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Abstract

PSO for solving the numerical association rule mining (ARM) problem
has some weakness. Among of them is premature to search the optimal so-
lution because it traps in local solution. This research proposed a method to
overcome that problem by combining PSO method with Cauchy distribution
(PARCD method). The main purpose is to develop PSO method in numer-
ical ARM problem and to design, implement, and evaluate the method for
bioelectric potential data set. The result showed that PARCD method has
promise result.

Furthermore, another problem is the accuracy for estimating the human
position around plant of bioelectric potential. The previous researches have
been conducted by using some methods, such as decision tree (J48), multi
layer perceptron (MLP), deep learning (CNN), and etc. Those accuracy
methods still under 60%. Therefore, we proposed the different approach using
association analysis method. After we got the best rules using association
analysis method, we did matching process to calculate how many numbers
of rules which precise. Finally, we got the best number for estimating the
human position with the accuracy is around 75%.

Moreover, we proposed another method by using time series approach.
And then, we got the best model is seasonal ARIMA model (1,0,0) with the
accuracy is around 80%.
Keyword: Association rule mining, PSO, MOPAR, PARCD, bioelectric
potential of plant, time series, SARIMA, estimation position



1 Improved Optimization of Numerical As-

sociation Rule Mining by Hybrid PSO and

Cauchy Distribution Approach

1.1 Introduction

The ARM or association analysis method is used to find associations or re-
lationships between variables, which often arise simultaneously in a dataset
[1]. The Apriori and Frequent Pattern (FP) growth methods are widely em-
ployed in association analysis. These methods are suitable for categorical
or binary data, such as gender data [2]. In addition, both methods require
manual intervention to determine the minimum support (attribute coverage)
and confidence (accuracy) values [3], [4]. To resolve this problem, some re-
searchers have proposed solutions that employ optimization approaches with-
out determining the minimum support and minimum confidence. However,
this method can also become trapped in local optima.

We proposed a method that can address the premature searching and
the limitations of traditional methods that it does not use a discretization
process. One solution is by combining PSO with the Cauchy distribution
(PARCD) method.[5].

1.2 PSO for Numerical Association Rule Mining with
Cauchy Distribution

PARCD is an extension of the MOPAR methods that combines PSO and the
Cauchy distribution to solve problems that occur in the association analysis
of numerical data [6]. The velocity function is expressed as follows,

Vi(t+ 1) =ω(t)Vi(t) + C1rand()(pBest−Xi(t))+

C2rand()(gBest−Xi(t))
(1)

The next step is normalization by using Vi(t+ 1) value (1),

Ui(t+ 1) =
Vi(t+ 1)√

Vi1(t+ 1)2 + Vi2(t+ 1)2...+ ViK(t+ 1)2
(2)

The result of the normalization process is multiplied by the Cauchy random
variable as follows.

Si(t+ 1) = Ui(t+ 1) · tan
(π

2
· rand[0, 1)

)
(3)

1



Then, the result of Eq. 3 which is a combination of the velocity value and
the Cauchy distribution, is used to determine the new position of a particle.

Xi(t+ 1) = Xi(t) + Si(t+ 1) (4)

1.3 Result and Discussion

Figure 1: Comparison of support and confidence function

Figure 2: Comparison of comprehensibility and amplitude function

According to Fig. 1 and Fig. 2, the overall results indicate that proposed
PARCD method obtained multi-objective function is better compared to the
existing methods when searching for an optimal value.

1.4 Summary

This study has proved that combining the PSO with Cauchy distribution
can solve the numerical ARM problem. The problems of local minimum and
premature convergence with large datasets can be solved using the proposed
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method. The experimental results demonstrate that the proposes PARCD
method outperforms existing methods to all multi-objective functions, such
as the support, confidence, comprehensibility, and interestingness.

2 Bioelectric Potential Plant for Determin-

ing Human Position

2.1 Introduction

Based on the results from previous studies, the bioelectric potential of plants
has the ability to capture human behavior well. Research conducted by
Shimbo et al. has shown that human behavior such as touching the plant,
opening the door, approaching the plant, and turning on the lighting can be
detected by extracting the characteristic of bioelectrical potential of plants
[7]. Subsequent research conducted by Jin et al. used an artificial neural
network algorithm to successfully detect the distance of person from a plant
by observing the plants bioelectric potential [8]. Another study conducted
by Nambo et al. used the bioelectric potential of plants to estimate people
were in a room. They used several algorithms including a decision tree (J48)
for classification and a multilayer perceptron to determine the presence of
people. Next, they carried out a regression model for a matching process.
The results showed that a person’s presence in a room could be determined
with an accuracy rate of 60% [9] [10], [11]. These previous researches did
not determine the specific position of people in the space. Therefore, this
research aimed to estimate the exact position of people using the bioelectric
potential of plants by association rule mining (ARM) with particle swarm
optimization (PSO).

2.2 MOPAR Method

The MOPAR method used PSO for solving numerical association rule mining
problem. There are two main formula for this method which given in Eq. 5
and Eq. 6. The first equation is the velocity model and the second one is
the position model [12].

V new
i = ωV old

i + C1rand()(pBest−Xi) + C2rand()(gBest−Xi) (5)

Xnew
i = Xold

i + V new
i (6)

Here ω is the inertia weight; V old
i is the velocity of the ith particle before

updating; V new
i is the velocity of the ith particle after updating; Xi is the ith,
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Figure 3: Experimental environment

or current particle; i is the number of particles; rand() is a random number in
the range (0, 1); C1 is the cognitive component; C2 is the social component;
pBest is the particle best or local optima in some iterations on every running;
gBest is the global best or global optima in some iterations on every running.
Particle velocities in each dimension are restricted to maximum velocity Vmax

[12], [13].

2.3 Experiments and Results

2.3.1 Bioelectic Potential of Data set

The experiment was conducted in a room 5.75 m x 3.45 m with three object
positions M1, M2, and M3 and two plants, P1 and P2 (Fig. 3). A person
walked around each object for 30 second. Two plants detect a responded to
that human action, and the changes in the data were seen on the monitor of
the data logger. The results of the spectrum were recorded and saved in the
PC.

2.3.2 Matching Process and Evaluation

This process has as aim to know what the position of the human who walks
around the object if there is a new data set (a testing data set). The testing
data set which appropriate with one of the rules is indicated that person is
found around that object position. The evaluation resulted in almost 75 %
accuracy.
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Table 1: Number of Matching Rules
Position 1 Position 2 Position 3

Rule 1 1 1 0
Rule 2 2 11 6

Total 3 12 6

2.4 Summary

The purpose of this research was to determine the position of people using
the bioelectric potential of plants. This has been successfully achieved. Us-
ing association analysis and a PSO approach; MOPAR has performed the
estimation of the location of a person in one of three positions with an accu-
racy of approximately 75%. In the future, we will improve the accuracy by
other methods and other approaches such as by applying a modified MOPAR
method, time series model, or deep learning analysis.

3 SARIMA model for Bioelectric potential of

plant

3.1 Introduction

The use of time series for bioelectric potential data set has been conducted
using some models which are autoregressive (AR), moving average (MA),
AR with grid search optimization, and ARMA model. Their average of
forecasting accuracy were around 75% [6], [14], [15].

Accroding to the previous research, time series has robust ability to esti-
mate and to predict some cases in many fields even when it combines with
other methods. Therefore, this reasearch is intereseted for solving bioelectric
potential of data set that to obtain the best model.

3.2 Proposed Method

3.2.1 ARIMA Model

ARIMA is a time series model which consist of Autoregressive (AR), Integra-
tion(I), and Moving average (MA). Generally there are two kinds of ARIMA
model which are ARIMA non seasonal and ARIMA seasonal. This proposed
method uses the seasonal ARIMA type. The ARIMA model is writen as
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ARIMA(p,d,q) which p is the number of AR term, d is the number of I, and
q is the number of MA term. The general model of ARIMA(p,d,q) is see in
eq. 7 [16].

(1 − φ1B....− φpB
p)(1 −B)dYt = c+ (1 + θ1B.....+ θqB

q)et (7)

There are three main components, which are the first is AR(p) term,

(1 − φ1B....− φpB
p) (8)

the second is integration for differentiation (d),

(1 −B)dYt (9)

and the third is MA(q) term,

(1 + θ1B.....+ θqB
q)et (10)

In addition, c is a constant value.

3.3 Results and Discussion

3.3.1 SARIMA Model

For constructing the SARIMA model, the first step is by confirming the
dataset visualisation. The result shows that the dataset performs stationary
because mean and variance of bielectric potential data set runs constantly.
After that, we check the visualization of ACF dan PACF value.

According to acf plot we detected that the data set is seasonal because
every eight leg has the same pattern. Therefore, we sholud get rid this sea-
sonality using differentiation. By using R software, we obtain the SARIMA
model (1,0,0) from 15.000 instances. It means the order of seasonal AR is 1,
integrated and MA orders are zero.

SARIMA model (1,0,0) is the best model which is obtained by comparing
among the other models because the AIC and log likelihood is the less one.
In other word, It can be explained clearly that SARIMA (1,0,0) consists
p=1, d=0 and q=0. According to the result the coefficient and intercept
values are 0.9374 and -0.6997 respectively. Furthermore, the AIC value is -
56285.83 and log likelihood value is 28146.92. For make sure that this model
is better than others by calculating the accuracy. This is conducted using
bioelectric potential dataset which is devided into 30 groups. Each group
is 500 instances and we obtained the best SARIMA model from all groups.
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Table 2: Testing result

SARIMA model Accuracy

(2,0,0) 3.3%
(3,0,0) 16.7%
(1,0,0) 80%

After that, we calculate the accuracy by calculating the proportion. The
result is presented in the table 2.

This table compare three SARIMA model that SARIMA (1,0,0) is the
best model because it has the highest accuracy of 80%. The remain SARIMA
model, SARIMA (3,0,0) and SARIMA (2,0,0), the accuracy are 16,7% and
3.3% respectively.

3.4 Summary

Time series approach has the contribution to enhance bioelectric potential
of plant study. The data has appropriate characteristic to analyze. Because
of the data set is detected has seasonality, we use SARIMA model. Finally,
SARIMA model (1,0,0) is the best model for this research. This model has
AIC value of -56285.83 and accuracy of 80% . In addition, the architec-
ture design of bioelectric potential of plant for estimating human position is
interested to follow for next research.

Conclusion and Future Work

The PARCD method that we proposed and implemented in this research
is competitive and robust for solving the numerical association rule mining
problem. Furthermore, this method could estimate the human position esti-
mation using bioelectric potential of plant as well with the accuracy almost
75%. In addition, the seasonal ARIMA model (1,0,0) for the time series ap-
proach is the best model with the accuracy of this model is about 80%. For
the future research, the improvement of optimization method for numerical
ARM is still open. We can try by other combination such as with GA, fuzzy
logic, deep learning, and etc. In addition, for time series approach will use
SARIMA model for determine human position and also the model will be
optimized by using evolutionary algorithms.
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