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Tom tat

Diz liéu 1am sang 1a cac két qua tir xét nghiém cdng thizc mau, xét nghiém nuéc tiéu,
ddy ciing la phwong thirc y té dieoc thuc hién rat phé bién trong qud trinh thiam khéam,
diéu trj va theo dBi bénh tdt. Poi véi bdc si truc tiép diéu tri, két qua xét nghiém cdn 1am
sang diroc xem 1& cach thirc hé tror dac lwc, nhat 1a trong cac bénh canh triéu chitng co
nang, tri¢u ching cua bénh nhan khéng ré rang hodc khong dac hiéu. Hién nay bénh
COVID-19 ciing la mét dang bénh khong triéu chizng hodc tri¢u chitng khéng rd rang dé
gay nham ldm véi cac cim hay so xudt huyét. Sir dung phirong phép hoc may hién dai dé
hé tror cho qua trinh chdn dodn san loc bénh truyén nhiém tir cac mau dir ligu 1am sang
sé gilp viéc xdc dinh bénh nhanh chéng, chinh xac c6 thé ap dung dong thoi cho sé Lirong
mau Ién. Piéu nay da lam cho quda trinh sang loc bénh dién ra nhanh, chinh xac va tiét
Kiém kinh phi diéu tri. Nghién citu nay dé xuat mé hinh tir déng xit ly da liéu 1am san va
két hop md hinh phan logi Gradient Boosting dé dir dodn bénh COVID-19, mé hinh dé
Xudt c6 thé hoc tryec tiép tir diz liéu thd 1a két qua cia xét nghiém 1am san ma khéng can
phdi x6a bé diF lidu trong. Mé hinh d@é xudt tir nghién cizu ndy bao gom hai giai doan:
giai doan dau sé danh gid, xur 1y dit liéu; giai doan hai sé xay ding mo hinh phan logi
bénh dua trén phirong phdp XGBoost (Extreme Gradient Boosting). Dé xay dwng mé hinh
thanh céng, nghién ciu diroc thuc hién dua trén bg dir liéu tur bénh vién Israelita Albert
Einstein ¢ Brazil ddy la bg dit liéu do Teich tong hop tir cac cac bénh nhan nhdp vién
thang 4 dén thang 5 nam 2020 va dwoc Xudt ban cong khai trén tgp chi einstein_journal.
Céc két qua tr nghién cizu ndy cho thdy viéc két hop ky thugt xiz ly da liéu tu dong va mo
hinh XGBoost tao ra bé phan logi bénh COVID-19 tzr dif liéu 1am sang c6 két qud tot va
hiéu sudt thu dwoc tir mé hinh la vieot tréi hon so véi c&c nghién cizu cung chu dé trén
cuing bd diz liéu, véi chinh xac tong thé dat trén 0,998. Dé khang dinh tinh chinh xdc ciing
nhu hiéu nang ciia mé hinh dé xudt da tién hanh so sanh véi nghién cizu cia cac tac gia
khac cho cung chize ning dir dodn, nhdn thay mé hinh cho két qud tot hon vé do chinh
xdc dg nhay Recall, Bé ddac hiéu (Specificity), F1 score, ROC, CAc két qud déu dat ¢ mirc
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14 0,99. Trong twong lai, mé hinh tir nghién cizu ndy sé gilp cho viéc chan dodn bénh cua
bénh nhan tré don gidan va chinh xdc. Pong thoi nd sé gitp hé thong y té ti dong chdn
dodn bénh mang lai nhiéu co héi chira bénh kip thoi cho bénh nhan va hé tro ngan chdn
bung phat dich bénh.

Tir khOa: COVID-19, diagnostic model, machine learning, XGBoost

Abstract

DIAGNOSTIC MODEL OF COVID-19 DISEASE FROM CLINICAL DATA
BASED ON XGBOOST METHOD

Clinical data are results from blood count tests, urinalysis, which is also a medical
procedure that is very commonly performed during examination, treatment and disease
monitoring. For doctors directly treating, the results of subclinical tests are considered
an effective way to support, especially in the case of functional symptoms, the patient's
symptoms are unclear or non-specific. Currently, COVID-19 disease is also an
asymptomatic disease or with unclear symptoms that can easily be confused with
influenza or hemorrhagic numbers. Using modern machine learning methods to support
the screening process of infectious diseases from clinical data samples will help to quickly
and accurately identify diseases that can be applied simultaneously to a large number of
samples. This has made the disease screening process fast, accurate and cost-effective.
This study proposes an automatic model of clinical data processing and combines the
Gradient Boosting classification model to predict COVID-19 disease, the proposed model
can learn directly from the raw data as a result of the test. clinical trials without deleting
blank data. The proposed model from this study includes two phases: the first phase will
evaluate and process data; Phase two will build a disease classification model based on
XGBoost (Extreme Gradient Boosting) method. To build a successful model, the study
was carried out based on a dataset from the Israelita Albert Einstein hospital in Brazil,
which is a dataset compiled by Teich from patients hospitalized April to May 2020 and
published publicly in the journal einstein_journal. The results from this study show that
combining the automated data processing technique and the XGBoost model to generate
a COVID-19 disease classifier from clinical data has good results and performance
obtained from the model. is superior to studies on the same topic on the same dataset,
with overall accuracy above 0.998. To confirm the accuracy and performance of the
proposed model, we compared it with other authors' studies for the same predictive
function, and found that the model gave better results in terms of accuracy and sensitivity.
Recall, Specificity, F1 score, ROC, Results were all at 0.99. In the future, the model from
this study will help make the patient's diagnosis simple and accurate. At the same time, it
will help the medical system to automatically diagnose diseases, bring more opportunities
for timely treatment to patients and help prevent disease outbreaks.
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1. Giéi thigu

Bénh COVID-19 do virus SARS-COV-2 duoc phat hién lan dau vao thang 12 nim
2019 tai Trung Qudc, dén nay da lay lan dén 223 qudc gia va ving lanh tho, 1am té liét
nén kinh té toan cau. Hién nay, Virus nay tién hoa thanh nhiéu bién thé vé6i thoi gian rat
ngén nén bénh nhan mic di da dwoc tiém vacxin phong bénh, nhung van c¢6 nhiéu truong
hop nhidm bénh. Khi nhidm bénh, bénh nhan thudng c6 hodc khong cé biéu hién cua
bénh Do d6, viéc xac dinh chinh xac bénh nhan COVID-19 s& rat khé khin. Ngoai ra, dbi
v6i nhitng bénh dang diéu tri tai bénh vién c6 thé lay nhiém thém bénh COVID-19 diéu
nay lam giam hiéu qua cta phat dd diéu tri. Ngoai ra viéc 1y nhiém chéo giira cac nhoém
bénh khac nhau, hodc cong gdp nhiéu nhom bénh s& 1am anh hudng khong tot dén stic
khoe ctia bénh nhan, va lay lan bénh cong. Hién nay tai hiu hét cac qudc gia trén thé giGi
dé chan doan bénh COVID-19 thuong phai xét nghiém bang PCR (Polymerase Chain
Reaction) dé khang dinh mac bénh (Ben Hu va cs., 2021). Viéc xét nghiém bang phuong
phap nay tén nhiéu ngudn sinh pham va mat nhiéu thoi gian méi xac dinh dugc bénh.
Pong thoi, ching ta chi sit dung phuong phap nay khi va chi khi nghi ngd bénh nhan
nhiém bénh. Do d6, yéu cau can thiét hién nay phai c6 phwong phap chan doan ty dong
tir cac mau két qua xét nghiém vé mau hay nude tiéu ciia bénh nhan. Nhiéu nghién ciru
vé dy doan bénh COVID-19 dua trén dir liéu 1dm sang ctiia bénh nhan da mang lai nhidu
két qua kha quan. Viéc tong hop cac nghién ctru cung linh vyc ciing nhu hi¢u nang cta
cac cong bd dugc trinh bay ¢ bang 1.

Bing 1. Tong hop cdc nghién ciru ciing muc tiéu du dodn bénh nhin COVID-19
bang phwong phdp hoc mdy
Ref. Ngudn dir liéu Kich ¢6 DL S6 thudc tinh Phwong phap hoc may

(CoVID-19) chon
Decision Tree (DT); Extremely
Randomized Trees (ET);K-

Albert Einstein nearest neighbors (KNN);

2] Hospital, Brazil 528 e Logistic Regression (LR); Naive 0.98
Bayes (NB); Random Forest
(RF);
IRCCS Ospedale San Decision Tree (DT); Extremely
Raffaele, Italian 14 Blood features Randomized Trees (ET);K-
Scientific Institute are available nearest neighbors (KNN);

(31 for Research, 219 (279) from the clinical |Logistic Regression (LR); 08
Hospitalization and data. Naive Bayes (NB); Random
Healthcare Forest (RF);

Albert Einstein

[4] Hospital, Brazil 5564/(553) 19 Blood features XGBoost. 0,994

[5] Albert Einstein 5564/(553) 14 Blood features RF, LR, GLMNET, ANN. 0,86
Hospital, Brazil

15 Blood features
Hospitals in Wuhan, are available
[6] China 20 () from the clinical S5, S A i
data.
Albert Einstein

[7] . . 5564/(553) 14 Blood features RF, LR, XGBoost, KNN, SVVM. 0,92

Hospital, Brazil

41



http://doi.org/10.37550/tdmu.V]S/2023.03.435

Dua trén co s& dir liéu dir liéu cia bénh vién Israelita Albert Einstein ¢ Brazil
(Kaggle, 2020) gdbm 5644 ca nhap vién c6 triéu ching giéng bénh Covid-19 tir thang 4 dén
thang 5 ndm 2020. Thyuc hién xét nghiém PCR da xac dinh 553 trudng hop méc bénh
COVID-19. Theo @0, tap dir liéu chtra dung 41 dac diém tir cac thudc tinh cta dir liéu 1am
sang vé cac xét nghiém miu mau, nudc tiéu. Trong quy trinh tinh toan dugc dé xuét tir
nghién ctru ndy, bai viét thuc hién dya trén 4 giai doan chinh: (i) Khao sat va xu 1y cac
thudc tinh chira dit liéu bi thiéu ; (i) phan tich trong quan cua cac thudc tinh va loai bo cac
dir liéu nhiéu. (iii) Str dung k¥ thuat KNNImputer va SMOTE dé xur 1y dir liéu trong va
giam mét can béng dir liéu. (iv) Xay dung bo phan loai bénh dua trén thuat toan XGBoost.
Céc phan con lai bai bao nay dugc sap xép nhu sau: Phan II mé ta dit liéu va phuong phap
duoc st dung trong nghién ctru nay. Trong phan III, ching t6i trinh bay két qua va phan IV
truc quan cac thudc tinh quan trong ctia mé hinh dy doan. Cudi cung 13 két luan.

2. Phwong phap
2.1. Dit liéu
2.1.1. Khao sat di liéu

Dir li€u cuia bénh vién Israelita Albert Einstein & Brazil tir thang 4 dén thang 5 nam
2020, gdm 5644 ca nhap vién trong d6 c6 553 truong hop mac bénh COVID-19 (Kaggle,
2020; Vanessa va cs., 2020) bao gém 110 thudc tinh mo ta vé cac ca bénh. Theo cac
nghién ctru 1am sang vé bénh COVID-19 (Ben Hu va cs., 2021; Abhirup va cs., 2020;
Forrest Sheng Bao va cs., 2020) cé4c thudc tinh chira dir liéu 1am sang vé mau mau va
nudc tiéu co thé khéng dinh kha nang méc bénh COVID-19. Dya trén cong bd (Ben Hu
va cs., 2021; Davide Brinati va cs., 2020; Krishnaraj Chadaga va cs., 2022; Kaggle, 2020)
ctia bai b4o da trich xuat 41 thudc tinh 1dm san va chi tiét sé lwong mau cho mé hinh du
doan bénh COVID-19, thong tin chi tiét vé cac dic tinh 1am sang dugc mé ta ¢ bang 2.

Bing 2. Théng tin chi tiét cac thuc tinh 1am sang chudn dodn bénh COVID-19
tir bénh vién lsraelita Albert Einstein

Ddc tinh lam sang Sé luwong mau  Kiéu dir liéu

1 SARS-Cov-2 exam result 644 object Két qui chudn dodn bénh

2 Patient age quantile 644 int64 Tuéi bénh nhin

3 Creatinine 424 float64 Chi's dao thal, creatin

Dphosphat 6 co

4 Direct Bilirubin 182 float64 Xeét nghiém tg,;hrubm glan

5 Indirect Bilirubin 182 floates X ”g”"””ﬁg;’””b’" trye

6 Lipase dosage 8 float64 Xét nghigm ho"f dg lipase
trong mau

7 Proteina C reativa mg/dL 506 float64 protein C

8 Serum Glucose 208 float64 Xeét nghi¢m glucose huyet

twong
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9 Urea 397 float64 Acid Uric trong mau
10 ctO2 (arterial blood gas analysis) 27 float64 Khi mau dong mach
11 Fio2 (venous blood gas analysis) 1 float64 Khi mau dopng mach
12 Hb Sat“ra“é’gsé‘:)r terial blood 27 float64 Khi méu déng mach
13 | Hb Sat“rat"::]g‘l’jgg)us alt o 136 float64 K doneimech
14 | HCO3 (arterial blood gas analysis) 27 float64 Khi mau dong mach
15  HCOS3 (venous blood gas analysis) 136 float64 Khi mdu dong mach
16 | pCO2 (arterial blood gas analysis) 27 float64 Khi mdu dong mach
17  pCO2 (venous blood gas analysis) 136 float64 Khi mau dopng mach
18 pH (arterial blood gas analysis) 27 float64 Khi mau dong mach
19 pH (venous blood gas analysis) 136 float64 Khi mau dong mach
20 pO2 (arterial blood gas analysis) 27 float64 Khi mau dong mach
21 pO2 (venous blood gas analysis) 136 float64 Khi mau dong mach
22 Total Cozaga;t;;iugl blood gas 27 float64 Khi mau dong mach
23 il coza g‘;ﬁ;;‘s’)s BT e 136 float64 i D
24 Eosinophils 602 floaté4 | Xét nghiém cong thirc mdu
25 Hematocrit 603 float64  Xét nghiém cong thirc mdu
26 Hemoglobin 603 float64 | Xét nghiém cong thirc mdu
27 Leukocytes 602 floaté4  Xét nghiém cong thirc mdu
28 Lymphocytes 602 float64 | Xét nghiém cong thirc mau
29 Ll Corpu(s&tgﬂ)hem()gmbm 602 float64  Xét nghiém cong thirc mau
3o ~ Mean corpuscular hemoglobin 602 floatbd  Xét nghiém cong thivc mdu
concentration
31 | Mean corpuscular volume (MCV) 602 float64  Xét nghiém cong thirc mau
32 Mean platelet volume 599 float64 | Xét nghiém cong thirc mdu
33 Metamyelocytes 97 float64  Xét nghiém cong thirc mdu
34 Monocytes 601 float64 | Xét nghiém cong thirc mdu
35 Myeloblasts 97 floaté4  Xét nghiém cong thirc mdu
36 Myelocytes 97 float64 | Xét nghiém cong thirc mdu
37 Neutrophils 513 floaté4  Xét nghiém cong thirc mdu
38 Platelets 602 float64 | Xét nghiém cong thirc mdu
G || gt [T Ll 602 floatéd  Xet nghiém cong thirc mdiu
(RDW) :
40 Red blood Cells 602 float64 | Xét nghiém cong thirc mdu
41 Segmented 97 float64  Xét nghiém cong thirc mau

Céac mau trong 41 tham sd sir dung cho mé hinh chan doan bénh Covid-19 bao gom:
Céng thirc mau mdu 1a 17 thudc tinh; Khi mdu déng mach gdbm 14 thudc tinh nhitng tham
s6 nhu: pH méu, 4p suat khi carbonic trong mau dong mach (PaCO2), ndng d6 bicarbonat
trong huyét tuong HCO3-, d6 bio hoa oxy trong mau dong mach (Sa02) va ap suét riéng
phan cta oxy hoa tan trong mau dong mach (PaO-2)... C4c thudc tinh con lai 13 10 bao
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gom: két qua chan doan, do tudi va cac xét nghiém vé: Bilirubin toan phén, gian tiép va
truc tiép; Glucose huyét thanh; Liéu luong lipaza; uré; D-Dimer; Lactic Dehydrogenase;
C-Protein phan tng (CRP); Creatinin; va Thoi gian thromboplastin timg phan (PTT) va
Thoi gian prothrombin Hoat dong tir d6 thi déng mau...

2.1.2. Xu ly dir liéu 16i, cde thude tinh c6 mire do lién quan cao trong tap dir liéu

Dé c6 duoc dit liéu tot nhat cho mé hinh phan loai, bai viét da ap dung phwong phap
loai bo thudc tinh c6 ty 1¢ 16i (null) hon 99,9% va loai bo céc thudc tinh ¢c6 mae d6 lién
quan cao trong tap dit liéu. Trong dit liéu y sinh thudng chira nhiu thudc tinh co gia tri
18i do thudc tinh chtra gia tri null tin trong két qua xét nghiém mau cia cac bénh nhan
(Baova cs., 2020). Nhig thudc tinh c6 d6 16i cao s& anh hudng dén két qua du doan. Dé
bo tat ca cac thudc tinh ctia dit lidu dau vao c6 ty 1 18i 1on hon 99,9 %.

Moi twong quan gitta cac thudc tinh 1a mot yéu té quan trong trong qua trinh danh
gia va chuin doan bénh ciing nhu ¢6 thé anh hudng truc tiép dén két qua cuia mo hinh dy
doan (Vanessava cs., 2020). CAc thudc tinh c¢6 mdi twong quan cao s& khong nhiéu thong
tin hitu ich (hodc chi rat it), nhung ching s& 1am ting do phuc tap cta thuat toan (Jacob
Cohen va cs., 2002). Dé loai bod cac thudc tinh nay, bai bao da tinh toan do tuong quan
cho toan bg tap dir liu dinh luong thudc tinh trong tinh toan, sau do6 loai béd cac thudc
tinh c6 d6 twong quan cao. Phép do hiéu ning ciia mdi quan hé gitra hai bién lién tuc duoc
str dung bai mo hinh Pearson. Gia trj mdi twong quan s& cung cip thong tin vé ca ban chat
va murc d6 lién quan gitra cac mdi quan hé ciia cac dic trung. Cac gia tri twong quan nay
luén nam trong khoang tir 0 dén [+1|. Ngudng dwoc chon cho viéc loai bo cac thude tinh
tuong quan 1a 0.95 va cac tuong quan 16n hon ngudng s€ bi loai bo.

2.1.3. Xur [y mat can bang dit liéu cia dir liéu hudn luyén

Nhu d4 phan tich néu trén dir liéu y té dung trong mé hinh du doén c6 mirc d6 mat
can bang gitra hai 16p 1a rat 16n nén hiéu qua cia md hinh du doan 12 kém hiéu qua. Ching
t6i da str dung k¥ thuat xir 1y dir liéu hién dai KNNImputer (ShahlaFaisal va cs., 2022) dé
bd sung thém dir lidu tréng. Va sir dung k¥ thuat Synthetic Minority Oversampling
Technique (SMOTE) (Nitesh va cs., 2002) va lam day dit liéu. M@ hinh dé xuit duoc
trinh bay nhu hinh 2.

2.2. M hinh de dodn bénh nhan mdic bgnh COVID-19

XGBoost dugc phat trién dua trén mo hinh gbc Gradient Boosting Machine (GMB)
ctia Friedman XGBoost 1a phién ban cai tién vuot tréi cia Gradient Boosting v6i nhiéu
vu diém (Jacob Cohen va cs., 2002) trong d6: n6 c¢6 thé xir 1y tinh toan song song giita
cac bo dir liéu khac nhau nén toc d6 xir 1y ¢ thé tang gap 10 1an so véi GBM. Ngoai ra,
n6 giam dang ké hién tugng Overfitting bang co ché Regularization va bao gdm co ché
tur dong xtr Iy missing value bén trong nd. Chinh vi nhitng vu diém d6é ma XGBoost duoc
bai bao 4p dung dé xdy dung mé hinh dy doan bénh Covid-19. Hinh 1 1a md hinh phan
loai tong quat ma bai viét dé xuét cho giai phap phan loai.
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a. Preprocessing process  b.Training process:

Drop mising Features Using k-flod cross validdation for training with k=5

o .
- 1 SmallData | 30% Training Training
XGBoost . Best Model
Correlation Analysis
- KNNimputer+SMOTE 20% Testing
;
c.Prediction process £
e Classifier Két
New record Model 2

qua

Hinh 1. M& hinh tong quat dw dodn bénh COVID-19

Trong hinh 1, bai viét d3 mé ta noi dung thuc hién cua dé xuat mé hinh du doan,
chi tiét cia cac bude nhu sau ba giai doan:

(a) Preprocessing process: Day 1a qua trinh quan trong dé chuan hoa dir liéu bao
gé)m; (1)Xt ly trude cac thudc tinh cua s6 liéu nhu: khao sat cac gia tri dit li€u con thiéu,
(ii) Phan tich twong quan cua cac thudc tinh va loc cac dit liéu nhiéu. Sir dung k¥ thuat
KNNImputer va SMOTE dé xir 1y dit liéu trong va giam mat can bang dir liéu.

(b) Training process: Két qua cua giai doan 1 tap dit liéu sau khi da chuan hoa
duogc goi 1a SmallData va dua trén bo dit liéu nay dé xdy dung bd phan loai bénh. Ap
dung thuat toan XGBoost véi cac tham sé dugc t6i wru, da duoge danh gia vé do chinh xac.
Ty 18 chia cho qua trinh huan luyén 1a 80:20, trong d6 80% dit liéu cia SmallData dung
cho viéc huan luyén, 20% dung cho viéc testing. Trong qua trinh huan luyén, bai viét da
str dung phuong phap k-fold cross-validation (CV). K-Fold CV 1a mgt phuong phap phan
tich thong ké da dugc cac nha nghién ciru sir dung rong rii dé danh gia hiéu suit cua bo
phan loai hoc may (Tame Emmanuel va cs., 2021). Qué trinh nay duoc tiép dién tw dong
va ldp lai nam 14n nham muc tiéu ti uu hoa cac dit liéu.

(c) Prediction process Cac mau thtr nghiém méi co cung thudc tinh nhu tap dir
liéu da rut gon SmallData s& dugc dung dé du doan boi mo hinh tt nhit da dé xuét.

2.3. Danh gia hiéu nang mé hinh

Viéc 4p dung nhiéu mé hinh hoc méy khac nhau cho ciing mot bo dit liéu nham tim
ra cac giai phap toi uu cho quyét dinh phan loai va sang loc bénh nhan trong qué trinh
chan doan bénh COVID-19. Trong y hoc 1am sang, cac chan doan “That” va “Gia”, phat
biéu “Mb hinh phan loai sai, m6 hinh chén doan 1am, loai trir nhdm, mot sb khai niém khi
ap dung cho muc tiéu chan doan: TP c6 thé dich 1a “chan doan dung” true positive (TP),
TN 1a “loai trir dang” true negative (TN), FP 1a “chan doan sai” false positive (FP), FN
la “bo sot, loai trir nhdm” and false negative (FN), chung dwoc lam diéu kién dimg cho
qua trinh huén luyén dit liéu ban dau. Dé danh gia hiéu suat ciia mo hinh dé xuat, bai viét
da str dung cac phuong phap do dac d6 chinh xac ctia mo hinh hoc may (Kaggle, 2020;
Nitesh va cs., 2002) bao goém:
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Accuracy cho biét ty 1& cac trudng hop duge dy doan dung (TP va TN) trong toan
bd du doan cua tap dir li¢u, duoc tinh theo cong thure

TP+TN
TP+TN + FP +FN

Sensitivity (d0 nhay) - con dugc goi la Recall (PR), hay hit rate (ti 1€ tring dich),
D6 nhay True Positive rate (TPR) : ti 1¢ phan loai Positive dang trén tong sb cac trudng
hop Positive va Recall

Accuracy =

e .. IN
Sensitivity = TN+ FP
Precision: Do b dit liéu dang sir dung c6 s luong mau bénh nhan khong nhidm
bénh COVID-19 nhidu hon bénh nhan COVID-19, din dén sy mat tai CAn bang
(imbalance) trong tap dir liéu ddu vao cho mé hinh du doan. Nén ching toi sir dung
Precision dé xac dinh ti 1¢ thuc su positive trén tong sd cac truong hop dugc mé hinh dan
nhan “Positive”. Precision 1a mét thudt nglt do ludong tinh “xac dinh”, hay kha nang phan
loai Positive chinh xac ctia mo hinh.
TP
TP+ FP
F1 score: Pugc dinh nghia nhu trung binh diéu hoa (harmonic mean) gitra Precision
va Recall

Precision =

Precision x Recall
Fl1=2x

Precision + Recall
ROC (Receiver Operating Characteristics) duoc dung dé tinh toan hiéu suit phan
loai ctia md hinh. dudng cong ROC dé hién thi timg cap (TPR, FPR) cho cic ngudng
khac nhau véi mdi diém trén dudng cong biéu dién 1 cap (TPR, FPR) cho 1 ngudng, sau
d6 tinh chi s6 AUC cho dudng cong nay. Chi s6 AUC chinh 1 con s6 thé hién hi¢u suat
phan loai cia mo6 hinh, AUC (Area Under the Curve).

3. Két qua thuc nghiém

Chung t6i da tng dung mo hinh thyc nghiém bang phian mém Python va két hop st
dung cic goi phan mém Sklearn, XGBoost. Hi¢u suit ctia phuong phap dugc kiém tra
bang cac thi nghiém trén cac bo dit liéu 1am sang 1a mau mau dugc, két qua thuc nghiém
cta nghién ctru s€ dugc trinh bay va dugc danh gid so sdnh vdi cac nghién ctru lién quan.

3.1. X ly di¥ ligu 15

Qua qué trinh 4p dung giai phap (a) nhu dé xuat nhu ¢ hinh 1 di loai bo duoc 12
thudc tinh c6 ty 18 16i 1én dén 99% : 'ph (arterial blood gas analysis)', 'po2 (arteria blood
gas analysis)’, 'pco2_(arteria blood gas analysis)', 'fio2 (venous blood gas analysis)’, 'd-
dimer’, 'total co2 (arterial blood gas analysis)’, 'hco3 (arterial_blood gas analysis)',
'hb_saturation (arterial_blood gases)', 'cto2 (arterial blood gas analysis)', ‘lipase
dosage', 'partial thromboplastin timeé(ptt)’, ‘prothrombin time (pt), activity'.
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Ngoai ra chung t6i con kiém tra mirc do tuong quan cua toan bd thudc tinh cua tap
dir 1iéu va Iya chon céc thude tinh c6 do twong quan cao trén 95% dé xoa, két qua la khong
6 1 thudc tinh trong quan dat murc d6 lién quan la total_co2_(venous blood gas analysis),
nén khong cé dit liéu can loai bo ciing véi k¥ thuat so sanh mdi twong quan giita cac thudc
tinh. Mdi quan hé twrong quan gitra cac thudc tinh dugc minh hoa trong hinh 2.

g ==l |

15 F 4 |

Correlation Analysis COVID-19 Dataset

direct biliubin
indirect biirubin -
uteina ¢ retiva my/dl
2 gicose
rea 3
b saturation {venous blood gas analysis)
head (venous blood gas analysis| <
pea? venous blood gas analysis) -
¥ venous blood gas analysis)
pod(venous blood gas analysis)
ensinophls -
hematecri -
Pemogiobin -
leuimcytes
ymghocytes -
‘mean corpuscular hemoglobin fmch -
mean corpuscular hemagiobin concentrationé{mchc) -
mean corpuscular volume fmev) -
mean platelet volume -

metamyelcytes - -
T -
yelblasts -
myelocytes.
reytrophils 00
patelets
e blood cell distrbution width ird) <
o oo el -
EumznledL -
pebient addmited to intensive care unt (1=yes, D=o)
patent admited 1 requiar ward (1=ye, O=ne) - N [ |
patent st o e ensie wnt (1=, O=nc)
patient age quantie - - 9
oy £ £ 0§ ¢ o8 7§ ;7 % % £ 0¥ £ o8 3 OZ 7T OYOyOLOLEOSTOYOroFoEYTOozono; ¢
SEEESEREEEEEEEREENEREEEEEEEEEE NS
OIS A T I O O O AR BN B B N B AN O SRR IR
FRERE B I B B U L N N N A B
53 5 333 33 TRk § B 2 2oz
R
& 5 i 3 B 3 s 0F 3§ 2 S8 % 3
$ R Pyl dohy
: A Ps o ; § %4
Piiid 25 R
q ] H £
BERE] PEd 1 B
R A H £Ef 8
{ ty H ‘R
§ M
i P
: 2

Hinh 2. M6i twong quan giita cdc thudc tinh khdo sat

3.2. Két qud mé hinh phan logi tiv div ligu 1am sang

Ap dung giai phap (b) nhu mé ta ¢ hinh 1: Tap dit liéu sau khi loai bo dit liéu 16i
duogc goi la SmallData va duoc chia thanh hai phan voi 80% tap dir liéu nay dung lam dir
liéu huan luyén va 20% dung dé lam dit liéu kiém tra m6 hinh. Khi xay dyng mo hinh dy
doan, chung t6i sir dung k¥ thuat kiém tra chéo 5-folds véi quy tic: (i) 1an dau cho ngiu
nhién s6 1an lap n-round=30; (ii) thuc nghiém mo hinh v6i bd phan 16p (Classifier) trén
tap training va liét ké cac gia tri ham Loss; (iii) chon gia tri ham loss thép nhét; (iv) thuc
nghi¢m diéu chinh n_round vé gia tri nho nhét vira tim duoc, tim dugc mé hinh hoan
chinh. Thong qua d6, ching t6i str dung nhiéu thuat toan khac dé xdy dung bo phan 16p
dua trén Datasmall nhu: XGBoost (Tiangi Chen va cs., 2016).
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Hinh 3. Két qua hiéu ning ciia mé hinh dé xudt.

Két qua 4p dung thuat toan XGBoost véi k¥ thuat kiém tra chéo 5-folds dé dam bao
tinh dung dan ctia mo hinh thuc nghiém. Ngoai ra Mitc 6 quan trong cua timg thudc tinh
ciing cho biét cac thong diép quy tir md hinh dy doan. Pbi véi mé hinh dé xuat két qua
du doan duoc trinh bay chi tiét nhu hinh
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Hinh 4. Mirc dé quan trong chi tiét ciia cdc thuéc tinh tir cia mé hinh dé xudt

3.3. So sanh hiéu nang mé hinh thuc nghiém véi cac nghién ciru khac

Céc két qua chi tiét vé hiéu ning ciia mé hinh duogc xay dung bang XGBoost dugc
mo ta béi cac hinh 5, 6,7. Cac két qué ctia mod hinh dé xuit con dugc so sanh voi két qua
du doan cung chirc nang nhu nghién ciru cua tac gia Valter Augusto de Freitas Barbosa
(2021). Cac d6 do hiéu nang cia mo hinh dé xuat dugc liét ké chi tiét & bang 3.

Bing 3. So sanh hiéu ndng ciia mé hinh dé xudt véi tac gia Maryam AlJame

Bo phéan lop Ky thuat sir | AUC Precision Recall F1 score
dung (Specificity) (Sensitivity)

M3 hinh @& xuit XGBoost 0.998 0.966 0.981 0.973

Valter Augusto de | Random 0.984 0.923 0.936 _

Freitas Barbosa (2021) | Forest
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Trong md ta & bang 3 cho thay két qua dé xuét dat hiéu ning cao hon han vé cac
chi s6: AUC, Precision (Specificity), Recall (Sensitivity), F1 score. Nhu vay cung tap dit
liéu vé bénh COVID-19 bai viét d3 dé xuit quy trinh xay dung mo hinh dy doan bénh
nhan mic Covid-19 c6 do chinh x4c cao. Trong twong lai c6 thé 4p dung quy trinh nay dé
chuén doan cac bénh nguy hiém khac.

4. Két luan

Tir bo dit tong hop vé chan doan bénh, bai viét da xay dung bd phan loai va du doan
bénh COVID-19 tir xét nghiém 1&m sang. Nghién ctru nay da chirmg minh viéc stir dung may
hoc théng qua md hinh két hop tir phuong phap xur 1y dit liéu tu dong bang k¥ thuat phan
loai XGBoost. Thém vao d6, XGBoost xdy dung mé hinh phan loai t6i wu va mang lai hiéu
qua dang mong doi hon so véi nhiéu nghién ctru cting loai. M hinh tir bai viét dé xuat da
phat huy tac dung khi phat hién thém céc bién quan trong cho mé hinh dy doan tir két qua
xét nghiém 1am sang. Diéu nay lam ting s6 liéu dau vao trong qua trinh danh gia va giam
di s6 lwong mau 16i. Két qua ctia mé hinh Iuén 6n dinh va 1am co s& dé c6 thé trién khai
trén tap dit liéu 16n hon tir ngudn dit liéu 1am sang thyc té tai cac bénh vién.

Két qua thuc nghiém tir bai bao di chimg minh tinh hiéu qua caa phuong phép nay.
Trong tuong lai, phuwong phap duoc dé xuat tir nghién ctru nay sé dong gop cho viée san
loc, phan loai va dy doan chinh xac bénh nhan méc bénh. M hinh s& giam thiéu chi phi
phat sinh trong qua trinh kham chira bénh va giam ap lyc vé thoi gian tra két qua xét
nghiém cta bénh nhan COVID-19. Trong bdi canh dich bénh COVID-19 dang tr¢ nén
phirc tap trén khip thé gidi thi bién phap mé ra giai phap tdi wu, an toan va chinh xéac
trong qué trinh phan loai dé diéu tri bénh nhan.
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