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Generating New Chest X-ray Image Infected with Corona Virus using Generative Adversarial Networks

Perapong Thaninmaethakul"’, Subhorn Khonthapagdee?

Abstract

The purpose of this research is to study how to generate synthetic chest X-ray images of patients
infected with the 2019 Coronavirus using Generative adversarial networks (GAN).Recently, some studies have
shown successful results from COVID-19 detection using deep learning architectures such as CNN on chest X-
ray images. Such a model is, however, very dependent on the availability of a large amount of data. In this
study, we used a publicly available dataset from Kaggle.com. The original dataset was imbalanced with a
majority of X-ray images of normal patients. We built a GAN model to generate additional Covid-19-infected
chest X-ray images and add them to the dataset. 100 synthetic chest X-rays from positive COVID-19 cases were
included in the new dataset. We then compared the performances of Convolutional Neural Network (CNN)
classification models using these additional synthetic chest X-ray images. A confusion matrix was used to
evaluate the performance of the models. Compared to the model without synthetic images, the CNN with
synthetic images generated by the GAN model displayed higher accuracy and weighted average recall (0.95 and

0.95, respectively).

Keywords : Generative adversarial network; Chest X-Ray; COVID-19; Machine learning

! Data Science, Faculty of Science, Srinakharinwirot University, Bangkok, 10110, Thailand
2 Faculty of Science, Srinakharinwirot University, Bangkok, 10110, Thailand

* Corresponding author:Tel.: 096-8783264 E-mail address: perapong.jame@g.swu.ac.th

MSDS CS SWU @2021 100



2021 15t Proceeding of the Data Science Conference

Ui

Tudisaneiiousuresd 2019 ssdniseuislan (WHO) srufurdmifiansisagululsemedu s1eaiunis
wunduithelsatansniauitlinauiinluflesgulssmeiu uagnsmasouidesiuiulsassuumadumeladeundy
¥HAFUKTIR199 18U Coronavirus (SARS-CoV), Middle East Respiratory Syndrome Coronavirus (MERS-CoV), 1413
) warlsamaiumelamludy q sueldnafuau seurudl 7 unsaau 2020, coronavirus aewuglminganiuly
%0 Novel Coronavirus (2019-nCoV) léignuenannsegnagftae wagyimsuisdduiugnssuiileisidadesvin fizen
Ifalelsihaneiuslvl eglunszgavedh’a RNA fdsindemnandnifssgndsuuazun Inedoanunsnthluglsald
sanuane fusyediedhiatiasuanonisld Wuenadesiu warasihlugmandomadumelafisuusedatu suds
omstonua uasvaiumeladeundu (ARDS) asuldrormsiiiluvesmsinideid asfineitsruumadumela 14
lovnelad uazmneladiuin

nszuaunIITvItadelsalaia 19 Wumsananeiesufding feadenailunanisudeuaznszuiunsnga
mszdomsatuiitesss lutiausnvesmsszunn dedddnaihitesndt 2 Yu uasildanglulsmeuialngvie
Tsmgunagud Amsaafisauns insznailddoddnadaiay wagmansgnsnassaguidedidaluFosduounis
nsralunsiariu Fafesdinnsesuarnsaman dfesasdorouiudedmn warldEidusnEunisssun fo deuiude
Mnansdandsiitngsayn fedilunszuaumaniugulsn msdum mansramiiae Sudufesdinszuiumsdnnges die
danseadudidiu emiasdurion nszuaunsmsiafansedlsaledn 19 vesnsEnssassaigy ivdninasiaeuaulsn
mp’jﬁag"lwdwﬁ%muw%%a (Patient Under Investigation : PUI) wiodsnsia Inelddeulusuan minlasiidld fonis
lo fithyn 1Suae melamdlesvidomelagiuin fuaelsadensnay uasifiudianfeants aynlailinau vieduaeii
UseTRTTlY wargangfisneniogendt 37.5 ssmneaida Tandugfoglutnefiasnmanide Tnedgnasalidends
Aldan utuenand mnesrnnsraes fanunsoluanafilameiuiaensu fafeadealiieios Srouiiegs nsznas

o

ans1saugu Whszdslsalada 19 sghaduszuu dnsiises 3 dwndng Ao LawmunulsafindassnineUssne 2.nqu

v Y

Hasdefnelain-19MdnnamiaeuaIulsa (Patient Under Investigation : PUI) wag 3.n1saeuaiulsalunguddusanug

Y Y

o

fonde NMsanenIndidnTIen seensdUandunialudsnunndldlunsitadesfne

U

Tudhagtuinideanilanidsimuimeluladfiausatioynainsmansunms wwu e uie tn3sd@inelums
Afadelsn Tulagtudimafaulunafiannsouszsananwmnmsuwnng lnslamgegdanmensfadvrsenagesnid
wazwlugniiedfadelsaniieg \A39918N15138U3LT98N Convolutional Neural Networks %138 CNN din15lda1uegna
N119979UAUATITENNITUNNE 191U speech recognition, computer vision LagN15UTEHINANIBIGTTUYIR (NLP)
wazdinliuadwsaia uenand msduunussanaingaiagld ONN dusslduanmadniiunussiulalunsyssanana

ANNEINSENNEDN8(da Silva, Valente, Silva, de Paiva, & Gattass, 2018; Diniz et al., 2018)

LY

lnganzeg3Bin1siinimanessdnsisen (chest X-ray image ) Wevinsidadeiauldidugfndelifalalsnn2019

@ =2

wsold Tnanuidefivansliifiudn CNN aunsaliainugndeslunisidadegedia 99 % (Singh, Sapra, Garg, &

Y

Vishwakarma, 2021; Togacar, Muzoglu, Ergen, Yarman, & Halefoglu, 2022)

' I . & W Y vy A v a a ° aa '
aglsfinulunayszny deep leamning tusinazdadlddoyavunlaiiiailausyansnmnisyianung uazlurag
SUAUTEINTEUIATBtlsA COVID-19 twsmui Liflyndeyanmdndisdnnenvuaiisseuazanning wili n1sdn

a a 1

Uszm wien153fiadelsaig CNN fifluszansninuazuiuggedadubeiiviime wiasienavenulywidu g

MSDS CS SWU @2021 101



2021 15t Proceeding of the Data Science Conference

Foyafvwadnuinuasliaunanfoudammunaninesnin nafidedslin 1nsfnwiiesiunssuiunsvihanu ves
Generative adversarial networks tieu 1Uszendldlunisasinmaiioudeyanmatenisasiidvesfingelfaln

Isuhangsuglug Novel Coronavirus (2019-nCoV) dwfuiiiugiudeyatunisai lumadidlauninsely
uIeningdas

Y [

HelavimsfnuAuaiunaunuITe g te sl

1.75ANw9UITY (Enzo Tartaglione 1,*ORCID,Carlo Alberto Barbano 1,Claudio Berzovini 2,Marco Calandri
3 andMarco Grangetto 1, Unveiling COVID-19 from Chest X-ray with deep learning: a hurdles race with small
data ,2020)(Ahamed et al, 2021) léfimsldyadoyaiferiuiiinide Tnglideyadidnuasduiudifewnesafudsias

Aanderagn1sidnsiseusidednlunsduuntssinnvesnmilauienaisdven lnedavigilessideuiBuazni 81

' '
aaa ¥ =

Ansgnveanaansnaiinaseuaguivanansosulalngldyadeyaiifieglulagiu lnsamzet1eds laldanuriime
[

Ainaindeya COVID vwmdnluiagiu wazuandiiuitenfitiniuainnisiseuiuuu Transfer learning tngldyn

Joyatlauenvisdlen asrsueiivnalnynirdulanuddgiieda

2. A3AN®I9IUIFY (Channa, Popescu, & Malik, 2020; Umri, Akhyari, & Kusrini, 2020) latausluina CNN
dieldlun1sidadenisiaelifalalsun 2019 Wiunisldnmanesadnsisen dslumadsnaigniauiduain yadeya
ars1sasaniuled Github egnslsiinu gadeyandniifvwndrtawasliauna Joymidmasdeusyavinmeedlung

¢

ageun Weudledymimail Aduliinnsyadeyalaldimeadiasieg srudanaianisuvaunagadoya n15ATe

be

amdndisgienuedlagfiisimgnianisunndiinesdes wazmatianisiaudeya (data augmentation) uenani
Wenaaeulsyansnmvedlunaiiandy Tnglanizeg1adennuudug luna CNN lasunsvegeulaeldyndoyadasy

wazlrnadwiiiduiuinela

3. A1SANYIIUARY (Shrinjal Singh; Piyush Sapra; Aman Garg; Dinesh Kumar Vishwakarma , CNN based
Covid-aid: Covid 19 Detection using Chest X-ray) (de Moura, Novo, & Ortega, 2022)lawmiun CNN Taiaalunisansiam
AsAmdeladalalsun 2019 H1un1sldnnanedednsienlaelideyaannuatsunaadu Joseph Cohen’s GitHub
repository, ChestX-ray8 database Ingfidayaanunsutdfidunmuesginenidolisalelsn 2019(covid-positive) 100
5u, {thelsatenuan 100 U way AuUnd 400 3U wuiiluaadimiugnieseyil 87%

Aandiunis

MSDS CS SWU @2021 102



2021 15t Proceeding of the Data Science Conference

Yunaud 1 : MIeseUYAtaya

vy
[ YA o

Tun53duaseliidelaldtoyayn COVID-19 chest xray vosAns Bachir lu kagsle (M1
https://wvvvv.kaggle.com/bachrr/covid—chest—xray)Lﬁaﬁﬂmﬁﬂm%aﬂa WAZAT18 Generative adversarial networks
Model Tun1s Generate Toyanmaenisaesidvesiiniioaneiuglui Novel Coronavirus (2019-nCoV) Ineldtoya

nld Wnedeyatiusznauluimelng jpeg Itoya 477 nw Jeyaanlvid jpg Soya 157 2 jpeg fideya 188 way

Y

Joyaanla .png ieya 52 lngisnfenlddeyanmiidinisnunisinelifalalsin 2019 (Fenunudn COVID) 31w

84 U uaznmitlifinawunisinde (Fenunuin normal) S1uau 304 5U
Funoudl 2 : msden parameter Tu Generative adversarial networks Model
n_epoch ety 200

batch size Ferndu 128

latent_dim Ferndu 100

cols, rows waany 128, 128

channels fte saAdu 3

Lr %0 Learning Rate darnfiy 0.0002

Ngpu FaAndy 1

Funeuit 3 ; aegUialeuvean nilug x-ray vihen maa;ﬁﬂwﬁﬁm%a Covid19

nidayan nilueg x-ray vi1en vewUieNfnie Covid1l9 H1U Generative adversarial networks model

\ieaseguiaiiowren milud x-ray vten vewUleiidnige Covid19

v '
[ =

Funauil 4 : WisuiisuUszavsnmuesliea Convolutional Neural Network AeunagndsnisifisgUiasiouseani
Wua x-ray wil1en maarﬁﬂwﬁﬁmﬁa Covid19

thnmiailoufiaineeeninain Generative adversarial networks model Tanduidnlanaa Convolutional
Neural Network iiglilunaSouduasvunenanisindo Covid19 mntudavisuiieulmmaiilailfldsamadoudy

ldsunmailou

NaN15398LLaZAUSIENANISIAY

MSDS CS SWU @2021 103



2021 1% Proceeding of the Data Science Conference

1. wan1sainegunmeneluina Generative Adversarial Networks

31nn15lE GAN Tuwadunwiifinsnunsinigelisalalsul 2019 (COVID class) 11984 U islinmiaiiouass
Fux 100 U Aennsasiiunmaloussavanilugateyaiiy Seninyadeyalniniinmnsnunisiaieldalalsin

2019 sanduduau 184 §U
2. uan13ld CNN Augadayaidun uazlifinnsitvue weight

. . < Y 1Al & A ] ..
970 confusion Matrix agLiulai1An accuracy 8gv 0.91 Wunaulainan precision¥84 normal class e

71 recall Y89 positive class #58 covid class AAWYINAU 1

Confusion Matrix

[[19 9]
[ @ 70]]
Classification Report
precision recall fl-score support
Normal 1.00 0.68 0.81 28
Covid 0.89 1.00 0.94 70
accuracy 0.91 98
macro avg 0.94 0.84 0.87 98
weighted avg .92 0.91 0.90 98

NIWWARS confusion Matrix 984N1971191U283 CNN fugadayaias wazliinisnimue weight

3.xan13ld CNN fuyadayaldu wazivualiudaz Class 8 weight lsiwinfiu

910 confusion Matrix 9x47iulsd1A1 accuracy 887 0.95 Wudiunauladnai precisionas covid class i

Wiy 0.99

MSDS CS SWU @2021 104



2021 1% Proceeding of the Data Science Conference

Confusion Matrix

([45 1]
[ 5 72]]
Classification Report
precision recall fl-score support
Normal 0.90 0.98 0.94 46
Covid 0.99 0.94 0.96 77
accuracy 0.95 123
macro avg 0.%4 0.96 0.95 123
weighted avg 0.95 0.95 0.95 123

AMUARY confusion Matrix ¥83n1591191Uvee CNN fugadeyalui uazlifinnsivun weight
4.xan15l8 CNN fuyadayalua wazlifinisivua weight

311 confusion Matrix 9gL#ulad1An accuracy gl 0.97 Wuiinauladndn recall vas positive class %30

covid class ﬁﬁhagjﬁ 0.99

Confusion Matrix

[[43 3]
[ 1 76]]

Classification Report
precision recall fil-score support
Normal 90.98 ©.93 90.96 46
Covid 90.96 ©0.99 ©0.97 7 4
accuracy .97 123
macro avg 0.97 ©.96 ©.96 123
weighted avg 0.97 0.97 0.97 123

NINLARI confusion Matrix 284N19MN91184 CNN Autgedayaian wazinisli weight usiay class 14

WINA

dyUnansIde

MSDS CS SWU @2021 105



2021 15t Proceeding of the Data Science Conference

v
¥ =2

nufeilijaiufnuinisaiiedeyaninarenisaneSedvedfinige aneugini NovelCoronavirus (2019-

[ ' o

nCoV) lngld Generative adversarial networks Model LagiUsguifisun1svi1auaas CNN ﬁ’wqm‘uayjaﬂaul,l,awaﬂmi
Windeyatadonass lun193deilisnazefunefausedniamnisvinuvedunaduyateyas 2 ¥a laglun1sin
Usgansnmilisnazaiulufian accuracy 3eAiAugNABweINIsviuvesling warA recall 138en sentivity 38

Al Tnenlunaiiien recall geqliuazmnzauiunisilulditdadelsaunndt Weswin A1 recall Nige asidud

N5ufd A1 false negative (FN) azdifniosunn wiomunededn aunfinsfadelisalalsu wilueadwunindudly

fAnviie axdlos Fududiiddysenisdosiunisunsidelifaediunn idelddoasuin lunanifimsiiugedoyatign

q

@

@5199710 Generative adversarial networks Model aglsUse@nSn1miininnin wailvaseianan

o A

ARgUAMNgNaTe

90N119n Generative Adversarial Networks faudazilugunimaiiounfinnulndifesiugunmilduenssdniien

vy

199339 widsnsdndudeslididormngnieiidmaia vinnisnsiaaeudnseuiielsiuilaindu positive case 9599 uay

Y

MHIINNTIUNENTIANTNE FRlifiderrynTaaeuaIn1sytivegazidensiely lnslangagadmnnlunasey

U Positive AsagIaNagseISnisausialy
AnRNssUUsENA

M3Iniidelasunisatuayuandudininends uninedeeiuasunsilsa lumaiauenanudde (33

YaYBUAMLN B 711l
LaNE1591989

[1] Ahamed, K. U., Islam, M., Uddin, A., Akhter, A, Paul, B. K, Yousuf, M. A,, . .. Moni, M. A. (2021). A deep
learning approach using effective preprocessing techniques to detect COVID-19 from chest CT-scan and X-ray

images. Computers in Biology and Medicine, 139, 105014.

[2] Channa, A., Popescu, N., & Malik, N. u. R. (2020, 29-30 Oct. 2020). Robust Technique to Detect COVID-19
using Chest X-ray Images. Paper presented at the 2020 International Conference on e-Health and

Bioengineering (EHB).

[3] da Silva, G. L. F, Valente, T. L. A,, Silva, A. C., de Paiva, A. C,, & Gattass, M. (2018). Convolutional neural
network-based PSO for lung nodule false positive reduction on CT images. Computer Methods and Programs

in Biomedicine, 162, 109-118.

[4] de Moura, J., Novo, J., & Ortega, M. (2022). Fully automatic deep convolutional approaches for the analysis

of COVID-19 using chest X-ray images. Applied Soft Computing, 115, 108190.

MSDS CS SWU @2021 106



2021 15t Proceeding of the Data Science Conference

[5] Diniz, P. H. B., Valente, T. L. A, Diniz, J. O. B,, Silva, A. C., Gattass, M., Ventura, N, . . . Gasparetto, E. L.
(2018). Detection of white matter lesion regions in MRI using SLICO and convolutional neural network.

Computer Methods and Programs in Biomedicine, 167, 49-63.

[6] Singh, S., Sapra, P., Garg, A., & Vishwakarma, D. K. (2021, 8-10 April 2021). CNN based Covid-aid: Covid 19
Detection using Chest X-ray. Paper presented at the 2021 5th International Conference on Computing

Methodologies and Communication (ICCMC).

[7] Togacar, M., Muzoglu, N., Ergen, B., Yarman, B. S. B., & Halefoglu, A. M. (2022). Detection of COVID-19
findings by the local interpretable model-agnostic explanations method of types-based activations extracted

from CNNs. Biomedical Signal Processing and Control, 71, 103128.

MSDS CS SWU @2021 107



