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|M_BJU
AHann3 yIoKoB B Koarynaymm *

« ObpasoBaHne N pocT PIOKOB — Ba)KHblE XapaKTEPUCTUKN
B NMpouecce Koarynsauyum

* Pasamep n coopma 0bpasyoLmnxcs YyacTtul, CUNbHO BIUSAIOT
Ha nocneayoLwne npoueccol pasgeneHma gas

* /IToroBaa cteneHb OYUCTKU BOAblI 3aBUCUT OT NapaMeTpoB
donokos

AHanus nsobpaxeHUn YyacTumu;:
« [eomMeTpuyeckme xapakTeEPUCTUKN U PpaKkTanbHOE YMUCHO
— paccMmaTpuBaeTCs Kaxaasi Yactuua B OTAENbHOCTH

* TeKcTypHbIM aHann3 n3odpaxxeHnm orokoB —
paccMmaTpuBaeTcs Bce nsobpaxeHue




JlaBopaTopHble UCCedoBaHUA M1

YepHbli doH

®oT0 — Kaxable 20 ¢ BO Bpemd
MeOJIEHHOro nepemMellnBaHuns

@oToannapar
CTakax

Bapbupyemblie napameTpbl:

- ucxogHas modernbHas Boga (6 TMnoB);
- KoaryngaHT (3 Tnna);

- [o3a koaryndaHTa (3 gosbl).

Sivchenko, N., Kvaal, K., & Ratnaweera, H. C. (2016). Evaluation of image texture recognition techniques in 3
application to wastewater coagulation. Cogent Engineering, 41(1). http://doi.org/10.1080/23311916.2016.1206679



[103bl KoarynsHTa u n3odbpaxxeHns riokoB M2
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AMT cnekTpbl n3obpaxxeHnn driokoB

AMT — angle measure technique (TexHUKa N3mMepeHunst yrios) N
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DOSCON — cuctema aBToMaTU4eCcKoro WM

KOHTPOMNSA 1 A03NPOBaHNSA KoarynsHTa
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www.doscon.no
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[o3a KoarynsiHTa BbIYUCIAETCA OCHOBbLIBasiCb Ha NapaMeTpax UCXOAHOW BOAbl
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BbiBOAbI

N300paxeHna donokoB OatoT YETKYIO NOEHTUMPUKALNIO NBMEHEHUIN NAapaMeTPOB
NCXOQHOW BOAbI U O03bl KoarynsiHTa

[MoTeHUnanbHO BO3MOXHO UCMOMb30BaTbh TEXHOMOIMMIO aHanuaa n3odpa)eHum
cbnokoB OH-NanH ANsa NPeaoTBPAaLLEHNS HEONTUMAIbHbIX YCNOBUI Koarynsauum
N BblMUCIIEHNS HEOBXOAMMON A03bl KoarynsHTa

TeKCTypHbI aHanu3 n3obpakeHui hrnokoB ABNSAETCA anbTepHaTUBHbIM
NPUBbLIYHOMY METOY aHanu3a Ka)aom YacTulbl OTAENbHO AN onpeaeneHns
N03bl KoarynsiHTa Ha 3aBofax Mo OYMCTKE CTOYHbIX BOf,
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Cnacnoo 3a BHUmMmaHue!

e-mail: nasi@nmbu.no




Dosage prediction Ml
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12 —Dose (Prediction 1)
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Prediction 1: Dose = f (water quality parameters)*
Prediction 2: Dose = f (water quality parameters + images texture features)

* Prediction by DOSCON model, L. Manamperuma 1
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AMT — TexHuKa nsmepeHunsa yrnos

Image 1
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Fongaro, L., Lin Ho, D. M., Kvaal, K., Mayer, K., & Rondinella, V. V. (2016). Application of the angle measure technique as image -
texture analysis method for the identification of uranium ore concentrate samples: New perspective in nuclear forensics. Talanta,
152, 463-474. http://doi.org/10.1016/j.talanta.2016.02.027



The gray level co-occurrence rH
matrix (GLCM)

« Statistical calculations on the second-order histograms of
the gray scale images.

» Calculate how often two pixels, in the matrix element A (i, ),
with intensity values i and | at a particular displacement
distance 6 from along a given direction 8 (horizontally,
vertically, or diagonally) occurs in the image
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GLCM

The element
P(l,j) is the
GLCM matrix
Element!

a) Angular Second Moment or Energy (ENR): showing the uniformity of an image, is a

b)

c)

d)

measure of orderliness, energy is 1 for a constant image.

ASM =)' Y P’ (,j)
i i

ENR = +ASM

Contrast (CON): showing the amount of local variations presentin an image,
measure of contrast between pixel intensity and its neighbor over the whole image,
contrastis O for a constantimage.

CON:inz Z Zp(i,j)
n=0 i

li=sl=n
Correlation (COR): measure the linear pixel dependencies.

COR < Z E,—(:J')f(i.n—f

where, g are the mean value of the matrix obtained from the equation below:

p=2, PG
i J

Entropy (ENT): is a measure of statistical randomness, it is related to a measure of
the image disorder.

i

ENT = — Z Z P (i, ) log (P (i, /).
j
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Image
Representation
of GLCM
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Evaluation of image texture recognition techniques
in application to wastewater coagulation

Nataliia Sivchenko, Knut Kvaal® and Harsha Ratnaweera?

Abstract: Flocs formation and growth are important characteristics in wastewater
coagulation process. The shape and size of flocs highly affect further separation
processes, therefore resulting treatment efficiency of wastewater after coagulation.
Observed images of flocs tend to show strong relations to coagulation parameters:
dose and coagulation time. In this article, three texture recognition techniques

were evaluated for the ability to mathematically describe the relationship between
the images of flocs and coagulant dosages. The easily computable texture analysis
methods were found to be potential techniques for the characterization of the par-
ticles images. Ten out of eleven co-occurrence matrix-based grey level co-occurrence
matrix (GLCM) texture features were found to be significant for the dosage prediction
by a principal component regression model with only one principal component. Two
features (Inverse difference moment and Variance) were selected for the multiple
linear regression model. Test set prediction accuracy varied from 83 to 96% depend-
ing on texture analysis method and multivariate model. Best dosage prediction and
image classification results were achieved by GLCM and angle measure technique.
The results of image texture analysis coupled with multivariate modelling techniques
indicate that it is possible to characterize and relate flocs images, captured during
coagulation, with different coagulant dosages, as well as predict those dosages.



