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Abstract
Restrictive lung disease such as pneumoconiosis is the most common disease among people working in dusty
environment such as mines and in industry. The gold standard diagnosis for this disease is spirometry, which is used

to evaluate the lung performance. However, this tool has certain limitations such as high service costs, limited access
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restrictive lung defect among factory workers

to the device, and availability of specialists. These limitations impede early detection of this disease. The objective
of this study is to utilize machine learning algorithms to predict the severity of restrictive lung defects among factory
workers, aiding in early identification before proceeding to the spirometry test. Three severity classes considered. -
Normal, Mild, and Moderate or Severe. By using spirometry’s results and behavioral data among 685 workers from a
cross-sectional study in a furniture factory in Thailand, six machine learning algorithms were developed. They were
Logistic Regression, Decision Tree, Random Forest, Gradient Boosting, XGBoost and Support Vector Machine (SVM).
The best model was Random Forest with Synthetic Minority Oversampling (SMOTE) to deal with imbalance class and
Recursive Feature Elimination (RFE) to select most important features. The important features for prediction were
weight, height, age, education, hours of work, smoking and mask wearing at the f1-score = 0.746, precision = 0.743,
recall = 0.756, and accuracy = 0.75. The model was deployed through a web application for ease of use and the
application was used among the factory workers for early screening of the disease. The users were satisfied with the

application for its effectiveness, ease of use, time, and cost savings.

Keywords: Restrictive lung disease, factory workers, spirometry, machine learning, web application
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Figure 1 Overall working structure of the system.
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Taya label udayanamsanadsziniawiaaiu 3
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Table 2  Results of the 3 groups training experiment using lung performance data.
Model f1-score f1-score f1-score Training time
Normal group Mild group Moderate+Severe group
Logistic Regression 0.68 0.17 0.00 78 ms
Decision Tree 0.63 0.28 0.07 34 ms
Random Forest 0.75 0.20 0.00 299 ms
Gradient Boosting 0.72 0.21 0.22 920 ms
XGBoost 0.71 0.27 0.13 1270 ms
SVM 0.70 0.19 0.07 51 ms
Table 3  Amount of data in 3 groups comparism before and after oversampling of lung performance test data.
Lung Function No. of Raws before No. of Raws after
Test oversampling oversampling
Normal 432 432
Mild 208 432
Moderate and Severe 45 432

Table 4  Results of the 3 groups training experiment using lung performance data.
Model f1-score f1-score f1-score Training time
Normal group Mild group Moderate and Severe group
Logistic Regression 0.69 0.61 0.84 124 ms
Decision Tree 0.59 0.65 0.84 24 ms
Random Forest 0.76 0.78 0.95 310 ms
Gradient Boosting 0.72 0.69 0.92 1500 ms
XGBoost 0.72 0.73 0.94 729 ms
SVM 0.72 0.63 0.85 105 ms
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Table 5 Results after hyperparameter adjustment.
Model Optimal hyperparameter value Everage f1-score
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Gradient Boosting n_Estimators = 500, Max depth = 9, Learning rate = 1 0.731759
XGBoost Max depth = 7, Gamma = 2, Min child weight = 4 0.714132
SVM Kernel = rbf, Decision function shape = ovo, Gamma = scale 0.739056
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Table 6 Results of 3 groups training with selecting variables in data.

Model Everage f1-score

Logistic Regression 0.59

Decision Tree 0.62

Random Forest 0.74

Gradient Boosting 0.72

XGBoost 0.68

SVM 0.5
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This website is a demo for the paper
Machine Learning for Prediction the Severity of Restrictive Defect among Factory Workers" (Theamngoen et al. (2023))
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Abstract

Narcotics litigation is the main legal case in Muang Nakhon Pathom District, Nakhon Pathom Province.
This investigation aimed to explore spatial analysis of narcotics litigation using a Geographic Information
System in the responsibility area of Muang Nakhon Pathom Police Station using data on narcotics litigation
collected between 2013 and 2017. The purposes of this study were: 1) to examine the pattern of narcotics
litigation using Moran’s |, 2) to investigate the spatial distribution of narcotics litigation using hot spot analysis
based Getis-Ord Gi*, 3) to find out the directional distribution of narcotics litigation using Standard Deviational
Ellipse, and 4) to explore the spatial relationship between narcotics litigation and land use. The results of
the study was as follows. 1) The pattern of the narcotics litigation over 5 years was clustered according
to Moran’s | value, which was discovered at 0.31, 0.34, 0.27, 0.24, and 0.17, sequentially over the 5 years.
2) The spatial distribution of cases revealed hotspot areas with a GiZscore greater than 1.65 present
at Phrapathom Chedi and Huai Chorakhe districts in 2013 and 2014, Phrapathom Chedi, Wang Takoo, and
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Sanam Chan districts in 2015, Phrapathom Chedi, Huai Chorakhe and Bo Plab district in 2016, and Sanam

Chan district in 2017. 3) The directional distribution of the cases over 5 years was distributed to the west

of the study area. 4) Urban and built-up land were found to be places where most narcotics litigation occurred. The

research results can be used to consider policy plans related to the Narcotics problem.

Keywords: Narcotics, geographic information system, geostatistics, Moran’s |, Getis-Ord Gi*, standard

deviational ellipse
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Table 1 Data used in this study
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Data Description

Source

Crimes Statistics Reported of Muang
Nakhon Pathom Police Station, Nakhon of incident and arrests
Pathom Province, 2013 to 2018

Case Charges, location of arrest, and date and time

Crimes Statistics Reported book of Muang Na-
khon Pathom Police Station, Nakhon Pathom
Province, retrieved from 2013 to 2018

Administrative district

The administrative district of Muang Nakhon Pathom,
Nakhon Pathom Province, ratio 1:25,000 (.shp)

Department of Provincial Administration,
Ministry of Interior

Land use

Land use of Muang Nakhon Pathom, Nakhon Pathom Department of Provincial Administration,
Province, ratio 1:25,000 (.shp)

Ministry of Interior
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Table 2  The Narcotics litigation pattern between 2013 and 2017
Year z-score p-value @1 Moran’s | results
2556 0.01 >2.58 0.31 cluster
2557 0.01 >2.58 0.34 cluster
2558 0.01 >2.58 0.27 cluster
2559 0.01 >2.58 0.24 cluster
2560 0.01 >2.58 0.17 cluster

The z-score value represents the critical value and line between the acceptance and rejection H0 of a hypothesis test, p-value represents the level

of statistical significance.
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Table 3  Direction distribution results of Narcotics litigation
Year Rotation
2556 168.40533
2557 125.85092
2558 134.67520
2559 140.84622
2560 101.44881
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Table 4  The validation of the analysis

Narcotics litigation

Trend and distribution (degree)

predict cases in 2018

134.25

Observed cases in 2018

120.63
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Abstract

Generative Adversarial Networks (GANs) are a class of deep neural networks that can be used to generate data
examples in imbalanced data situations. GANs consist of two simultaneously trained modes: generative and
discriminative modeling. The generative model generates new data as random noise from the training dataset, and
the discriminator model distinguishes examples from generated new data and real data. We studied the overlapping
data transfer during a generating model in distributed real-time data streaming. This paper proposes a new extension

method on GANs called GANs2T based on tabular time series to improve the model performance and execution time.

We use this technique to capture the covariance structure of the minority class and to generate synthetic
samples along the probability contours for learning algorithms on streaming data. The experimental testing is performed
on binary-class and multi-class imbalanced learning methods from several benchmark datasets. The results validate
GANs2T combine with the XGBoost (GANs2T+XGBoost) algorithm for the overall accuracy = 84.93%, precision =

90.48%, recall = 88.13%, F1-score = 89.93 and average training time for training model = 60.20 seconds.

Keywords: Machine learning model, imbalanced data, generative adversarial networks algorithm, synthetic data

augmentation approach, minority class
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Tagsudi 1 V‘i’mﬁhﬁa‘%ﬁﬁaga wiafuamzidaya Suni
K319 (generator) 6”5&@31Lﬁumsa%’m“ﬁagaimjmnms
Lfﬁmam (data augmentation) %%amﬂﬂ'wﬁam%um
wazdInd 2 m%mmmmmwamlm Funin dusnuez
(discriminator) Gmmmummsmmauagmsaﬂumaga
Agatuunlna dadramrdizynddanaifin GANs
uINUEwABNRLABTIN AL (computer vision) &%
wenupzUnweng g wisnmsaienwluwihdedynn
Uszfing

Fovi wIded seihanenIFIATIZAANE
futasatanaiilagldiaiadnsfhaaseiuginidia
ﬁm%’uﬂzymmiﬁ‘hLl,unﬂixl,nwﬁagaﬁvlajawla AUNAN
mn’%ﬂufmmm%‘aumuﬁ;ﬁaau (supervised machine
learning) ﬁﬁagaﬁﬂmﬁwﬁu (labeled data) WRZRINTTD
ﬁwvlﬁﬁv‘oﬁ’uﬁaQaﬁﬁﬂmawaﬁwﬂmuvlum%ﬂmav\%a 2
AR (binary-class) UazNAGANE (Multi-class) #IaWANE
ARNE uu"ﬁagmmu@imﬁam%aLLuua@%wﬁa (streaming
data) TwnaGealndld wazaniudssfudszansaw
Lmua"waammﬁmuﬁmam,ﬂ‘%'m lugnwiiasanase

= Ac A A ¥
NOBIUAINHAILNLNLIVDI
WanludiniveaTurongu] wazeuidad
isadias $1mau 5 dazidu ldun 1) sedeyauazaaa
o 6 v ' aa v o [l o a R
HaawT 2) Tayaliauqga 3) AnIgudaating 4) danaifiu
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wrednedoasstnuEiile uaz 5) TayauuuaaINg
Nuazduaabh

1. TaToUALATNAANTUBIAAE (dataset and
class result) lagratayadatayncig fnanlglunns
siauuudiaed 1iu gadayaindnw Tadayanin X-ray
Uaa wiagatoyalnaialonssevaaulal udu uaz
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NARNTVDIARTE L'ﬂumsﬁﬁ"g@ﬁagamuqmé’nwmz*‘ua\‘l
Taya uazA1adTays WIDNNITAUAAIRHAANT 138

v

Fayafifieimiu (abeled data) SwIULILENNATWHTVD
TR N AN U LLazLﬁaslﬁé'ana%ﬁﬂumjumn’%wﬁ
wunfgaen (supervised leaming) aa3nTu3 uazdla

gﬂu,uwuaa‘ﬂ’agamnﬂmawaﬁwﬁ @9 Table 1

Table 1 The example of Covid-19 dataset and result class
cough Fever runny nose result class
Y 39 Y 1
N 37 N 0
Y 37 N 0
N 36 N 0
N 38 N 0

970 Table 1 dratsvasTatoyalaia-19 uas
ARFHAAND Talznaudioguansuzadtoyaituin
wanzgmansue (Aadu) laun o ( (cough) Lﬂuvlm (fever)
m&m"l,m (runny nose) Swnaﬂmaﬂwmwauﬂ LALAANE
NAaWT (result class) mLﬂuqmaﬂwqu@mwmm
. X e a o
Toyail Ndsznavsdine 2 dda 0 wia 1 lawfl 0 wane
feinaldldfaitalain-19 wlanaaTiaduay (negative

22 A a z a A I
test) uaz 1 nanofiinadaisalaia-19 vianansaiu
AN (positive test) NNANNRIBVBITIBNST 1 waaln
woaf 1 mmanwmwﬂuam‘la feniu Y wanefls dms
g, qmaﬂwmwmu‘lm fandu 39 nunofle Meunse
a v s £ q; A & =S
ildg9, aminwudayahynlng Sdudu v nanod

ﬁu’]ﬁﬂvl,%@ LLﬂ:’%WﬂﬂﬁiLﬁUﬁaH@Naé’WﬁfmElx‘]ﬂﬂ']ﬁﬂ’]ia(ﬂ

[
A

walada-19 Handu 1 ugasindnafaizelado TINHAANT

a z a a I =\ =

PInaanIIaaLTalndanddn 0 wia 1 W IuNAAR
X A . A AA '
wuuiiinluwi3aana (binary-class) #3aAaaNAAT 2 @1
AMUlUAMRNAINT 1% Jad 0 B30 1, T W38 F uaz Y
%30 N 1Judu wazdnSuasandannolunaauadns
NNNIN 2 A1 3N INURAARNE (multi-class) L5 0 738 1
A " A i A A A
#30 2 LAY positive B8 negative K38 neutral vINA1 3
anneluaas Ludn

2. doyaldauqga (imbalanced data) nanufis
q@iagaﬁﬁﬂmawaﬁwf WiaU9nTI3unITNAaNE
\lwany (target result) imInsznpvasdoyamuluama
wulairniu na”nﬁaﬁﬂma‘l,@ﬂma%ﬁdﬁi‘i'lmu"ﬁaga
ﬁgdmﬂﬂdwﬁﬂﬂmwﬁmﬂm‘i'}mumﬂ (Weiss, 2013)

Class Balance
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@ Figure 1
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Figure 1 The balanced data and imbalanced data from 20 sample data
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971 Figure 1 LEAITOYAUULANGA LAzTBYALLL
vlajauqa mad"qﬂﬁaga;}ﬂ’aﬂﬂ%-w LAEARTNAANE B9
ARE 2 AN LA AAFNAATIALTUAL (negative test) Lay
ARENANTIUTULIN (positive test) 31N Figure 1a. L&A

o

wrnaagnaaaduay (Lﬂugﬂmumﬁw LRz REN)
fdwan 10 oM uszaanaaaiun (Jugienay
WazATNGEu) $51M% 10 EMNT WnAus 2 aane (10
ﬁagaé”aamaﬁv’mm 20 T18M3) nandReddwIugh i
Hulada-19 uaglaiidulada-19 fdrwmirinnu wiasen
dayadinnuauganin &1m3U Figure 1b. Laastayauuy
liauqa yasamansaatalaia fidasnananvrauuan
T3 18 18T uazamsNaaAduay I3 uu 2
At dwalﬁﬁayal,ﬁﬂmmleiamqamaoﬂayaﬁv‘a 2 A
%‘%a'ﬁ'L’%UmhLﬁ@ﬂzymia;gmmuvl,&iawqa (imbalanced

data problem)

lun1sairsuuudnaesninouivesiaies
l#fdszdnTaan naludruainugndas (accuracy)
1 lﬁl =) . ey o v
ANKLTete (reliability) wara1¥nTaulUltou
(implementation) l@a39%u nIzuIUNITLAIBUTRYA
(data preparation) @atlunitalunszuiwnsnadad
ﬂszmumsﬁﬂufmaam%aa (machine learning process)

Fast synthesis of the minority class using generative adversarial networks

for imbalanced data classification problems

‘ﬁ'ﬁ]:ﬁaa%’ﬂL@l‘%ﬂuﬁagalﬁw%aﬂumsa%aLLum‘haaa
I@ﬂ%%ﬁﬁd‘ﬁ"ﬂ:ﬁmﬁwﬁuﬁuﬁamsﬁﬂﬁﬁayaﬁmmaw@a
Lﬁalﬁuuufﬁ’]aaammmﬁuuﬁa‘hgﬂLLuuiTa%laa’mﬁaga
lundazaana LLazqmé‘nwmzﬁagaﬁ'Lmﬁu latauldes
lnsdeyanaadiulng Saazirliuundiaelaid
dazEninwiudayaaaadiuian %%aﬁwmzrﬁagaimi
ﬁLﬂuﬁTagamuﬁaﬁ"L&ivL@T LLa:ﬁmwﬂmmﬂﬁauga FIWR
TWuoudnseslifanuingede wazlisunsnldonuass
o é’uﬁuﬁaa‘hLﬂuﬁaaﬁmﬁmmi“ﬁa;&aﬁvlsjau@;a Wl
inanuaugazastayalunmiasiuuudines

3. A5M3gu@legng (sampling method) 1135
AlaFuanufioalunsuiiymdayalisues Galsznay
¢8 2 35%an (Japkowicz & Stephen, 2002) laun n3
guénadnwuu’as (random under-sampling) WAz &
@18819ULUUNNN (random over-sampling)

3.1 ﬂ’liﬁ;Nﬁ’JaEi’IGLLiJU‘lIGU (random
under-sampling) 1Hu3isn1sguidandlabisndaya
vosnadInlng lagyinssudeysnnaaadinlng

¥ 2] P tﬂl v
sanangadayatingas (training dataset) Naliaaa
dulngvwaviiuasiasiuilas a9 Figure 2

Original Class
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31 ® e ® . :
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—4 -3 -2 -1 0 1 2 3 4

Repartition class - Random under sampling

4 ® Positive test
Negative test

] Po
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Figure 2 Random under-sampling

270 Figure 2a. Lm@ﬁagaﬁﬂmawamm
\uuan (positive test) 1luaaadiulng uazaana
NanALduay (negative test) Lﬂuﬂmadauﬁaﬂﬁ’ﬁaga
fiFasuanulaiaugavainaiags wazan Figure 2b.
@‘hLﬁumiauﬁayamﬂﬂmamulmy,' %38 ARIENAATIY
uwinvesgadayatingen i wnamaviniuaana
sautles wiaamanaamaluay Sesnaling 2 aaa
FIUIUAENAAN TN

ﬁaazhﬁ%msziuﬁaazml,l,uuﬁaﬂ 1T Tomek
Links [{uiEnsmaaafiassiudnaluusnmlndides uss
auamanasstuig wieamadulnajoen Ny
a4 Jonathan et al. (2020) 'ﬂizqﬂﬁ Tomek Links &1%31
ﬁmw;ﬁ%ﬁmm%uﬁwﬁm%’u;ﬁ@uLqummffu VEREHE
a’mmﬁaa’ﬂa;&aﬁﬁmmvl,zjawqmmﬁaga URZITUINY
Wa4d Sridhar & Sanagavarapu (2021) wazJapkowicz and
Stephen (2002) WuiiTMIgudmatuUUtasdung
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g330gyriagdisnan Lﬁaammﬁ@migtym mau‘ﬁaga
ﬁﬂﬁmﬁl,ﬂﬁzﬁ**ﬁa;‘}la Lﬁmﬁuﬁuﬁagamadﬂmamuﬁaﬂ
d’ 1 = ] ~ Y o L4
F3071992 LN oI adanTruniingluuuvesteya
dwalﬁuumﬁwaaomn‘%wfm 29LA3098UIANT AW
Vel INWIAEa NN IS

32 NMIF§NA8HIILUUNIN (random
over-sampling) LumsguidendatsanamadIuia
I@mn’ma’%wﬁa;‘}la %‘%at.ﬁ'u*ﬁagavlﬂﬁqqmiagaﬂﬂaau
elituwnanihiudeyaesnaasiulng & Figure 3

Repatition class - Random over-sampling
3 <] ° o bt @ Positive test
[ ] ° Negative test
2 o
©

1 B .

o -
_1 -
= =

o
_3 <4
-4 -3 -2 -1 0 1 2 3

Figure 3 Random over-sampling

91N Figure 3 MIgudIoEUULINNAUARNNT
I@Ua%’wﬁaga‘lﬁauqaﬁm%%msquﬁamhal,m‘umﬂ
nasanaasIduay (negative test) F9ilnaaa
CRIRIGH] mﬂﬁuﬁﬂmna’%uﬁaga %%al,ﬁmTaga"l,ﬂﬁa‘qﬂ
TaysdnsanvasnadInian IRTswrnaanavindy
amaganlng Gosinaling 2 ama SSmnuaaanadng
Wi

1881935 n1INNIFUABEIIULDNIN LT
SMOTE mmﬂ%atﬁu Synthetic Minority Oversampling
Technique LHuiTniduamzidayadmivaaianga
ﬁfamluu’%LamIﬂﬁLﬁmﬁuiagaﬁﬁagjiuﬁa laglananny
yo9danasiiy K-Nearest Neighbors (k-NN) Zaiiludana
Fudmiviwundoys lasdunisianzddoyalna
mm]”agaLﬁuﬁagﬂuu’%nmlnaﬂﬁmﬁumnﬁqﬂ U
k @ %Ianalainnmsiinuadl k Aansiinuaineg
"3Lﬂmzﬁﬂ”agaﬁlﬂﬁﬁagaﬁﬁaamiﬁ'}LLuﬂﬁqumu
ﬁlﬂﬁ’aga (WIWIRNAT Kk L% k = 1, 2, 3..., n) 21N
ﬁ?m‘hmsms:szmmuuqﬂaﬂ (Euclidean distance)
FNTUIIANITEENIITENT 1990 TR0 LULUILTUA TS 1o
é’amiw:ﬁﬁagammamamuﬁam’[ﬁﬁﬁﬂmwﬁumﬂ%ﬂu
UINMIEniNgTzezN1978490 2 39 F9gu37 1 (Maureen
et al., 2016)

J Sci Technol MSU

X =X+(X-X)*d (1)

ne

naumshi 1 lag X A8 dunikirasdoyan
ARFEINLD ﬂﬁgﬂé’m,ﬂﬁ:ﬁ%uuﬂmj ITAINAAUIVDY
X, uay X vasamaaiuion waz O Lﬂu@i’m’lsajuﬁ'amm
329374 [0,1] @9 Figure 4

Randomly increasing the number of minority class

3 ®9 oo s @ Positive test
® ° ® Negative test
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Figure 4 The synthetic data with SMOTE method

91N Figure 4 Tayavesnaautoy vieaaa
HaATINIUAY (negative test) AuaassnoIUaunALY
R a:ﬁ’mﬁé’uLﬂi’l:ﬁﬁaga"ﬁuuﬂm AU IUIUTATI
PasamaaEIkingdansasiuios Lﬁalﬁl,ﬁﬂmmau@a
YDINAH AIBUITANITRILAIITAARREIUIDLANNINT 1
FaNTuaaudLAUN1TAIH 1) S1wIURITIUIBE LR
gﬁ ;:I o 6 v % a a s .::
m%mm:mLﬂswzwayjdwumﬂaaﬂmm k-NN 1A
BIFNWINAT k ﬁWLquJIuﬁayaﬂawadauﬁaﬂ, 2) \8an
ALAUS Xl. LazeIunty X a’mn’mm:msﬁagahﬂma
ﬂfcjuﬁfasl, 3) AU MANIZYENNTERINIALLRAT X, uaz
X @Tm"’;%'mimswzmmuuﬂqﬂﬁ@ (Euclidean distance)
LNBWTZHEN I IZNINAUNRIIVBIA 2 qmluuuué‘fuma
::l' 9/;:' @ a 1% 6
'ﬂlﬂﬁﬂigﬂ (auuwILERUsFULAY), 4) ’I19LINLABT
AUANIIAE (feature vector) INBLALATBYAAZAUAIL
figdg, 5) deyaved 2 duntaanauiu (X - X) 49
Naé’wﬁﬁvlﬁmnmNa@hwaﬁ:ﬂzmw:gﬂmm@mﬁaU
duavgu O Gufidnszning (0,1) alilddunistana
fFsaTzAIuIlng (Xnew) usasdiugdnatsinio
aa A N . 4
a7 mgmamnmaga‘tumwmﬂ X, usz 6) N3
szi_ql@‘hLmuwaaﬁagalmiﬁﬁwmiﬁdLﬂﬁzﬁ“’ﬁumﬁa@h
X wwhadunis X uas X 16 £90NGDY
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NUIIBVaY e T wez 20ws suae
wya (2565) Yazendlditns SMOTE lunsunladgm
ﬁagaﬁ"l,ajauqaﬁm%umiwmmnimsmu%ﬁmao;jma
Usastasnluadoanda NNYATBYAVDIAATINIA
WZLEN WID9IKIT8VRY Bao and Yang (2023) dituns
Suilyedseanininveas SMOTE TWaUszans iy
mrw%ulumsé’amﬁ:ﬁ“‘ﬂ’ayamaam‘%aﬂmﬂi:mmﬁw
(neural network) LazUenINHINIBTad N nE TN
maReuNeudse®@niniwues SMOTE waz ADASYN
LW 9IS WNIWT FUBTTULT WAZIENILSA ASRDAE
N8 (2561) Waln@uuunswenssinsdamnFeulu
He9ene I@uﬁagamjuﬁas ﬁaﬁagaﬁ'aﬂa LRZNITT WA
mwﬁ@wm@ﬁLﬁﬂ%uvlﬁqandﬁagaﬂgmmﬂ %d‘*ﬁayja
m‘f‘ﬂﬁa"wmm’;mamma 0 URZAME 1 FININAAF 2
wazaas 3 udwaunn Fufaanullaugavasdays
ganalinIsduundaysfanatald n1sdivadal
au@;amaﬁagaﬁ"’muu 2 AR UAZWUL 3 AANE NWANT
ffinnuinliiuninsesiaunsasianlslunusosdy
qmmmﬁa’iﬁaﬁmm:ﬁﬂﬁ@ggdmq %anNaTNIDVD I
SMOTE udfadataufinamdasanain SMOTE 5%
SMOTENC, SMOTEEN, ADASYN, BorderlineSMOTE,
KMeansSMOTE #38 SVMSMOTE Liluéi

s a K A ' U v a o a
4. aanathutaIediodioasvinuisiiie
(generative adversarial networks: GANs) wIalenan
Fanihiin ta3a218unn (Brownlee, 2019) Liuwinadia
lil v v ] v =1 v a v
fafdeyalndliiniioudeyasss lavdsznoudan 2
funan laun §IUEEI (generator) WATEIUNLONULE

(discriminator) @9 Figure 5

Fudeya

e VGBS
" HaEwS
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—T

Toyanaiietuun

Generator

Figure 5 Generative Adversarial Networks: GANs
(Asue Aade, 2565)

Fast synthesis of the minority class using generative adversarial networks

for imbalanced data classification problems

91N Figure 5 dana3fiuinIav oi1aassdng
1B9riLHha (generative adversarial networks: GANs) %38
1AL UN Lﬂué'ana%ﬁwﬁ@hl,ﬁuﬂﬁmgﬂLLuuiuﬂﬁi
Fouidndues lasuuudiaasazinisaisnadnian
Toyawudn (input data) uazlanadwslna IMNMNGY
duannnsthgadayaingiudeys 1ou Jayalndniw
%&Lﬂwﬁagaa’%amﬂgmﬁaga WA LAY (generator)
V‘iwﬁwﬁﬁwﬁayalmi Lm:ﬁﬁagaﬁﬁwﬁum ngEIn
Kuanues (discriminator) fivminfidasuriansnuasin
Foyansuduntn (Dudoyasse (N3 udaya) wie

u

2

v P

v Ig 1 v v { J v v
mamﬂaﬁﬂ%mum (mnmug}lmn) Iﬂﬂﬁﬁ’]ufﬂﬁﬁﬂ{l

e e

2 v

'ﬂz@laa‘wmmaJmw’uagaslﬁmﬁauﬁuﬁa;&aﬁamnﬁq@
ﬁ’J%Q/LLEJﬂLLEJZﬁ’ENLLEJﬂLLEJZ’J"I“ITEIHﬂﬁﬁ%’ld‘ﬁ%&l’]l%&iﬁﬂu
Tayad3eg Mkauguonuezazdasdivanusunm
°nammaqLﬁaleiﬁlﬁqﬂudau;ja%’lavsaaﬂ Tnsfiragasainuil
az@TmLL“ﬂ@“ﬁ'uﬁ’uLﬁaﬂ%’uﬂ;amiﬁwmmaaéf’sl,aa s
iagalmiﬁmﬁauﬁagm’%a

FUNT5A 2 aUN1TVeILATer18iNEATITY
Bl wIalaIatauny (Goodfellow et al., 2020)

GMPDMXV(D,G) = Xy ~ p aata(X)[log D (x)] + @)
Yx~pz(2)[log(1 — D(G(2)))]

Tasf

e  G""D™V(D,G) fia Mamnuatinang 1iNe
lﬁUﬁQLﬂmmzlmiﬁwmumaaé'aﬂa%ﬁu

v o

amaa@mﬁumﬂﬁd’smjﬁw (generator)

@

! . . A 1 1 2
fstay (minimum) wialdinalunsang
6

fid }

ualnal LLa:mu@mmLm (discriminator)

U

L

< . a '
fidudugega (maximum) Fanaunslung
mewzﬁaga

e Vv da WeriTuyas (value function) ﬁga@h
284 action #Ia state 'ﬁ'ﬁ@hga UEA9ITn
action 4w ud1221¢ reward ﬁgamum lag
AuImAIN (D,G)

o Yi-paaa(®[logD(x)] @aWeriTung
MUBBIFEIRAFIT %aﬁi@qﬂs:aoﬁlﬁa
sramnduanl ldaenudiul)ldwse
D(x) gqq@ﬁﬁﬂﬁ@,mﬂLmzvlaia’lmim‘mmﬂ
6 (51 Dx)=1 wngANNIELeNLBzUaNI
31 x 1Ju3a%s w3e D(x)=0 nansaNu
Husnuezuaningy x ﬁyfummﬂmugﬁ’m)
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e P data(X) Aansuanuadinnuinaziduwes
ﬁ'aa:iwﬁa;&a

® Y. .2 [ log(l—D(G(2)))] Aanendu

o ' 2 Ao (3
NIINNINVBIRILLE LIS SII\']N'J@IQ‘l]izﬁ{Iﬂ

VBN NTNNRIIININT BN I dBAn
D(G(z)) NUATNAII

e P z(Z) AanIntzargaanuiiaziduwuas
N1ITUNIU (noise)

ngumsa 2 lasdi G AREIwERIY WAz D
AdIufuonue %aazﬁmsﬁwjﬁhLLaszmngﬂmw
FIUINAIN Iﬂmtz@‘hl,ﬁuﬂﬁﬁﬂmu%m \afinganuuy
1889 %ﬂuu@ia:‘5aumiﬁﬂmumm%ﬁ@msamL’ém (loss)
mammﬂmn@aa mummaaumsﬂiuaaﬂai‘mﬂ%
R Pt amwaa@]mmiammﬂ LR L‘WE]I%NLLEIT\LLEI ZHNT0
muunaaﬂaau‘lﬂamagﬂmq

INWITHVBI Maniyar, et al (2022) #n1T
éfdms’]:ﬁmwlwﬁwaaqmamnﬂagm%m Tapranw
uwaziFoaduunasdoyananaindanaifiu GANs s
FIBAETIY LAZEIUNLONUEE LAz 1T T4 Strelcenia &
Prakoonwit (2022) #tluud18a9 GANs ml%a%f’mﬁaga
éfame:ﬁLﬁa“ﬁaﬂ’lumﬁﬂﬂs:mﬂﬁamsmm6] SN
mssalnstasiasaadgniurmiansufiuiasefiaziin
mMIsalng

5 maumwuamwm (data streaming) ﬂa“ﬂa&la
nnm’]wuam\maLuaammmawammmumﬂ A3
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t=123,..n uaz d ﬂamm@mawagasl,w,mazmanm
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gasud9 11w 1e3esTnIfivn s saludalunfues
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mslusnoud ﬁlﬁqﬂmnﬁﬁma (GPS) 813130 MAUA
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mMaLnaand Lm:u,amNaﬁ%ﬁfmammiﬂmmwgLﬁml,uw
1Jueit uazIWITLVaY Bernardo & Valle (2020) #L&E
WMARANIFNAIBE UL NUUTBY AL FAINT 9
138097 VFC-SMOTE Iﬂﬁlﬁ%ﬁﬂﬂ’ﬁﬁﬂ%i‘ﬂE’J\‘iLﬂ%;E]\‘JLL‘U‘U
FANNI wazUssAny Tz ENTANNA WA SwAT b
TGP RHE R LLaf:@T'mmmL"%’slumsﬁﬁuﬂagaﬁﬁ
UazEnnwgs @I uIIuaa9 Brophy et al. (2023)
WNLEUaNINUNIWITIoH (literature review) fitfizadasiiu
unndszinndoyadindanaifiu GANs uaz GANs Ut
ToyALUURAINI TN WITLVRY Xiaomin Li et al.,
(2022) wnsnasnrilaonssuiiienin Transformer
Time-Series GANs ﬁﬂswﬂnﬁmm%amw%aj aunaia
NINAVUIANTN Lﬁaaﬁwao“ﬁagﬂmjﬁﬁmmﬂLgﬂVL@T
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leWaun uazdasananuiduuas Brophy et al., (2023)
uwaz Li et al. (2022)

Fovs Twawddodt dudsiunsla plE3TnInisgw
Fro81suuuINn WRaFasiaaadiuioy wazae
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Figure 6 The overall system architecture of Fast Synthetic the Minority Class using Generative Adversarial Networks

for Imbalanced Data Classification Problems
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Auasetnudaniia wiaunu Smsuuntyrinsdiwun
ﬂi:mﬂ‘iagaﬁvl&iamqa Buduain 1) M3 dayaiin
(Input) I@Uﬁ,’]ﬁaaﬂnm%yammﬁmmyu (benchmark)
NV |6 KEEL-dataset repository 8w U4 a%la‘ﬁlvl,ajamqa
F1mau 20 gatoyn Usznaudisanasdiulng (majority
class) ¥INNINARFEIWIDY (Minority class) MNATNAAE
saulnnjunudiofinaoudinduy wazaaadiutosuny
UINANTLTL %aﬁﬁaa‘im’au@;mé’nwmzﬁLmn@mﬁu
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ﬁhﬂi’fuﬁ’r’ﬁauaLﬁwdﬂﬁﬂim'sawa 2) nMIdszunana
"llam (data processmg) MedanasnuaIanaieass
Frudeindiafiiinsdsasy wauamuuawumlm
Foudain 2 sanldurngatny (generator) uazguanups
(discriminator) uudayanmaduias lasdufiuasnslna
(regenerated) Wiaaitayalnaininnaiudaya (data
augmentation) 31 ld1s LLuuﬁ"Lajﬁ‘*iTaya wialdayaifie
1 1om3 Wdayafaanuauga mﬂﬁud’m@wmm:
av1m3U5uL9 (update) ﬁa;&aﬁvlﬁﬁamﬁ:ﬁ%umlﬁﬂ

1o ﬂﬁ’lmsﬂ%'uﬂ;a“ﬁayama@nm t LRZHAN

ldazimydSudsadayadnatsfiaaadiuias (ialw

;jl,mmm:ﬁwmiaiwLLunﬂs:mWﬁ'aHalﬁﬁmwgﬂﬁm
LAz mn&uﬁﬁagaﬁﬁomiwzﬁ%umimj fald
ANTLUARMTEIUNRANE Uaz 3) FIUNANT (output)
Lﬂuﬂ’]‘iﬁ’]‘ffa%laﬁﬁdLﬂ‘i’]:ﬁ%uu’]l%&iﬁ]’mﬂ’ﬁﬁi&lﬁ’lE’Jii’h‘]
TSTSTEVelal uw‘hLﬁumsa%ame‘haaoﬁ]'m‘*ﬁagaﬁauqa
Tuan t

2. IguEUIEN RN AN UL aNesRuLAS a1
dhoassduBiiiiauudeyauuuraiuds wialseni
WnUNT (GANs2T) uuﬁugmmaamgﬂmnmuuumsw
(tabular time series) Lﬁaﬂ%'uﬂyl,mm‘haaa
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Algorithm 1: GANs2T extension method
Input:
S: data stream
T = time series-dependent rows
V = vector for building time series dictionary
Gi = Generator for each minority class
r= number of synthetic observations
f = probability of X f = 1
The first phase:
1. S<- d1,d2,...d
2. T<-t ,t, .t
3. V<-012,...
The second phase:
4.  Create sliding window from dT
= len(array) //length of the array
callarray = sum(arr[:k]) /k-elements
sumvalue = callarray
for | in range(n-k):
callarray = callarray -arr[i]+arr[i+k]
sumvalue = max(callarray, sumvalue)
5.  Optimization the sliding window
The third phase:
6. Data transformation method to tabular time series with
GANs
7. Generating Synthetic data which is the number of synthetic
observations

Ti

n
Yoy Ti

G, =*

8. Update the discriminator on GANs
Vo, 3 log (1 - D(G(z)))

9.  Use the Binary Cross-Entropy Loss function
Output: GANs2T model
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1N Algorithm 1 MIRIIDNMTVENEY (extension
method) sGuundanasiiataiatnedhoasstnuds
e wIauniunuw)f (GANs2T) &3 2T wnaneénin
DUNTUIAUUUATM (tabular time series) Fafiouldlums
UTeNIANANIBIBITUTNG (natural language processing:
NLP) mﬂswqﬁl’ﬁ’lumﬂﬁwﬂiz‘éw%mwme‘haaﬂu
izvxdwm‘mﬁmiawﬁagaﬂ?‘iﬁwﬁauﬁ’mmnm‘l,umm:"?‘iﬁ
nssieuuuiassuutayawuusaTuiisluaSoalngd
msdinmsudadn 3 seos ldun szusi 1 Avue
fudsnan 3 @audsleun data stream, time series uae
vector 328l 2 FmssieiEmaaeuntiieng (sliding
window method) Uuﬁagmmuam’%uﬁaLﬁaﬁw%u@aumaa
a0 (1) RawnsianlEEwiun v eluduaoudely
LLazﬁwmiﬂ%ﬁﬁ'ﬁﬂ’mﬁau%ﬁﬂmﬂﬁmmmwﬁuiaga
wazszezd 3: NNIETIEUNIVNALLLANY (tabular
time series) Undanasuuny Weimualassaironuy
ﬁﬁﬁu%uuuia;ila mnﬁ?uuﬂm‘ﬁa%la (data transform) @8
NILTNIRRUDILARZLD Lﬁiaa@mm@ﬁagaiﬁﬂs:ma
NAlwIa t ﬁﬁaymiﬁm@imﬁaaﬁ’ﬂﬁ f9na AN TN
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%ﬁ'}é\y'uwiﬁa%laLéuLﬁwgszuuﬁﬁagaﬂmsmﬂﬁ NN
ﬁﬂm‘sﬁwﬁagaslmimnmié‘ame:ﬁﬁnm t WAZNNY
Usuanbminlhdunasguasudazinuanioludu
HUONULezaa9 GANs LﬁaiﬁmmsnLLUﬂLLU:iTaQaVL@Tgﬂ
datlunan tlag uazmsssefaidugmdadmiunmam
FNAANTALANISIINIANNLANA IR UaENI L q@ﬁmvlﬁ
HaAwSEduunuenuozdayaTznivaas uazliuaas
na;uﬁaﬂsl,ﬁl,ﬁumn%uvl,ﬁ

3. naueladwTaya uazia3asdionlslunnis
W

3.1 ngudatdaya mu"?%‘ﬁﬁﬁwé’aamam
TayANUHNIAIZ U (benchmark) niIuleod KEEL-
dataset repository (KEEL-dataset, 2023) é'm%fuﬁaga
filiisuga $1mam 20 gadeys Hamasrulng) annd
aanaaIwitay lu 4 sUuuY uunaundscFasIw laun
1) 1.5-9, 2) 9.1-40, 3) 41-100 W@z 4) N1NN31 100 WAz
ﬁi‘immqmé‘ﬂwm:ﬁmﬂ@hdﬁu TN wInaaR
nadn s uuUlUwIIAaE uazuuUTafaaE AR
NIUIUMILEILNTDYA (data preparation) 38UTBLUR?
nsi’nﬁaLﬂuﬁagaﬁwﬁ”amﬁm%ﬁmiaﬁ”’mme‘haaa B9
mMInalRanmANE M (feature selection) @59 il
ia;&amdwﬁw%aulﬁmuﬁa LLazLﬂu"q@ﬁagaﬁmuﬁﬁs
Fwnunoauiy wazldSumsaRuinaunslwnTans
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Table2 The example dataset for 20 items

No. dataset title No. of feature Ratio
wine 9 1.5
IrisO 4 2
Vehicle3 9 3.2
Glass6 9 6.38
Glass0 8 8.44
Yeast-2_vs_4 8 9.08
Glass2 9 10.29
yeast-1-2-8-9_vs_7 8 30.57
Yeastb 8 32.73
Thyroid 7 36.94
lymphography 8 40.5
yzjquality-white-?,_ 1" 44
i\zi:(_];ality—red—S_ 1" 465
winequality-white-3-9_
ve.5 11 58.28
shuttle-2_vs_5 9 66.67
ecoli 8 71.50
poker-8_vs_6 10 85.88
kddcup-rootkit-imap_
vs_back 41 100.14
pageblocks 10 164
shuttle 9 853

91N Table 2 FadayafIag 191w 20 1UAT
lauFaaIw 1000 68819 13U yﬂia%mﬁﬁﬁuﬁ 1 18 wine
fiwuguansue = 9 QAN (feature) UazlFadIH
1.5 RANEANNIN 1:1.5 WiadwauaaaaIwlng 1500
ARE daswanaaadIuias 1000 Ang lasdayasiiy
#1-5 Lﬂuiagaﬁﬁmﬁ@mmzm’m 1.5-9, ﬁagaéﬁé’u‘ﬁ'
6-10 Lﬂuﬁagaﬁﬁmé’ﬂdmi:mw 9.1-40, Tayadey
# 11417 \Judanafiendadinszning 41-100 IRRGER

U
&

faun 18-20 iudayanisiddasiuuinnii 100
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Table 3  Setting values for parameters of GANs
Parameter Generator Discriminator
Value Value

The total neurons per 128, 256, 512, 1024 512, 256, 128

hidden layer

Optimizer Adam (15.00 steps) Adam (15.00 steps)

Loss Function BCEWith BCEWithLogitsLoss
LogitsLoss

Learning Rate Le-4 Le-4

Batch-size for training 128 128

977 Table 3 MIMAUAAININALADTVDI GANS
UsznaudismNiaasinwim 5 wmindwesuan laun
The total neurons per hidden layer, Optimizer, Loss
Function, Learning Rate LLaz Batch-size for training 184

#1 Generator W8z @1 Discriminator

3.2 1030sfla (wBiiEmsas uszMsasIEeL
ATAN) \n3asflafildda Google-Colab uazldnimn
Twnasw (Python) lun1swam Tasiiuyszansamn
NsUsTIANadER Bl NIANANIIANE (Graphics
Processing Unit: GPU) #wiun1iianisnszuadaya
@8 Apache Spark l3laus3 PySpark I 3.0.0 lag
Sonldlausi3 (library) 289 GAN_Deeplearning4J
lun1vaisuuudnaedves GANs vunszuadaya
wazvinmsdszifiunauuuinaasaelausisvas pyspark.
ml.evaluation model 31WI% 2 Iuga léun Binary
ClassificationEvaluator ez MulticlassClassification
Evaluator U8z 301/ 3e&nEnmwuuuinassndinnugnees
(accuracy) ANANULNKEN (precision) AIANNATUNIN
(recall) @1UszanSnnlasTiu (F-measure) uazenLaaY
UaILIN (average training time) Tumstingauiuuinaes

4. NTzUAIUMINAREY aniunTin 3 Usziau
loun ﬂﬁé'al,mw:ﬁia;ilaslmiﬁ'm GANs2T TadlumIaas
wazhuudafaana waz madSoufsunszuiuwnsnelu
GANSs 329114 Discriminative Waz Predictive N GANs2T

4.1 naduanzidayalnidin GANs2T 284
luwiSaas wazdadaaa dLiunislasindsnisves
GANs2T m@‘hl,ﬁumiéfaLﬂi'\:ﬁﬂmaﬂﬁiuﬁaﬂﬁa Table 4

Fast synthesis of the minority class using generative adversarial networks

for imbalanced data classification problems

Table4 Synthesising data with GANs2T for
binary-class
Initial Ratio
No. Dataset title

class ratio GANs2T
IrisO 1000:2000 2000:2000
Vehicle3 1000:3200 3200:3200
Glass6 1000:6380 6380:6380
Yeast-2_vs_4 1000:9080 9080: 9080
Glass2 1000:10290 10290:10290
yeast-1-2-8-9_vs_7 1000:30570 30570:30570
Yeast5 1000:32730 32730:32730
winequality-

1000:44000 44000:44000
white-3_vs_7
winequality-red-8_

1000:46500 46500:46500
vs_6-7
winequality-

) 1000:58280 58279:58280

white-3-9_vs_5
shuttle-2_vs_5 1000:66670 66669:66670
poker-8_vs_6 1000:85880 85878:85880

kddcup-rootkit-
imap_vs_back

1000:100140 100138:100140

270 Table 4 MIFILATEAD ayjaimi@?’m GANs2T
vasluw3eans mnvenae 13 pOMEEE wufedasin
senhemadulnafidannnin 50000 daada iial#3s
MIFIATZRARNREIN B8 GANS2T ﬂﬁjmé‘samaﬁﬁ
nIutan (overlap) vadaaFaInlng lasuaNUanlD
21n37 GANs2T :u’m‘?iq@ M lkaanaaiutasiianny
FuaneviRaUnale (MUNLANNVINARFRIWUBTININTT
Fuanzidayavasamalnidldlisanadoinialnaifios
AuFasIwIInEEInING) uazdInalilszansniwlu
MINWEHATBLU LN ABIN8Y GatumnlTiE GANs2T
Iuﬂicﬁﬁﬁmjuﬁaazhﬁagal,t,a:é'mhuu'lnﬂiw 50000
a:ﬁaaﬁmsmi@aaﬁﬁ@ﬂﬂa (outlier) uazauaanllnan
AIFILAIA s lFaFadrundaundudnd 69
Figure 7
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winequality-white-3-9_vs_5

—

shuttle-2_vs_5

—

poker-8_vs_6

—

kddcup-rootkit-imap_vs_back

o 20000 40000 60000 80000 100000

Figure 7 Synthesising data with GANs2T for binary-class
and binary-class with noise

971 Figure 7a. UgAINIFILATIZATOYA NG
GANs2T 2aslumiInana (é‘m’mﬁﬁomﬁzﬁﬁagamm
asadIwlng wazaaadIutasdanriniunialnaifsg
A1) 31NFIWIU 9 §20819 A1 GANS2T EaNITDFILATIZN
amanguiarlaiviuaaanguaiulng uas Figure 7b.
uxaINIFIATIzRTayalniidan GANs2T vasluwd
ANRLULNFYIMILNIYK WialTunddaUn@diuin 4
§hognsfi GANs2T mmsnﬁamﬁzﬁﬂmamjuﬁarJvL@T
liwhAvamangusulng (+- @1 1-2)

X Iris0 Table 5  Synthesising data with GANs2T for multi-class
o
Vehicle3
V= N Dataset tif Initial Ratio
Glass6 0. ataset title
bE: : — ] class ratio GANs2T
Yeast-2_vs_4
) ] wine 1000:1500 1500: 1500
Glass2
) Glass0 1000:8440 8440: 8440
yeast-1-2-8-9_vs_7
of Thyroid 1000:36940 36940: 36940
Yeast5
_ ] lymphography 1000:40500 40500: 40500
winequality-white-3_vs_7
8 | ecoli 1000:71500 71500: 71500
winequality-red-8_vs_6-7
6(:, T 00001 00 006 pageblocks 1000:164000 164000: 164000
a shuttle 1000:853000 853000: 853000

91N Table 5 MIFIAMzWToYAWIdIH GANs2T
2o9TafAAE INNINUA 7 VREE wuiLdans
faanedaiedt GANs2T wasdayauuuiiadana azld
waﬁlumsﬁaLm‘ﬂ:ﬁﬂmamjuﬁfamiaé’@muiagaﬁﬁ
UANENTZRINARIFEIN ot (3x1HI1967 1500 - 853000)
LLa:Lfiaﬁa;&aﬁﬂmaémlmgﬁmmﬂn’h 800000 G189
ANIFILATITRANRFIULDUARINITOAIUWIURITAFIN
ldauUn@d 9 Figure 8

wine Glass0

Thyroid lymphography

ecoli pageblocks

0 200000 400000 600000 800000
shuttle

—

0 200000 400000 600000 800000

Figure 8 The results of synthetic data with
GANSs2T for multi-class

4.2 maufSsufisunszuiunisnnele GANs
32%319 Discriminative Waz Predictive NU GANs2T w”\i'a
TadsAnEawnmsuenue: waznIinwedayaszning
GANs Waz GANs2T nqmanse (feature) WAZAAE
HadWTITATaYA %atﬂuﬁagaﬁy’umué’amm (numeric)
wazTayniFIdudU (ordinal data) 33l78ana3iu XGBoost
%38 eXtreme Gradient Boosting lun133ta Tz Eavinune
(predictive analytics) ﬁagasl,mi @4 Table 6
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Table 6 The performance evaluation of discriminative
and predictive measures using GANs and
GANs2T models
Accuracy
Metric Method Training Training Training
step 0 step 5000 step 10000
GANs 52.73% 59.32% 56.78%
Discriminative
GANs2T 51.50% 55.52% 59.24%
GANs 55.70% 56.96% 58.36%
Predictive
GANs2T 54.02% 56.98% 59.44%

210 Table 6 NMTIAUTEENTNINNITUL ALY LR
mstwsteyalaslfuuuiines GANs uaz GANs2T
Iﬂﬂﬁ'@@hmmgﬂﬁad ﬁnﬂmiﬂnaauﬁaga%umuﬂu 34
aaulawn 0, 5000 waz 10000 wazlidanas#iu XGBoost
fmSumshunedoyall wuluiuaas Discriminative
35M7 GANs HA1ANNONABIEIFA = 59.32% FWIL
ntingeudaya 5000 sau wazluduaon Predictive
ABM3 GANs2T A1ANUNaadgIaa = 59.44% dni
nstinseutiaya 10000 sau AUlAI13TN1T GANS2T
a:ﬁwmvleﬁ”aﬂwoﬁﬂs:%w%mwuuﬁayjaﬁﬁmiﬂnaau
W (nafarinmsilingawiwin 10000 sau)

5. M3Uszludss@nsawmninau lasns
WisufisudseEniawavisnsgudladianuuan
d1m7 595 lduA SMOTE, ADASYN, BorderlineSMOTE,
GANs Laz GANs2T UuToyauuuaaIuils a9 Table 6

Table7 Comparing the performance of random
over-sampling with 5 methods
Overall Average Training
Methods
Accuracy (%) Time (s)
SMOTE+XGBoost 82.42 54.80
ADASYN+XGBoost 80.42 57.45
BorderlineSMOTE 83.96 5611
+XGBoost ' :
GANs+XGBoost 84.79 75.72
GANs2T+XGBoost 84.93 60.20

210 Table 7 M3tUIsunaulss@nsawnunms
guABLILLLNINGIE 5 35 Wud1 GANs2T dein overall

for imbalanced data classification problems

accuracy §9§@ U6 average training time lfaandaudn
PWIBNINADMT SMOTE w@5InI130n15289 GANs @4
Figure 9
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Figure 9 The comparison results with 5 methods on overall
accuracy and average training time

AN Figure 9 usasdayamaIsuiiey 5 3%
M3 AUNWTINANNYNEBY wazAaaYTzozA U
ﬂnaauﬁagamaa‘ﬁayaﬁvﬁiauqa wudnAIAuNe s
28979017 GANs2T ﬁmmwgﬂﬁaugﬁq@ = 84.93 Uaz
39113 ADASYN ﬁ@hmmgﬂﬁaw‘i‘wﬁqﬂ = 80.42 §11A3U
ﬂ"lL«:L?a'mw:nmiumsﬂnaawﬁaga 2%n17 SMOTE
1°ﬁmn§a°?iq@ = 54.80 WLAZI5N13 GANs sl,‘*ﬁnmiﬁ"?‘iq@ =
75.72 lasvasadanfia GANs2T = 60.20

ntwihmItssfindssdnsnneae confusion
matrix AUAaNaINu GANs2T+XGBoost AFanugndas
(accuracy) = 84.93 @NANNLAIWEN (precision) = 90.48
ANANNAILNI (recall) = 88.13 uazaUszANTAIN
1a8373 (F1-score) = 89.53

a;ﬂnam‘sﬁnﬁumu wazandsigua

avUuansaLitnen

HANNIANBINIIFIIUDUIIN0INIIFILATEA
amadwtasadnailasldiniainodoasednungs
r‘hLﬁ@é’(m%‘uﬂ@mmiﬁﬂLLuﬂﬁizmmTagaﬁ"L&iamqa
agﬂvlﬁéﬁ'\‘lf:

1.1 WANNIFIWUUUII8INIIFILATEAARE
dutazadrnaiilasldiaiatnaihoassiiudiie
z%m%fui’]tymmi?ﬁ’]LLuﬂﬂ‘ianﬂﬂaaaﬁleiam;a 810130
wiladgymdayaliaugaannisdianzidayalnaidan
GANs2T la TasluwFasia wudiaunsndaazi
Tayalndasiaudasiuvesanasulng iudeyazed
amasulngiiidniasndt 50000 Mot uazladaa
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wudwzvlﬁmaﬁlumsﬁamm:ﬁamanﬁuﬁfaﬂﬁuﬁﬂdm
v dld ' 1 1 v o
Tayafifiuandraszniamasiudes ($ruau 1500 -
853000 518M1%)

1.2 NaMTU Iz BUTERNTAINDDILLUIRD
MIFslazRaassIutasadsTa lasldaedne
Arpasstugiifiadnivdyninissiuundseinn
ﬁaga“?‘ivlajau@a %aﬁmmwgﬂéfaa (accuracy) V84
nN1IRIWE (predictive) T2WiN99ana3fiu GANs WAz
GANSs2T 611 58.36% Waz 59.44% %{1 8anasfy GANs2T
ﬁﬂiz%ﬂ%mwgoﬂiﬂé‘ma%ﬁu GANs uaziiiasi GANs2T
W MU INAUEaNa3AN XGBoost afifanugndad
84.93% WazeLAnaMENFERLLLINE09 60.20 F317]

andseua

NANITANEINITRI1ILLUSIR8INITRY Lﬂi']t'VT
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ﬁagm‘hmumn %38 streaming data nniulad KEEL-
dataset repository ﬁm%’u‘ﬁagaﬁiajau@a 3119% 20 79
ﬁaua faaasanlng (majority class) ¥NNINARTE
muuaﬂ (minority class) mwmuﬂmaﬂwmw (feature)
Auananaiin uaz wmmuﬂmawaawwaLLuuvLummma
wazdadnara tgarunisdszuranadeaya (data
processing) %aiﬁﬁwuﬁ%mwma (extension method)
lwaitoin GANs2T Lﬂu'i%miﬁﬁﬂ‘ﬁagmmumsw (tabular
data) angadayaiatiig Lﬁalﬁmmjﬁw (generator)
imIainsteya wazusnues (discriminator) inImn
Joysamadiuias landufiunisaisdoyalnidanns
\&3udayn (data augmentation) U%aANEI7IA GANSs Faas
AMaNUADNNIVaS Brophy et al. (2023) Wae Li et al. (2022)
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Abstract

In this research, we introduce three novel sequences of yn, OLn and Bn. These sequences are related to each other
through the recurrence relation, and we have observed that their relationship can be expressed using k-Fibonacci
sequences. To prove this relationship, we used mathematical induction. We have shown the validity of our theorem,

and the results are presented in this study.

Keywords: k-Fibonacci sequences, recurrence relation, mathematical induction
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Introduction
For any integer number k > I, the n th k-Fibonacci

sequence, denoted as {F, }” _,, is defined by (Falcon &

n=0"

Plaza, 2007) as a recursive sequence as follows:

F,_  =kF, +F

kn+1 k. kn-1

where Fk,() =0and Fk,] = 1. The first 8 members

of k-Fibonacci sequences are shown below:
0,1,k Kk +1,..,
3k, k5 + 5k + 6k* + 1.

I+ 2k K+ 3+ 1,1 + 46 +

(Atanassov, 2018) studied two new combined
3-Fibonacci sequences. Let a, b, ¢, d be arbitrary real
numbers and {F }* _,

sequence. The first set of sequences has the form for

be the standard Fibonacci

n=0,
an+2 = yn+l + ﬁn+1’
ﬁn+2 = yn+1 + an+1’
yn+2 = yn+l + yn'

where o, = a, B,= b, y,= ¢, v,= d. From these
sequences and for each natural number n > I the result
are the following,

a, ., =b+F, a+(F,-1)d,

a, =a+F,c+(F, -l)d,

B, ,=a+F, c+(F,+1)d,

B, =b+F,c+(F, -l)d,

n+l”

n+l”

yn+2 = Fn+1C + Fn+2d'

The second set of sequences has the form for

ﬂn+1 = an+l + yn’
yn+1 = an+1 + ﬁn'
where o, = a, B,= b, y,= ¢, a,= d. From these
sequences and for each natural number n > [ the result
are the following,

a =F c+Fd,

ﬁZn/

B, =(F,. -l)a+c+(F

n+2”

(F,-1)a+b+ (F

2+l

1)d,
1)d,

Some novel sequences related to k-Fibonacci sequences

=(F,-la+c+(F

2+l

yZn 1 ) d’

Vo = (F,, . ~Da+b+(F, -l)d.

n+2”

In the same year, he studied two additional
new combined 3-Fibonacci sequences part 2. Let a, b, ¢
be arbitrary real numbers and {F }” _, be the standard
Fibonacci sequence. The first set of sequences has the

form for n> 0,

a+1=ﬁn+‘yn’
ﬁn+1_a+y’

22 l+ﬂl
7n+l: = 2 = +yn’

where o, = 2a, BO: 2b, y,= c. From these
sequences and for each natural number n > I the result

are the following.

+(-1)")a + (F

2n-1

(-1))b + F, ¢,

(an

ﬂn =(F, ~(-1))a+(F, +(-1))b +F,c,

2n-1

y,=F,a+F,b+F, c.

2n+1

The second set of sequences has the form for

n=0,
Bty
j— n n
a,,=a, + 2 >
ﬂn+1 = an+] + yn’
yn+1 = an+] + ﬁn'

where a,= a,p,= 2b, y,= 2c. From these
sequences and for each natural number n > I the result

are the following.
a =F, a+F,b+F,c,

B, =F,a+(F,  +(-1))b+(F

2n+1

- (-1p)e,
+(-1)")c.

2n+1

v, =F,a+(F

2n+1

-(-1)")b + (F

2n+1

(Nubpetchploy & Pakapongpun, 2021) generated
three combined sequences related to Jacobsthal
sequences. Let a, b, ¢, d be arbitrary real numbers and
J. be the Jacobethal sequences. The first set of sequences

has the form for n > 0,

yn+2 = yn+l + 2Vn’
an+1 = n+] + 2ﬁ
ﬁn+1 = yn+1 + Zan'
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where a,=a,3,=b,y,=c,y,=d.From these
sequences and for each natural number n > I the result

are the following.
v,=2J c+Jd,
a, =20 +(J +(-1))c+jd+(-2)(a-b),
B,=2B,,+( +(-1)")c+jd-(-2)(a-b).

The second set of sequences has the form for

yn+2 = yn+1 + 27/”:
an+1 = Vﬂ + 2ﬂn’
ﬂ)HI = yn + Zan'

where o, =a,f3,=b,y,=c,y, =d.From these
sequences and for each natural number n > I the result

are the following.
y,=2J c+Jd,
a,=2a  +(J  +(-1)")c+]j d+(-2)(a-b),
B,=2B,,+( ,+(-1)")c+j d-(-2)(a-b).

The third set of sequences has the form for

n=0,
a +1 +ﬂ +1
= n n + 2 s
Vrﬁ-] 2 y'l
an+l = yn + Zﬂn’
ﬂn-ﬂ = yn + Zan'

where a, = 2a, 3, = 2b, y, = c. From these
sequences and for each natural number n > I the result

are the following.

Vn-l = (J271-[-])(a+b) + JZ ¢

n-1""
a, = (S
+J )b+J, c,

wor - P HD(a+b) + (1) a+(-1)*(2],

B.= (P -P+1)a+h)+(-1)J b+ (-1)(2]

+J )a+J, c.

J Sci Technol MSU

(Atanassov, 2022) introduce on two new
combined 3-Fibonacci sequences. Let a, b, ¢, d, e be
arbitrary real numbers and {F }” _ be the standard
Fibonacci sequence. The first set of sequences has the

form forn> 1,

an+[ = an + an-l’

ﬁn+1:ﬂn+ﬁn-l’
a +
’yn+1 =— 2ﬂn + Vn‘

where a, = 2a, 8,=2b,y,=c,a,=2d, 3, = 2e.
From these sequences and for each natural number
n = [ the result are the following.

a,=2F a+?2Fd,

B,=2F b+2Fe,

v, =Fa+Fb+c+(F_ -1)d+(F -Ie.

The second set of sequences has the form for

a =a +a ,
n+l n n-1

Bry=B,+B.»

[
n+l n+l
—ntl At o4+ 'yn.

VVHI = 2

where a,=a,,=b,y,=c, a,=2d, 3, = 2e.
From these sequences and for each natural number

n = [ the result are the following.
a =2F a+2Fd,
B,=2F b+ 2Fe,
v, =Fa+Fb+c+(F_ -1)d+(F _ -le.

(Pakapongpun & Kongson, 2022) introduced
three combined sequences related to k-Fibonacci
sequences. Let a, b, ¢, d be arbitrary real numbers and
{Fk,n}wnzo be the k-Fibonacci sequence. The first set of

sequences has the form for n > 0,
’yn+2 = kyn+1 + Vn’
an+[ = kyn + ﬂn’
ﬁn+l = k'}/" + an'
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where a,=a, 3, = c,y, =d.From these

b,y,=
sequences the result are the following theorem 1.1.

Theorem 1.1. For any positive integer k and n,

(a) y,=F,d+F, ¢

k-1

(b) aZn (FkZIl + F ])d + (FanJ kZVL 2+ (F ])
c+a,

(C) ﬁZn (Fk2n + Fk2n 1 I)d + ( k,2n- 1 an 2+ (F ])
c+b,

(d) Ay, =y + Ey - 1)d + (F wona t ot (F,
1)c + b,

(e) ﬂZn—I:(Fk,ZnI k2n2 ])d"'(sz 2+Fun3 (Fk,z'
1)c + a.

The second set of sequences has the form for
yn+2 = kyn+l + yn’
an+] = k‘ym—] + ﬁn’
ﬁn+]

= ky)H] + arl'

where a,=a,f,=b,y,=c,y, = d.From these

sequences the result are the following theorem 1.2.
Theorem 1.2. For any positive integer k and n,

(a) v,=F d+F, c

(b) a,, = (F,,.,

(c) By =(Fpy +

(d) a,,, = (F,, +

b

(e) ﬁzm (Fan + szu -1)d + (Fk,2n—2+ F + (Fk,z'])

k.2n-3

+ F“n-])d + (Fm + kaz

Fan_])d + (Fk2n+ F“n_]-])c +b,

n_I-I)C +a,

,-Dd + (F F, e+

k21

N

c+a.

The third set of sequences has the form for n >

0,
a,+p,
yn+1 = kyn + 2
an+1 = kyn + ﬁn’
B, =ky +a.

Some novel sequences related to k-Fibonacci sequences

where a, = 2a, , = 2b, v, = c. From these

sequences, the result are the following theorem 1.3.
Theorem 1.3. For any positive integer k and n,

(a) Vo =V, (F,+ F )=y, (F,+ F ),

(b) a2n=y](FkY2+Fk71)2""+a-b,

(c) =7, (F,+F_ )7 +b-a.

In this paper, we introduce a new three set of
combined sequences which are more general context

related to k-Fibonacci sequences.

Main Results

We applied those three sets of sequences from
(Pakapongpun & Kongson, 2022) work as follows. Let a,
b, ¢, d and s be arbitrary real numbers with s # 0. The first

set of sequences has the form for n > 0,
yn+2 = kynu + yn’
an+] = kS')/,H_] + ﬁn’

ﬁ)ﬁl = ksynJrl

where a,=a,,=b,y,=cand y, =d.

From these sequences, we generate the first
few members of the sequences {y }” _,. {« }” _, and
B0
2 and Table 3 respectively.

with respect to n represented in Table 1, Table

Table 1 This table shows first 8 members of {y }* _,
from the first set of sequences.
n )
0 ¢
1 d
2 kd+c
3 Kd+ke+d
4 KBd+kc+c+2kd+c
5 Kd+Kc+3Kd+ 2ke+d
6 KkKd+kc+kd+ 3kc + 3kd + ¢
7 Kd+ Kc + 5k*d + 4kc + 6k*d + 3ke + d
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This table shows first 8 members of {« }” _,

from the first set of sequences.

{an} wn=0

a

ksc + b

ks(c+d) + a

k’sd + ks(2c+d) + b

Ksd + kK*s(c+d) + ks(2¢+2d) + a

[V B N S S e R =

kK'sd + Ks(c+d) + k*s(c+3d) + ks(3c+2d) + b

sd + K's(c+d) + EPs(c+4d) + Ks(3c+3d) +
ks(3c+3d) + a

kosd + Ks(c+d) + K's(c+5d) + Ks(4c+4d) +
k’s(3c+6d) + ks(4c+3d) + b

Table 3

This table shows first 8 members of {8 }* _,

from the first set of sequences.

{ﬁ n} °°”=0

b

ksc +a

ks(c+d) + b

ksd + ks(2c+d) + a

Ksd + K*s(c+d) + ks(2c+2d) + b

Nk | W|IND | =[O S

kKsd + Is(c+d) + k*s(c+3d) + ks(3c+2d) + a

ksd + k's(c+d) + K’s(c+4d) + kK’s(3c+3d) +
ks(3c+3d) + b

kesd + k’s(c+d) + k*s(c+5d) + Ks(4c+4d) +
k*s(3c+6d) + ks(4c+3d) + a

(a)
(b)

(c)

(d)

(e)

Theorem 2.1. For any positive integer k and n,

Vn:Fk,nd+Fk c

n-1""

aan(Fk,2n+Fk)2nrl-l)sd+(F +F

k,2n-1 k,2n-2

+Fk,2n-])
sc + a,

B,, = (Foyt Fp - Dsd + (F,  + F, ,+ F

k,2n-1 k,2n-2 k2
-1)sc + b,

aZn—] = (F

k,2n-1

-l)sc + b, forn=2,

+Fk,2n72-1)sd+(F +F,, +F

k,2n-2 k,2n-3 k2

B, =(F,,, +FkY2n_2—])sd+ (F, +F _ +F

k,2n-2 k,2n-3 k2
-l)sc +a, forn=2.

J Sci Technol MSU

Proof. we will prove (a) by mathematical

induction.

Let P(n)be a statementy =F, d+F,_ cfor n
> ], we will show that P(1) is true.

Since F, d + F, c = (1)d + (0)c =d =y, then
P(1)is true. Let m> I, assume that P(1), P(2),...,P(m-1),

P(m) are true that is,y, = Fk,id + Fkyl._,c, where I <i<m.
We will show that P(m+1) is true.

consider,

ym+1 = k‘ym + ym-l
= k(Fk,md +F, )+ Fk,m-ld +F ¢

k,m-2

=KkF

km

+ Fk,m-l)d + (ka,m-l + F

k,m-Z) ¢

Vs = Fipid+F,C

km+1 k,m

Then P(m+1) is true.

By mathematical induction, the statement P(n)

is true foralln> 1.
Next, we will prove (b) by mathematical induction.
Let P(n) be a statement,

a, =(F , +F

n-2n k.2n-1

-1)sd
+ (F

k,2n-1

We will show that P(1)is true.

+ Fk,Zn-Z + Fkyz‘])SC + a,fOV n=1.

Now consider,

(Fk,2(n) + Fk,Z(])—I -1)sd
+ (FM,)_, + Fkvz(,)_2 + Fk,z'I)SC +a

= (Fk,z + Fk,] -1)sd + (Fk,z + Fk,O + Fm-l)sc +a
= (k+1-1)sd + (1+0+k-1)sc + a
= ksd + ksc +a
=ks(c+d) +a = Ay
Then P(1) is true.
Let m > I, assume that P(m) is true that is,
a,, =(F,, +F,  -1)sd

+ (F

komt T Fk,Zm-z + Fk’z-l)sc +a.
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We will show that P(m+1) is true.

Consider,

Uiy = kY, + B,
=ks(F,,,, d+Fc)+ksy, +a,
=ks(F,,,, d+F,,c)+ks(F, d+F,, c)
+ (Fk,Zm + Fk,sz_])Sd + (Fk,Zm—l + Fk,szz +
F k,z'] )sc +a

= [(ka,2m+l + F

k,2m

sd-sd] + [(kF,, + F

)sd + (KF,, +F,, )

k,2m-1

)sc + (kF o

k,2m k,2m-1 1
+ Fum’z)sc + Fkyzsc—sc] +a
=(F 0t Fk,2m+l-])Sd F(F s ¥ Fis
+F,-1)sc+a
Qery = (Fk,Z(m+1) + Fk,Z(m+1)-l -1)sd
F(F s T Foopmena t F,-1)sc +a.

Then P(m+1) is true.

By mathematical induction the statement P(n) is

true for all n > 1.
The proof of (c) is similar to (b).

To prove equation (d) for n> 2, using (a) and (c)

we have,

a,, = ksy,, , + ﬁz»z

=ks(F,, d+F,, c)+(F, ,+F, ;-1)sd

k2n-2 k.2n-3

+ (F + F

k.2n-3 k.2n-4
= [(ka,Zn—Z + Fk,Zn—j‘)Sd + (F
[(ka,Zn-\? + Fk,Zn-4)SC + (Fk

+b

+F,-I)sc+b
sd-sd] +

sc + F, sc-sc]

k,2n-2

,2n-3'

=(F,, +F

k,2n-1 k,2n-2

+F,-1)sc+0b,

-1)sd + (F + F

k,2n-2 k,2n-3

then
a, =(F +F -1)sd

k,2n-1 k,2n-2

+ (F + F

k.2n-2 k.2n-3

+F ,-1)sc +b.

is true.

By (a), (b), and the proof is similar to (d), then

we have (e).
The proof is complete.

Next, we present the second sequences.

Some novel sequences related to k-Fibonacci sequences

The second set of sequences has the form for

yn+2 = kVVHI + yn’
an+l = kyn+l + ﬂn’

ﬁn+1 = kyrﬁ-] + an'

where a,=a,,=b,y,=cand y, =d.

From these sequences, we generate the first
7 members of the sequences {a }* _, and {8 }*
with respect to n represented in Table 4, and Table 5

respectively.

Table 4  This table shows first 7 members of {a }*

n=0
from the second set of sequences.

n {e),,

0 a

1 ksd+a

2 k’sd + ks(c+d) + a

3 Ksd + Ks(c+d) + ks(c+2d) + b

4 K'sd + Es(c+d) + Ks(c+3d) + ks(2¢+2d) + a

5 Ksd + k's(c+d) + K’s(c+4d) + K’s(3c+3d) +
ks(2c+3d) + b

6 Kesd + K’s(c+d) + k*'s(c+5d) + K’s(4c+4d) +
k*s(3c+6d) + ks(3c+3d) + a

Table 5  This table shows first 7 members of {8 }* _,
from the second set of sequences.

n Br.

0 b

1 ksd+a

2 Ksd+ ks(c+d) + b

3 Ksd + Ks(c+d) + ks(c+2d) + a

4 K'sd + Ks(c+d) + Ks(c+3d) + ks(3c+2d) + b

5 Ksd + K's(c+d) + KEs(c+4d) + K’s(3c+3d) +
ks(2c+3d) + a

6 Kesd + K’s(c+d) + k*s(c+5d) + K’s(4c+4d) +

k2s(3c+6d) + ks(3c+3d) + b

127
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(a)
(b)

(c)

(d)

(e)

Theorem 2.2. For any positive integer k and n,

ynsz)nd+F c

kn-17"

a,, = (Fk,2n+l + Fk,Zn -1)sd + (Fk,Zn + Fk,Zn-/'])SC +
a,
ﬂZn = (Fk,2n+1 +F,, -1)sd + (F o+ Fy, -1)sc +
b,

Cpr = (Fk,Zn + Fk,2n-1 -1)sd + (Fk,Zn-l + Fk,2n-2 -I)sc
+ b,

ﬁzm = (Fk,Zn +F -1)sd + (F +F -1)sc

k.2n-1
+ a.

Proof. The proofs are similar to theorem 2.1.
Finally, the last sequences in our work.

The third set of sequences has the form for

a +p
=ky +-—2+—*
Vn+l Vn 25
an+1 = kS'}/n + ﬂn’
B, =ksy +a

where a,, = 2as, 8, = 2sb and y, = c.

The first 7 members of the sequences {y, }”

n=0’

{a,}”,_,and {B } _, are show in Table 6, Table 7, and

Table 8 respectively.

Table 6  This table shows first 7 members of {y }* _,
from the third set of sequences.

no v},

0 ¢

1 kc+a+b

2  Kc+k(a+b+c)+a+b

3 Kc+ K(a+b+2¢) + k(2a+2b+c) + a + b

4 kKc+ K(a+b+3c) + K*(3a+3b+3c) +
k(3c+3b+c) +a+ b

5 Kc + K(a+b+4c) + kK (4c+4b+6¢) +
kK*(6a+6b+4c) + k(4a+4b+c) + a + b
k¢ + K(a+b+5¢) + k*(5a+5b+10c) +

6  k(10a+10b+10c) + kK*(10a+10b+5¢) +

k(5a+5b+c) +a+b

Table 7

J Sci Technol MSU

This table shows first 7 members of {« }” _,

from the third set of sequences.

{an} °°"=0

2as

ksc + 2bs

k*sc + ks(a+b+c) + 2as

Wi~ |lols

Ksc + K’s(a+b+2c) + ks(2a+2b+c) + 2bs

kK'sc+ Ks(a+b+3c) + k*s(3a+3b+3c) +
ks(3a+3b+c) + 2as

K’sc + K's(a+b+4c) + KPs(4c+4b+6¢) +
k’s(6a+6b+4c) + ks(4a+4b+c) + 2bs

kesc + K’s(a+b+5¢) + k*s(5a+5b+10c) +
IEs(10a+10b+10c) + k2s(10a+10b+5¢) +
ks(5a+5b+c) + 2as

Table 8

This table shows first 7 members of {[3’”}”":0

from the third set of sequences.

B\

2bs

ksc + 2as

k*sc + ks(a+b+c) + 2bs

W[ = O S

Ksc + K’s(a+b+2c) + ks(2a+2b+c) + 2as

kK'sc+ Ks(a+b+3c) + k*s(3a+3b+3c) +
ks(3a+3b+c) + 2bs

K’sc + K's(a+b+4c) + KPs(4c+4b+6¢) +
k’s(6a+6b+4c) + ks(4a+4b+c) + 2as

kKesc + K’s(a+b+5¢) + kKs(5a+5b+10c) +
Ks(10a+10b+10c) + k*s(10a+10b+5¢) +
ks(5a+5b+c) + 2bs

(a)
(b)
(c)
(d)
(e)

Theorem 2.3. For any positive integer k and n,
Vs = VE+E ) =7 (F+F, ),

a, =ysF +F )" +as-bs,

B, = v S(E,+F, )" + bs - as,

@, =7 S(F+F )" + bs - as,

ﬂZn—] = y1s(Fky2+Fky1)2n-2 +as - bs.
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Proof. To prove (a) we will show that y = Consider,

; - +
v (F,+F, )since,y,  =ky + %, + B, and we know that, a —a
2S 2(m+1) 2m+2

a,+p, _ (ksy,,+ B, )+ ksy,  +a, ) =ksy,,., + ﬁ2m+l

2S 2S = ksy2m+] + ﬁ2m+a2m
=ky,, +%= = ksy1(Fk,2+Fk,1)2m + kSV1(Fk,2+Fk,1)Zm_I
s -
) o B + 7, S(F+F )" +as - bs
so, we have y,  =ky +ky  + Ty — ksy (et ] .
= ksy (k+1)" + ksy (k+1)

arzfl + lefl

Since y, =ky , + 2
S

we get that,
yn+[ = kyn + yn
=7, (k+1)

Vorr =7V (Fk,2+Fk,J)'

Next, we will show thaty =7y, (F, ,+F )"

Since y, =y, , (F,+F,,)

we have that,

vV, =V, (F,+ F“).

Yy =V, (F,+F )=v,(F,+ Fk,1)2~
v, =vs(F,+F )=y, (F,+F ).

Vier =V (F, + F )

thusy =y, (F,+F )=y, (F,+F_).

We will prove (b) by mathematical induction.

Let P(n) be the statement

a, =ysS(F+F )" +as-bsforn= 1.
We will show that P(1) is true.

consider,

Y S(E+F 7+ as - bs

= s(tkc+a+b)(k+1) + as -bs

= k’sc + ksa + ksb + ksc + as - bs + as + bs
= k’sc + ks(a+b+c) + 2as + Oy )
Then P(1) is true.

Let n> I, assume that P(m) is true.
Thatis, a, =y s(F +F, )"+ as - bs.

We will show that P(m+1) is true.

+y, s(k+1)"" + as - bs

= ksy (kt 1)(k+ 1) + ksy (k+1 )2
+y,S(k+1)""" + as - bs

=y S(k+1)""" + [k(k+1)+k+1] + as - bs
=y, s(k+1)"*" + as - bs

=y S(F +F_)™"" +as - bs

then P(m+1) is true.

By mathematical induction the statement P(n) is

true foralln= 1.
The proof of (c) is similar to (b).

From (a) and (c) we have (d), and similarly from

(a) and (b) we also have (e).

Conclusion and Discussion
A new three combined sequences related to
k-Fibonacci sequences from new types were introduced

and explicit formulas for their members are given.
From our sequences,
the first set of sequences,
Viir =KV TV,
a,, =ksy, +p,
B,. =ksy +a,

the second set of sequences,
yn+2 = kVn+I + yn
an+] = ksyn+l + ﬁn

ﬂrﬁ] = kS]/’H] + an
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the third set of sequences,

a, +p
=ky +2
VrH—I ’yn 2S

an+l = ksyn + ﬂn’
B, =ksy +a.

If s = I, then the results correspond to the 3
set of sequences and the theorem 1.1, 1.2, and 1.3 in
(Pakapongpun & Kongson, 2022). Other new schemes,
modifying the standard form of k-Fibonacci sequences
and new combined sequences will be discussed in the

future.
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Abstract

This research aimed to study factors related to the work need of the elderly and to create a model to predict the work
need of the elderly in Songkhla and Khon Kaen provinces. The sample data included the elderly aged 55 years and
over in Songkhla Province (558 people) and in Khon Kaen Province (718 people) totaling 1,276 people, obtained from
the 2017 Survey of the Elderly in Thailand by the National Statistical Office. Analytical statistics included Chi-squared

test and Logistic regression analysis.

The results showed that 549 (43.0%) of 1,276 elderly people had work needs. The work needs of the elderly
in Songkhla (43.2%) and Khon Kaen (42.9%) were not different (P-value=0.916). Elderly people of different ages had
different work needs (P<0.05; P-value=0.000). Pre-retirement elderly had greater work need (67.2%) than
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post-retirement elderly (33.6%). Factors that were statistically significantly correlated with work need of the elderly

were sex, age, education level, marital status, number of household members, home ownership, history of government

service or state enterprise, income, adequacy of income, literacy, time required to continue working, household status,

physical health status and employment status in the past 12 months. The model for predicting the work need of the

elderly, was able to predict with 86.4 percent accuracy, with only one predicting factor that was employment status

in the past 12 months.

Keywords: Elderly, work need, logistic regression analysis
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Numbers (percentages) of the elderly classified according to the sociodemographic variables of the elderly

and the P-values of Chi-squared test and the Fisher's P-value of Fisher’'s exact test.

Sociodemographic Work need Total||Sociodemographic Work need Total
variables Yes No variables Yes NO
1.Gender P-value = 0.000* 11.History of government |P-value = 0.000*
Male 306(53.0) 271(47.0)| 577(45.2)|| service/state enterprise
Female 243(34.8) 456(65.2) 699(54.8)|| Used to 28(75.7) 9(24.3) 37(2.9)
2.Age P-value = 0.000* Never 521(42.1)  718(57.9)| 1,239(97.1)
55-59 years 240(67.2) 117(32.8)| 357(28.0)||12.Saving/Other assets P-value = 0.583
60 years or more 309(33.6) 610(66.4)| 919(72.0)|| Have 480(43.3) 628(56.7)| 1,108(86.8)
3.Education level P-value = 0.000* Do not have 69(41.1) 99(58.9) 168(13.2)
None 11(19.6) 45(80.4) 56(4.4)(|113. Annual income P-value = 0.000*
Primary school or less ~ |426(42.6) 573(57.4)[ 999(78.3)|| Below 10,000 baht 3(7.3) 38(92.7) 41(3.2)
Primary school or higher [112(50.7) 109(49.3)| 221(17.3)|| 10,000 - 29,999 baht 41(18.6)  179(81.4)| 220(17.2)
4.Marital status P-value = 0.000* 30,000 - 49,999 baht 100(36.9) 171(63.1) 271(21.2)
Single 16(39.0) 25(61.0)|  41(3.2)|| From 50,000 baht or more |405(54.4) 339(45.6)|  744(58.4)
Married 445(50.2) 442(49.8)| 887(69.5)||14. Income sufficiency P-value = 0.000*
Widowed/others 88(25.3)  260(74.7)| 348(27.3)|| Left over 81(58.3) 58(41.7)|  139(10.9)
5.Residential area P-value = 0.489 Enough 217(38.3) 349(61.7) 566(44.4)
In the municipality 225(41.9) 312(58.1)| 537(42.1)|| Not/sometimes enough 251(44.0) 320(56.0) 571(44.7)
Outside the municipality |324(43.8)  415(56.2)| 739(57.9)||15. Literacy P-value = 0.000*
6.Province P-value = 0.916 Can 540(45.3) 653(54.7)| 1,193(93.5)
Songkhla 241(43.2) 317(56.8)] 558(43.7)|| Cannot 9(10.8) 74(89.2) 83(6.5)
Khon Kaen 308(42.9) 410(57.1)| 718(56.3)||16.Time required P-value = 0.000*
7.Number of children P-value = 0.149 to continue working
Childless 241(42.3) 329(57.7)| 570(46.8)|| 1-9 years 140(76.5) 43(23.5) 183(14.3)
1-2 children 276(43.5) 358(56.5)| 634(52.1)|| 10 years or more 159(77.6)  46(22.4)|  205(16.1)
3-4 children 9(69.2) 4(30.8) 13(1.1)|| Not sure continue working |250(28.2) 638(71.8) 888(69.6)
Not specified 23(-) 36(-) 59( - )||17.Household status P-value = 0.040*
8.Household size P-value = 0.007* Head of household (HH) |347(44.2) 438(55.8) 785(61.5)
1 person 41(31.5) 89(68.5)| 130(10.2)|| Husband/wife of HH 168(43.9) 215(56.1) 383(30.0)
2 - 3 persons 316(44.5) 394(55.5)| 710(55.6)|| Father/mother/others of HH|34(31.5) 74(68.5) 108(8.5)
4 - 5 persons 129(41.0)  186(59.0)| 315(24.7)||18.Physical health status |P-value = 0.000*
6 or more persons 63(52.1) 58(47.9) 121(9.5)|| Good 332(53.1) 293(46.9) 625(49.0)
9.Home ownership P-value = 0.002* Moderate 205(39.0) 321(61.0) 526(41.2)
Elderly/Spouse 484(43.9)  619(56.1)|1,103(86.4)|| Not good 12(9.6) 113(90.4) 125(9.8)
Parents 19(63.3) 11(36.7)| 30(2.4)(|19.Employed status P-value = 0.000*
Child/son-in-law 46(32.2) 97(67.8)[ 143(11.2)|| in the past 12 months
/dauthter-in-law/others Work 513(78.9) 137(21.1) 650(50.9)
10.Debt Fisher P-value = 1 Do not work 36(5.8) 590(94.2)|  626(49.1)
In debt 1(50.0) 1(50.0)| 2(0.2)|| Total of each item 549(43.0) 727(57.0)| 1,276(100)
No debt 548(43.0)  726(57.0)|1,274(99.8)||* Statistically significant at the 0.05 level
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Table 2  Parameter estimate, standard error, test statistic and odds ratio (Exp(/3) for variables in the predictive model
for the work need of the elderly in Songkhla and Khon Kaen Provinces.
Step Variables n(%) p S.E. Wald df  P-Value Exp(3)
1 Employed status in the past 12 months
Work 650(50.9) 4117 0.197 437.714 1 0.000* 61.369
Do not work 626(49.1) reference
Constant -2.797 0.172 265.364 1 0.000* 0.061
Hosmer P-value = 1 Cox&Snell R = 0.465 , Nagelkerke R*= 0.625
2 Age
pre-retirement elderly 357(28.0) 0.414 0.185 4.988 1 0.026* 1.513
post-retirement elderly 919(72.0) reference
Income sufficiency
Left over 139(10.9) 0.587 0.296 9.867 2 0.007* 1.799
Enough 566(44.4) -0.308 0.180 3.921 1 0.048* 0.735
Not/sometimes enough 571(44.7) 2.936 1 0.087 reference
Employed status in the past 12 months
Work 650(50.9) 4.022 0.203 392.899 1 0.000* 55.829
Do not work 626(49.1) reference
Constant -2.792 0.198 198.602 1 0.000* 0.061

Hosmer P-value = 0.263 Cox&Snell R? = 0.472 , Nagelkerke R*= 0.634
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Table 3  The prediction of the work need of the elderly in Songkhla and Khon Kaen Provinces.
Prediction
Observed data of
Step the elderly in Work need Percentage of
Songkhla and Khon Kaen Provinces No Yes correct prediction
1 Work need No 590 137 81.2
Yes 36 513 93.4
Overall percentage of correct prediction 86.4
2 Work need No 590 137 81.2
Yes 36 513 93.4
Overall percentage of correct prediction 86.4
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Table 4  Parameter estimate, standard error, test statistic and odds ratio (Exp(/3) for variable in the predictive model

for the work need of the pre-retirement elderly (age 55-59 years).

Variable n(%) ﬁ S.E. Wald df P-Value Exp(ﬂ)

Employed status in the past 12 months

Work 282(79.0) 2.980 0.340 76.784 1 0.000* 19.684
Do not work 75(21.0) Reference
Constant -1.562 0.305 26.226 1 0.000* 0.210

Hosmer P-value = 1 Cox & Snell R? = 0.253 , Nagelkerke R?= 0.353

Table 5 The prediction of the work need of the pre-retirement elderly (age 55-59 years).

Prediction
Observed data of Work d
ork nee
the pre-retirement elderly (age 55-59 years) Percentage of
No Yes correct prediction

No 62 55 53.0
Work need

Yes 13 227 94.6

Overall percentage of correct prediction 81.0
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Table 6 Parameter estimate, standard error, test statistic and odds ratio (Exp(/3) for variable in the predictive model

for the work need of the post-retirement elderly (age 60 years or more).

Variable n(%) p S.E. Wald df  P-Value Exp(f)

Employed status in the past 12 months

Work 368(40.0) 4.383 0.247 314.582 1 0.000* 80.068
Do not work 551(60.0) Reference
Constant -3.134 0.213 216.420 1 0.000* 0.044

Hosmer P-value = 1 Cox & Snell R? = 0.475 , Nagelkerke R*= 0.659
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Table 7  The prediction of the work need of the post-retirement elderly (age 60 years or more).
Prediction
Observed data of the post-retirement elderly Work d
ork nee
(age 60 years or more) Percentage of
No Yes correct prediction
No 528 82 86.6
Work need
Yes 23 286 92.6
Overall percentage of correct prediction 88.6
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Abstract

The article presents a numerical investigation of heat transfer and fluid flow of the nanofiuid planar jet impingement on
an isothermal straight fin heat sink surface using the single-phase model. The finite volume method was used for the
solution of the resulting governing equations. AI203 nanoparticles dispersed in water with the volumetric concentration
of nanoparticles ranging between 0 and 4% were used as working fluid for simulating the heat transfer and fluid flow.
The influences of the volumetric concentration of nanoparticles and Reynolds number were examined and discussed
in detail. The results indicated that the volumetric concentration of nanoparticles and Reynolds number enhance heat
transfer where considering in terms of the stagnation, the local and the average Nusselt number. Moreover, two types
of nanofluid; AI2O3-water nanofluid and TiOZ-water nanofiuid, were compared. The AIZOS-water nanofluid enhanced heat

transfer less than the TiOZ-water nanofluid.
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Introduction

Impinging jets provide an effective and flexible way
to transfer energy or mass in industrial applications.
A directed liquid or gaseous flow released against a surface
can efficiently transfer large amounts of thermal energy
or mass between the surface and the fluid. Heat transfer
applications include cooling of stock material during
material forming processes, heat treatment (Ferrari et
al., 2003), cooling of electronic components, heating
of optical surfaces for defogging, cooling of turbine
components, and many other industrial processes
(Zuckerman & Lior, 2006).

Nanofluids are a suspension of very fine solid
particles or nanoparticles (length scales of 1-100 nm)
which are dispersed in base fluids such as water, engine
oil, and ethylene glycol (Choi & Eastman, 1995). Due to
the enhancement in thermal conductivity and heat transfer
provided by nanofluids compared to classical heat transfer
fluids nanofluids have become drastically significant for
a wide range of engineering applications which require
high heat dissipation rates such as heat exchangers
(Venkitaraj et al., 2018) and cooling of electronic
components which suffers from a high heat generation
(Selvakumar & Suresh, 2012). Integrating nanofluids with
an impinging jet is considered a promising technique that
can overcome the challenges of heat removal (Abdelrehim
et al., 2019).

Several studies have investigated numerically
utilizing the single-phase model under a laminar flow
regime using AIZOS-water nanofluids. A confined impinging
slot jets working with pure water or AIZOS-water nanofluids
was numerically presented. The flow is laminar and a
constant uniform temperature is applied on the target
surface. The single-phase model approach was adopted
in order to describe the nanofluid behavior and different
particle volume concentrations. The results demonstrated
that the stagnation point, the local and average Nusselt
number values are increased where increasing particle
concentrations and Reynolds numbers. The required
pumping power ratio also are increased as growing

particle concentration (Manca et al., 2016).

The single- and two-phase models of AIZOB-water

nanofluids on the hydrodynamic and heat transfer
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characteristics of a confined single impinging jet were
studied. A laminar flow was considered with a constant
heat flux on the targeted surface. The effects of Reynolds
number, jet height ratio, and nanoparticle volume
fraction on the local and the average Nusselt number were
determined. The results demonstrated that the two-phase
model exhibits higher values of local and average
Nusselt number with a maximum enhancement of 150%
at H/W=4 and f =4% while single phase model shows
twice the pumping power obtained by the two-phase model
(Abdelrehim et al., 2019).

The thermal and fluid dynamic behavior of a
confined two-dimensional steady laminar nanofluid jet
impinging on a horizontal plate embedded with five
discrete heating elements subjected to a constant surface
heat flux was studied for a range of Reynolds number
from 100 to 400. The results indicated that variation of
inlet Reynolds number produces a significant change of
the flow and heat transfer characteristics in the domain.
Increasing the nanoparticle concentration from 0% to
4% exhibits discernible change in equivalent Re and
Pr caused by the modification of dynamic viscosity,
effective density, thermal conductivity, and specific heat
of the base fluid. Substantial influence of Re is evident
on Eckert number and pumping power. Eckert number
is decreased whereas pumping power is increased with
the growth of Re (Mookherjee et al., 2020).

In order to increase the heat dissipation efficiency
of electronic devices, one of the common heat
dissipation methods is to use metal heat sink, such as
pin-fin or plate-fin heat sink, to expand the heat exchange
area and to use air duct and forced cold flow (Jeng et
al., 2021).

The flow and heat transfer characteristics of the
liquid water-cooling performance of the micro square
pin-fin heat sink were numerically studied and its geometry
was optimized. The characteristics and advantages of the
micro square pin-fin heat sink were compared between the
square pin-fin and the column pin-fin. The results indicate
that both the pin-fin porosity and located angle are
important for the cooling capacity and thermal
performance of the micro square pin-fin heat sink; the

optimal porosity and located angle for thermal
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performance are 0.75 and 30° respectively. Furthermore,
the optimized micro pin-fin presents the better thermal
performance than micro column pin-fin heat sink (Zhao
et al., 2016).

A comparative experimental and numerical study
were investigated on multiple-air jet impingement heat
transfer characteristics in narrow channels with full-height
pin fins and miniature pin fins on the target surfaces. The
experiments were conducted within the Reynolds number
range of 15,000-30,000. It is found that, compared to the
case with flat surface, the full-height pin fins on the target
surface can improve the heat transfer uniformity, and
increase the overall heat transfer performance by about
32.3%, but increase the pressure loss by about 18.0%;
the mini pin fins on the target surface can significantly
increase the overall heat transfer performance of the jet
impingement system by about 74.7%, but only slightly
increase the pressure loss. Therefore, the surface with
miniature pin fins can provide the most superior heat
transfer performance in the jet impingement systems.
Furthermore, in the numerical investigation, 3D
computational fluid dynamics analysis was done to
analyze the detailed flow structure and heat transfer
characteristics in the jet impingement systems with

different pin fin configurations (Rao, 2018).

The combination of air impingement jet arrays
and arrays of target surface micro pin-fins was
experimentally investigated. The effects of impingement
jet Reynolds number, jet-to-target plate distance, micro
pin-fin shape, and micro rectangle pin-fin height. Some
interested results, when compared at a particular
streamwise location, Z/D, and Re value, area-average
Nusselt number ratios generally increase with height for
the rectangle micro pin-fins. Besides, where Z/D = 3.0,
Nusselt number ratios show heat transfer augmentations
of 30 to 130 percent, which generally increase as
impingement jet Reynolds number increases, but are
approximately constant as streamwise row location
changes (Lu et al., 2019)

Several studies are available on to use the air
impingement jet on pin-fin heat sink, but there are a few
previous investigations of using the nanofluid impingement

jet. The main objective of this study is carried out to
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numerically evaluate the results of heat transfer and fluid
flow obtained by the single-phase model in a confined
planar jet impingement using nanofluid to cool the
isothermal heated surface of the straight fin heat sink.
Furthermore, the influence of volumetric concentration
of nanoparticles, the jet inlet Reynolds number (varied
from Re=100 to 200, the flow is considered to be
laminar (Manca et al., 2016; Mookherjee et al., 2020)
and nanoparticle material (comparison between AI203 and

TiO2 nanoparticle types) are investigated.

Materials and methods

1. Problem description

The schematic diagram of the two-dimensional
confined impinging jet system including straight fin heat
sink is shown in Figure 1(a). The jet width (B) is 6 mm,
the distance between the nozzle and the tip of the fins
(Y) is 36 mm, and the surface length (L) is 85B mm. The
specification of straight fin heat sink in this research is
displayed in Figure 1(b). The following details are as the
width (W) is 6.4 mm, the inter spacing (G) is 6.95 mm,
the height of fins (H) is 28 mm, and the base thickness
of the heat sink (t) is 4 mm. The jet impinges over the
isothermal straight fin heat sink while jet inlet temperature
is taken as 293 K. The isothermal straight fin heat sink
has a constant temperature of 313 K. The confinement
surface is adiabatic wall. The flow is considered
laminar with Re vary from 100 to 200. The working fluid
is AIZOS-water nanofiuid as baseline with the volumetric
concentration of nanoparticles (¢) ranged from 0 to 4%.
The flow of the impinging jet is assumed to be steady,
two-dimensional, laminar and incompressible. The body
forces are neglected and the fluid properties are assumed
to be temperature independent. Brownian motion and
thermophoretic diffusions of the nanoparticles do not have
any significant effect on convection heat transfer for the
percentage of nanoparticle concentration considered in

this study.

2. Thermophysical properties of nanofluids

The numerical simulations are performed using
AIZOS—water and TiOZ—water nanofluids, the nanoparticle
concentrations considered in the present analysis are

as 0%, 1%, 2%, 3% and 4%, respectively, and not vary
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spatially in each simulation. The thermophysical properties
of pure water, AIZO3and TiO2 are given in Table 1. When
the single-phase model is adopted in the present work as
nanofluids with small nanoparticle volume concentration can
be considered as Newtonian fluids for small temperature
jumps (Mookherjee et al., 2020). The density and the
specific heat of the nanofluid are evaluated using the
formula developed for conventional solid-liquid mixtures

as following

pnr = (L= d)pps + Ppp (1)

(pcp)nf =(1- d))(pcp)bf + ¢(pcp)p @)

where @, [

concentration of nanoparticles, density of the base fluid,

and c, are the volumetric

density of the nanoparticles, specific heat of the base fluid,
and the specific heat of the nanoparticles, respectively.
The thermal conductivity of TiOz—water nanofiuid was found

by fitting measurement data (He et al., 2009).

B
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The thermal conductivity was found by fitting
measurement data by following Egs. (3)-(4) for AIZO3-water
and TiOz-water nanofluids respectively (Ho et al., 2010,
He et al., 2009

Knf = kyr(19.672¢p2 + 2.944¢) + 1.0) @)

knp = kyp(125.6¢% + 4.82¢ + 1.0) @)

where knj, kbf is the thermal conductivity of
nanofluid and base fluid, respectively. The viscosity was
created to fit the experimental data by following Egs.
(5)-(6) for Alzoa-water and TiOz-water nanofluids
respectively (Alkasmoul et al., 2018)

6.599¢

Hnf = Upf exp(m) (5)

Png = Hpr(25.17¢% + 29.562¢) + 1.0)

(6)

where u, . 1, is the viscosity of nanofiuid and

base fluid, respectively.

Adiabatic confinement surface

%
Jetinlet #i tii
Y Outlet Outle
¥ i_—Computational domain
H X
e
Heater. : Straight fin heat gink (lsothermal)
]
Symmeiry plane
2L
(a)
e
H

~

59.8 mm
(b)

Figure 1 The confined impinging jet containing straight fin heat sink (a) two-dimensional schematic diagram

(b) dimension of straight fin heat sink
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Table 1 Thermophysical properties of pure water, AI203 and TiO2 particles at T = 293 K
Density Heat capacity Viscosity Thermal conductivity
Material
P (kgim®) C, (J/kg.K) U (Pa.s) A (W/m.K)
ALO_(Oztop & Abu-Nada, 2008) 3970 765 - 40
TiOZ (Sajadi & Kazemi, 2011) 4170 71 - 11.8
Water (Rohsenow et al., 1998) 998.2 4182 993x10° 0.597

3. Governing equations

In the present study, flows are assumed to be
steady and incompressible. The governing equations
include the conservation equations of mass, momentum,
and energy, and can be written in the two-dimensional

Cartesian coordinate system form as follows:

Continuity:

d

- )=0 7
oz, P10 ()

Momentum:

a dap a duy;
axj (pu]ul) axl‘ + 6x] (“ ax]> ( )

Energy:

d ( T)— d (u oT
ox; Py _axj Pr ox; ©)

where u, are velocities in the streamwise and
crosswise directions, T is temperature, and is pressure

respectively.

4. Numerical solution procedure

The computations have been performed with the
in-house developed computational code. The governing
equations are solved using the finite volume method
(Patankar, 1980). This scheme solves discretized versions
of all equations with the non-uniform staggered grids. The
principle of mass-flux continuity is improved indirectly via
the solution of pressure-correction equations according
to SIMPLE algorithm (Patankar, 1980). The convergence
is judged by monitoring the magnitude of the absolute

residual sources of mass, momentum and energy, normalized

by the respective inlet fluxes. The solution is taken as
having converged when all above residuals fell below
0.0001%.

The geometry of two-dimensional confined
impinging jet system consists of the jet stream, straight fin
heat sink, impinging and confinement surfaces as shown in
Figure 1(a). Therefore, computational boundaries involved
are inlet, outlet, axis of symmetry and solid walls (straight

fin heat sink, impingement and confinement surfaces).

At the inlet, the jet temperature is given at 293
K. The jet stream has an almost uniform velocity profile.
The Reynolds number is calculated based on jet width

and mean centerline velocity as:

Re = il (10)
u

Next, the outlet boundary is placed at which is
sufficiently far away from the main region of interest. At
this boundary streamwise gradients of all variables are
set to zero. Then along the axis of symmetry, the normal
velocity component and the normal gradients of other

variables are set to zero.

Finally, solid walls including the straight fin heat
sink, the impingement and the confinement surfaces.
Also, the straight fin heat sink is considered isothermal,
the surface temperature of the straight fin heat sink is
given at 313 K and the impingement surface and the
confinement surface are adiabatic wall, respectively. The

Nusselt number, is defined as:

).

R
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Before proceeding to the discussion of the
predicted results, it will be beneficial to focus first on the
effect of the grid density on the solution. Figure 2 shows
the computational grid 315x125 at distance x/B=67 and
Y/B=3, the grid clustering is applied near the impingement
surface and the straight fin surface. The grid-independency
of the solutions are examined using three different grid
sizes consisting of 39375 (315x125), 103750 (415x250)

yiB
3] %] R o [=2] |
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and 130500 (435x300) on the model Y/B=3 at Re=100
with water as working fluid. The results on the second
grid 415x250 can be considered as the grid-independent
results because the refinement from the grid 415x250
to grid 435x300 produces the stagnation point Nusselt
number difference too small with relative error 0.59% as

shown in Figure 3.

=== ===

x/B

Figure 2 Sample of computational grid 315x125 (not to scale)

20
15 — Me_e
Nu,10
5 L
0 1 1 J
0 50000 100000 150000
Grid size

Figure 3 Grid independence test results in terms of stagnation point Nusselt number

Results and discussion

The numerical results of a two-dimensional
laminar confined jet of Alzos—water nanofluid impinging on
the straight fin heat sink are investigated. Including the
influence of volume concentration and Reynolds number

are presented.

1. Numerical validation

In order to verify the developed computational

code, the simulation results including the stagnation point
Nusselt number and the local Nusselt number along the
impingement surface in the two-dimensional confined
impinging jet problem for H/B=4 were compared with the
previous numerical data. The present numerical results
are in good agreement with the results of Manca et al.
(2016) and Chaiyo (2021) as shown in Table 2 and Figure

4, respectively.
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Present simulation

5.67

heat sink, gets deflected, and then flows downstream in
a meandering path in between the recirculation and the
confinement surface toward the outlet. The developed
vortices are generated by the impinging jet due to jet
entrainment, confining effects, and the isothermal surface
of the straight fin heat sink. The vortices are considered
as main three areas as (1) the immediate vicinity of the
jet and the above of the straight fin heat sink, (2) inside
between straight fin heat sink-weak clockwise vortex, and
(3) strong counter clockwise at downstream, respectively.

Similar streamlines and isotherm trends are observed for

Table 2  Validation of the stagnation point Nusselt number for H/B=4 and =0% in the two-dimensional confined
impinging jet problem
Nu /Pr'®
Re
Manca et al. (2016) Chaiyo (2021)
100 5.66 5.67
1.0
O Re=100 Manca (2016)
0.8 A Re=100 Chaiyo (2021)
Re=100 Present
=0.6
z
T
<04
0.2
0.0

Figure 4 Validation of local Nusselt number Nux profiles are
scaled with the stagnation point Nusselt number Nuo for H/
B=4 in the two-dimensional confined impinging jet problem

2. Influence of volumetric concentration

The numerical results of heat transfer and
fluid flow are investigated at the different volumetric
concentration of nanoparticles value as 0%, 1%, 2%,
and 4% in case of Y/B=3. Figure 5 shows streamlines
and isotherms in case of Y/B=3 and Re=150 at volume
concentration as 0% and 4% respectively. The main

jet stream impinges on the target isothermal straight fin

two volumetric concentration of nanoparticles. Furthermore,
the velocity vectors for Y/B=3, Re=150 and are shown

in Figure 6.

Figure 7 shows the stagnation point Nusselt
number (Nuo) profiles for various volume concentrations
and different Reynolds numbers. It is observed that the
increased volume concentration, the Nu0 is increased due

to increasing thermal conductivity.

Figure 8 demonstrates average Nusselt number
(Nuavg) distribution along the periphery of the straight
fin heat sink for various volume concentrations and
different Reynolds numbers at Y/B=3. It is observed that
the increased volumetric concentration of nanoparticles,

the Nu is increased.
avg
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20
PR SEE —A Additionally, Figure 9 demonstrates local Nusselt
S - number (Nu) distribution along the periphery of the straight
15 ——eg---—oO--"B77
B fin heat sink for various volume concentrations at Y/B=3
- —O . . .
© s d and Re=150. It is observed that increased the volumetric
Nu, 10 B concentration of nanoparticles, the Nu is increased.
2 [ —e&—Re=100 3. Influence of Reynolds number
: == Re ) Considered Reynolds number is increased from
I —A - -Re=200 . .
- © Re=100, 150, and 200 for comparison. It is found that the
Y ! . : ! size of all main vortices is increased, and the secondary
0% 1% 2% 3% 4%

% wvolume concentration

Figure 7 Stagnation point Nusselt number profiles for

different volume concentrations and Re numbers at Y/B=3

and the thirdly vortices are moved to downstream as
shown in Figures 5(c), 10(a), and 10(c). The reattached
point in the thirdly vortex is at x/B=22.5, 25.9, 28.4 for
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Re=100, 150, and 200 respectively. The influence of Re
onto the heat transfer can be clarified in terms of isotherms
as shown in Figures 5(d), 10(b), 10(d) respectively.
Additionally, the influence of Re on the heat transfer can
also be seen in terms of Nu0 and Nuavg as displayed in
Figures 7 and 8; these Nusselt number profiles are risen

by increasing Re.

Numerical simulation of heat transfer and fluid fow of 149
nanofiuid jet impingement on straight fin heat sink
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Figure 8 Average Nusselt number profiles for different
volume concentrations and Re numbers at Y/B=3
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Figure 9 Local Nusselt number distribution along the periphery z of the straight fin heat sink

for different volume concentrations of AIZOS-water nanofiuid at Y/B=3 and Re=150

4. Influence of nanoparticle material

In order to compare AI203 and TiO2 nanoparticle
materials, their volumetric concentration of nanoparticles
value must be same as 4%. Figure 11 shows the local

Nusselt number distribution along the periphery z in

each nanofluid at Y/B=3 and Re=150. It can be seen
that Nu of TiOz-water nanofiuid is larger than AI203-water
nanofluid and water. The difference is larger if the

periphery z smaller than 0.003 m.
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Figure 11 Local Nusselt number distribution along the periphery z of the straight fin heat sink
for different working fluids at Y/B=3 and Re=150
Conclusion number varied from 100 to 200 enhance these Nusselt

The laminar heat transfer and fluid flow of the
nanofluid jet impingement on the isothermal straight fin
heat sink is numerically investigated using single-phase
model. Three main objectives of this investigation are
to determine the influence of volumetric concentration,
Reynolds number and nanoparticle type. It is found
that the volumetric concentration of AI203 nanoparticles
ranging from 0 to 4% increase the heat transfer
considering in terms of the stagnation, the local and

the average Nusselt number. Furthermore, Reynolds

numbers. The AI203 and TiO2 nanoparticle materials are
investigated, the local Nusselt number distribution along
the periphery of the straight fin heat sink of TiOz-water

nanofluid is larger than AIZOS-water nanofluid.
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Abstract

At present, animal drug delivery using an injection device is a process involving a pressing force from a syringe directed
through a syringe needle into the subcutaneous layer. However, there are disadvantages for drug action efficiency and
time consuming injection. Therefore, this research aims to study the feasibility of application of the animal injection
device using a new concept involving a high speed liquid jet with impact driven method. It delivered a high speed liquid
jet penetrating through the skin without the use of a needle. The volume of liquid in the nozzle was 2 ml in experiments
to compare the characteristics using the driving object method (distance 0 mm) and impact driven method (impact
distances are 5, 7, 9, 11, 13, 15 and 17 mm). The characteristics such as, impact force of power source, average jet
velocity, impact pressure of the jet, jet power and the behavior of jet were examined using a high-speed video camera.
The results showed that, the impact distance increased, the impact force value of the power source increased, which
an impact distance of 17 mm gave a maximum impact force of 475 N. The average velocity and the impact pressure
of the jet are compared. An impact distance of 11 mm gave the maximum value of the average velocity and the

impact pressure of jet to be 62 m/s and 2.28 MPa, respectively. Subsequently, the values of the impact distance were
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by using impact driven method

reduced to 13, 15 and 17 mm. The impact jet pressure value of the driving object method (distance 0 mm), and the

level of impact jet pressure values was lower than the standard value such that it could not penetrate through the skin.

Impact distances of 5, 7, 9, 11,13, 15 and 17 mm provided a high enough impact jet pressure to penetrate the skin.

Keywords: Animal injection device, drug delivery, high speed liquid jet, impact driven method
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Figure 2 Jet generation method by (a) Driving Object
Method (DOM) and (b) Impact Driven Method (IDM) (Shi,
1994; Shi & Takayama, 1995; Shi et al., 1996)
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caused by IDM (Seehanam et al, 2012)
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Figure 12 Visualization of the IDM jet by a high speed camera versus impact distances:
(@) 0 mm (b) 5 mm and (c) 11 mm and 15 mm
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Abstract

This study aimed to know the effectiveness of oblique light for document examination in detecting indented writing
on different types of papers and to study the properties of writing through the detected indented writing. Quantitative
research was used, to determine that the oblique light source used to establish its effectiveness came from the left and
right sides, ten millimeters above the sheet of paper, and the oblique light source at an angle of 10° to the level line.
The study used different papers. - 70 and 80 gsm copy paper and 70 gsm report paper. It also studied the influence of
pen types used in writing using gel ink pens and ballpoint pens, which, according to studies, showed that oblique light
inside the proof of document examination a maximum of 3 sheets of indented writing on parchment sheets. Ballpoint
pens writting on 70 gsm, 80 gsm, and report papers averaged 1.5, 1.2, and 1.2, respectively. Gel pens writting in 70
gsm, 80 gsm paper and report paper in the ink pen averaged 1.0, 1.0, and 0.8, respectively. Although the average
number of sheets of paper detected for indented writing was different, according to the analysis of two variances

factored at a statistical significance of p<0.05, different types of paper and pens did not affect the effectiveness of
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The efficiency of document examination for indented writing of papers

detecting pressure marks with a poof of document examination. The research will be useful in examining documentary

evidence in forensic science.

Keywords: Oblique light, document examination, indented writing
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Figure 1 Document examination machine. The internal
camera module that uses an oblique light source to take
photographs (1) and the display part where the user can

change the exposure and focus distance (2).
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Figure 3 Image of the 1st paper backing using oblique

light shining to the left, height 10 mm.
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Table 1

used for writing.

Narong Kulnides, Nontaphat Yangprayut and Athip Lorsirigool

J Sci Technol MSU

Shows the mean and standard deviation (S.D.) of the number of papers examined and the type of pen

70 gsm paper

80 gsm paper Ruled paper 70 gsm

Exprimenter

Ballpoint Gel Ballpoint Gel Ballpoint Gel

1 0.8 0.4 1.0 0.6 0.8 0.2

2 2.6 2.0 2.0 2.0 2.0 2.0
3 1.6 1.4 1.2 1.0 1.0 1.0
4 1.4 1.0 1.6 1.0 1.0 1.0
5 1.0 0.4 0.2 0.2 1.0 0.0
Mean 1.5 1.0 1.2 1.0 1.2 0.8
S.D. 0.6 0.6 0.6 0.6 0.4 0.7
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Table 2 Represents the numerical values from two-way ANOVA.

Source of variation Sum of Squares df Mean Squares F P-value F crit
Types of pen 0.202 1 0.202 17.286 0.053 18.513
Types of paper 0.063 2 0.032 2.714 0.269 19
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