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! Micro-Computed Tomography (Micro-CT)
2 Scanning Electron Microscopy (SEM)



S5 50859,500 gy 50 oS 5 S 5 el 5 syl laae Toliix 4 Jas 5 ouds solu sla bzl
Sl B 3gd oo olml it olSglS 5 il i Siblas a5 Tla STy 51 (slasos YU g9 b pglas 31 oolil b
G312 5 Sl S Sl s oo 4 Lol ol VL 8o g, ol 05 (sl St Lagma (saptus
IV] el pas o flaools K

(Jow opl 05 oo 0ol (LolF6lS Shlad) Lo JU g (0o SSblad) o )8 5l glasids &y ol aliiies s9d) yig, 50
o) 53 5 WS oo silil Jgiee LS L) Sl (Shedmss 5 daolTolS slal el ol b (e S
5 Sy Jodo 4 gy nl oS oe B eolinal 0y90 (SiSee Jlid vy Lo Obie ShlEa S wile
SYobeo b g bl slaosls 31 g bl slaJow [V] ojle i cwaipe sl ingh gonslos s o lS «(s iy Blasil
b sl 2 oalS= jsS alslas e lyie 4 aiiS oo ool PR a2 lely e (sl b
Sloalio VU loslre s pos Lo & b Joe S o s oo 5Bl aidgn slBlsl ol slac sadle o |, selscia
I¥] o oo lis o9 @ 1) Baey slo SBleal g lae 5580 cwais Sl Ll

1y (s 45 2l o S 5 (sl 5l eolitd bt s (63l Joan U, 5| o5 o 0,1 o slailan
lp Sl aSed Joo jleslitul 5 (S5 g0959,S00 nolaill adglpeuain sla S gl el oo (nl 02,55 »
e yola Jelgs 4y las 4l (gslaoe sl @il Sy, SRSl (IS ok [Y] ailios 0l sileand
aS Wlosls las 3 slo yimgs ojls  (Klng® & lacsloll o iws g Slawlre 4 i i 090 Cdo das
[¥] a8 SaS boasih oGRS cobsS o9 4 Wil o ilizee sla gy S 5

T iy 5la 5 & Sgamofis o LN Il ) (36 JAISe e 15l SehS Susgans
Ol altaloj] gl oo o I A Jao o 530 lijzr ol 5l wile ool (sloiydguome 5 ladised
bz (Sazm &5 6915 40 Jegat W)l dlhe 0y @l b ddees Dl 4SS GlaJoe a5 el 03l
slobdse bk g pmelall coaS Saudidiils o >l sgzg [O] conl ouls (g5lwosle Jow jlslo b el ol
Mo Ty leldB s Soipil 31V Pst (1ol Jald Ygars oS Sget g0 0L 1) gl ;o aid) s
ooy ooy o325 & Sliz Lais 3 Vsens boad (Gllid 5 008 LS Jie s slaghs, [F] <o
V] asilesb

O N o P ISCIE X U D JCIFIC WIS SR ST SNE JPT I
Vo sloashis wiile gamb iy slo by, dawsd 4 5 ob ST as slaaSes sslu slaoe 5l SY¥emd ol
Yoz oo » 35 a3 b adsl ceae GloaSd winils 059> [l yrane kS )0 (sage GRS 45 Sl ol
S b [A] Wog zgoy (¥l b e Bis aile gl (ullg ploul 4y j0l8 s 5 ascils sgame (50 Slos
slo sl alg ResNet s VGG asle glaoe 5 cdl JolSs wg, ol o soiislsils come (sloaSos

3 Pore Network Model (PNM)

4 Voxel

> Kozeny-Carman

® Noise Reduction

7 Resolution Enhancement

8 Feature Detection

® Micro-Computed Tomography (Micro-CT)
10 Convolutional Neural Networks (CNN)
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11 Generator

12 Discriminator

13 Super Resolution Generative Adversarial Network

14 Perceptron Loss Function

15 Enhanced Super Resolution Generative Adversarial Network
16 Residual-in-Residual Dense Block (RRDB)

7 Binary

18 Grayscale

19 Auto Encoder (AE)



3ges o3liinl (g5lwsl plol caz 1) Glpl eolee 5l asky S5 (Swanle

sl (ST-CGAN) Y«.J"r‘ rolie oo nac slaasid 4 LS)L"T 3,559, 3l oS5 Py S Oles 5 e
P30t 6lel slrosls (g Lol g, [10] win S 8 yme (samgs (gl gl 5l soman b bamo 3l
szl 4]y adsl (an 99 pglai (b,d polie Wge aSd § oS (g0 958 Bros (55 0k 2SS (gl 1) 00
Jae obj,l g Loseel sly Estaillades asly,S Siw g Brea  Siwdwle diged i8S oo howd 5 oadly (samsdn
pglal g aidgad oolaiwl puolbie Wae aSl aily 8l 4 a8 suman Jaw Sl e o SSLS llonds oolal
—ad Sl Joe cpl NPT a5 s Jae (63959 Olye 4 1) b CodsS L Jed SH diBes S ol
g a0l 5l GhlSes 5 (J a8 wol 8 05 slaJudos sl 6538 Sledlbl g siden sgaie g anamiistags Lo
kS il Bam b 6 S sl 51 IS ol 40 layT 50,8 solitl (CPGANRYT (g Libho g i pooliie
00k 6 yuS 5 b gyl poa g5 5l esliid s 4 (slo Ll oot b yme s Bans Bo ) V] woges eolizul
w3 5 L LSt s (sunie Sledbl Wl oo $3959 Hal R ST g 2 (nl by oo

G (09

FB a5k 5l a5 egian pglai sl g nglal CaSiosn: ly oliie Wae slaaSll e b,
g Wge A5u 90 5l laaSd pl b aiS o5 pshailen WES (8 )3 eolitil's )90 wiiass (Hly pglai b les
2ok alie g pglal wiS oo I (Jloy (Bolad 255580 5 GpSiaiges b ge wilonds JoSis oais SIS
Sl WS o W 5 03,5 50 paiged Jloy SMloial o s F GG, T Bolas adgs S e S slom] (A
S g pgad sloosls lad 4 pdFiaTgl SUlgLbYl (olad 4y cpl S 0y (3ly laaises alie
STy g ssbar & Cul ol S Mge Bua wisdi e el Wge bt O] lagelly a5 355 o
oS oy S Syo oadly sloaish W, oddls ol 05 e VG Wae (VY] oS 0nlis 1, _oadly sl
el Joles cpl ol (az g (8ly gl Slegales <8 ualidl sl p 0l @l o5 s JLos 4 oo S5
S Iy 65 58ly sl algs (oUls o8 4 Wae 958 o0

rr(l;in rngle GD) :]Ex~pdm(x) [logD(x )]+E2~p: @) [log(l—D (G (z ))] o)

D (x JeIsaanss 038858 nsad G(z2) (Jloy )55 b 599)9 39 = «(o23ly sbavosls [ Slo x calaly (ol o
Ao 5 el SESTIELee (:Sile drmalne sl 45l 2L el 6 T 5 6059 g (052 (ool JLozo|
slaosls (95 0iS SSis o Slhos calasly Jsl (Ao 095 o0 ooliial (a5 (23lg) Loosls (Stan (sladiges plas (59,
(2by el §o0S aribne 1) x (Bl poal 2 g (Mg il &5 D90 (nl 4 ams e plis ) (Al
SS9 Ses dlons 4 bgy e S g0 (A 05l o0 Sews ar (Al slaosls S 55 |y VLT cnl S0l
L, G(z) x> pear a5 Canl alge Jolee G(x) il oo Mgo awgi 0ol adgi Jax slrosls (g5, ouissS
45 IS o 5 Wge sl T (05 Bly Szl D (G (2) 5055 e s = olas adgs (55,9 51 ol

20 Stacked Conditional Generative Adversarial Network
21 Cascaded Progressive Generative Adversarial Network
22 Random Noise
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%> Mean Squared Error

%6 Root Mean Squared Error

27 Peak Signal-to-Noise Ratio

28 Structural Similarity Index

2 Learned Perceptual Image Patch Similarity
30 Fréchet Inception Distance

31 Inception Score
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Investigating the effect of the color spectrumiof input images in the process of
increasing image quality using a new. method based on adversarial generative
networks

challenges in image progessingy In modeling porous media using images obtained
from computed microtomeography (Micro-CT), high-quality images of these media are
usually unavailable for” different, reasons, including the cost and computational
complexity of high-qualitydmaging”With the advancement in the development of
multiscale netwotks, it is possible to use more image details in these networks, and
there is a further needyfor high-quality images. Today, adversarial generative networks
ape.used as ajpracti¢al tool in increasing image quality. These networks are trained using
pairs“of, high-quality and low-quality images and then, they produce high-quality
images/by taking low-quality images as input. The final images used in modeling the
porous media are binary images, but using binary images as input in the image quality
enhancement process may result in detail loss. For this purpose, this study investigates
the effect of using grayscale or binary images as input in the model training process.
Grayscale images of a Brea sandstone sample are taken as the main input and binary
images are generated using grayscale images and the realization of the real porosity of
the rock sample. In this research, a new model called RealESRGAN is used to enhance
the quality of the images
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