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Abstract— Existing moving target detection methods
mainly include inter-frame differences, background
differences, optical flow and so on. For the recognition of
human motions in the process of human-computer
collaboration, existing algorithms are usually difficult to meet
the requirements of real-time processing and easily interfered
by lighting or image noises. In this paper, a method for
establishing a static background model based on pixel
histogram is proposed. The effect of moving targets and noises
on the background model is excluded due to the selectivity of
the new algorithm to the gray values, so it can detect the real
background more reliably. Compared with other moving
target detection methods, this method has the characteristics
of fast speed, strong anti-interference ability, and the ability
to identify human body movement quickly and accurately.

Keywords—moving target detection; human motions; static
background model; pixel histogram

[. INTRODUCTION

Moving target detection is the process of subtracting the
redundant information in time and space of the image
through the method of computer vision, and effectively
identifying moving targets. It is the basis for applications
such as target classification, motion recognition, and
behavior understanding, and a key skill in video sequence
image processing. At present, the methods of moving target
detection mainly include inter-frame difference,
background difference, optical flow and so on [1]. Due to
the complexity of the optical flow method, it is generally
difficult to meet the requirements of real-time processing
and susceptible to interference from lighting and image
noise. The inter-frame difference method directly compares
the difference in gray values of corresponding pixels in two
or three consecutive frames of the video sequence, and then
sets the threshold to extract the motion area of the image [2].
However, the time interval between adjacent frames is so
short that the overlapping part of the target is not easy to
detect. Therefore it is generally used for simple real-time
motion detection to avoid creating a large amount of holes.

The key of the background difference method is the
establishment of the background model. Many studies have
been done on this. Gloyer et al. adopts the median value of
the pixels of consecutive frames as the background gray

978-1-7281-8741-9/20/$31.00 ©2020 IEEE

value to establish a background model, but this method
requires a large amount of calculation and deviations often
occur with changing lighting [3]. In response to this
limitation, Wren et al. assume that pixel values meet a
certain distribution model, such as Gaussian distribution.
Then you can get a better background update method by
judging whether the pixel belongs to the foreground based
on the threshold, and constantly update its distribution
parameters through training [4]. However, the single
Gaussian model cannot accurately describe the complex
background model, so Stauffer et al. regard each pixel gray
value as a weighted mixture of multiple Gaussian models to
propose a hybrid Gaussian model background modeling
method. This method cannot only adapt well to complex
scenes, but also automatically calculate model parameters
through adjusting the background model. But the actual
complex backgrounds do not always conform to the
Gaussian distribution, so the method based on Gaussian
model will cause many problems [5]. Elgammal et al.
proposed a parameter-free detection method based on kernel
density estimation, which does not need to make
assumptions about the density distribution of the
background, but uses several image sample information to
estimate pixels based on a standard kernel function [6].
However, there is no common known parameter model in
different environments and the kernel density function is
estimated from the data, so the consumption is too large and
the real-time performance is not good [7].

At the same time as the development of moving target
detection methods based on statistical theory, scholars have
also proposed a variety of moving target detection methods
with different theoretical foundations, such as cluster
theory-based methods, fuzzy theory-based methods,
background prediction methods and neural network
methods [8-10]. These studies extend the application fields
of the skill.

Generally, complex algorithms will naturally have better
results, but the calculation time is too long to meet the real-
time requirement [ 11]. Therefore, the commonly used target
detection method in human-computer interaction is the
mean method [12]. Using the average value of the current
image sequence as a reference model, a background image
similar to the current static scene is generated. However, if
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Abstract—Three-mode fuzzy co-clustering is a promising tech-
nique for analyzing relational co-occurrence information among
three mode elements. This paper proposes a modified version of
the three-mode fuzzy clustering for categorical multivariate data
(B3FCCM) algorithm, which was constructed with the aggregation
criterion of three elements based on the fuzzy c-means (FCM)
concept and often suffers from careful tuning of three indepen-
dent fuzzification parameters. In the modified algorithm, a novel
clustering criterion is proposed based on a probabilistic concept,
where we can easily tune the fuzziness degree of three-mode
fuzzy partition by comparing with the probabilistic standard.
The characteristics of the two algorithms are discussed through
comparative experiments such that the modified version is more
useful in tuning the influences of the fuzziness parameters and is
more promising in real applications than the conventional one.

Index Terms—Fuzzy logic, Data analysis, Fuzzy clustering,
Three-mode co-clustering

I. INTRODUCTION

Fuzzy co-clustering is a promising technique for capturing
the intrinsic co-cluster structures among co-occurrence infor-
mation such as document-keyword frequencies in document
analysis [1], [2] and customer-product purchase transaction in
market analysis [3]. Fuzzy clustering for categorical multivari-
ate data (FCCM) [4] is a basic fuzzy co-clustering algorithm,
which achieves dual fuzzy partition of objects and items by
maximizing the aggregation criterion of co-occurrence degrees
supported by the fuzzy c-means (FCM) like concept [S].
The FCCM algorithm, however, needs to carefully tune the
fuzziness parameters for two types of fuzzy memberships:
object memberships and item memberships although it is often
difficult to find the optimal combination of the two parameters.

Considering the conceptual similarity among the FCCM
criterion and the pseudo-log-likelihood of multinomial mixture
models (MMMs) [6], fuzzy co-clustering induced by multino-

978-1-7281-8741-9/20/$31.00 ©2020 IEEE

Issei Hayashi
Graduate School of Engineering
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Sakai, Osaka, Japan

Akira Notsu
Graduate School of Humanities and
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Osaka Prefecture University
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mial mixture models (FCCMM) [7] was constructed, in which
the intrinsic fuzziness degree of MMMs can be arbitrarily
tuned by introducing an additional penalty weight. The direct
transition from the probabilistic mixture model to a fuzzy
co-clustering model contributes not only to improving the
partition quality of MMMs but also to making it easy to select
the optimal fuzziness weight under the comparison with the
probabilistic standard.

In the recent Big Data Era, it is often the case that we can
also utilize additional co-occurrence information rather than
the original single co-occurrence data. For example, in food
preference analysis with the goal being to reveal users’ pref-
erences on foods considering user-food co-occurrences, users’
preferences can be influenced by implicit relation among users
and cooking ingredients of each food even though ingredient
information is not explicitly presented in the original user-
food co-occurrences. In such cases, if we have not only
co-occurrence information among users and foods but also
intrinsic relation among foods and cooking ingredients, we
can expect to find more useful food preference tendencies from
three-mode co-occurrence information data.

Three-mode fuzzy co-clustering [8] is an extension of the
conventional fuzzy co-clustering, where the goal is to simulta-
neously estimate three types of fuzzy memberships of objects,
items and ingredients such that mutually familiar pairs of the
three elements have larger memberships in a certain cluster.
Three-mode FCCM (3FCCM) [9] is a three-mode extension of
FCCM, which adopts the aggregation degree of three elements
as the clustering criterion of an FCM-like process. Although
the three-step iterative algorithm of 3FCCM is useful for
finding the co-cluster structure considering the intrinsic co-
occurrence relation among three elements, we often suffer
from the difficulty of selecting the optimal fuzziness penalty

Authorized licensed use limited to: University of Liverpool. Downloaded on November 14,2020 at 10:16:43 UTC from IEEE Xplore. Restrictions apply.
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Abstract—Dengue and malaria are mosquito-borne
infectious diseases driven by climate change and have an
endemic impact in tropical and subtropical regions of the
world, particularly in South and South-East Asia. Most studies
examined the effect of local climate variability, temperature,
and precipitation on dengue and malaria incidence.
Nevertheless, the effects of Indian Ocean Dipole (I0D) and El
Niflo Southern Oscillation (ENSO) on dengue incidence are
still rarely discussed. Besides, the study of the influence of IOD
and ENSO on malaria incidence remain unexplored. This
paper examined the influence of IOD and ENSO on the
interannual variability of dengue and malaria incidence in all
Indonesia provinces using Pearson correlation. Historical time
series data on dengue and malaria incidence in all Indonesia
provinces from 2005 to 2018 were investigated for time series
prediction using deep Long Short-Term Memory (LSTM).

Keywords—dengue, malaria, IOD, ENSO, Deep LSTM

1. INTRODUCTION

Changes in human populations, human mobility,
landscape, land use, biodiversity, and climate affect the
emergence or re-emergence of infectious diseases. The
intrinsic vulnerability of mosquitoes to weather and climate
raises the likelihood that mosquito transmissions can be the
most likely to be affected by climate change in infectious
diseases. Mosquito vectors are widely spread all over the
world, except in Antarctica. Malaria is a parasite infection
spread by anopheline mosquitoes, which causes an estimated
219 million deaths worldwide, resulting in over 400,000
deaths per year [1]. Whilst, dengue is the most prevalent
viral infection spread by Aedes mosquitoes and is at risk of
contracting dengue with over 3.9 billion people in over 129
countries [1]. Increased climatic variables such as
temperatures, wind, humidity, and precipitation will
profoundly influence not only population dynamics of
mosquito vectors, but also disease transmission dynamics
[2]. Mosquito-borne diseases have become a primary global
concern for human health, particularly in Indonesia, with the
recent rise in the incidence of dengue and malaria.

Among the interannual global climate variabilities,
Indian Ocean Dipole (IOD) and EI Nifio-Southern
Oscillation (ENSO) bring the most impact on the Indonesian
climate [3]. IOD events are driven by changes in the tropical
Indian Ocean which were characterized by the sustained
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changes in the difference between normal sea surface
temperatures in the tropical western and eastern Indian
Ocean [4]. ENSO is a natural phenomenon of fluctuating
ocean temperatures in the central and eastern equatorial
Pacific Ocean, along with atmospheric changes [5]. Both
ENSO and IOD events consist of two opposing phases and a
neutral phase (N). When El Nifio (EN) and IOD positive
(IOD+) co-occurred, they cause anomalously hot and dry
conditions [6]. Meanwhile, when La Nifia (LN) and 10D
negative (IOD—) events were concurrently occurred, the
temperature decreased, and the precipitation increased
significantly [7]. The previous study has been demonstrated
the impact of ENSO and IOD on the environment within
Indonesia [8].

Dengue and malaria dynamics are driven by complex
interactions among hosts, vectors, viruses, and environmental
and climatic factors. Several studies examined the influences
of local and regional climate variation on dengue incidence
[9-11] and malaria incidence [12, 13]. However, the role of
Indian Ocean Dipole (IOD) and El Nifio Southern Oscillation
(ENSO) events on dengue and malaria incidence remain
unexplored. This study analyses the effect of IOD and ENSO
on dengue and malaria incidence and its forecasted trends in
all provinces in Indonesia.

Unlike predictive modelling for regression, time series is
a difficult predictive modelling problem. Existing regression
methods for predictive modelling are poor in handling time
series data. The methods are inadequate in modelling
variable length and ignore the long-term dependencies. Deep
learning, which has been widely employed in various
recognition tasks [14, 15], holds a great potential in
constructing end-to-end systems through increasing the depth
of neural network. Studies in deep learning have been
attempted to address the challenge of long-term
dependencies.

Long Short-Term Memory (LSTM), introduced by
Hochreiter and Schmidhuber, is a type of recurrent neural
network (RNN) used in deep learning [16]. LSTM works
well on complex problems unaddressed by previous
recurrent network algorithms and can learn long-term
dependencies. However, the scarce uses of LSTM in health
care research have been limited to predicting life expectancy
[17], healthcare usage based on medical records [18], and
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