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Regression analysis aims to determine the relationship and influence of predictor variables
on response variables through regression curve. The problem with nonparametric regression
research so far is that it only uses one approach, causing the estimation results to be biased,
even though each data sub-pattern has its own suitability depending on the approach method
used. Therefore, the hybrid method emerged as a development of nonparametric regression.
Hybrid models are models that combine approach methods, with the hope of increasing
accuracy in modeling analysis. This research was carried out using two non-parametric
approaches, namely Spline Truncated and Fourier Series. Dengue Hemorrhagic Fever (DHF)
is a disease caused by the dengue virus. DHF is endemic and occurs throughout the year,
especially during the rainy season because mosquitoes reproduce optimally. The aim of this
research is to estimate the Hybrid Nonparametric Spline Truncated -Fourier Series model
and apply the estimation results to data on DHF cases in Central Java. The data used to apply
the hybrid nonparametric Spline Truncated-Fourier series regression model is DHF in the
city/districts of Central Java. Estimation smoothing parameters uses the GCV (Generalized
Cross Validation) method. The best model is selected based on largest R-Square and the
smallest MSE. Modeling the disease of DHF cases in Central Java using the Spline Truncated-
Fourier Series hybrid estimator produced the best model from the Spline Truncated model
with two knot points for each predictor and the Fourier Series model with K value of 9. Based
on the results obtained, it can be compared that the Truncated Spline-Fourier Series hybrid
model is better than the Spline Truncated model, this can be seen from the largest R-square,
namely 99.94% and the smallest MSE.
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1. INTRODUCTION

Dengue Hemorrhagic Fever (DHF) is an endemic disease transmitted by the Aedes aegypti and Aedes
albopictus mosquitoes. This disease has experienced an increase in cases of up to 30 times throughout the
world. Dengue Hemorrhagic Fever (DHF) is often found in tropical and sub-tropical areas. Since 1968, the
World Health Organization (WHO) has recorded Indonesia as the country with the highest dengue fever cases
in Southeast Asia [1]. DHF Diseases in 2022 have increased again compared to the previous year. In 2022,
the number of DHF Diseases has increased again to 131,265 cases with a death rate of 1,135 people. The
province in Indonesia that will be number two with the highest number of DHF is Central Java in 2022 [2].
The number diseases of Dengue Hemorrhagic Fever (DHF) in Central Java are currently increasing.
Throughout 2022, from January to June, there were 6,699 cases of dengue fever recorded, with an incidence
rate of around 19.9 percent. Several districts/cities in Central Java experienced a significant increase in
dengue fever cases. The people of Central Java are advised to be aware of DHF because there is still high
rainfall in various areas where standing water appears, so the potential for the spread of DHF will also be
greater [3].

Regression analysis is made to ensure the relationship and impact of the predictor variables on the
respondent variables. We can create nonparametric regression models, which is flexible statistical approach
without any assumptions. Nonparametric regression modeling experiences development every period.
Nonparametric regression is used to examine data trends and estimate future values using historical data [4].
The problem with Nonparametric Regression research so far is that it only uses one approach, causing the
estimation results to be biased, even though each data sub-pattern has its own suitability depending on the
approach method used. Therefore, the Hybrid method emerged as a development of Nonparametric
Regression. Hybrid models are models that combine approach methods, with the hope of increasing accuracy
in modeling analysis. Two methods were used in this research nonparametric regression approach: Spline
Truncated and Fourier Series.

The aim of this research is to estimate the Hybrid Nonparametric Spline Truncated-Fourier Series
model and apply the estimation results to data on dengue fever cases in Central Java. Determine parameter
estimates using the GCV (Generalized Cross Validation) method. By estimating the parameters, one can
derive the regression curve estimator [4]. The GCV method is frequently utilized. Because it is invariant to
transformations, has excellent asymptotic properties, and does not require knowledge of the population
variance [5]. The GCV outperforms the UBR method [6]. Selected model based on largest R-Square and the
smallest MSE. The urgency of this research is that there are no estimation results using the hybrid
nonparametric Truncated Spline-Fourier Series to modeling DHF in Central Java. The results of this modeling
are able to describe better than other modeling. The modeling results aim to reduce the increase in DHF
sufferers in districts/cities in Central Java. The application of nonparametric models requires the help of
statistical software. One of the opensource data analysis packages is R software which is based on the S
programming language [7]. Several previous studies related to nonparametric regression using Fourier Series
and Spline estimators include modeling the Courage of field extension officers using Spline [8], modeling of
the tidal using Fourier Series approach [9], modeling of human development index (HDI) using Spline
Truncated [10], while research on selecting optimum knots in spline regression [11]. Previous research
regarding the number of DHF in Central Java includes DHF modeling using the spatial Durbin model method
[12] and DHF modeling using the Geographically Weighted Negative Binomial Regression (GWNBR)
method [13].

The nonparametric regression strategy is utilized to establish a pattern of relationship between the
independent variable (x) and the dependent variable (y) in situations where the regression curve's shape is
unknown [14]. Trigonometric polynomial function with certain degree of flexibility is the Fourier series. This
is thus because the sine and cosine functions are represented as a curve in the Fourier series [15]. The degree
of smoothness of the Fourier series estimator is determined by the choice of smoothing parameter K. The
smaller the smoothing parameter K, the smoother the estimate and the larger the smoothing parameter K, the
less smooth the estimate of f. Therefore, it is necessary to choose the optimum K [16]. Spline regression is
a polynomial piece function that has segmented and continuous properties. Spline Truncated Regression
allows for various orders so that linear, quadratic, cubic or m order Spline regression can be formed [17].
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2 RESEARCH METHODS

2.1 Subsection of Material

Dengue Hemorrhagic Fever (DHF) Diseases in 2022 have increased again compared to the previous
year. In 2022, the number of DHF Diseases has increased again to 131,265 cases with a death rate of 1,135
people. The province in Indonesia that will be number two with the highest number of DHF is Central Java
in 2022. The following is a graph of DHF diseases in Indonesia:
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Figure 1. Graph of DHF Disease in Indonesia for the 2013-2022 period

Number of DHF Cases

This research uses secondary data on DHF in 2022 obtained from the Central Java Provincial Health
Service. The data includes 4 variables for DHF in 2022 with the research objects observed being districts or
cities in Central Java which consists of 29 districts and 6 cities. The research uses 4 variables with DHF
indicators based on the Central Java Provincial Health Service. The variables used in this research are the
number of dengue sufferers (y), the Indicator Rate (IR) (X1), the percentage of Clean and Healthy Living
Behavior (X2), Mean Years of Schooling (X3). Variables used in research:

a. Number of DHF sufferers: Dengue hemorrhagic fever (DHF) is a disease caused by the dengue virus
and transmitted through the bite of the Aedes Aegypti or Aedes albopictus mosquito.

b. Indicate Rate (IR): the Indicate Rate (IR) is the number of new sufferers of a disease found in a certain
period of time (generally 1 year) compared to the number of residents who may be affected by the new
disease in the middle of the period concerned [18].

c. Percentage of Clean and Healthy Living Behavior (PCHB) is a house that meets the minimum criteria:
access to drinking water, access to a healthy toilet, flooring, ventilation and lighting calculated
cumulatively from the previous year [19].

d. Mean Years of Schooling (MYS) is defined as the number of years of study for people aged 15 years
and over who have completed formal education (excluding repeat years). The population coverage
calculated by MYS is the population aged 25 years and over with the assumption that at the age of 25
years the education process has ended.

2.2 Method

The main problem that will be solved in this research is the development and application of hybrid
model on data on DHF in Central Java and the factors that influence it as well as the development of an
opensource program using R Software. This research uses two approach methods, namely Spline and Fourier
Series. The following includes several research stages. Hybrid nonparametric modeling using Spline
Truncated- Fourier Series on data of DHF in Central Java

1. Estimation of the Spline Truncated-Fourier Series Nonparametric Regression Hybrid Model.
Finding the relationship between the independent and dependent variables are done using regression
analysis. The regression equation model is as follows:

Vi = Bo + Bix1i + Baxai + -+ Bpxp + & (D
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where the independent variable is x and the dependent variable is y;.
2. Create a program to determine optimum knots using the GCV method in the Spline Truncated model.

The general form of the Spline Truncated model is presented in the equation:
P k

s(t) = Z a;x" + 2 Bi(x — knot)? (2)

i=0 j=0

where p is the degree of the polynomial and k is the number of knot points in the truncated function,

and ¢ is an independent random error with mean zero and variance o 2.

Use optimum knots to determine the Spline Truncated regression parameter estimation

Calculate the residual value of the Spline Truncated regression model

5. Estimate the Fourier Series with the response variable being the residual value of the Spline
Truncated regression model. The following is the Fourier Series function:

K
1
f@= Ea0+yt+ Zakcos(
k=1

~w

27‘[kt> 3)

2L

Create a program to determine the optimum K in the Fourier Series model

Use K optimum to determine parameter estimates for the Fourier Series regression model

Calculate the MSE and R-square of the Hybrid model. Selection of the best model based on largest
R-square and smallest MSE value.

N

3. RESULTS AND DISCUSSION

3.1 Estimation of Truncated Spline-Fourier Series Nonparametric Regression Hybrid Model

Given data on the response variable (y;) and predictor variables (x;) consisting of a number of m
predictor variables so that if this is modeled using a regression model as follows [20]:

Vi = Bo + Bix1i + Baxai + o+ HBuxy + o+ HBmXmi + & 4)

The hybrid approach is carried out using Spline Truncated and Fourier Series estimators. The hybrid
approach is a combination of two estimators with different functional forms. This modeling consists of a
combination based on predictors and residuals, meaning that the predictor variables are approached using a
Spline Truncated while the residuals are approached using Fourier Series [20]. The equation can be written
as follows:

yVi = S(.X'i) + Ei,i = 1,2, e, n (5)

Where the function S(x;) is approached using Spline Truncated, while ¢; is approached using a Fourier series,
so if approached using Spline Truncated then Equation (5) becomes:

m n
y=Fo+ ) Bpd + ) Bkl — Knot )+ 6)
j=1 k=1

This equation is elaboration of a Spline Truncated for each predictor so that if the predictor is approached
using a Spline, each predictor will have its own knot point value and polynomial order.

The residual value is approached using the Fourier Series estimator, while the residual value is
obtained from Nonparametric Spline Truncated modeling, so that in Equation (5) there should be two
functions as follows: y; = s(x;) + &; and €; = f(x;) so thaty; = s(x;) + f(x;) + e;, with the function f (x;)
being the residual value of Spline Truncated estimation modeling results. The curve f(x;) will be
approximated using the Fourier Series and e, is the residual value from the combined or hybrid model. The

MSE value calculation is obtained from the MSE value of a combined or hybrid model between Spline
Truncated and Fourier Series [20].

ZTCkxl'j>

K
1
gizf(xl-j)= §a0+yxi]-+ zajkcos< oL @)
k=1
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1 K Zﬂkxij
yi = s(x;) + 5 do +yx;j + Z aji 0S| — 7 +e; (8)
k=1

3.2. Modeling DHF Cases in Central Java City/Districts using a hybrid Truncated Spline-Fourier
Series regression approach

Dengue Hemorrhagic Fever (DHF) is a disease caused by the dengue virus. DHF is transmitted through
the bite of Aedes genus mosquitoes, especially Aedes Aegypti. In tropical and subtropical areas, DHF is
endemic and occurs throughout the year, especially during the rainy season because mosquitoes reproduce
optimally. The data used to apply the hybrid nonparametric kernel Spline Truncated-Fourier series regression
model is DHF in the City/Districts of Central Java. Before obtaining non-parametric hybrid regression
modeling using the Spline Truncated - Fourier Series approach, create a scatterplot of the number of DHF
sufferers in the City/Districts of Central Java. The following is scatterplot of DHF in Central Java
City/Districts in 2022:
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Figure 2. Graph of DHF in Central Java City/Districts 2022

The highest number of DHF in Central Java in 2022 occurred in Grobogan Districts with 1,051 DHF
sufferers. In this research, the response variable is DHF in the Central Java Province. Factors causing high
levels of Dengue Hemorrhagic Fever include are: population density, lack of clean and healthy living
behavior, low public knowledge and education, late information from hospitals, and insufficient health
workers [21]. Meanwhile, predictor variables in this research are the Indicate Rate (IR), Percentage of Clean
and Healthy Living Behavior, Mean Years of Schooling. All predictor variables are assumed not to form a
particular distribution pattern. DHF in Central Java Province for each predictor variable produces an
unformed data pattern, therefore the approach taken is nonparametric, namely using Spline Truncated-
Fourier Series approach. Data sources used in research comes from the 2022 Central Java Health Service
consisting of 35 cities/districts in Central Java Province.

a) Modeling the Number of DHF Cases Using the Spline Truncated Approach

Knot are points of change in data behavior at certain sub-intervals. Determining the best knot point
using the GCV method. The best knot is obtained with the lowest GCV value. The following is the
determination of optimum knot points using third order at each knot point. The nonparametric spline
regression model with one knot of DHF sufferers in Central Java is estimated as follows:

S(x) = By + B X1+ B,X12 + By(X1 — K2 + B, Xy + B X" + B (X; — K2)2 + B X3 + BX3?
+ By (X3 — K3)2
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The following Table 1 shows several GCV values that are around the minimum GCV using one knot point:
Table 1. GCV Values for One Knot Point

GCV X1 X2 X3
30025 35 90 10
28719 26 83 10
27493 55 95 10
25184 55 94 10,5

Based on Table 1, the minimum GCV for the Spline Truncated model is 25184. Based on the minimum
GCV results, all predictors have their own knot points. The Indicate Rate (IR) variable (X1) has optimum
knots of 55, the Percentage of Clean and Healthy Living Behavior variable (X2) has an optimum knot of 94,
while the Average Years of Schooling variable (X3) has an optimum knot of 10.5 The next step is to determine
the two optimum knots for each variable. The following is Spline Truncated model of the DHF in Central
Java with two knot points.

Sx) = Bo + BuXy + BoXi® + BsXi® + Ba(Xy — KD + Bs (X1 — K23 + BeXo + B X57 + PeXy®

+ /?9()(2 — K3)3 + Bro(Xa — KD} + BraXs + Pr2Xs” + P1sXs® + Bra(Xs — Ks)3
+ B15(X3 — Kg)3

The following Table 2 shows four GCV values that are around the minimum GCV using two knot points:
Table 2. GCV for Two Knot Point

X1 X2 X3
GCV
Knotl Knot2 Knotl Knot2 Knotl Knot2
26134 50 55 80 91 8 10
26058 51 55 83 94 8,4 10
25160 36 45 85 95 10 10,5
24377 46 53 90 93 9 10,4

Based on Table 2, the minimum GCV for the Spline model is 24377. Based on the minimum GCV
results, all predictors have their own knot points. The Indicate Rate (IR) variable (X1) has two optimum
knots, including 46 and 53, the variable Percentage of Clean and Healthy Living Behavior (X2) has two
optimum knot points, namely 90 and 93, while the variable Average Years of Schooling (X3) consists of
three optimum knot points including 9 and 10.4.

The next step is to determine the three optimum knots for each variable. The Spline Truncated model
with three knot points is as follows:

S(x) = o + PiXa + 325(12 + BsX1® + Bu(Xy - K3 + Bs(X, —AKz)i + B (X1 — 53)“1 + ﬁsz ';ﬁstz
+ .3A9X2 3+ ,81A0(X2 — K3 + .B)lAl(XZ —Ks)3 + .[))1A2(X2 — Kg)3 + P13X3 + PraXs
+ P15X3° + Brs(X3 — K7)3 + B17(X3 — Kg)3 + B1s(X3 — Ko)}

The following Table 3 shows the GCV values that are around the minimum GCV using three
knot points:

Table 3. GCV Values for Three Knot Point

X1 X2 X3
cev Knotl Knot2 Knot3 Knotl Knot2 Knot3 Knotl Knot2 Knot3
31338 36 43 50 85 90 96 8,6 9,3 10,2
29528 36 45 53 88 93 94 8,8 9 10,4
28057 44 48 54 86 92 95 8,5 9,5 10,5
27806 46 48 54 85 94 95 8,5 9,5 10,5

The selection of the best Spline model is based on knot points. Choosing the optimum knot point is
very important in determining the best model. Different knot point locations will produce different models.
The optimum knot point is seen based on the minimum GCV criteria. The following is a table that shows the
optimum knot points and minimum optimum GCV for each variable.
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Table 4. Comparison of GCV

Number of Knot Points GCV
1 25184
2 24377
3 27806

The best knot in Spline Truncated model is determined from smallest GCV. Table 4 presents the values
of one knot, two knots, and three knots which will be compared based on the minimum GCV value. From
this table we know that the minimum GCV for two knots is 24377 with an MSE of 3742.56. Therefore, the
best spline model for the DHF in Central Java uses two knots. The non-parametric spline regression model
equation with two knots is presented below:

S(x) = —161.98 — 0.475X; + 0.481X;% — 0.006X,° — 3003.78(X; — 46)° + 56.364(X; — 53)°
+ 0.265X, + 10449.56X,” — 1303.596X,% + 53.496(X, — 90)} + 0.041(X, — 93)°
+ By, X3 — (139 x 107)X;3% — 0.828(X3 — 9)5 — 6418.706(X; — 10.4)°
Therefore, it can be concluded that the results of modeling DHF in Central Java in each city/district
using the Spline Truncated estimator obtained an MSE value of 3742.56 and a coefficient of determination

of 82.56%. Based on the Spline Truncated model, the residuals are very different, so the scatterplot results of
the residuals from the Spline Truncated nonparametric model are as follows:
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Figure 3. Scatterplot of The Residuals of Spline Truncated Nonparametric Model

b) Estimating Fourier Series Nonparametric Hybrid Regression Model Based on Spline Model
Residual Values

The next step is to determine the model using Fourier Series estimator based on the residual values of
the Spline model by finding the optimum K value by running the optimum K determination program that was
created previously on case data on DHF in Central Java. The K value is a positive integer. Determination of
the optimum K value in this research using the GCV method. The results obtained from testing K on the
residual data of the Fourier Series model are as follows:

Table 5. GCV for Each Value of K

Value of K GCV Value of K GCV
1 5.507 x 10° 7 9.099 x 10°
2 1.794 x 10° 8 4,395 x 108
3 9.136 x 10* 9 2.921 x 103
4 5.222 x 10* 10 5.016 x 10t
5 2.508 x 10* 11 1.887 x 10°Y7
6 1.264 x 10* 12 9.751 x 10-%°

Table 5, it is presented that the GCV at K = 12 is the most optimum K because the GCV value is the
smallest among the other GCV. If the value K = 12 is used then the estimated parameters are determined as
many as 40 parameters, this is obtained based on Equation (8). Next, determining the best model can be done
through the R-Square and MSE values for each K value. The following are the R-Square and MSE values for
K=8toK=11:
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Table 6. The R? and MSE values for each K are optimum

Value of K R? MSE
8 0.947 (94.7%) 219.0122
9 0.992(99.2%0) 33.57091
10 0.997 (99.7 %) 9.882
11 0.999 (99.9%) 4119 x 1071°

Based on Table 6, it can be seen that the value of K = 9 produces high R?, while the value of K =
8 gives R? result of 94.7%. If the K chosen to be used in modeling is K = 9 then parameters that must be
estimated is 31. The model selection criteria are a model with a large R-Square, small MSE value and a
parsimonious (simple) model, so the model selected is a model that has an optimum K value of 9. The model
obtained from estimating residual values from Spline modeling using the Fourier Series estimator is as
follows:

f(x;) = 252.0305 — 4.412x;; + 7.176 cos x;; —43.199cos 2x;; + -+ — 1.618 cos 9x;; +44.791x;,
— 7.206 cos xj; — 60.863 cos 2x;, + -+ 46.72 cos 9x;, +44.791x;3 — 73.424 cos x;3
+ 6.538 cos 2x;; + +-++ 2.554 cos 9x;4
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Figure 4. Scatterplot of Estimated Residual Values for the Spline Truncated Model Using the Fourier Series
Approach

After obtaining estimates from the Spline Truncated model $(x) and the results of model estimation
using the Fourier Series approach f (x;), the two models are combined to become Spline Truncated-Fourier
Series Nonparametric Regression Hybrid model as follows:

Ji= 500 +f (x)
when,
$(x) = —161.98 + (—0.475)X; + 0.481X,2 + (—0.006)X;® + (—3003.78)(X; — 46)3 + 56.364(X;
—53)3 4+ 0.265X, + 10449.56X,% + (—1303.596)X,> + 53.496(X, — 90)3
+0.041(X, — 93)3 + S X3 + (—1.39X10713) X532 + (—0.828) (X5 — 9)3
+ (—6418.706) (X5 — 10.4)3

f(x;)) = 252.0305 — 4.412x;; + 7.176 cos x;; — 43.199cos 2x;; + --- — 1.618 cos 9x;; + 44.791x;,
— 7.206 cos x;; — 60.863 cos2x;, + -+ + 46.72 cos 9x;, +44.791x;3 — 73.424 cos x;3
+ 6.538 cos 2x;; + -+ + 2.554 cos 9x;;

The following are the estimation model results of the Spline Truncated-Fourier Series estimator to
modelling DHF in Central Java which are presented together with actual data:
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Figure 5. Graph of the Spline Truncated- Fourier Series Hybrid Model

Based on Figure 5, the graph showing the blue color is the actual data, while the red graph shows the
results obtained from the estimated model. The results obtained from the model estimation show that the
number of DHFs in the actual data produces values that are not much different from the estimated results.
The modeling obtained can be said to be suitable for predicting DHF cases in Central Java, this can be seen
from the R-Square value approaching 100% and the smallest MSE. The modeling results concluded that the
highest DHF disease in Central Java was in Grobogan District, while the lowest DHF in Central Java was in
Temanggung District.

The ability to evaluate model accuracy can be expressed through R-Square and MSE. The model is
said to be better if the R-Square value approaching 100% and the smallest MSE. Results processed using
hybrid Spline Truncated-Fourier Series regression applied to data on the number of DHF disease in Central
Java show R-Square of 0.9994 (99.94%) and MSE of 33.586. R-Square is 99.94%, which means that the
predictor variable is able to explain 99.94% of DHF disease in Central Java, while the remaining 0.06% of
DHF disease is influenced by factors not used in this research. The following is a comparison table between
the Spline Truncated model and the Truncated Spline-Fourier Series Hybrid model:

Table 7. Comparison of the Spline Truncated with the Spline Truncated - Fourier Series Hybrid Model

Nonparametric Regression MSE R-Square
Spline Truncated Model 10527.27 82.55%
Spline Truncated -Fourier Series 33.586 99.94%
Hybrid Model

Based on Table 7, it can be compared that the Spline Truncated-Fourier Series hybrid model is better
than the Spline Truncated model, this can be seen from the largest R-square, namely 99.94% and the smallest
MSE. It can be concluded that the hybrid model can further minimize the error value so that the resulting R-
square is close to 100%.

4. CONCLUSIONS

Based on the results obtained, it can be compared that the Truncated Spline-Fourier Series hybrid
model is better than the Spline Truncated model, this can be seen from the largest R-square, namely 99.94%
and the smallest MSE. It can be concluded that the hybrid model can further minimize the error value so that
the resulting R-square is close to 100%. The results of Spline Truncated-Fourier Series Hybrid modeling to
the number of DHF disease in Central Java can be concluded that the pattern between the actual data and the
data estimated by the model is the same. The modeling obtained is suitable for predicting DHF disease in
Central Java. The modeling results concluded that the highest DHF disease in Central Java was in Grobogan
District, while the lowest DHF in Central Java was in Temanggung District.
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The suggestion from the results of this research is that an optimal Knot selection method other than the
GCV method can be used. Apart from that, research can be carried out to develop hybrid methods using other
estimators such as local polynomials or kernels. Adding predictor variables that have not been used in the
model can be used for further research.
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