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Evaluation of Lung Involvement in Patients with Coronavirus
Disease from Chest CT Images Using Multi-Objective Self-
Adaptive Differential Evolution Approach

Ali Karsaz

Abstract: Under the global pandemic of COVID-19 over the last year, the use of image processing
techniques and the artificial intelligence algorithms to analysis chest X-ray (CXR) images is
becoming important. Determining the lung involvement and percentage development of COVID-19
is one of most important requirements for the hospitalization centers. The most studies in this field
belong to the articles based on the deep learning methodologies using convolution neural networks,
which are usually implemented to facilitate the screening process. Only a few number of studies are
about the determining the percentage of lung involvement and development of coronavirus based on
CXR images. The lack of comprehensive datasets of CT images with a large amount of samples is
one of the most important issues in this field. Determining of lung infection in COVID-19 patients,
based on different CXR images in different days, has its own challenges such as different image sizes,
illumination density, radiation dose of X-ray and angle of radiation, which makes it impossible to the
implement a simple differential filter on two different images. Using an optimization self-adaptive
algorithm with differential and multi-objective approach can improve the performance accuracy with
a corresponding reduction in computation time.

Keywords: COVID-19, lung involvement, chest X-ray images, image processing, multi-
objective self-adaptive differential evolution algorithm.

s sb i ol i o5 01y 553 131 5 IS Oludige ezl o =S dloes Sl e 1ol Sl adgs ety 5



Bus i Gl 355 DS JolSS 1 801 5 oalinl b i e (Sl g 2515 53 (269,87 Ol 55 58 03 Ol e (5 \

Sl,ls e

VU s (S5 5 o3 AL 33 e s PP L Kot cdo 3 YV L
S 3 ok LYY 208 VA 587 4 0Lk s Sl o
Sl o 5 g Bls jlots 35 sladisai 3 s 8L 5 SiMe
s 4B 8 (6l god S s ol VA= 558 4 Ve 531 Lulis
Sy S mils Sy lomis SRSy Olse L lsT Cow
ishe 2 T T3l S 13 (RT-PCR) 7 e S
Ll ol YU s 0T O3 it gl 1 as oad a3 |,
o 53 1 Aile ¢ 2l @I (6 S eI als LSS (sla i Le3T
Come il 55 n At | WSSl anl (G515 0 23 b 5 O Syl
SN2 8 5 K 0T S50l el [Y] s s 1) Lol
s ol el pasis g ol o e 1y Dley i i (Sl
W spio b By opl 53 el Cald e dosyd ool 03505 (S yme
Camoms RT-PCR 255 & Cos 5ml s a0 o5 (555 5 4o
JS8) (s 3 55 LEXR sl 1 g oS5 (1) S8 [¥] 558 e
s paind 5 (om) JS8) (o)l 4 e i (1)

Aas on 0L (=) JS8) Va5 87

e 8 Do 4 Johe o BT s e 35l bl Jobe 4
s 4y Sl G o 3l 534 03y e )USS JSa w5 S5 8
F-] (v JK8) ws F s ol (GGO) Yislatus ain eS8
2 2o 151 el CXR alaie oS oS 487 u(Y) IS5 55 [0

Choks S3V= 5 e 3 5y S 3T

AN -
axlllas 3550 185+ Jlo 55 5L sl (6l Uy ST ool sl sla ms
eals 3dilons CatS s s s ol 1 46 ges Sk 0sSG 548§ 15
L 53 s lEl sy b T Sl Sl e 3yl (04
Solow o) 2 S 1y £ 50 o DLy s (9L )d Gl L2y ockes
Ol Yo Ye 4 gl5 ¥ @)U):jtjj&&ﬁ-oh_,):\“\" AR
—om bl K 5 e Golen K5 Ol w15 0T Sler Silig
GME LN ST LUy S 1 OT VoY s s 5 Sme (LI
RSN RO NG LENTP g VTSN Cr pepe
aibte ¢S5 s T 3B Yo Y Tl bl 53 Yhes o, Lo iz 5l
Jlo ol 53 58 Ok Vot G OLDtne s s ¢ ) 5557 12 gl

AT
« SARS-COV2 | (\4-u5,8 sy dhus Uy S (5les
(SARS) "slor i p g sokin o 51 (oS (5LaS 5l 031515 4 Gl
S o Ve 1y s ol (MERS) w5l s poskio b s
D s Lo e Srigi 055 syls 5 Dosline VA-y 5 S e 5o
4 o3 A L5 Jols By ST (5l > (b e V] el 5

(al

NS Ve ased — ¢ Jpmnn (85l 4 Vee it gl atd - ) e 4B (Sl G b SOl g ) S

St G S 5 Slale V458 (ol sl 3505 53

035 45 158 55 Sl 315 5038 Sli L hE 53 32 50 S S
et ok OT 4 6873500 g0 (S 00 2315315 35 058 T )
V=58 s oS Gl [r] 4w 8 sl (ARDS) © iy
4 Oy me ook slid 555 4 Jlail b Sl ey o Ol 4,
33,8 (o Sl Usko 3515 ACE2 jlazt @) il 5T Jitie o 5T

oo & 5o O s 35 Lol d gl 255 5 g o3 29 [F-0]

5- Acute Respiratory Distress Syndrome (ARDS)
6- Consolidations
7- Ground-glass opacity (GGO)

1- Pneumonia

2- Severe Acute Respiratory Syndrome (SARS)

3- Middle East Respiratory Syndrome (MERS)

4- Reverse-transcription polymerase chain reaction (RT-PCR)
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3- Long Short Term Memory Network (LSTM)

1- Convolutional Neural Network (CNN)
2- Receiver Operating Characteristic (ROC)
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3- Italian Society of Medical and Interventional Radiology (SIRM)
COVID-19 Database

1- Auxiliary Generative Adversarial Network (GAN)
2- Sensitivity
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5- Axial imaging (Al)
6- Angulation
7- Artifacts

1- Left Lateral (LL)

2- Right Lateral (RL)

3- Posterior Anterior (PA)
4- Anterior Posterior (AP)
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4- Target vector
5- Trail vector
6- Scale Factor

1- Number of Population
2- Mutation weight
3- Crossover probability
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