Fig. 4 structuring element

Sllas gl a8 2515 35 poghe 4w S Bosm 5
ol ealin pl 3,8 oo 513 o3linals ) o bl 5 (S35 5
(Pierre s wn” Gy pde b ol 1 5V ls T
o rbe e Bl Sl —asled () JS—i s .Soille 2004)
a5 Cewl saiosls ol 6l pgal g9, poaijle yaie

J.{bs)‘;o L)AAJLQJ |) OL....M:‘ 9 WL\S ‘4.:).0 CM‘ =)

1I— Miss

v

Structuring element

Fit

Binary image

(£2999% P9 Sy » ojle pate LB -0 JSs
Fig. 5 Mapping structural element on binary image

SErosion
®Hit
"Fit
$Miss
Environment and Water Engineering

29990 pouai —Y-Y-Y

258 o (5 fmS B g (59, il 02,8l Jloel L
Sl slaws dewle jo Ao o (pl 09l oo Jol> o9090
S e Ll 1) gliol s

99 gk golow o JuunSy 20l (43,5 (wgSao —F-¥-Y
$2.999° ygad

($1999° 23 S Sehes 5 (S Sy (30,5 usSae b
Jas o Ky a0 S @lyd 5 ovbn Ky 4 dde )
sles SRl jslareds Wl oo pgad ;o yts nl S9b o
L pl> Glatuogas 9,5 jainz ppgal Sl
g oolatwl paal jo gl g sLidl o 5 easeid Sgugo
5O peien Cdoay olowws Sllas pl ol plxl 5l Gun
Ol peas cal S o)l slaws plolis Sldes ailxs
28,5 1,8 oolauls g0 gy

by ) olobos —B-T-Y

Jiazms naal (95l n 50 dube IRl S 39098550 Slibes
Sl Gl Shs 5l 6yl Wilgi oo 380 j5boas [ el
ISyt |y el 8 sl STol 5 0540 b a5 win
(Noise) aiwlgsl polic canl (Son (SG58ls8,00 (o300 5
A g0 IS g ojluilay 4y azgi L) pglal (i jemas
kol Slilas 90 ugal (5558 )50 50 WS DA Ly g yess
oolal b ldos 59 oyl 0510 0959 T iyt 5 T 50,5 5L ol
Ngdso L2l pgai 65y 5 0 talu o T b S Slles
(Goyal 2011)

2ea 3 058l SlapSe b beoadge plad ;o suile yaie
dglio oSy SLbl (Soluon b g 005 0 518 00
el Su3gled 50 anl)d alie 9990 PNl Sy 09 o
b,y Olles 4 cos Bhaie Sllee (Ollee ol o Ll
235 Gl yd eaiile pate K00 bkear 5 S o0 &9
S9) 2 SUelsd 90 Slidas Jloel gl a5 ol G 5le S

)‘ AL goxo AS.: S’w U’“")"L" uJ‘ \)9.....'69 oolaiwl )43.»44

Tnvert
2Opening
3Closing
“Dilation

Vol. 10, No. 2, 2024

(5
@)%

EWE

RS ul.....,...‘l.v Y o)l.o.;:) AR 0,99


SAMSUNG
Typewritten text
236


YYv

S gandils Cgz peal (Bilo

30 ).3‘5..45 )‘ oolaw! ..\.a9...u‘5‘o &Mn ;{9..45 ) )93 IR
9 e et L3l ()15 el g e 25 0 Wil oo
plo gad Cuz g ot pasmis (SO s da S
(Szeliski aib suio pg—ad (o3lop 4 lad e asllsy
.2022)

S g laassl -Y

Joo Fwizo -)-Y

5 b Joluw cMe (S )3 aiile calizee glaails il
o W s & G Ll sy YU olass o 048
0 il ladsls dlawy Coro 1 lasebl (gl g
Y g (WHF) U ol o g b g sboails sac VY
2,5 oalatwl (@HY) JSE s aiwej e b 4SS dae
ol pglal dicoj 4,5k 0 9290 sl l38le 5 S
o.bl.o......:‘ ;.&l...‘}ua S5 LSLQM)QJ‘“ Lv).vj..aa 5.) )l KW = U’““bﬁf
5 (7)) S5 50 0l ooy oyt g, (nl 5l iwiomo
ol ) l>aSo 9 laasls 9 4 45).4’)5 ;.f.’) (U—V) J.i..u
S99y od...‘;}ﬁl.?d‘ uL..Lo.c LSYLv R a..\.;.a.bQL..'Z..; Cj-“.’j“-.’

2 Contour

Environment and Water Engineering

9 09d 0 Iyl Yoaisle jate jleolatul b Giole s Sldes
Lodislo yaie sloduSey ples STopgai 5l Cundse o 50
e (V) abafy sl ply pgad o Jblie by sy
(Pierre Soille oS o bas G a 1) Jlass g0 JuuSly
2004)

Erosion(A,B) = {z|B, € A} )

Iy ol jaie B icwl Lol paal samoglis A ws
oX 5l yaie Cusdge i cdipolis By g ass o Giules
(imle,d Sldas jo oY) alal) 5l eolawl b el Z
b e Glued odijle jaie b oS s pgal slo oSy
lsieas Lol o jlaie (e85 Wi oo dlin K008,
Dedie a3)S I 50 Slaisyge JuSy slp wue A
9 390 0 plxil oaijle yaie jloslainl b 55 axwgy Slles
yare |l oSy S0 Jlas STpgai 5l Sasdes o
Slaie (A) abasly sl ply o (o bl JuuSo b ol

(Pierre Soille &S o bas G as ) lais a0 Sy
.2004)

Dilation(A4,B) = {z|B, N A #+ ¢} )

rae b &S Gppal gbJuSy (A) ala, 5l eslil b
Ot Wgd oe dulie ;0S5 b it ylunen ol
A5 Sy sl iz Az Glsieas o] o ladie
Gl 5 blel el Sllas ol g0 418,80
Sax ) 5SesS lipl g 9sdee paal ;o sldl ojlul
Sbay Seol e S (o0 Sy oSy L plesl 5 L]
5 S sl )l il leasis a5 il
Sglaie ol sladali 3l Cand 4 aS 0,10 dgzg olu,d
yel ($2b; lagioles samslis 398 slage b aiins

(Soille et al. 2011) arib o Sldas o]

real (2B e -F-Y-Y
L gl oaumoplis ugal (3jlon po 7 psal (7)1 55
Iy pyas 0o Lal glag e aS con | GloosSTas slaas >

b5, oad Slis b Ygons boaci > ol oms o oyl

Kernel

ol woige 3 S jlame

Vol. 10, No 2, 2024

162

EWE

VFeY uL......uLa Y o)l.o.».‘fa AR 0,99


SAMSUNG
Typewritten text
237


YYA

VFeY sQ‘)&wswsé‘}a

3 fj
.ff)

/Z?:“‘

e E::::::H_ ;:Ei::::::/f’!

PP i . ety L e R

S s L =

== A we L R i e

/
/
L/

/

\ J \\l // o’

(z)

am

ouls glulids slaails sloj e 30,8 bglas -0 i slaails Lol pgai -l sl ainj o b g sloails S5 g olass -# IS

o.)w.:c‘,::.m.: | C.\‘):) Ji.i’:—cj AR e QL....: |)
Fig. 6 Number and shape of rice particles with black background a) The original image of rice grains, b) The red
lines indicate the detection of rice grains and ¢) The extracted particle shapes

oS S 2l 3l gz ons plolid baaSin —o laaSs Lol ygad ~ il dis diej ey b boaSs IS0 5 slass =V S5
Fig. 7 Number and shape of coins with white background a) The original image of coins, b) The identified coins
and c) Extraction of coin shapes

“A)

Sy slaopls b Jol (o S
Jlesl 51 G a5 s oo lis (2 -A) Ko (0 0uls aseine
Wb plxl (L3 alepe jo a5 wliiEsy, ei,sNl
Spyal g odbBi> poal I Szl ol sloJusy
J At b polie Plaoly ol odd yizsly il e
G led 45 35 o0 s Slabos ol ol 005335 g
polie yeax 1p5 08 Oigo oYL Cds Ll olaws
et o s alfl case gl jo atulsl ol

D9 50

Environment and Water Engineering

robad gojle p gbs -V ¥
5 9 2y Sy 2 Oba Sl 5l Jols axs
slasd gl cgzr 4 b (nl Jole 4 bg o Sloxpogs
55y 19 3l el a3l )| (A) S5 45 S s S g
Lol (6,281 IS S5 g5 (AFA) USE )0 35290
el ddg sl Gl ppal ol 5l (eA) S b
(7)) UG 0,8 ool &5 )lo S5 g ya0 oliae a5 9090
Sl IFF L plp aS pgas 5l odslcamsa asbal jlads

Jles! sl caalsl jo 098 o Jol> Hlais jae (29990 ygal
oolawl U’“"?S"“ &5093 )_\9@ )‘ GMJL.MJM.?U) p.:.s)9§ﬂ
olbiSu ;08,850 Jlee!

(0 A JS-AA)) 39'“"(5"

ol woige 3 S jlame

Vol. 10, No. 2, 2024

I

EWE

0,99

VEY lls Y o)let o) -


SAMSUNG
Typewritten text
238


yya

o A

Pe
S

ol ws&m O (29990 Ryl — z 6;~.~5L‘> Ja}.a.’f - LSLA" )49..43 -l S u‘)b S92 ).vya.r u,u)lo).: J.‘>|J.a -A J&u
00l wgSiae awdS 93 pgal 59y (swlidn ) sl Jlosl — 55990 gl

Fig. 8 Image Processing Stages on Soil Particles: a) Original image, b) Gray image, ¢) Binar image, d)
Inverted binary image and e) Applying morphology algorithm on inverted binary image

Gadils Ko iSTas o )8 snnlive sl oo Zadsds 023 0
S D3 5L sl Shg 5l a5 canl adgS 0,5 45 51 SI>
Dot opl y eddosls drwgl deliy g 0o laailsog,

S el oYL eds bl s S oy

Sl s S~ 5 ondasie S ol -Gl ST old S 5 slas -4 S

20 D98 hled g oyt SB )y dlass (1) JSS Gellae coledyd
OMJQLM: 6‘°}Q3 ;i))l: oAb yastin e (L -9) J&..u
03e YYYO L by olaws cplcwl oals ploliss S &l )3

oimles 1) S alyd IS 2l sl (o -) IS el

Vi S piai™

Fig. 9 Number and shape of soil particles a) Identified soil particles and b) Shape of soil particles

() Jsoz 5,8 o,Lal S glaails s, Lo,leds 4o o YL
el S Sld (V- Jgam) Ho il aslae ol Sl
o Slr il el ol LSAS (S8 slaosluil

Sloged S5, 28,5 )18 Sl 0,90 oy, Ol Ll

Environment and Water Engineering

13810 5 b b S dulio Y ¥
Hydraulic l38ls 5 b awslio )0 oabosls dswgs ol
ol Slasin jl.cwl o651 6 ,5YL cds 5l Toolbox

o gl oo 5950 asliy Jilae jo culiosls dxwgy Al

Vol. 10, No 2, 2024

(5
@)%

EWE

RS ul.....,...;l.v Y o)l.o.ﬁ» AR 0,99


SAMSUNG
Typewritten text
239


Yt

VFeY sd‘)wswad‘fo

& 325 4 - F

bug SB oS byl 485 Sise Segh S
Sl ool oals IS5 gl 5l 5 g ijlen slogs
obs o Scikit-Image abulS 5l o050 cpl 4 ol
sdeliewdds g s 1o eolatwl Python o siaali
22,5 0 )8l 25 )l 4 Gl ragl 0l

Gl uSs slowi b (6 polai 4y coadosls dawgs ol -)
L pegbas (5l p 5l eslaital g, byl s ubus Lavgte
S sod dloul (ogaste o)Ll Jaere (lapa g0 SS
CedolS Ol @ 5l (Rl s gaoe
Bghse SO p g

5 Sy Sl olawy bl g aamias o YU cds -Y
el 50 eabosls drwgi del oLl Ko 5l S«
5 oRbesd @bl 5o SelB Gl Sl eslasal ol gl
Sl Glls S gunails o ey 9 S g,
o]

$9,y 5l S ol S gzl sl bl Python aely -Y
Sla ) gl

slasls E9 ngl%)')l CoblB ouihaigh aol p aSol s az g5 b
S olgse oylo 1y opue g S lyd (e i ozl
olasi presd a4y 5Ls aS (65,0l ales 3l Al mlio o
ol aS cl sl 0,8 1,8 solauls jge aiylo laasls IS 4
gl ozl aliSie (o pae laoje> )5 Wl 4 gl
2o 1y Fge (o8 Coslazme 5 O

Losld ay  cw yiwsd
sk 3l et odiungs B,k 5l il 10 cows ools
Lol Jlo,l BB muisari@uok.ac.ir e

i dlin 3L
8l oLy 365z (aS W5 jlo o plel dllin ol B ang 8
Al e ol Hlasl b g Socnsi badaly o

References

ASTM. (2017). Standard test method for
particle-size distribution (gradation) of fine-
grained soils using the sedimentation

Environment and Water Engineering

0dB00l8 dxwgi el Jawsi oads glulid Ol )3 sasmsylis
YU s o0 aS 04 e cdline el ipgh pl o
Sy s goae AV S el suljasrine IS )
arwg 4ol ¢ Hydraulic Toolbox lawgs sads o ,leds
3 Uiyled 5o by onl 2Ulg ol p ol cadosls
SRy Ghg) b o)Ll 15 deade ;0 a5 sbiles il )
WS gl 1y )3 e (Suiglsdise sleesls wils e
solezel BB g 5585 sowlcawsas &l )d o5l &9 ol ple
Tuan et al. (2022) _zag5 ,o (Liu et al. 2022) el
bwgs Saday pgad 31y o by, S8 &S Wb ative
i ;o Lol 098 oo 3gazmo (5K0nl (slodiee)pm g laasle
gy b odalin (riwlone (A )3 &S jbles ol
Wl o0 9 Comd (ol 1905 b 42 S (SOl
B3 Ly (o |) ddgolow dipej g ) 90 b pslas
Kim et al. jiogh bt 4 azg b oS olo, oYU
Sl f5e (o) gl (35l slaps Ol 2 (2023)
Pl 9wy, cwiige aloxsl Gliee looje> o

s s e s Lo e

Hydraulic ;8 5 L Scikit-image awslie -\ Jgax

toolbox
Table 1 comparing Scikit-image with
Hydraulic toolbox

Image Number of particles
Scikit- Hydraulic
Image Toolbox
2325 2596
2281 1411
3036 3236

(hydrometer) analysis. In ASTM (Vol. 7928,
pp. 1-25). DOI: 10.1520/D7928-21E01

Vol. 10, No. 2, 2024

([

EWE

Vv ul.......ul.l Y o)l.o.ﬁ» AR 0,99


mailto:m.isari@uok.ac.ir
mailto:m.isari@uok.ac.ir
https://www.astm.org/d7928-21e01.html
SAMSUNG
Typewritten text
240


YT

Athanassiadis, A. G., Miskin, M. Z., Kaplan, P.,
Rodenberg, N., Lee, S. H., Merritt, J., Brown,
E., Amend, J., Lipson, H., & Jaeger, H. M.
(2014). Particle shape effects on the stress
response of  granular  packings. Soft
Matter, 10(1), 48-59. DOI:
10.1039/C3SM52047A

Aydin, M., & Kurnaz, T. F. (2023). An alternative
method for the particle size distribution: Image
processing. Turk. J. Eng., 7(2), 108-115. DOI:
10.31127/tuje.1053462

Panagiotis Antoniadis. (2023). How to Convert an
RGB Image to a Grayscale. Available online
at: https://www.baeldung.com, Accessed 19,
June 2023.

Behringer, R. P., Howell, D., Kondic, L.,
Tennakoon, S., & Veje, C. (1999).
Predictability and granular materials. Physica
D: Nonlinear Phenomena, 133(1-4), 1-17.
DOI: 10.1016/S0167-2789(99)00094-9

Coates, G. F., & Hulse, C. A. (1985). A
comparison of four methods of size analysis of
fine-grained sediments. New Zealand J. Geol.
Geophys., 28(2), 369-380. DOLI:
10.1080/00288306.1985.10422234

Damadipour, M., Nazarpour, M., & Alami, M. T.
(2019). Evaluation of particle size distribution
using an efficient approach based on image
processing techniques. fran. J. Sci. Technol.
Trans. Civil Eng., 43, 429-441. DOI:
10.1007/s40996-018-0175-3

Dan, H. C,, Bai, G. W., & Zhu, Z. H. (2021).
Application of deep learning-based image
recognition technology to asphalt—aggregate
mixtures: Methodology. Construct. Build.
Mater., 297, 123770. DOI:
10.1016/j.conbuildmat.2021.123770

El-Yamany, 1., Wael, A., Adly, N., & Torki, M.
(2023, June). STACKMAPS: A Visualization
Technique for Diabetic Retinopathy Grading.
In ICASSP 2023-2023 IEEE International
Conference on Acoustics, Speech and Signal
Processing (ICASSP) (pp. 1-5). IEEE. DOLI:
10.1109/ICASSP49357.2023.10095667

Garcia, X., Akanji, L. T., Blunt, M. J., Matthai, S.
K., & Latham, J. P. (2009). Numerical study of
the effects of particle shape and polydispersity
on permeability. Phys. Rev. E, 80(2), 021304.
DOI: 10.1103/PhysRevE.80.021304

Environment and Water Engineering

Goyal, M. (2011). Morphological
processing.  IJCST, 2(4), 59.
10.1002/9781118093467.CH13.

Jana, B. R., Thotakura, H., Baliyan, A.,
Sankararao, M., Deshmukh, R. G., &
Karanam, S. R. (2023). Pixel density based
trimmed median filter for removal of noise
from surface image. Appl. Nanosci., 13(2),
1017-1028. DOI: 10.1007/s13204-021-01950-
0

Johndcook .(2009). Three algorithms for
converting color to grayscale. Avalibale online
at: https://www.johndcook.com, Accessed 24,
August 2019.

Kalidhas, M., & Sivakumar, R. (2022). Image
processing and Supervised Classification of
LANDSAT data for Flood Impact Assessment
on Land Use and Land Cover. In 2022 2™
International Conference on Technological
Advancements in Computational Sciences
(ICTACS) (pp. 437-440). IEEE. DOL:
10.1109/ICTACS56270.2022.9988164

Kim, D., Song, J., & Park, J. (2023). Quantifying
Soil Particle Settlement Characteristics
through Machine Vision Analysis Utilizing an
RGB Camera. Agri., 13(9), 1674. DOL:
10.3390/agriculture13091674

Kumar, K., Mishra, R. K., & Nandan, D. (2020).
Efficient hardware of RGB to Gray conversion
realized on FPGA and ASIC. Procedia
Comput. Sci., 171, 2008-2015. DOL:
10.1016/].procs.2020.04.215

Liu, J., Cheng, D., Li, Y., Zhao, K., & Kou, Q.
(2022). Quantitative evaluation of the
influence of coal particle size distribution on
gas diffusion coefficient by image processing
method.  Fuel, 314, 122946. DOI:
10.1016/j.fuel.2021.122946

Mora, C. F., Kwan, A. K. H., & Chan, H. C.
(1998). Particle size distribution analysis of
coarse aggregate using digital image
processing. Cement Concrete Res., 28(6),921-
932. DOI: 10.1016/S0008-8846(98)00043-X

Otsu, N. (1979). A threshold selection method
from gray-level histograms. /IEEE Trans. Syst.
Man Cybernet., 9(1), 62-66. DOI: 0018-
9472/79/0100-0062%00.75

image
DOLI:

Vol. 10, No. 2, 2024

([

EWE

Vv ul—a—m—il—l Y o)l.o.ﬁ» AR 0,99


https://pubs.rsc.org/en/content/articlehtml/2014/sm/c3sm52047a
https://doi.org/10.31127/tuje.1053462
https://www.baeldung.com/cs/convert-rgb-to-grayscale
https://doi.org/10.1016/S0167-2789(99)00094-9
https://doi.org/10.1080/00288306.1985.10422234
https://doi.org/10.1007/s40996-018-0175-3
https://doi.org/10.1016/j.conbuildmat.2021.123770
https://ieeexplore.ieee.org/abstract/document/10095667
https://doi.org/10.1103/PhysRevE.80.021304
https://citeseerx.ist.psu.edu/pdf/d0201e7e6de417ff683a3b4e853fdd4f9b39b01c
https://doi.org/10.1007/s13204-021-01950-0
https://doi.org/10.1007/s13204-021-01950-0
https://www.johndcook.com/blog/2009/08/24/algorithms-convert-color-grayscale/#:~:text=The%20lightness%20method%20averages%20the,version%20of%20the%20average%20method
https://ieeexplore.ieee.org/abstract/document/9988164
https://doi.org/10.3390/agriculture13091674
https://doi.org/10.1016/j.procs.2020.04.215
https://doi.org/10.1016/j.fuel.2021.122946
https://doi.org/10.1016/S0008-8846(98)00043-X
https://cw.fel.cvut.cz/b201/_media/courses/a6m33bio/otsu.pdf.
https://cw.fel.cvut.cz/b201/_media/courses/a6m33bio/otsu.pdf.
SAMSUNG
Typewritten text
241


Y¥Y

VFeY sd‘)&ofbswad‘fo

Sagayaraj, A. S., Kabilesh, S. K., Mohanapriya,
D., & Anandkumar, A. (2021). Determination
of soil moisture content using image
processing-a survey. 2021 6" International
Conference on Inventive Computation
Technologies (ICICT) (pp. 1101-1106). IEEE.
DOI: 10.1109/ICICT50816.2021.9358736

Santos, R., & Fernandes, J. N. (2022). Estimation
of river flow discharges using image
processing. International Conference on
Testing and Experimentation in Civil
Engineering (pp. 363-374). Cham. Springer
Nature Switzerland. DOI: 10.1007/978-3-031-
29191-3 30

Shinohara, K., Oida, M., & Golman, B. (2000).
Effect of particle shape on angle of internal
friction by triaxial compression test. Powder
Technol., 107(1-2), 131-136. DOI:
10.1016/S0032-5910(99)00179-5

Soille, P., Pesaresi, M., & Ouzounis, G. K. (2011).
Mathematical morphology and its applications
to image and signal processing. 10"
International Symposium, ISMM 2011,
Verbania-Intra, Italy, July 6-8, 2011,
Proceedings. DOI: 10.1007/978-3-642-21569-
8

Soille, P., & Soille, P. (2004). Opening and
closing. Morphological image analysis:
Principl. Appl., 105-137. DOI: 10.1007/978-3-
662-05088-0_4

Soille, P., & Soille, P. (2004). Hit-or-miss and
skeletons: In Morphological Image Analysis:
Principl. Appl., 139-182. DOI: 10.1007/978-3-
662-05088-0_5

Sun, Q., Zheng, J., Coop, M. R., & Altuhafi, F. N.
(2019). Minimum image quality for reliable
optical characterizations of soil particle
shapes. Comput. Geotech., 114, 103110. DOL:
10.1016/j.compgeo.2019.103110

Environment and Water Engineering

Sun, X. (2021). Design of the poster image system
based on human vision. Sci. Program., 2021,
1-14. DOI: 10.1155/2021/1411145

Szeliski, R. (2022). Computer vision: algorithms
and applications. Springer Nat. DOL:
10.1007/978-3-030-34372-9

Tuan, N. M., Kim, Y., Lee, J. Y., & Chin, S.
(2022).  Automatic  stereo  vision-based
inspection system for particle shape analysis of
coarse  aggregates. J. Comput. Civil
Eng., 36(2), 04021034. DOL:
10.1061/(ASCE)CP.1943-5487.0001005

Waris, M. 1., Mir, J., Plevris, V., & Ahmad, A.
(2020). Predicting compressive strength of
CRM samples using Image processing and
ANN. In IOP Conference Series: Materials
Science and Engineering (Vol. 899, No. 1, p.
012014). IOP Publishing. DOI: 10.1088/1757-
899X/899/1/012014

Xu, Z., Zhang, X., Chen, L., Pei, K., & Xu, B.
(2016). Python probabilistic type inference
with natural language support. In Proceedings
of the 2016 24™ ACM SIGSOFT international
symposium on foundations of software
engineering (pp. 607-618). DOL
10.1145/2950290.2950343

Yang, J., & Luo, X. D. (2015). Exploring the
relationship between critical state and particle
shape for granular materials. J. Mechanic.
Phys.  Solid, 84, 196-213.  DOL
10.1016/j.jmps.2015.08.001

Yu, L., He, S., Liu, X., Jiang, S., & Xiang, S.
(2022). Intelligent crack detection and
quantification in the concrete bridge: A deep
learning-assisted image processing approach.
Adv. Civil Eng., 2022. DOI:
10.1155/2022/1813821

Vol. 10, No. 2, 2024

([

EWE

Vv ul—a—m—il—l Y o)l.o.ﬁ» AR 0,99


https://ieeexplore.ieee.org/abstract/document/9358736
https://doi.org/10.1007/978-3-031-29191-3_30
https://doi.org/10.1007/978-3-031-29191-3_30
https://doi.org/10.1016/S0032-5910(99)00179-5
https://doi.org/10.1007/978-3-642-21569-8
https://doi.org/10.1007/978-3-642-21569-8
https://doi.org/10.1007/978-3-662-05088-0_4
https://doi.org/10.1007/978-3-662-05088-0_4
https://doi.org/10.1007/978-3-662-05088-0_5
https://doi.org/10.1007/978-3-662-05088-0_5
https://doi.org/10.1016/j.compgeo.2019.103110
https://doi.org/10.1155/2021/1411145
https://doi.org/10.1007/978-3-030-34372-9
https://doi.org/10.1061/(ASCE)CP.1943-5487.0001005
https://iopscience.iop.org/article/10.1088/1757-899X/899/1/012014/meta
https://iopscience.iop.org/article/10.1088/1757-899X/899/1/012014/meta
https://doi.org/10.1145/2950290.2950343
https://doi.org/10.1016/j.jmps.2015.08.001
https://doi.org/10.1155/2022/1813821
SAMSUNG
Typewritten text
242


