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Abstract

Dengue fever is a serious disease caused by a virus carried by Aedes mosquitoes. It is an important
problem of ministries of health in many countries around the world. This research therefore aims to study factors
affecting the outbreak of dengue fever and create an effective dengue fever prediction model using machine
learning techniques. Data from the Phayao Meteorological Station, including climate, temperature, relative
humidity, rainfall, number of rainy days and population data in Phayao Province was collected from the provincial
public health database. In addition, the number of dengue fever patients, gender and age group collected from
Phayao Hospital between 2017 and 2022 was analyzed and build a model with 10 machine learning techniques.
Regression types include Support Vector Machines and Linear Regression. Classification types include Artificial
Neural Network, Decision Tree, Naive Bayes, K-Nearest Neighbors, Deep learning, Random Trees, Gradient
Boosting, and Logistic Regression and measure model performance using the 5-Fold Cross Validation method.

All data is created in monthly and weekly datasets. Considering the highest overall accuracy and
efficiency. From the performance measurement results of Regression, it was found that Linear Regression provides
the best performance with an RMSE of 1.190. From the Classification results, Deep Learning was found to be the
most effective model with the highest overall performance, reaching an Accuracy of 99.84%. The results from this
research can be used as guidelines for application, especially by various agencies involved in surveillance planning

to find areas at risk of spreading and to effectively prevent and control dengue fever.

Keywords: Dengue fever, Machine leaming, Prediction model, Linear Regression, Deep Learning
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‘iﬂﬁ Wanisvaaey (fud Support Vector Machines (SVM), Linear Regression (LinR), Decision Tree (DT), Logistic
Regression (LR), Artificial Neural Network (A-NN), Naive Bayes (NB), Gradient Boosting Tree (GBT), K-Nearest Neighbors
(K=NN), Random Forest (RF) W@ % Deep Leaming (DL) Tmmz?%mwﬂﬁmﬂi AlULARZLUUS1aBIAI8TE
5-Fold Cross Validation

Tudaur9n1sUsuNIs IR weseesuiacdanadfin d15U Linear Regression 1% Max lterations T334
14 100 uazA" Bias §9%4 Support Vector Machines T Kernel Gramma Tﬂﬂﬁﬁﬂ@#ﬂqmﬁ 0 LL@%Q\?@;WV; 100 wazi5u
Anfiaz 10 UNALNAIBIaBNT374 d91 Decision Tree Waz Gradient Boosting Tree 14 Criterion lagi@an Information
Gain, Accuracy, Gainratio, Gini Index wax Minimal Leaf Size fi1 Max Depth Lﬁ@ﬂ’rﬂgj?wﬁw 184 100 TagU5upni
a2 10 UNREINALBILEN d934 Logistic Regression 1 Standardize way Lambda uaq1289 Lambda L’ﬁ@ﬂﬂﬁuﬁw 1
v 100 TreU5uAnTiay 10 unanaBaLd §9u Artificial Neural Network 1% Learning Rate U5usintugag 0.01 &
1.0 TngU5usnfiaz 10 uuanaBudn uay 1 Hidden Layers 474w 5 4 ustnegulEsnuan 5 T daw Naive
Bayes 1# Laplace Correction @91 K-Nearest Neighbors Ta1man K U5udnTugag 1 8 100 Tagusudniiay 10 uu
anNABE Kernel Shift Usunluzag 1.0 v 100 Tagususfias 10 uuana39aaniaiis uay Weighted vote
#91 Random Forest T Criterion lngidan Information Gain, accuracy, Gainratio, L&z Gini Index Was Deep Learning
% Activation THud Tanh, TanhWithDropout, Rectifier, RectifierWithDropout, Maxout, MaxoutWithDropout, ExpRectifier
WAz ExpRectifierWithDropout #1934 Epochs U5udnTuga9 1.0 v 1.8 Tagdsudnfiay 10 vuanadads wasly

Hidden layers 91393 2 %4 usiazdnl¥auan 50 Tnus
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1. Accuracy (Fnmawgnéies) fe Arfitsusndiuuueass viwegniesiiedidudannioinn aasd

A& 100% vinefioinuagndiessn feaunisi (1)

TP+TN
Accuracy = ————— (1)
TP+FP+TN+FN

.. | ] o = | d' ] U ,:2 o o 1 @) . =y v '
2. Precision (AMA9THLNKREN) AD ANVILNUBNINHNDRULITABINIUILINIU Positive quwgﬂmmmﬁﬁ
= v % =S A 4 oy dl v o/ dl
ﬂ’ﬁNﬂﬁL‘ﬂ’]Gfﬂﬂ T NUHIYTOIHNITNIHIY Positive NPNABIHIN ANTHNNGN (2)

TP
TP+FP

Precision = (2)

3. AUC  (AMNN9USofulSAnBnTN) e AT INNNTU9s S uU Ss AR NN B LLIUSI RSN A

vaany AAsRiANsEnde 0 G 1 TagAdining 1 nunefelssAnsnmdidiige
o d d

4. Recall (ANAIMNATUHNY) B ANAUSNIILLUSIABIAINITOANAIAIe397ILTN Positive (FATUE

'
P

wealn AasiAngalng 1 vsnefeanunsodumianedeiifiu Positive [Hasu Maamnisd (3)

TP
TP+FN

Recall = (3)

aps ! ° A oA ! o [ ' a A& . % 1%
5. Specificity (AMAITHITNUNIY) AB AMYVILBNITLLITRENFTNITOAUATAI9FINLTTN Negonvefmﬂ‘mmu

Waaln AasRAngalng 1 vunefeanmnsoAumidnadeiiiin Negative [Hasu faaunis? (4)

TN
TN+FP

Specificity =

Tned

True Positive (TP) = S149UB9RaBE 197 I tainwnedfin positive wazAna3idiu positive n3e
ansauenuezifignsias

False Positive (FP) = s1uan2asfiangnafilainarinunadniiiu positive wiiA1939 (1% positive n38
sunsauenuez[FRanann

True Negative (TN) = s1uauaassaasnafilniaariiuiad i negative uazA1a3atiin negative wae

aunsauenuezifignsias
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False Negative (FN) = 4 1u9ua9faatinfilainavinuigdnidu negative usirina3eluly negative w3a
ausausnuezFRanane
' ' = oA .. Py v @ R a
6. F-measure (ANAIMNENAR) AD AIVI59H Precision waz Recall Waliifuisssansnmang
wuusasstuyEnesianna AsiA1gelng 1 nunefeuuusiassiinouuiuguarasutiow seannisi (5)

2XPercisionXRecall

F —measure = — (5)
Percision+Recall

' |
1A = =1

7. Root Mean Squared Error (F"i"lﬂ')"mﬂ@"l@lmﬁﬂu‘mﬂ) Aim ANIUENTNANHARIALARANIBINTITYINNAY
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da & o a S-S ' a ' a6 5 : ° a
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LUUSa8Y 2 U5z Aip Regression uaw Classification laeindiasyanna’ne dataset 99u9% 8 datasets (Hud
#ayaueNANENNBULLTIEIREY (district-month), dayauanainenauuus1edlasd (district-week), d03a
UEARTNATUALLLIIGEN (subdistrict-month), #ByauanmINsTUARLLII8TUAM (subdistrict-week), daya
UENATNAGNDIEULLINEFDN (age-month), TBAULNATHAFNEIYWLLITNETUA (age-week), TByauanmTN
NRHINALLLIIELFEY (sex-month) WaT FaRALENATHNGHINAULLINEFUAA (sex-week) LBILUFL B
U9 AVBNNTDIUARZULLIA TABINTINENNTD

NANTTIAUSRNBATNTBIULLIIABINITNYINTIE Uazinn Regression 177/\‘1 8 datasets [#uA district-
month, district —week, subdistrict-month, subdistrict-week, age-month, age-week, sex-month LY sex-week
Tne 1438019 Linear Regression @al5ien RMSE 71 9.697, 3.511, 73.132, 30.794, 5.557, 2.100, 2.815 uaz 1.190
ANANRU Wesuiunaiildannnisl#38n19 Support Vector Machines @al5An RMSE 1 10.337, 8.558,
77.368, 31.291, 5.921, 8.127, 3.097 UAY 6.166 AMHATNL AINA19199! 4 Wud1 AFn13 Linear Regression T

UaeRNBNIWANINAEN19 Support Vector Machines waqﬂ datasets 19 8 WL

A157199 4 KaN19IALTERVBATNBILLLFIABNNITNEINTEE U92LnN Regression

. Support Vector Machine Linear Regression
AAUBY®N (dataset)
RMSE SE RMSE SE

district-month 10.337 111.185 9.697 94.031
district ~week 8.558 73.330 3.511 12.327
subdistrict-month 77.368 6564.470 73.132 53478.270
subdistrict-week 31.291 982.351 30.794 948.289
age-month 5.921 37.412 5.557 31.554
age-week 8.127 66.162 2.100 4.438
sex—month 3.097 11.146 2.815 7.925
sex—-week 6.166 38.058 1.190 1.454

NANIFIALTZ R BATINYBILLLINABINTTNGINTDE U5zean Classification WUUSI8LHEM 14 dataset
district-month W91 Deep Learning Tﬁﬂ‘ixﬁ‘m%ﬂ’lwﬁﬁqcﬂ mINFAQe Decision Tree, Gradient Boosting Tree,
Random Forest, Artificial Neural Network, Logistic Regression, K-Nearest Neighbors &z Naive Bayes ﬁ Accuracy
95.31, 92.11, 91.00, 88.42, 87.22, 83.43, 74.50 WAz 70.56 ATNAIFU subdistrict-month W91 Deep Learning
Uszansaaw ﬁﬁ’q&] mINAI8 Gradient Boosting Tree, Decision Tree, Logistic Regression, Random Forest,
Artificial Neural Network, Naive Bayes L@ e K-Nearest Neighbors ‘ﬁ Accuracy 99.74, 98.98, 97.22, 93.29,
92.92, 86.48, 86.07 way 74.95 ATNATALU age-month W91 Deep Learning Tﬁﬂﬁzﬁw%mwﬁﬁqﬂ ATNALE
Decision Tree, Gradient Boosting Tree, Random Forest, Logistic Regression, Artificial Neural Network, Naive Bayes
ey K-Nearest Neighbors ‘1‘7% Accuracy 96.69, 89.01, 85.71, 85.25, 82.24, 82.08, 78.62 uay 71.43 ANNaAU
sex-month WU91 Deep learning Widsz@ngan ?1171'2161 M1NFE Decision Tree, Gradient Boosting Tree, Logistic
Regression, Naive Bayes, Random Forest, Artificial Neural Network L&z K-Nearest Neighbors ‘7‘; Accuracy 88.94,

86.90, 85.00, 81.37, 80.94, 78.33, 72.44 &z 70.00 AINAIAL
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FIUNAN15TAUTLANEAIN LuUs18FUAY T dataset district-week Wu41 Deep Leaming L%
U‘ixﬁw%m‘wﬁﬁqm MINATE Gradient Boosting Tree, Decision Tree, Random Forest, Logistic Regression, Artificial
Neural Network, K-Nearest Neighbors a2 Naive Bayes ‘ﬁ Accuracy 99.45, 97.13, 95.22, 92.53, 87.06, 86.07,
77.06 uaz 77.05 AHANGL subdistrict-week W14 Deep Learning THilaz@nannAfiqn nssiag Gradient
Boosting Tree, K-Nearest Neighbors, Decision Tree, Random Forest, Logistic Regression, Artificial Neural Network
LA Naive Bayesﬁ Accuracy 99.84, 99.62, 99.16, 97.62, 96.84, 96.06, 87.05 LAz 69.48 ATHNAIAL
age-week W91 Deep Learning Tﬁﬂ’ﬁ‘:ﬁw%ﬂﬁwﬁﬁqm MHFA8 Decision Tree, Gradient Boosting Tree, Random
Forest, Artificial Neural Network, Logistic Regression, Naive Bayes Las K-Nearest Neighbors ﬁ Accuracy 96.93,
90.33,88.80,84.39,77.63,77.28,73.19 WAz 68.17 ATNA1AU sex-week W91 Deep Learning
Gfﬁﬂi:ﬁ‘w%ﬂ’lwﬁﬁqm MINAQE Gradient Boosting Tree, Decision Tree, Random Forest, Artificial Neural Network,
Logistic Regression, Naive Bayes Way K-Nearest Neighbors ﬁ Accuracy 91.79, 85.96, 85.11, 77.14, 75.14,
74.79, 71.28 WAy 59.06 ANAIAL AINATIT 5

WAl EFauuunaIngel ﬁﬁﬁé’ﬂfﬁﬁﬁﬁqLmuﬁsfﬁﬂ‘ixﬁw%mwﬁﬁqﬂmﬁflmﬂﬁﬁmu%ﬂw

THdompant] 2566 1pedmdanzian Ganarpsnisinunalfianeuguuraswmi uaniagui 5

A157199 5 NAN13IAUSERNBAINBILLLIIRBINTITNEINTE Uszunn Classification

district-month district-week

Model g o) ~§, S g % § ®) ~§ 5 g %

s < § & § &#/§g = g & 3 ¢

£ & = & g g & = g g
DT 92.11 0.950 99.10 85.73 99.19 91.90 95.22  0.976 91.44 99.73 90.75 95.41
LR 83.43 0.904 86.50 81.20 86.31 83.69 87.06 0.928 82.81 93.51 80.62 87.82
A-NN 8722  0.880 90.02 85.28 8948 8755 | 86.07 0904  82.81 90.95 81.19 86.67
NB 70.56 0.874 95.66 46.38 97.69 62.44 77.05 0.599 69.30 96.88 57.33 80.78
GBT 91.00 0.953 9286  89.22  92.86 91.00 97.13 0.988 0988 99.25 9490 97.26
K-NN 74.50 0.819 70.97 85.44 62.89 77.53 77.06 0.874 73.45 81.12 73.36 77.10
RF 88.42 0.898 95.79 81.66 95.9 88.14 92.53 0.954 87.62 99.04 86.03 92.97
DL 95.31 0.979  100.00  91.21 100.00 9536 | 9945  0.996 9890 100.00 98.90  99.45

subdistrict-month subdistrict-week

Model g o § = ‘g % § o § = g %

5 = ¥ & 3 &/ == 8 & 3§ ¢

< = " s 1] < = " & &
DT 97.22 0.963 94.74 100.00 91.70 97.30 97.62 0.757 52.63 4.05 99.91 7.75
LR 93.29 0.95 89.20 9858 88.00 93.65 | 96.06 0.85 2217 28.80 97.73 24.66
A-NN 86.48  0.884 81.29 95.00  77.92 87.58 87.05 0.891 81.99 95.36  78.78 88.11
NB 86.07 0.500 78.31 100.00 72.00 87.83 69.48 0.500 5.72 76.20 69.32 10.64
GBT 9898 0.992 9798 100.00 97.99 9898 | 99.62 0.998 99.48  99.76 99.49  99.62
K-NN 7495  0.829 77.78 69.32 80.51 73.35 99.16 0.500 98.34 100.00 98.32 99.16
RF 92.92 0.949 88.81 98.42 87.39 93.34 96.84 0.982 94.34 99.75 93.96 96.95
DL 99.74 0998 99.49 100.00 99.48 99.75 | 99.84 0.999 99.73 99.96  99.73  99.84
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age-month age-week

> c 2 g > c 2 o

Model § v 2 = S 7 § 9 2 = S 7
5 S Z o 5 o] 5 S S O S o

] < @ 2 @ g S < o & e g

< o (% oL < o ‘% oL

DT 89.01 0.855  88.75 96.32  73.02 92.36 | 90.33  0.942 84.13 99.05 81.25 91.10
LR 82.24 0.867 84.64 90.26 64.68 87.30 77.28 0.863 73.03 87.15 66.18 79.3
A-NN 82.08 0.826 84.83 89.90 6538 87.23 77.63 0.815 76.32  80.23 75.13 78.16
NB 78.62 0.831 7777 96.23  39.76 8598 | 73.19 0.692 66.75  92.37 53.89  77.49
GBT 85.71 0.860 88.66 91.49 71.79 90.05 | 88.80 0962 90.98 86.38 91.27 88.62
K-NN 71.43 0.659 7143 100 0.00 83.33 | 68.17 0.734 6492 78.26 5820 70.97
RF 8525 0.778 85.06 9513 64.12  89.76 | 8439 0877 79.33 93.37 75.68 85.65
DL 96.69 0956 9592 99.36 91.06 97.60 | 96.93 0982 94.92 99.22 9465 97.01

sex-month sex-week

Model & s = £ £ 3 s - £ £
£ S 2 f: = 8 g =) 2 E: = g

s = 3§ & 3§ ¢! 3 = ©® ¢ g g

< a (% o < a (% o
DT 86.90 0.964 100.00  71.10 100.00 82.87 | 85.11 0.917 77.72 86.82 73.70 81.86
LR 81.37 0.84 80.84 76.18 85.27  78.33 74.79 0.83 72.33  81.45 70.40 76.55
A-NN 72.44 0.804 82.69 50.18 92.81 60.99 | 75.14 0.812 73.71 79.47 70.61 76.48
NB 80.94 0.818 81.22 73.27 85.80 76.68 | 71.28 0.721 66.45  87.77 B54.12 75.62
GBT 85.00 0.907  75.00 85.71 84.62 80.00 | 85.96 0.923 82.61 90.48 81.61 86.36
K-NN 70.00 0.786 64.29 56.25  79.17 60.00 59.06 0.636 56.60  71.43 47.13 63.16
RF 78.33 0.708 77.32 .17 83.78  73.95 77.14 0.801 74.41 84.33 69.61 78.98
DL 88.94 0.895 100.00 75.71 100.00 85.98 | 91.79 0939 9179 9215 9117 91.96
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anmgRenniadiuiladefifnaluniafianisssuinlenliidonsen uasiAdalinud nansinlssavsniness
WLILS1ABNNITNENNTDT 1521091 Regression W41 Linear Regression Tﬁm:ﬁwﬁmwﬁﬁqﬂ ‘ﬁ RMSE 1.190 Tu dataset
sex-week BefiAnAnuARIAARELTRLIEduLdaesiRamsugageTuniiune daunadilEuszion
Clossification W91 Deep Learning Willsz@angan ﬁ‘ﬁq A ‘ﬁ Accuracy 99.84% 44 dataset subdistrict-week %\1 u
uwusaasd N anennsoimsznalaaliideneaniivenzaniign Tnelidmnsusuguazdnlszananm
Taesngeiign Ssmanpdesiuemidauuudiaasnianennsalinisssuinoaslan idensanlpeldmaianisyin
wilasliaganudnds Decsion Tree iiuluinalunisadrsuuudnassdmiunisneansainisszuinzas
TanliAeneaniivmnzasiigalasBiransusugngegn 69.85% uaz 75.4% audndiu (3319 rearqns,
2564) uazluanAdansimnelfidensantuaealus fn1alduumeniadeutesaniesd Tnaliioya
geileAneTunnTEEULIUA 1889 WUAIMIRENSILLUTIRENEaEmATlA XGBoost waRNUs AV miRTige Tnes
A1 MAE = 89.12, RMSE = 156.07 way R-squared = 0.83 (Tian et al.,, 2024) WAZITHATUNITNEINTDINTH
Tideneantuignnaalasld Long Short-Term Memory unannsnsienaasades wudn LSTM Tianaasusiuin

=

RN 84% 91 RMSE 8g7 0.04 UarAIATUNN R-squared B¢i#1 0.84 (Mehta & Patel, 2023) WAZI1UTTY

Ao

WA 9N133eusiBsaniievinue§idenaan T3 %% Deep Leaming Tae ¥ Tuima LSTM Tunnaviaunena

a

TnauuusnansfiFnasiigafa SSA-LSTM agfiAn RMSE 91 3.17 wuusnass SSA-LSTM vinemliaTuaauian

ATV 21T (Majeed et dl, 2023) FediayaiilF wamAdefandniudanuuandeiuenddei fAe
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