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1 Introduction to the Curve Fitting R Shiny tool
AR EEAR Shiny T HE/

R is a powerful statistical programming language that allows us to perform data analysis,
which is useful for mathematical modeling. Even better, we have set up a set of online
tools using R Shiny so that you can perform various mathematical modelling tasks without
any coding background.
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In particular, the Curve Fitting R Shiny tool allows users to analyse time-series data by
applying data filtering and curve fitting methods. Users can first filter the data to reduce
short-term fluctuations and then apply different regression models to the filtered data.
The tool also allows users to visualize the raw data, filtered data, initial curve and best fit
curve, and to predict future data.
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Here is the guideline on how to use our Curve Fitting R Shiny tool.
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2 Using the Curve Fitting R Shiny tool
R4 E AR Shiny TE

To use the tool, please visit our main website:

MEMA TR > ATEr R T4
https://cuhkmathmodel. com/

for the list of tools, or simply go to
BIE TRy > siERRIE

https://mathmodelcuhk.shinyapps.io/curve-fitting/

1


https://cuhkmathmodel.com/
https://mathmodelcuhk.shinyapps.io/curve-fitting/

for the Curve Fitting R Shiny tool.
fF R A AR Shiny TH o

After getting into the website, you can see the following:
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Curve fitting =
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Click to show the filtered data

© show

Click to show the best fit curve
O Show

Don’t worry if you think this is complicated! We will guide you step by step, and you can
do curve fitting using our R Shiny tool.
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2.1 Step 1: Choose or input a dataset
FR— 1 EREABIRE

At the top of the page, you can see “Choose a dataset”. The tool provides several built-in
datasets. You can also select “Choose your own dataset” to upload your own data.
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Choose a dataset
O Dataset 1
O Dataset2
O Dataset 3
O Dataset 4
O Dataset5

© Choose your own dataset
Choose a CSV file (with 1st row being headers, 1st column being dates, 2nd column being data)

Browse... No file selected

If you choose to upload your own dataset, the file should be in CSV format. The first
row should contain the column headers, the first column should contain the dates or time
points, and the second column should contain the corresponding data values.
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After choosing a dataset, you can use the “Range” slider to select the part of the
dataset that you want to analyse.
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2.2 Step 2: Data filtering
AR BERIRIR

After choosing the dataset and the range of data, you can choose a filtering method under
“Choose the filter”. Filtering can be used to reduce short-term fluctuations in the data
and make the overall trend easier to observe.
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The tool provides four filtering options: “No Filter”, “Moving Average Filter”, “Ex-
ponential Smoothing” and “Hodrick-Prescott Filter”. Depending on the selected method,
the tool provides different parameters for controlling the filtering process.
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Choose the filter

O No Filter

O Moving Average Filter
O Exponential Smoothing
O Hodrick-Prescott Filter

2.2.1 Moving Average Filter

The Moving Average Filter replaces each data value by an average calculated from a
specified number of previous data points. To use this method, select “Moving Average
Filter” and enter the number of previous data points to average.
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For example, if we enter 3, the filtered value is calculated using three consecutive data
points according to the filtering procedure. Increasing the number of data points used in
the average generally produces a smoother curve, while reducing the number allows more
short-term variation to remain visible.
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Curve fitting H

2.2.2 Exponential Smoothing

TRECHIRE
Another option is “Exponential Smoothing”. This method gives different weights to the
data points, with greater emphasis placed on more recent observations. The smoothing
factor controls the degree of smoothing applied to the data.
7 —{H;#IH 2 [Exponential Smoothing| ° 5 {EE EANEREIBEE L T AN E R
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To use exponential smoothing, select “Exponential Smoothing” under “Choose the filter”.
A slider will then appear for the smoothing factor, with a range from 0.1 to 0.9. Move
the slider to select the desired value.
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2.2.3 Hodrick-Prescott Filter
Hodrick-Prescott JBJ &%

The tool also provides a “Hodrick-Prescott Filter”. This method separates a time series
into a trend component and a short-term fluctuation component. The penalty parameter
controls the smoothness of the extracted trend.
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To use this method, select “Hodrick-Prescott Filter” under “Choose the filter”. A
slider will then appear for the penalty parameter, with a range from 1 to 10000. Move
the slider to select the desired value.
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Curve fitting =

After choosing a filtering method, select “Show” under “Click to show the filtered data”
to display the filtered data on the graph. You can also select “Show” under “Click to
show the raw data” to compare the original and filtered data.
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The filtering step does not itself determine the regression model. After obtaining the
filtered data, we can proceed to choose a suitable curve fitting method.
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2.3 Step 3: Curve fitting

SER= - RS
After filtering the data, we can choose a fitting method under “Choose the method”. The
selected fitting method is then used to model the data.
SEREIE R IEZ » FA A LAFE TChoose the method) HIEIREEE 7% o &R E
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The tool provides several fitting methods, including “Original”, “Polynomial Regres-
sion”, “Power Regression”, “Exponential Regression”, “Logarithmic Regression” and
“Others”.

TR LHEE AT 8%E TOriginall ~ Polynomial Regression! ~ [Power Re-
gression] ~ [Exponential Regression] ~ [Logarithmic Regression] /& [Others] e

Choose the method

O Original

O Polynomial Regression
O Power Regression

O Exponential Regression
O Logarithmic Regression

O Others

2.3.1 Polynomial Regression

% A 5] it

If “Polynomial Regression” is selected, the tool allows us to choose the degree k of the
polynomial. The model has the form

N5 %E4E [Polynomial Regression | ° T E&ERAMEEZIHAIIRE K - BATE A
y:a0+a1x+a2x2+-~+akxk.

To use this method, select “Polynomial Regression”. A slider will then appear for the
degree k, with a range from 0 to 15. Move the slider to select the desired value
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Choose the method

O Original

© Polynomial Regression
O Power Regression

O Exponential Regression
O Logarithmic Regression
O Others

Choose the model

O Polynomial y = ag*a;x+...+aix*
Enter the degree k of the polynomial

0] 15

0 2 4 6 8 10 12 14 15

2.3.2 Power Regression

7 [0

For “Power Regression”, the tool provides the model

HY TPower Regression] ° T EIEMELI A
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The user needs to provide initial guesses for the parameters a and k. These initial guesses
are used as starting values for the fitting procedure.
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Choose the method

O Original

O Polynomial Regression
O Power Regression

O Exponential Regression
O Logarithmic Regression

O Others

Choose the model

© Power Functiony = at*

Input the initial guess for a

<>

1

Input the initial guess for k

<>

1

2.3.3 Exponential Regression

T e

The tool provides two exponential models:
T AR R

Yy =ae

and
y = ab'.

After selecting the desired model, enter the required initial guesses for the parameters.
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Choose the method

O Original

O Polynomial Regression
O Power Regression

© Exponential Regression
O Logarithmic Regression
O Others

Choose the model

O Exponential Function y = aekt
O Exponential Function y = abt
Input the initial guess for a

1

<>

Input the initial guess for k

0.1

<>

2.3.4 Logarithmic Regression
BB (Al

The tool also provides two logarithmic models:
TR R (e phy e S S A
=a+ kln(t)

and
y = a+ log,(t).

After selecting the desired model, enter the required initial guesses for the parameters.
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Choose the method

O Original

O Polynomial Regression
O Power Regression

O Exponential Regression
O Logarithmic Regression

O Others

Choose the model

© Logarithmic Functiony = a+kln(t)
O Logarithmic Functiony = a+log_b(t)
Input the initial guess for a

0

<>

Input the initial guess for k

1

<>

2.3.5 Other nonlinear models

oAl R AR PR

For more advanced curve fitting, select “Others”. The tool provides several nonlinear
models, including the Chapman-Richards, Generalized Logistic, Richards, Logistic, Gom-
pertz, Modified Beta, Beta and Weibull functions.
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Beta ~ Beta M Weibull BRE{ °

These models are useful for modelling data with different growth patterns, such as
curves with an upper or lower asymptote, an inflection point, or a changing growth rate.
JE LB AT DL A A R R Bl BoR EIRECT IRENIAR ~ HrBhelE
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Choose the method

O Original

O Polynomial Regression
O Power Regression

O Exponential Regression
O Logarithmic Regression
O Others

Choose the model

© Chapman-Richards Functiony =y {1-[1-(y//y )*(1-m)]e” (-kt)}*[1/(1-m)]

O Generalized Logistic Functiony = y|+(yu—y|)/[{1+ve"[—k(t—tp)]}"(l/v)]

O Richards Functiony = Vo /H{1+ver[-k(t-tp) [FM(1/v)]

O Logistic Functiony =y, /{1+e"[-k(t-tp)]}

O Gompertz Functiony = y eM-er-k(t-tp)]}

O Modified Beta Function y = yr+(y, -yi) [1+{tm-t)/(tm-tp) I[{t-t)/ (tm-t) AL (tm-t)/(tm-tp)]
O Beta Functiony =y [1+(tm-t)/(tm-tp)](t/tm) [tm/(tm-tp)]

O Weibull Functiony =y -(y-y)e*(-kt™)

After selecting a model, the tool asks for initial guesses for the relevant parameters.
For example, depending on the model, these may include the lower asymptote y;, upper
asymptote vy, growth rate &, inflection point ¢, and other parameters.
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The initial guesses provide starting values for the fitting procedure. Different initial
guesses may affect whether and how quickly the fitting procedure converges to a fitted
model.

Mg fFHE S SR FRERIRE - SRR E TR B8R AR F R G hE
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2.4 Step 4: Visualizing the fitting results
ABRI - BUREES AR

After selecting a fitting method and the required model parameters, we can display
different curves on the graph. The tool provides four options: raw data, filtered data,
initial curve and best fit curve.
RS R MRS 28R - Pl AT DI B SR P R SRR AR o T BAR AL
EEIE « [FIa80R ~ WIBREGE - ViRt LR ER A AR -

Select “Show” under “Click to show the raw data” to display the original data. Select
“Show” under “Click to show the filtered data” to display the data after filtering.
7£ T Click to show the raw datal % [Show] » ] DLEURIRIGEHE + 7 T Click to
show the filtered datal T;%## [Show - HIR] DABH/RIEEZ I EEE

The “initial curve” shows the curve corresponding to the initial parameter values, while
the “best fit curve” shows the curve obtained after the fitting procedure. Comparing these
curves helps us observe how the model changes during fitting.

lnitial curvel BE/RIRIESERIGMEEHESA AR » T best fit curvel RIEE/RESR
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2.5 Step 5: Prediction
ABRTL - TEE

After obtaining a fitted curve, the tool can also be used to predict future data. Under
“Choose the number of future data to be predicted”, enter the number of future data points
that you want to predict.

FEIE A AR TR - TEINAT LA FERIRAKEIE o 72 [ Choose the number of future
data to be predicted ] Hg A A EFHHIFIARKEIZEEE o

The prediction is based on the selected fitting model. Therefore, the choice of filter-
ing method and fitting model should be made according to the characteristics of the data
and the purpose of the analysis.

TR &R SRR @R R S A G B o Rith - R ERIE T VE MBS TR > B R
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3 Conclusion

Curve fitting is a powerful tool in mathematical modelling. By applying different filtering
methods and curve fitting models, we can better understand the trends and patterns in
datasets and make predictions based on the fitted curves. We hope that this R Shiny
Curve Fitting tool may help you with your mathematical modelling journey. Good luck!
ARG & S B EE PR B AR TR o ERE A F BB IR I8 7 15 M il AR A
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