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SWHIY YauazA1adu1gsI8IN iagin (Ussene-UuR-Aneinienula)
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Thai for Communication
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English Listening and Speaking Skills
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English Usage for Communication
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0001104 AYIDINOHHNDIBIIN 3(2-2-5)
English for Professional Purposes
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Aesthetics
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Thai Citizenship
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AU YOuaTAIDSUIYIINIY midgfin (Ussene-UUR-AnwalgnuLes)

0001107 winweludnassed 21 eddauazandn 3(2-2-5)
21% Century Skills for Living and Occupations
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Health Promotion and Care
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The King’s Wisdom for Local Development
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Thinking and Decision-Making
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AU YOuaTAIDSUIYIINIY midgfin (Ussene-UUR-AnwalgnuLes)

0001201 mmmjﬂulﬁamiﬁlams 3(3-0-6)

Japanese for Communication
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Chinese for Communication
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Korean for Communication
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Philosophy and Religion for Life
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AU YOuaTAIDSUIYIINIY midgfin (Ussene-UUR-AnwalgnuLes)

0001205 uiAnssuLazguUVTEAERTININITiaaLien 3(3-0-6)
Tourism Innovation and Aesthetics
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History and Development of the Modern World
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0001207 nguangTudInuszaniu 3(3-0-6)
Laws in Daily Life
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0001208 FIneanwuulanleInendans 3(3-0-6)

Designing Your Life with Science
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AU YauaTAIDSUIYIINIY midgfin (Ussene-UUR-AnwalgnuLes)

0001209 usgnaunsgaln 3(3-0-6)
Modern Entrepreneurs
afausatumalanazynuseneanudnlunisusenaugsna nsimuILwIAnlY
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0001210 FInvyRanlugAnIng 3(2-2-5)
Smart Life in the Digital Age
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Innovation for New Generation
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Feng Shui in Daily Life
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AU YOuaTAIDSUIYIINIY midgfin (Ussene-UUR-AnwalgnuLes)

0001213 NIWAIUIYATNA WAL U 3(3-0-6)
Fashion Personality Development
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Digital Citizenship
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Creative Thinking
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4091401 Memaniitaswudmiuinensdaya 3(3-0-6)

Introduction to Science for Data Science
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Calculus I
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Principles of Mathematics
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Introduction to Probability
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4111404 MIAUTIUTILELNITIANTS Ty sadAn e 3(2-2-5)

MulUsunIuANNIADS

Statistical Data Collection and Management with

Computer Programming Language
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Introduction to Data Science
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Linear Algebra for Data Science
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Discrete Mathematics
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Introduction to Data Analysis and Visualization
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4093405 AuN1S TR YRS Ay 3(3-0-6)

Ordinary Differential Equations
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Basic Tools for Data Science
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Programming for Data Science
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Introduction to Mathematical Modeling
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4123701 QUEEATPAGNGERE 3(3-0-6)

Machine learning
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LG

4112305  wngefjanuiazdu 3(3-0-6)
Probability Theory
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Statistical Analysis for Data Science
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Data Structure

nannslasaseteys Useinnvedlasiasnateys laseadadayanuusig 9 wad
diu nesdau umeey T1en1swenles sulll n31u MsasdeyaluUEINSIIN NMTUTEYNALY

lassasadeyaiioundavielusunsy  nsiSesddu Msaumdeya



(1AB.2) win 45
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4093602 Fnsmauanzauign 3(3-0-6)
Optimization Methods
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Database System and Design
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Object Oriented Programming
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Seminar in Data Science
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4093902 nsAuAdBasENIeIngIN1sdeya 3(2-2-5)
Independent Study in Data Science
mMiifelnefuuzihane1nsdiuine euandliifiudaiaudd
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4094407 N15ATIZATIANAY 3(3-0-6)

Numerical Analysis
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Neural Networks
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Theory of Statistics
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4113407 N5ATIRITINRANER LU B EENd 3(3-0-6)
Applied Multivariate Analysis
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4113408 anakidansfiwasdmiuinensdoya 3(2-2-5)
Non-parametric statistics for Data Science
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4113409 nsAATIRBYNsUIANEMSUINEINI YA 3(2-2-5)
Time Series Analysis for Data Science
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Bayesian Learning for Data Science
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4113501 WALANISIRBNAIDEY 3(3-0-6)
Sampling Techniques
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Principle of Accounting
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Economics of Money and Investment in Digital Economy
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Data Mining
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4124103 n3sEuivaATasdmTuNITamY 3(2-2-5)

Machine Learning for Algorithmic Trading
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Computer Network and Security
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Application Development for Machine Learning Models
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Internet of Things
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4123703 mInawIULeNnARud iU laansteudveuaias  3(2-2-5)

Web Application Development for Machine Learning Model
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Mobile Application Development for Machine

Learning Model
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Application Development on Cloud
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Cloud Technology
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4121205 ganasnuuazn1seantuulUsunsy 3(2-2-5)
Algorithm and Program Design
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Biological Data Science and Bioinformatics
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Big Data
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Pre-paration for Field Experience Training in

Data Science
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4094803 nsEnUszauNMsalnIAaUIImMIEIneInTstaya 6(0-36-0)
Field Experience Training in Data Science
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Co-operative Education in Data Science
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Abstract: Singing veice recognition is very different from speech recognition or automatic speech recognition because there are distinet dif-
ferences between speaking and singing veices. The problem is complex because music audie signals with their background instrumental
accompaniments are regarded as noise sources that degrade the performance of the recognition system. This study proposes a statistical learn-
ing method to recognise words in a vocal audio signal with background music and to classify the region of a singing veice in a polyphenic
audio signal. The geal of this study is to solve the problem of recognising words from sung input without using any methoed to separate in-
strumental from the background. This study also applies a concept from image recognition by using a spectrogram feature as an image to solve
the preblem. An audio signal with accompanying music was analysed and transformed into a spectrogram feature. To recognise it, the entire
spectrogram feamire was sliced, forming a feature vector for a feed-forward neural network classifier. Several classification functions were
compared, including K-Nearest Neighbour, Fisher Linear Classifier, Linear Bayes Normal Classifier, Naive Bayes Classifier, Parzen
Classifier and Decision Tree. The results show that using a feed-forward neural network can effectively recognise sung words at an accuracy

rate of more than 93.0%. In particular, this system can recognise cross-language music data.

1 Introduction

Sung word recognition is one of the interesting research topics in
the field of Music Information Retrieval (MIR). The first appreach
to solve this problem used techniques from automatic speech recog-
nition (ASR). In this paper, we propose a novel technique to solve
the problem of singing veice recognition in pelyphenic recordings.
Our assumption is that it is unnecessary to filter the instrumental
background from the singing voice to recognise the words being
sung. By taking this approach, we expect to achieve high recogni-
tion accuracy.

Singing is the act of producing musically relevant sounds with
the human veice. Singing is an augmented version of regular
speech because it uses sustained tonality, rhythm, and a variety of
other human vocal techniques. The problems invelved in recognis-
ing words being sung under noisy background conditions, has been
a topic of interest to many researchers [|—8] especially the task of
recognising words mixed with several musical instruments.
Another jssue in singing voice recognition is that the problem is
quite different from speech recognition (SR) or ASR because of
substantial differences between speaking and singing voices such
as the duration of wocal sounds, the volume, pitch, vibrato,
formant, rhythm and rhyme [9-16]. To make the problem realistic
and feasible, we considered singing voices in a pelyphenic audio
signal sampled from commercial compact-discs (CD) or DVDs of
popular music recordings. The sampled set includes a comprehen-
sive list of the commercially pertinent genres in popular music, in-
cluding dance, soft rock, hard rock, rock, soul, hiphep, R&B, folk
and acoustic. All the music samples include a male or female singer
and the songs in this study include beth Thai and English songs.
Another problem in the study of sung word recognition s that a
few English and Thai words have special characteristics due to
their tone patterns. Different tones have different meanings. For
example, depending on the rhythm, the scund of a Thai word
may be changed during singing.

The basis of this research involves sound classification techni-
ques. Several techniques have been proposed to solve the
problem of sound classification [ 7-25]. Most of these sound clas-
sification metheds consist of two processing steps: feature extrac-
tion and classification. In the fist step, feature exaction, the

This is an open access article published by the IET under the Creative Commons

Attribution License thttpu/creativecommons.org/licensesfly/3.0/)

redundant information in the signal is transformed into descriptors
used as the input of a classifier for recognition in the secend step.
Sheney [26] used amplitude variation over time in each sub-band
and a threshold methed on the energy functional the proportion
of frames classified as vocals—to predict the propertion of the
singing in the entire song. Nwe f ¢f. [27] used harmonic attenuated
log frequency power coefficients (LFPCs) with hidden Markov
models (HMMs) based on three parameters, e.g., section type
(intro, verse, chorus, bridge and outre), tempe and volume. Tsai
et al. [28] used Mel-frequency cepstral coefficients (MFCCs) and
GMM models to differentiate vocal from non-vocal signals.
Berenzweig and Ellis [29] used the vector of posterior probability
as a feature and an HMM framework with two states, ‘singing”
and ‘not singing’. Chou and Gu [30] used 4 Hz moedulation
energy, harmonic coefficients, 4 Hz harmenic coefficients, delta
MFCC and delta log energy as feamres and used a GMM model
to detect the singing voice. Berenzweig e al. [31] applied (3 per-
ceptual linear prediction coefficients (PLPCs) and MLP. Maddage
ef af. [32] considered Linear Predictive Ceding (LPC), LPC
derived cepstra (LPCC), MFCC, spectral power, the short time
energy function, and zero-crossing rate (ZCR) as features and a
multi-layer neural network censisting of an SVM and a GMM for
classification. The SVM was found to outperform the other classi-
fiers. Maddage er af. [33] Jater applied a TISFT (Twice Iterated
Composite Fourier Transform to each audic frame. Rocamora and
Herrera [34] used different paired sets of features such as MFCCs
with their deltas, LFPC with their deltas and double deltas,
PLPCs with their deltas, and HC and pitch and tested a variety of
classifiers such as an SVM, a back propagation NN, a decision
tree classifier, and two different K-Nearest Neighbour (KNN) alge-
tithms. Tzanetakis [35] used spectral shape features, MFCCs, mean
and deviation of pitch, centroid and LPCs for feature extraction and
a naA’rve Bayes network, nearest neighbour algorithms, a back-
propagation ANN (artificial neural network), a decision tree classi-
fier based on the C4.5 algorithm and SVM classifiers. Kim [36]
used a harmonic measure, defined as the ratio of the total signal
energy to the maximally harmenically attenuated signal and a
threshold methed on the harmonic measure to classify segments.
Compared to other research areas in sound classification such as
speech, to the best of ocur knowledge, only a few frameworks have

J Eng, 2017, Vol. 2017, Iss. 12, pp. 634-645
doi: 10.1049/joe.2017.0210



discussed in the following sections. The rest of this paper is orga-
nised as follows. Section 2 formulates cur studied problem and con-
straints. Section 3 discusses the concepts underlying our proposed
algorithm. Section 4 explains the data collection process. Section
5 explains the experimental setup. Section 6 evaluates the results,
and Section 7 concludes the paper.

2 Problem formulation and constraints

We considered the following situation. Given a song as a mixture
of musical background and singing voice recognise the Jyrics.
There are two procedures invelved in this situation. The first pro-
cedure concerns the problem of identifying the duration of each
sung word in each song, which can differ depending on the
singer and tempo. Then, there is the problem of how to make the dur-
ation of each sung word the same. The second problem is how to
recognise words in music sung over an instrumental background
music with instumental interference. In polyphenic musical
recondings, the instrumental interference is treated asa noise source
that degrades the intelligibility of the singing veice signal. The sol-
utions to these two problems are independent from each other. In
this paper, we concentrate on both procedures. Hence, it is
assumed that the input to our algorithm is an audio signal that
already contains a sung word. The input is in the form of a set of
sampled audic signal values in a time series, ie., {x (1),..., x(#)}.
Our study is constrained by the following factors and conditions.

2.1 Constraints

The problem considered in this paper is defined as follows. Given
a song consisting of human singing mixed with instrumental back-
ground, detect the points that include the human voice and recog-
nise the word sung at that peint.

e Our system took a polyphonic music audio signal as the input
sampled from CD music recordings.

e The experiments include different musical genres such as rock,
hard rock, soft rock, dance, hip-hop, R&B, soul, folk and acoustic
from various artists.

« AJl the musical genres included either male or female singers.
e The lyrics could be sung in either Thai or English. However,
the number of Thai words is Jarge; it is impossible to develop an
efficient algorithm to recognise all the possible words. Therefore,
orly frequently eccurring and commen words, phases and
sentences in most of the sampled songs were considered. Table 2
summarises the frequently used Thai and English words, phrases
and sentences and their durations.

2.2 Problems discussed

The problems discussed in this paper are the following. Let
§—1{x(l),... x(n)} be a given series of sampled signals of a song.
Each £(¢) may be a mixmure of a singing veice with musical back-
ground or a singing voice alone.

e Recognise the sung word at peint § without eliminating the
musical background.

e Find the essential featares so that the recognition rate achieves
high accuracy.

@ Determine whether the recognising algotithm is robust to the pre-
viously mentioned constraints.

3 Proposed concept

Recognising a sung word is moere complex than recognising
a spoken word without any musical background. The strength
and clarity of a sung word are always detrimentally affected by
several factors such as singing style, the duration of the singing
voice and the instrumental background signal which has

This is an open access article published by the IET under the Creative Commons
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uncentrellable volume, pitch, vibrato, formant and thythmic varia-
tions. To effectively eliminate the musical background, the types of
musical instruments must be known in advance to properly filter the
corresponding musical signal frequencies from the signing word
signal. However, these frequencies are often unknown prior to the
filtering process. If the musical background cannot be completely
separated from the singing signal, then the recognition accuracy
percentage will obvicusly not be high. Furthermere, the unpredict-
ability of the singing duratien can make the recognition process
complicated in terms of time complexity:

Qur selution is based on the following cbservation and hypoth-
esis. The hypothesis is that for a sung word, there are various
ways to sing the word with different backgrounds. However, if
we plot the spectrograms of all different intervals of songs contain-
ing this word and use those as a feature, then the spectrograms
should form similar features. Fig. | shows some examples of the
spectrogtam features of the same words. There are four words,
named A, B, C and D, and the spectrograms features are illustrated
in rows |4, respectively. These four words were sung by different
performers with different musical backgrounds and durations.
However, it is easy to observe that the spectrogram feamres of
any given sung word are similar to each other but different from
the spectrogram features of the other sung words. Note that each
spectrogram feature was derived from a mixture of a sung word
and a musical background. Therefore, it is unnecessary to fiker
the background from the sung word prior to the recognition
process. The spectrogram feature can be considered as a colour
image. Using our approach, the problem of recognising sung
word with musical background is transformed into the problem of
recognising a spectrogram feamre. Our recognition algerithm con-
sists of the following steps.

o Moedify the time-scales of the input audic signals S to equalise
the length of different audio signals.

« Transform the input audic signals S into a spectrogram feature.
e Extract the features used to represent the spectrogram.

e Classify the features.

The results from our proposed technique will be compared with
an ASR algorithm. The details of each step are provided in the fol-
Jowing section.

3.1 Spectrogram feature répresentation

In this paper, we applied the concept of recognising audio using a
spectrogram feature. A spectrogram featire is a visual representa-
tion of the distribution of acoustic energy across frequencies in a
time domain. The horizontal axis of a spectrogram feature typically
represents the time intervals of audio signal snapshots, while the
vertical axis represents the power spectrum of discrete frequency
steps. The strength of the power detected is represented as the inten-
sity at each time—frequency pixel.

First, the input audio signal x(»#) of each sung word is sliced into a
number of small windows or frames whose size is equal to a power
of two. Each signal window is caleulated by using the short-time
Fourier transform (STFT) defined as follows:

Nl
2mkn
X(k) = winl(n)exp| ———
= 3 wotmrero(~ 57
in which £ =0,1,..., % — |, where £ corresponds to the frequency

k) = (1/3/N). Here j5 is the sampling frequency in Hertz and w
(#) is Hamming time-window given by

w(n) = D.54 — D46 cos(%‘)

J Eng, 2017, Vol. 2017, Iss. 12, pp. 634-645
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ABSTRACT

Despite overwhelming achieverments in recognition accuracy,
cxtending an open-set capability—ability to identify when the
question is out of scope— remains greatly challenging in a
scalable machinc lcarning inferenec. A recent rescarch has
discovered Latent Cognizancee (LC)l—an insight on a recognition
mechanism based on a new probabilistic interptetation, Bayesian
thcorem, and an analysis of an intcrnal structure of a commonly-
used recognition inference structure. The new interpretation
emphasizes a latent assumption of an overlooked probabilistic
condition on a learned inference model. Viability of LC has been
shown on a task of sign language recognition, but its potential and
implication can reach far beyond a specific domain and can move
object recognition toward a scalable open-set recognition.

However. LC new probabilistic iterpretation has not been
directly investigated. This article investigates the new
interpretation under a traceable context. Our findings support the
rationale on which LC is based and reveal a hidden mechanism
underlying the learning classilication inference. The ramilication
of these lindings could lead (o a simple yet afTective solution Lo an
open-set recognition.

CCS Concepts

* Mathcmatics of computing—Probability and statistics—
Probabilistic representations

Keywords

latent cognizance; open-sct recognition; interence interpretation.

1. INTRODUCTION

Despite numerous impressive results[1-3] in object recognition
and capability of recognition that can reach thousands of
categories, this success is far from a practical object vecognition in
the wild, Tn the wild, there are many more catcgorics and sub-
categorics than any training process could incorporate and new
objeet categories are also emerging. A practical object recognitiom
in the wild must have a life-long learming capability that at lcast
can identify when the instance under question is of a new class.
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This cxtended capability can be referred to as an open-set
capability—being able to identifv that an instance is out of a pre-
defined scope. The open-set capability remains highly challenging,
especially in a scalable machine learning inference. This issue is
actively studied under various terms. notably open-set
recognition[4] and novelty detection[5]. Despite slightly different
definitions, the common goal is an answer to how to make a
learning machine able to identify whether the instance it seeing is
of a new class—the input does not belong to any of the trained
classes. Although this comes naturally for human, it is highly
challenging for a scalable machine inference. One possible
approach is a feature-representation approach[6]. Tt is firstly o
map the inpul Lo a set of representalive leatures. Then, ils
coordinates in the feature space can be compared against
coordinates of the known classes in order to identify novelty of
the input. Since novelty is measvred through some scheme of
distance measurement, this can also be referred to as a distance-
bascd approach. However, this distancce-based approach can
scverely suffer a scalability issve. Its shortcoming is attributed to
its requirement for an extensive search. That is, to identify the
input novelty, the input coordinate has to be measured against
either all trained data or all representatives of the trained data.
This practice s computationally expensive under open-set
recognition. Another actively investigated approach[4, 8, 9] takes
advantage of an available well-trained conventional classifiers and
tries to deduce necessary information from the trained inference
structure, Among these, Latent Cognizance[9] (LC) stands oul [or
its simplicity, minimal requirement ol an exira mechanism, and
the rationale behind its development. LC reinterprets a widely-
used softmax structure and derives a solution based on its
interpretation. Although it has been developed for and cvaluated
on a specific domain of a sign language recognition, the rationale
and development are general. If a rationale behind LC is verified,
not only will LC be a promising solution for an open-set
capability, it also shines a light on mechanism of a learning
machine and allows better understanding of the underlying
process.

Thig article dircetly investigates the LC interprotation under a
controlled and traceable context. Lnlike [Y] whose end results
mdirectly suppart the entire stack of LU solution, this study
focuses on LC interpretation—the key and the starting point of the
LC— and evaluates it directly with traceable probabilities. Our
findings will provide a direct examination of LC interpretation
and provide a profound insight into a learning mechanism
underlying the current state-of-the-art inference machine.

2. BACKGROUND

An inference machine has been widely used in multiple
application domains[9-20]. An inference machine can be simply
conceived as a [unction f mapping an input x to an output y. That
is f:x » y, where x, ¥, and & mechanism to find their mapping
depends on tasks and particular approaches. A learning approach



uses a model function £ whose mapping behavior is governed by
values of its parameters w. Therefore, instead of searching for «
mapping function dircetly, it scarches values of w for the highest
corresponding objective, ie., w' = argmax,, L(f,;, D), where f,
is a modcl function with a parameter sct w, £ is an objcctive or
likelihood function, D —often called training data—is a set of
representative examples. When there are examples of both input
and output, training  data is fully supervised:
D = {(Xn, ¥n)In=1,..n» Where N is a number of examples, often
called data size. When ¥, s are nol available, (raining data is
unsupervised: D = {(x5)}n=1,n Whereas, reinforecement
learning[11] (RL) 1s characterized by its interaction between its
behavior—including its internal inference mechanism— and the
data it sees: wy = U(fiy,_, L. Dio1) ¢ @ =®{f, D) and
D, py = E(Dy,uy,,€), when wy is a sct of parameter values at time
t: U is a parameter updale scheme; £ is Rellman objective
function; Py is a data observation at time ¢; 7 is an interaction
policy of an RL. agent; f,,, is an internal inference of the RL. agent
at time ¢, @, is an intcraction that an RL agent takes at time t; & is
a gystem dynamie; and € is a system uncertainty factor.

Classification. Most recognition tasks are framed as a supervised
learning class inference, i.c., predicting a elass label k for a given
wstance x, where a class label 1s chosen trom a set of pre-detined
or seen classes: & € {1, ..., K} for K being a number of classes.

Open-set recognition. Formulating a recognition problem 1o have
a pre-delined sel ol calegories allows ellicient optimization and
contributes to accurate recognition. However, this leads to an
eminent flaw, especially in object recognition where a number of
categorics is large and growing. Open-sct recognition[4] is a
rescarch arca trying to address this issue, That is to find mapping
fix =y, wherey € {0,1, ..., K}. The additional label, i.e.,y =0,
indicates that x is of an unscen catcgory. While this open-sct
capability—identifying an instance of an unscen category— is
closcly related to novelty and anomaly detection|5], an entire
picturc of an open-sct recognition whose other aspects include
classification of a large set of labels poses a serious scalability
issue on common approaches in novelty and anomaly detection.

Addressing a similar concern, but taking a different route, zero-
shot learning[6, 7] focuses on mapping an instance under question
to a class, either with or without a label. It is commonly resorted
to feature-vector representation. Lnstead of mapping an instance to
a clasg label as in classification, zero-shot learning focuses on
fix— v, where feature vector v €RM describes class
characteristics, rather than a label. A mumber of featurcs M
describes mnlti-aspect characteristics of x and it 1s usunlly large.
Therefore, zero-shot learning represents a class as an abstract
vector of attributes. This relaxation allows zero-shot learning
ability o classify an inslance of a new class. To illustrale the
dilference, lor example, given an image of a dog an open-sel
recognition may predict a label “dog”™, while a zero-shot learning
machine may predict a feature vector representing a concept of a
dog without any definitive label. A working zero-shot lcaming
may produce output, like [1,0,1, ...] for attributes of being a living
organism, not an squatic animal, a domestic pet, etc. When given
an image of a platypus, which is not in the training set, a working
open-set recognition hopefully will flag this image as being
novelly, while a zero-shol learning machine may produce a
representation vector corresponding Lo aquatic, egg-laying, duck-
bill, etc. Zero-shol learning thus is closely related 1o
representation learning[21]. Related bul concerning a dillerent
issue. one-shot learning mainly focuses on the issue of learning
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with a few examples {or even one exainple) of a new concept,
while avoiding catastrophic forgetting—event that a learning
machine loses its prediction ability of previously learned
examples, afler it has bean trained with newly acquired examples.
[22] relate one-shot learning to notions of meta-learning and
learning to learn. Tts approaches are ollen resorted Lo a dedicaled
memory or an abilily o augment ils resources, including
accessing to an extra mernory or instantiating a new computing
model. Similar to zero-shot learning. in order to recognize a new
concept, a distancc-based approach, c¢.g., cosinc similarity
measure, <an be used. In addition, quality of the recognition
inference is also actively studied. Notably, [23] have shown
adversarial cxamples such that a small perturbation in an input
hardly perceived by human can lead to a hugely different
recognition result. Subsequently, adversarial examples have been
either incorporated into a training process to improve inference
quality or used to evaluate the robustness of the classification[24].
Closely related to the quality of inference, meta-classitication[8]
and similar concepts[9, 18] address a problem of quantifying an
uncertainty or a degree of confidence in the prediction. Despite
being inter-related and extensively studied, identifying an instance
of a new calegory remains a great challenge, especially when the
scalability counts.

2.1 Re-examining Classification Mechanism
One of the mosl commonly-used classilicalion approaches
exploits an inference model with a softmax structure. Softmax
clussifier formulates K -¢lass prediction to be K-bit coding, also
known as one-hot or one-of~K coding: ¥; € [0,1],i=1,.., K
construined on ; ¥; = 1. The predicted class is the & label
whose value is the highest one. This approach has been proven to
be very effective and has brought great achievements across
numerous application domains[1. 2]. Given input x, softmax
output is calculared as follows:

_ Rl ()
V4 = Tiexpta oy
where a;{x)’s are inference computations prior to the softmax
calculation. These a;(x)"s are ollen collectively referred to as a
perultimate output. This softmax mechanism regulates that
K, ¥i = 1 and makes yy’s agree with probabilistic properties.
Therefore, each ¥y is conventionally interpreted as a probability
that the given input x belongs to class &, i.e., ¥, = p(y = k|x).

M

2.2 Latent Cognizance

Observed that values of the softmox output were meaningless
when an input did not belong to any of the trained elasses—this
situation could be referred to as belonging to an unseen class or
being unseen, [9] reinterpret the softmax output as a probability
that the given scen input x belongs to class &, 1.c.,

Y = ply = klx,8), )

where v mdicates the in-the-context question, 1.¢., input x belongs
t0 one of the seen classes—the classes used in the training process.
This interprelation emphasizes the condition s, which was laken
for gramted und largely overlooked. The condition s raises
awareness on the un-stated inclusiveness assumption that the
training prepares the inference for only pre-defined categories and
explains why values of . ’s seem meaningless when x is unseen.
Given y, = p(y = klx, ) and Bayesian Theorem, the sefimax
output:

ply=k.slx)
T ply=tslxy

yi =p(y = klx,5) = )

Conterring to (1) and (3), the relation is found:
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Bayesian confidence intervals for variance of
delta-lognormal distribution with an application

to rainfall dispersion

PATCHAREE MANEERAT*, SUPARAT NIwWITPONG!,

AND Sa-AAT NmwiTPonghE

For climate studies in agriculture, rainfall records often
involve data which contain zeros and highly non-zero skew-
ness. This is mostly used in models for prediction or that
use the mean for approcimation. Rainfall dispersion is also
important in evaluations as it can vary enormously, and it is
a natural phenomenon which can lead to dronght or Hood.
Herein, the goal of this paper is to propose a variational
approximation computed with interval estimator based on
Bayesian approach for delta-lognormal variance consisting of
the highest posterior density interval based on vague prior
(HPD-V) and the method of variance estimates recovery
(MOVER). By way of comparison, the performances of these
intervals were evaluated in terms of coverage probability and
relative average length via a Monte Carlo simmlation. The
numerical results show that HPD-V was much more likely
to outperform the other methods in many situations even
large variance, although MOVER became the recommended
method when both of variance and the probability of having
zero were small. Our methods were then be utilized to an-
alyze the variability in Nan provinee's daily rainfall dataset
in a comparison with the other methods.

KEYWORDS AND PHRASES: Agriculture, Bayesian approach,
MOVER, Natural rainfall, Vague prior, Variance.

1. INTRODUCTION AND MOTIVATION

Thailand is a highly agricultural country and natural
rainfall is a major factor for crop farming. Rice is the coun-
try’s most important crop, with some 60% of Thailand's 13
million farmers growing it on cultivated land [3], and it is ex-
pected that rice production will increased to approcimately
21.2 million metric tons in the market year 2018-2019 [30].
Northern Thailand, one of the six geographical regions in
the country and produces a great deal of the main agricul-
tural crops, such as rice, fruit, vegetables, and so on. It is

*ORCID: 0000000321 45-9657.
HORCID: (00-0003-30501131,
FORCID: MH00-D001-8260-3307,
§Carresponding nirthor.

mostly covered by mountains and forest, and is the origin
of many streams and rivers in Thailand.

In 2010, northern Thailand was one of the regions faced
with the worst drought in the past 2 years and its impact
significantly led to a severe reduction in the rainfall amount
aroumnd the Mekong river (a principal river system in Thai-
land) [28], with researchers believing that this could well
be due to climate change [48]. Conversely, Thailand is also
prone to heavy rains and Aooding due to the influence of the
southwest and northeast monsoon winds [11). Indeed, 12.8
million Thai people were subjected to widespread flooding
in 2011, which also damaged around 16,668.55 km? of agri-
cultural land [H]. The worst impact of this was in north-
ern Thailand where flash flooding often oceurs in the early
rainy season [37]. In 2018, landslides during the rainy season
(mid-May to mid-October) that occurred in Nan province
(located in northern region) was due to heavy rainfall for
around two weeks; there were even victims living in the
mountainous areas [22).

Dmiangdai and Likasiri [16] argued that natural disasters
such as droughts and floods are the result of severe rain-
fall oscillation and ineffectual or unsuccessful water man-
agement. These phenomena can have profound effects on
agriculture and can lead to significant loss of life, damage to
buildings and other infrastructure. Needless to say, if varia-
tion resulting in too little or too much rainfall are known in
advance, this information could be advantageous to the Thai
government to manage the oceurrence of natural disasters
and mitigate their effects. With this in mind, we consider
rainfall oscillation in Nan provinee measured in terms of the
variance to estimate changes in rainfall amount based on his-
tarical data. A histogram, ()-0) plot and Akaike information
criteria (AIC), see an empirical application, results revealed
that the daily rainfall data for Nan in northern Thailand
during rainy season fit a delta-lognormal distribution

It i= widely known that lognormal is the distribution of
positive skewness depending on the variance in the prob-
ability theory eg. [4, 7. 23. 26]). Additionally, a few situa-
tions also contain zero observations indicating one or more
of them are empty, which leads to a delta-lognormal dis-
tribution first introdueed by [1]. In the real world, this
distribution is utilized in several fields, including fisheries



[19, 33, 35, 36, 47], environment [32, 35, 39 and medicine
[40, 48].

Variance is regarded as a measure of dispersion in applied
statistics and is one of the most popular parameters of in-
terest in probability and statistical inference. It is defined
as the second central moment, and the positive square root
of the variance is the standard deviation [10].

The application of confidence intervals (Cls) for the vari-
ance has been utilized by wvarious authors in a number of
fields. For example, Mathew and Webb [20] estimated the
difference in tube-to-tube dispersion between a new gun
tube and a control tube to investigate the gun tube accuracy
of an M1 Series tank, while Krishnamoorthy et al. [26] eval-
uated the levels of lead in air as a health hazard impacting
the well-being of personnel at the site in Alma American
Labs. Furthermore, Cojbasic and Lonear [13] assessed the
annual revenue levels of the industry players' market shares
to messure market concentration indices.

Several researchers have investigated and developed Cls
for variance with different methods and distributions. For
example, Burdick and Grayhill [8] presented a modification
of the Grayhill-Wang procedure to establish them for a lin-
ear combination of the among- and within-group variances
in an unbalanced one-way classification model; their results
led them to recommend the Grayhill-Wang shortest inter-
val imstead of either the Gravhill-Wang equal-tail or Sat-
terthwaite equal-tail intervals. Bebu and Mathew [1] studied
a muodlified signed log-likelihood ratio test with generalized
confidence intervals (GCls) in a bivariate lognormal distri-
bution; they found that GCls are recommended in cases
where the sample size was small. Cohen [12] adjusted Cls for
the variance in a normal distribution using the two questions
pased by Tate and Klett. Mathew and Webb [24] presented
the generalized p-value and GCI for varance components,
Harvey and Merwe [23] proposed Bayesian Cls for variance
of a lognormal distribution with additional zero observa-
tions. Note that Bayesian intervals (including fiducial ones)
are fundamentally different to frequentist intervals: the for-
mer are interpreted as probability statements a posteriori
while the latter are procedures that have certain properties
a prior. Niwitpong [31] recommended GCls for the function
of variance in a lognormal distribution becanse it performed
well in terms of coverage.

The expected value or mean is a measure of central ten-
dency [10], although the variance of rainfall data can be in-
dicated a measure of rainfall dispersion. Importantly, its es-
timated variance can be pointed out unnatural rainfall fue-
tuation which can result in such natural disasters as drought
and floods. Determining the Cls for variance is well-known
and can be applied in many research areas, as mentioned
previously. Casella and Berger [10] guaranteed that a CI
provides information on the parameter of interest more than
the point estimates. As such, Cls for the variance of delta-
lognormal distribution are needed to predict extreme rainfall
events. Herein, we present a developed method to construct
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Bavesian Cls for the variance in a delta-lognormal distri-
bution called the highest posterior density (HPD) credible
interval based on vagne prior (HPD-V) and the method of
variance estimates recovery (MOVER). The reason is be-
canuse the results of the existing HPTY interval based on the
independence Jeffreys’ prior (HPD-J) of Harvey and Merwe
[23] is a better performance for variance of lognormal with
additional zero observations than the equal-tailed CI. Fur-
thermore, there are the existing methods: the GCT of W
and Hsieh [47], and FGCT of Hasan and Krishnamoorthy
[24] (FGCI-HK). These were obtained from the Cls for delta-
lognormal mean. In Section 2, the theories and concepts of
all of the methods are elaborated. In Section 3, the design
and results of the simulation procedure are shown. In Sec-
tion 4, the dispersion of daily rainfall in Nan province is
estimated by all of the methods. Finally, a summary and

brief discussion are contained in Section 5.

2. NOTATION AND INTERVALS FORMED
OM THE SINGLE VARIANCE

Consider the population data including many zeroes with
the probability 0 = & < 1 and the non-zeroes with the
remain probability 1 — 4. The number of zero g has
a binomial distribution with parameters n and §, while
the non-zero values have lognormal with the mean p and
the varianee 2. These characteristics are called the delta-
lognormal distribution. Define X = (X, X, ... ] X,) bea
non-negative random samples of delta-lognormal distribo-
tion presented by [2], denoted as Ap, a®, 4). The distribu-
tion function of X is given by

& r=I

W G{I:“"az"ﬁ}={El-ﬁ;F{r:p._a?}_- 250

where Fix;pu o) is the distribution function of lognor-
mal so that InX ~ N{p.o®) where p and o? are the
mean and variance of ln X The maximum likelibood es-
timates (MLEs) of g, o2 and § are i = ¢ E:"_"l" In X,
Fpe = am ol In Xi - i and § = 2 0 = nggy + npyy
where ngyy are the mmber of non-zero observed values. The
population varianee of X is

(2)  w=(1-d)exp(2u + %) [explo®) — (1 -4)]

which is log-transformed as v = In{l — ) + (2p + o) +
In [exp{a®) — (1 — §)]. The MLEs ji, 5% and & are replaced
and led to ohtain the estimate ¢ = In(1 — 3] + (2 + &?} +
In [Ek'p{r:‘l'?} —(1- E] . The Cls for v are established using
the following methods.

2.1 HPD credible interval

According to Casella and Berger [10], Bayesian approach
is defined as a parameter ¢ regarded as a quantity whose
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Abstract In this paper, we present an jterative proeess for finding a common element of solution sets
of the variational inequality problem, without a monotone mapping, and fixed point of 2 nonexpansive
mapping. Moreover, we prove a weak convergence theorem by using an our process and give a numerical
experiment.

MBSC: 46002

Keywords: extragradient method; fixed point problem; nonexpansive mappings; without monotonicity;
variational inequality, weak convergence theorem
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1. INTRODUCTION

The concept of the variational inequality problem, denoted VI{C, A), is to find
z* € C such that

{Alz"),y-=2"} =20, VyeC (1.1)
where C iz a nonempty closed convex subset of a real Hilbert spare H, A : C - H iz a

continuous, and (-, -) denotes the inner produet in H. Let SOL(C, A) be the solution set
of VI{C,A) and SOL(C, A)p be the solution set of the dual variational inequality:

SOL(C, A)p = {zeC|{Aly),y—=z) 20,Vy e C}. (12)

There are a lot of iterative processes for finding SOL{C, A) such as Goldstein-Levitin-
Polyak projection methods |1, 2]; proximal point methods [15]; extragradient projection
methods [5, 7, 10-15]; double projection methods |9, 16, 21]. These iterative processes

assume the assumption either the monotonicity of A or SOL(C, A) € SOL(C, A)p which
means that

Vz* € SOL(C.A), {Aly).w—="} 20, ¥y e C. (1.3)

*Correaponding author. Publishod by The Mathamatical Association of Thalland.
Copyright & 2020 by TIM. All rights roserved.
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Karamardian [ 17| showed that the assumption SOL(C, A) € SOL(C, A)p is a straightway
consequence of pseudomonotonicity of A on C, and indieated that a monotone mapping
can imply a pseudomonone mapping. In 2015, Ye and He [/], suggested a new method
which is called a double projection method under the only assumption SOL(C, A)p # @.
This assumption is equivalent to the following inequality :

3r € SOL(C., A), {Aly),y-1z)>0¥yeC. (1.4)

Clearly, if SOL(C, A) € SOL(C,A)p then SOL(C,A)p # @, but not converse. They
proved that their method ean find SOL(C, A) without the monotonicity of A, and gave
some numerical experiments,

The problem for finding a common element of the set of fixed point of a nonexpansive
mapping and the solution set of the variational inequality problem for an inverse strongly-
monotone mapping was presented by Takahashi and Toyoda [20]. A mapping S of C into
itself is called nonexpansive if

ISz - Syl < |z -y] ¥ryeC. (15)

We denote by F(S) the sot of fixed point of S. By the way, their process obtained
a weak convergence theorem for two sequences. Later, mathematicians were interested
to establish iterative processes for solving a previous problem (see in [1, 22]). In 2006,
Nadezhkina and Takahashi [ 7] introduced an iterative process for finding a common
element of F(S) n SOL(C, A) in a real Hilbert space H, and showed that any inverse
strongly-monotone is monotone and k-Lipschitz continuous. Their process follows the
idea of an extragradient method [7] by setting A : € — H is k-Lipschitz continuous
monotone, and S : €' — C is nonexpansive. They construeted

ro=z€C

yn = Po(zn — AnAxq)

In+t = anta + (1 = an)SPe(zn — andyn)
for every n = 0,1,2,..., where {A,} C [a,b] for some a,b € (0, ), and proved that {x,}
and {y,} converge weakly to a point in F'(S)nSOL(C. A).

In this article, we establish an iterative process for finding a common element of F(S)
for a nonexpansive mapping S, and SOL(C, A) without the monotonicity of A by setting
SOL(C,A)p # ¥, and A : C — H is only k-Lipschitz continuous. Furthermore, we
prove a weak convergence theorem, and give a numerical experiment for support in an
our result.

2. PRELIMINARIES

This section contains definitions that will be used in this work, Note that H is a real
Hilbert space, C' € H is a nonempty closed and convex set, and A : C — H 1s a continuous
operator. The projection from r € H onto C is defined by Pe := argmin{|ly—z|| | y € C}.
The natural residual function ry () is defined by ru(x) := xr — Po(xr — uA(x)). where u > 0
is a parameter. If u = 1, we write r(x) for ru(x).

Lemma 2.1. [i] Foranyr € H andz € C,
(A) 1Pe(x) - = < 1= - =I” - |Pe(z) - =I;
(B) (Pel(z) —x,z - Pe(x)) = 0.

Lemma 2.2. [*] Let H be a real Hilbert space, h be a real-valued function on H, and
K :={x € H : h(z) <0)}. IfK is nonempty and h is Lipschitz conti: s with modul;
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