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Editorial Message

It is very good news to know that the number of paper submission has increased since the Journal
of Engineering and Digital Technology (JEDT) has changed the journal name with the new cover. The
editorial team is proud and would like to express the sincere gratitude to all the authors who have
submitted quality work to this journal.

The policy of the journal remains the same for accepting articles in both Thai and English languages.
All submitted articles are reviewed and evaluated by qualified experts to meet national and international
standards under the accreditation of TCl (Thai-Journal Citation Index Centre). Therefore, the accepted
articles that be published in this journal can be used for graduation and/or can be used to apply for
academic position.

The editorial team hope that all articles that have been published in this journal, will be beneficial

to authors, researchers, students, academy and research of the country.

Assoc.Prof. Dr. Ruttikorn Varakulsiripunth
Editor-in-Chief
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Abstract

PM2.5 has become a serious concern in Thailand, particularly in Bangkok and its vicinity. It has significant impacts
on human health, economy and society. A prediction method based on mathematical models is an alternative
approach to obtain estimates of PM2.5 concentrations. This research proposes long short-term memory (LSTM)
neural networks to develop models to forecast the levels of fine particulate matter in Bangkok, ambient and
roadside areas. Correlation analysis was used to select the key variables, and the RMSE and MAPE criteria were
employed as forecasting performance measures. Eight different models were constructed using air quality and
meteorological data. The results demonstrated that for ambient area, model 2 (which includes the variables PM10,
NO2, CO, 03, SO2 and LAGPM2.5) was the best model with an average RMSE of 8.05 and an average MAPE of 27.22.
In roadside area, model 8 (which contains the variables PM10, NO2, CO, Temp, Hum, Press, WindSp, WindDir and
LAGPM2.5) showed the best performance with an average RMSE of 4.83 and an average MAPE of 22.57. Additionally,
the prediction models at roadside site (model 5-8) were more accurate than the others (model 1-4). Estimates

based upon short-term past data, 1 day, tended to have smaller forecast errors.

Keywords: PM2.5, Forecasting, Neural network, LSTM
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Abstract
The objective of this paper is to improve the efficiency of a linear combination of two estimators for estimating
the population mean using auxiliary information in a sample survey. We also study some properties of the new
estimator by using the concept of large-sample approximations and comparing them with some existing estimators
through the numerical study. To achieve this, three data sets are used to support the performance of the new
estimator. It has been shown that the new estimator is equivalent in terms of efficiency as compared to usual
linear regression and it is better than other existing estimators under consideration in the terms of Mean Squared

Error (MSE) and Percent Relative Efficiencies (PREs).

Keywords: Study variable, Auxiliary variable, Population mean, Sample survey, Estimator
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[. INTRODUCTION

It is a well-known fact that several researchers use
the information of auxiliary to enhance the efficiency
of their estimators in estimating the population
parameters. The main aim of studies is to find out more
efficient estimators than recently proposed estimators
and make inferences about the unknown population
parameters such as population total, population mean,
population proportion, or population variance. And one
of the population parameters that are widely studied
and used, is the population means. For this reason,
several researchers have proposed ratio, product,
exponential, and regression estimators taking the
usefulness of the auxiliary information for estimating
the population means in recent years.

Consider a finite population Z ={Z,,Z,,...,Zy} of
size N distinct identifiable units. Let Y and X denote
the study and auxiliary variables having values y; and
Xj, i=12,..,N. Let X is correlated with Y and is
used to estimate the unknown population mean Y .
When the mean of auxiliary variable X is available.
Therefore, we can calculate the population mean X .
In this paper, we are interested in estimating the
population mean Y of study variable Y under simple
random sampling without replacement (SRSWOR), then
we take a sample of size n without replacement from
the population Z . We use the notation of y and x
denote the sample means of bivariate (y, x), which are
unbiased estimator of the population means of Y and
X. Therefore, the variance or MSE of § under SRSWOR
is given by

Var(y) = MSE(y) = AY °C (1)
where  A=@-f)/n, f=n/N, V=" yIN,
C,=S,/V, S2=(N —1)-1Zi'“:1(yi V)2,

In the situation when the correlation between study

and auxiliary variables is highly positive and the

regression line of study variable on an auxiliary variable

1"
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is linear and nearly through or passes the origin, the
ratio estimator is suitable. The first well-known ratio

estimator proposed by Cochran [1] is defined as:

1:)_{41; x#0
X

where y:zin:lyi/n, )?:Zi’ilxi, X

On the other hand, the product estimator is

1>

<

2)

in_ X /n.

preferable in the situation of a highly negative
correlation between study and auxiliary variables, while
the regression line of its is linear. The initial product
estimator defined by Robson [2] and later revisited by

Murthy [3] is given by

I X | g
ZZY{YJ; X#0

However, in many situations, the regression does

1>

<

(3)

not pass or pass through a point away from the origin,
and in such situations, the regression estimator is
generally more efficient than the ratio and product
(4]

correlated auxiliary variable and proposed the usual

estimators.  Watson first applied the highly

linear regression estimator for estimating the

population means, which has a formula as below:
Y3 =Y +B(X-X)

where g is the sample regression coefficient.

(@)

Later, Singh et al. [5] also extended the estimators
of Cochran [1] Robson [2] and Murthy [3] by using the
exponentiation method to propose an alternative ratio-
cum-product type class of estimators for estimating the

population mean. The estimator of Singh et al. [5] is

axsn
4= ax+b

given as follows:

>

<<

(5)

where a(a#0) b and g are real constants or the
functions of known parameters of auxiliary variable
such as standard deviation (s2), coefficient of
variation (C,), correlation coefficient (py), and so

on.
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To the first degree of approximation, the MSEs of
)A/l, ?2, )L/g, and ?4 are respectively given by
MSE(¥,) = AY?| Cf +C} (1-2C) | (6)
)
(8)
MSE(Y,) = AY?| C] +(29 -1OC{(2g-1)§-2C}| (9)
sZ=(N-DY " (x -X)?,
K=X/Y, pyx=Syx/5,S,, C=p,C,IC,,
0 =aX /(aX +h),

S = (N (- X))

More detailed discussion about the publication on

MSE (¥,) = AY 2 Lc§ -C2- ZC)J
MSE(Y,) = AYCJ (1~ o)

where C,=S,/X,

the estimation of the population mean based on
auxiliary information in SRSWOR scheme can be found
in Khoshnevisan et al. [6], Singh and Agnihotri [7]
Pandey and Dubey [8], Sisodia and Dwivedi [9],
Upadhyaya and Singh [10], Singh and Tailor [11], Kadilar
and Cingi [12], Yan and Tian [13], Abid et al. [14], Subzar
et al. [15], Yadav et al. [16], Dansawad [17]-[18], Sabo
et al. [19], Lurdjariyaporn and Dansawad [20]-[21],
Ahmad et al. [22], Jerajuddin and Kishun [23], and so
on.

The enthusiasm behind this paper is to propose a
modified ratio-cum-product estimator of a population
mean in the form of linear combination of two
estimators by extending the estimators of Watson [4]
and Singh et al. [5] under SRSWOR scheme when some
information of auxiliary variables is known. It was also
created to be compact and to be easy for calculating.
We expect that the new estimator is considerably easier

to use than recently other proposed estimators.

IIl. OBJECTIVES
1. The main objective of this study is to estimate
the population mean in the form of linear combination
of two estimators by extending the estimators of
Watson [4] and Singh et al. [5] when some information

of auxiliary variables is known under SRSWOR scheme.
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2. This study also aims to evaluate some properties
of the new estimator in the terms of MSE, and minimum
MSE.

3. This study aims to perform a numerical study to
assess the performance of the new estimator with the
other existing estimators using Mean Squared Error (MSE)

and Percent Relative Efficiencies (PREs).

lI. METHODOLOGY

In this section, a modified ratio-cum-product
estimator in the form of linear combination of two
estimators for estimating the population mean can be
defined by combining ?3 in Equation (4) with )74 in

Equation (5), Therefore the new estimator is given as:

:|2g—l

To obtain the MSE of the 33/5 in Equation (10), we

aX +b
aX +b

V. =[7+,8()?—Y)]{ (10)

consider

Y=Y (1+ey), and X=X (1+¢,) (11)
then, we have  E(g)=E(e)=0, E(e?)=AC2,
E(e?) = ACZ, and E(gye) = ACC2.

Now, rewriting Equation (10) in terms of e, and g
from (11), then Equation (10) turns into the Equation
(12) as follows:

Vs =[ Y (A+eg)— fXe, |[1+0g, ] 97,

Expanding the right-hand side of Equation (12) to

(12)

the first degree of approximation and retaining the

terms of e, and e, up to the second power, we get
ﬁs_Y—zY—[l—(zg—1>6e1+g(2g—1)6'2ef J
+&y — (29 —1)0ese, (13)

- X &~ (29 -0%} |-V
Squaring both sides of Equation (13) and then taking
expectation, therefore the MSE of the ?5 up to the first
degree of approximation, as follows

MSE (Vs) = ALVZCS +AC2(A- 2VC)J (14)

where A=@K +Y(29-1)0, ¢=S,/ Sf.



To obtain the value of g that minimizes the MSE,
we take partial derivative of Equation (14) with respect
to g and equate it to zero as follows:

OMSE (¥5) _ /{(ng +Y (29 -1)6)C? J o
o9 (K +Y (2g —1)0) — 2YC)
_YC-pK+Y0
2Y 6
Replacing the value of ¢ in Equation (14) with the

=g (15)

optimal value of g in Equation (15), we get the

minimum MSE of ?5 as
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min.MSE(Ys) = AY °C2(1- p},) = MSE(Y3).  (16)

From Equation (16), we can see that it is equal to

the MSE of usual linear regression based on the
auxiliary variable under SRSWOR scheme.

To substitute the values for a, b, and g in the given

Equation (5) and (10), a few members of the estimators

y, and y, can be displayed as follows in Table 1.

Table 1: A few members of estimators §4 and ?5

A few members of §4

Real constants or the functions

a b g
2 _ >?+C
Yag) = Y| = X Sisodia and Dwivedi [9] 1 C, 1
X+C,
"% 2C,-1
)_74(2) =y ;} Singh et al. [5] 1 0 C,
[K+c, T
Yo =¥ . Singh et al. [5] 1 c Cc
Ya3) y_Y+CX} ingh et a X y
N [ X +
74(4) =y| = &l Singh and Tailor [11] 1 Pyx 1
| X+ Pyx
R [ 2ot
Yas) =Y ?} Singh et al. [5] 1 0 Pyx
ro 2p,-1
. X+ VX
74(6) =y _—pyx Singh et al. [5] 1 Pyx Pyx
L X+ Pyx

A few members of ?5

Real constants or the functions

a b g
~ _ > — )? +C
Ve =[ 9+ A(X —X)]{ ¥+CX} Kadilar and Cingi [12] 1 C, |
X
g e
Vs = ¥+ B(X -%)] ;} Singh et al. [5] 1 0 C,
:)?+C 2ot
Y53 = [7+ﬂ(X —Y)] ¥+CX} Singh et al. [5] 1 C, C,
L X
~ _ [ X +
Y52y = [7+ﬂ(x —Y)J T,Zyle Kadilar and Cingi [12] 1 Py 1
L yx
N _ B3 Pyt
)75(5) = |:y+ﬁ(x —7)} ;} Singh et al. [5] 1 0 Pyx
ro 2p,,-1
- _ X+ 7
75(6) = [V-ﬁ-ﬁ(x —7)} T;)W:l Singh et al. [5] 1 Pyx Pyx
L yX
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V. NUMERICAL STUDY

estimators under three natural population data sets.

In this section, we examine the efficiencies of the  The descriptions of the parameters and constants

proposed estimator y; with the other existing  under this study are described as follows in Table 2.

Table 2: The population data sets

Population N n

Y

X

l: Murthy [3]
y: Fixed capital 80 20
x: Output

11.264

51.826

0.750

0.354 0.941

Il: Cochran [24]
y: The number of persons per block 10 4

x: The numbers of rooms per block

101.100

58.800

0.145

0.128 0.652

Il Yadav et al. [16]
y: Yield of peppermint oil 150 40

x: Cultivation area

33.460

4.200

0.760

0.730 0.910

In comparing the efficiency of the proposed  efficiencies

(PREs) as criteria for

comparison  with

estimator over other existing estimators in this present  respect to unbiased the estimator Y which details are

study, we have used the MSE and percent relative  presented in the following Table 3.

Table 3: MSE and PREs of all existing estimators

Population
Estimator | Il 1l
MSE PRE MSE PRE MSE PRE
y 2.6763 100.0000 10.4574 100.0000 11.8555 100.0000
f/l 0.8952 298.9715 6.6624 156.9611 2.0682 573.2206
3212 4.4575 60.0413 14.2523 73.3730 21.6428 54.7781
)73 0.3065 873.2175 6.0119 173.9445 2.0380 581.7336
A few members of ?4
§4(1) 0.9032 296.3017 6.6565 157.1010 2.1377 554.6029
?4(2) 3.4214 78.2240 24.3060 43.0238 4.6364 255.7075
374(3) 3.4160 78.3476 24.2826 43.0654 54134 219.0050
?4(4) 0.9165 292.0167 6.6326 157.6658 2.2102 536.4042
32/4(5) 1.0433 256.5254 7.5059 139.3226 2.2155 535.1198
374(6) 1.0643 251.4643 7.5198 139.0648 2.8557 415.1525
A few members of ?5
?5(1) 0.8991 297.6633 6.6617 156.9787 2.1291 556.8415
?5(2) 3.4119 78.4406 24.2784 43.0727 4.5917 258.1951
?5(3) 3.4065 78.5647 24.2550 43.1143 53624 221.0853
?5(4) 0.9123 293.3538 6.6377 157.5450 2.1988 539.1745
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Table 3: MSE and PREs of all existing estimators (cont.)

Population
Estimator | Il 1]
MSE PRE MSE PRE MSE PRE
A few members of ?5
)75(5) 1.0387 257.6595 7.4980 139.4688 2.2040 537.9200
?5(6) 1.0596 252.5695 7.5119 139.2111 2.8307 418.8151

It appears from Table 3 that:

(i) The estimator Y (usual linear regression) has the
smallest MSE value and the largest PRE value among
all estimators considered in the same population
groups. And from Equation (16), we can see that the
proposed estimator Vs (at its optimal value) has MSE
values equal to the estimator ?3. Therefore, the
estimators ?3 and i—, (at its optimal value) perform
the best among the mentioned estimators as it gives
the smallest MSE value and the largest PRE value.

(i) Moreover, when comparing the performance
between all members of y, and y; by pairwise
comparison, we found that all members of y, are
more efficient than all members of y, . Because they
gave smaller MSE and bigger PRE in each population
groups.

(iii) Besides, the estimators 32/3 and §5 (at its optimal
value), the estimator )_71 is also an appropriate choice

among the estimators in this population group.

V. RESULTS AND CONCLUSION

When considering the Equation (16), it is observed
that the MSE of the proposed estimator in the
minimum case has the same expression as the MSE of
usual linear regression estimator proposed by Watson
[4], which is known to be more efficient than the ratio
and product estimators. The numerical results present
in Table 3 in the situation of positive correlation
between the study and auxiliary variables show that

the MSE of the estimators ?3 (usual linear regression)
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and i—, (at its optimal value) are consistently less than
the other existing estimators under consideration for all
three population. While, the value of PRE of the

estimators y; and ?5 (at its optimal value) are

persistently higher than other ones and all ratio
estimators (?l, §4, ?5) are consistently better in the
terms of MSE and PRE than product estimator (?2 ).
Therefore, besides the estimator ?3, we recommend
using the proposed estimator ?5 as an alternative to
the usual linear regression estimator for estimating the
population mean. Because it has the same precision as
the usual linear regression estimator and routinely
outperforms the other existing estimators in terms of

MSE and PRE under consideration.
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Abstract

During COVID-19 pandemic, many food service providers and online delivery providers have changed and
partnered into new business model known as virtual kitchen partnership-as-a service providers (VKPaaS) on cloud
computing with focus on demand for healthy and hygienic meals with fastest delivery service to customers in
health-related isolation environment. However, due to increasing problems of inaccurate delivery services, the
VKPaa$S attempts to improve its search engine with Al-based technolosgies in cloud computing and algorithms to
determine the proper healthy and hygienic meals with fastest, accurate and economical delivery service from the
nearest location to customers. The objective of this study is to study factors affecting new COVID generation
customers decision to choose and purchase healthy and hygienic meals that have potential impact on
management on efficiency of VKPaaS delivery service in health-related isolation environment. The quantitative
survey and qualitative in-depth interview methods were used to collect and analyze data from 554 subjects and
18 food service providers in Thailand, China and USA during 3 months in 2020. The findings suggested a new VKPaaS
efficient delivery management model for improvement and advancement of VKPaaS delivery service to new COVID
generation customers with five vital variables of performance expectancy, effort expectancy, social influence,
perceived trust and price that had significant impact on customers decision to choose and purchase healthy and
hygienic meals from online VKPaa$ providers. Recommendations for further research include state-of-the art areas
of crowdsourcing, artistically design for contactless meals, robotic-mobile vehicles for live visualization service, and

compliances in new emerging health-related isolation economy.

Keywords: Virtual kitchen, Isolation economy, Efficiency management, Culinary industry, Healthcare industry
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. INTRODUCTION

During global COVID-19 pandemic, many food
service providers (FDP) such as restaurants, street food
vendors and homemade kitchens had changed and
partnered with online delivery provider (ODP) into new
business models known as virtual kitchen partnership
to deliver healthy and hygienic meals to locked down
customers in isolated residences. The new emerging
virtual kitchens partnership included independent-one
shot (I0); cloud kitchen using hub and spoke (CK); ghost
kitchen (GK); virtual restaurant (VR); aggregator ODP with
no driver fleet; consolidator with bulk drop system;
ageregator ODP with owned fleet; and aggregator with
dark kitchen. Each new business model differs in
services, physical requirements, kitchen facility, driver
fleet and ownership of database, as shown in table 1.
However, the ghost kitchen and virtual restaurant have
been hasty and effortlessly adopted to provide delivery
only services to take advantages of new demand,
overcome shortage of revenue and quickly reduce

operating cost problems than other business models

[1].

Table 1: Virtual kitchen partnership business models [1]

Business - Kitchen | Driver- |Database|
Model Code Description Facility | Fleet | Owner
1. Independent- 105 | Physical restaurant |Owned |Owned|Owned
Cne Shot with delivery
2. Cloud Kijtchen- CK |Half-finished cold |Hub/  |Owned|Owned
Hub & Spoke meals from hub to | branches
branches for reheat
3. Ghost Kitchen GK | Delivery only Rent ODP |Owned
4, Virtual VR | Delivery only Owned |ODP |ODP
Restaurant
5. Consolidator- CBDS |Pre-ordered meals |Rent ODP/ |ODP/
Bulk Drop to drop-off point partner partner
System
6. Aggregator ODP- | AONF |ODP with all meal | Rent ODP |ODP
No Driver Fleet menu in App
7. Aggregator ODP- | AODF |ODP with all hot Rent oDP |ODP
Owned Driver meal menu in App
Fleet
8. Aggregator ODP- | ACDK |ODP rent space in | Rent ODP |ODP
Dark Kitchen strategic restaurant
with all meal menu,
ceordinate, delivery

ODP = Online Delivery Provider

As the pandemic continued, the global demand for
healthy and hygienic meals from virtual kitchen had
predicted to grow at CAGR of 43.5% and reached 71
billion USD in 2027 [2]. The COVID generation
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customers changing behaviors toward more healthy
and hygienic meals with embracing of new technologies,
such as Al and AR to design and prescribe healthy and
hygienic meals had accelerated growth of virtual
kitchen market share in culinary industry worldwide.
Many virtual kitchen service providers took advantages
of using an innovative virtual kitchen partnership as a
service (VKPaa$S) providers with Al-based search engine
to track consumer behavior, values, tastes, diets, costs
and meal-on-demand to more customers in wider
areas. However, challenges for VKPaa$ providers remain
to be constantly advancing their services to meet
accelerated demand from hasty changes in new COVID
generation customers behaviors [3]. Many customers
had reported disadvantages and increasing problems
from errors, inaccurate, missing, stealing, no health
safety, contactless, no vaccination drivers in delivery
services at pick-up point and the residences. Customers
demand for more efficient delivery service for COVID-
free healthy and hygienic meals to their isolated
residences from VKPaaS become essential research
question in this study [1], [4].

The objective of this study, therefore, was to study
factors affecting new COVID generation customers
behavior on making decision to choose and purchase
healthy and hygienic meals from virtual kitchen
partnership as a service (VKPaaS) providers to their
health-related isolation environment. The expected
findings of new COVID generation customer behavior
model would be used to improve intelligence and
advancement of VKPaa$S providers delivery services in

culinary and related industries.

IIl. LITERATURE REVIEW
A. Global Virtual Kitchen Market and Culinary Industry
In 2019, many food service providers with takeaway
and no dine-in physical facilities to customers using

online delivery service providers such as Grubhub and



DoorDash in USA or ele.me in China via major portal
provider ordering systems to generate sales and
delivery services were known as cloud kitchen, ghost
kitchen, dark kitchen and virtual kitchen [2]. The major
global portal providers were Microsoft corporation, HTC,
IKEA, Samsung Group, LG, DoorDash, Grubhub, Ubereats,
Dahmakan, Starbucks, GrabFood, and others. The
global virtual kitchens in culinary industry had reached
market size estimation of 43.1 billion USD in 2019 with
CAGR at 43.5% and predicted to reach 71.4 billion USD
in 2027. The Northern America and European regions
were the largest global virtual kitchen market size with
the fastest expansion rate. On the contrary, Asia Pacific
region, such as Japan, China, India and Thailand were
under the development of virtual kitchen market with
expected growth rate at the highest CAGR in 2027,
followed by South America, and Middle East & Africa,

as shown in figure 1 [2].

Global Virtual Kitchen Market,
By Region(2019-2027) (USS "MN")

&
CPMAXIMIZE

MARKET lll';l’.Ai(.'ll PVT.LTD.

i
T
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2020 2021 2022 2023 2024 2025 2027

B North America B South America B Asia Pacific & Europe M Middle East & Africa

Figure 1: Global virtual kitchen market by region [2]

B. Healthy and Hygienic Customer Segmentation

As global virtual kitchen market continued to grow,
customers were segmented into commercial space at
approximately 33%, residential at 20%, hospitality at
15% and others at 30% in 2019. However, the
hospitality customers were predicted to become the
largest global virtual kitchen market segment at 35% of

the culinary industry in 2027 [2].
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The changing in customers behavior toward easy,
fast, cost competitive, accurate healthy and hysgienic
eating had accelerated the growth of delivery-only with
contactless from virtual kitchen business in the big
cities. The embracing of technologies such as virtual
reality, augmented reality, artificial intellicence and 3-D
facial recognition images for customers to easily
visualize, activate command and tracking with preview
experience had potential to stimulate decision to
choose and purchase healthy and hygienic meal online
and led to an increasing market share in culinary

industry.

C. Artificial Intellicence in Healthy and Hygienic Meal

In 2020, the current state of the art of using artificial
intelligence in healthcare industry was valued at 4.49
billon USD and was expected to reach 34.8 billion USD
at CAGR of 39.6% in 2026 [2]. The implementation of
advance Al technologies in healthcare industry such as
facial recognition for online real time massive data
collection were advantageous in analyzing health
condition and prescribing diets with accurate healthy
and hygienic meal selection and efficient delivery
service to isolated customers. For example, in April
2019, IBM in Cleveland USA had developed artificial
intelligence algorithm for tracking, diagnosis and
predicting customer dietary need with higher efficiency
than human experts [5].

The relational and heterogeneous databases with
advance Al rule-based algorithm were used to manage
data from online real time-and-motion transaction to
meals

generate accurately design with  optimal

efficiency delivery service to influx of isolated

customers in wider distance areas. Examples of
attributes collected for Al rule-based data analysis from
customers, virtual kitchen, delivery fleet, and suppliers

of raw materials are graphically shown in table 2.
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Table 2: Examples of data attributes used by Al [2]

Al-Big Data Attributes
Customer Demographic health-related symptom,
location, insurance, frequency of orders, facial

and voice recognition, income, biometric
identities

Marketing-Sale: social media usage, favorite
brands, music, video, emoji stickers,
packaging, point-of-sale, online-customer
acquisition

Preferences: favorite healthy & hygienic

menus, check out, payment, minimum orders,
vouchers, discounts, promotion, 24-hour
service, delivery charges, nearby restaurant
and pick up point with no errors

Virtual Rent, license, kiichen staffs, equipment, robot-

Kitchen in-chef equipment, facilities, computer system,
software, high speed internet, menus,
inventory, LIVE kitchen studio, on-site cooking
vending machine

Delivery Vehicles, drivers, GPS, map, location, tracking

Fleet number, driver license, vaccination, facial and
voice recognition, camera, routes, plans

Raw Fresh ingredients, nearby markets, local

Material farmers, home grown, royal projects, importer,

Supplier inventory, storage

The use of advance Al rule-based algorithms in
virtual kitchen partnership becomes essential tools in
predicting isolated individual dietary needs and
responses to given meals. However, in health-related
isolation environment, only isolated customers with
wearable devices, high-speed internet would gain
advantageous benefits from health-related Al service
providers. The major global Al providers in the
in 2022 Intel, Nvidia,

healthcare market included

Google, IBM, Microsoft, GNS Healthcare, Welltok,

Benevolent Al and others [2].

D. Efficiency of Delivery Service Management.

Due to an increasing of influx to delivery and pickup
orders from growing number of isolated customers,
many virtual kitchens partnerships providers developed
and migrated the fulfilling order operation processes to
an innovative Al-based search engine in VKPaaS.

The main purposes are to share resources,
outsource, share heavy capital expenditures, reduce
marginal costs, reduce risk, increase investment and
increase profit. More and more business owners in
remote areas join VKPaaS to share virtual kitchen
facilities, equipment, flexible procurement, human

resources, thousands of recipes, health-related legal in
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order to provide efficient delivery services to mass
customers in geographically wider areas.

The VKPaaS search engine calculates location of
targeted customers, matches them with designed
healthy and hygienic meals, selects the nearest virtual
restaurant, fastest routes, and lowest delivery cost to
targeted customers residences.

However, VKPaa$ search engine required and used
three algorithms together to analyze data and prescribe
efficient delivery service to each customer including: (1)
central of gravity, (2) factor rating and (3) transportation
model algorithms [5]-[8]. See graphical representation

of VKPaaS Model in figure 2.

1. 2.

Third-Party

Virtual-Kitchen-Partnership-as-a-?
Service Search Engine

)_

Cloud Factor Rating

Computing Cenﬁ\rlaglocr,iftt?rrna ity Algorithm Kitchen
Providers Providers
‘{ransportation Model AlgoritW
I
3. 4. )

Virtual Restaurant Al App
& Delivery Providers

Robotic Mobile
Kitchens

Figure 2: Virtual kitchen partnership as a service model

First, Central of gravity algorithm calculates location

of nearest virtual kitchen facilities to targeted
customers. See figure 3 for an equation of central of

gravity algorithm [7], [9].

X = Zﬁi_o..;
20

Y = Zl;_Qg
29

Where X=X coordinate of destination i
Y =Y coordinate of destination i
Q = Quantity to be shipped to destination i
(place of customer or supplier)
i=1,23,....n

Figure 3: Central of gravity algorithm [7]



Second, factor rating algorithm uses Al-rule based
data analysis to filter and rating variables for vital health
related ingredients and designs healthy and hygienic
meals that fit with each customer selection and
purchased orders. Finally, transportation model
algorithm calculates Al-based online real time-location
metrics for fastest, easiest and least expensive routes
to deliver meals to targeted customers [5]-[8]. In the
transportation model, other methods may be used to
improve accuracy of the calculation, such as northwest
corner, steppingstone and Vogel’s approximation
method, see graphical representation of transportation

model in figure 4 [7].

Destination
1 2 3 4 5 6 | Supply

1 13 10 22 29 19 0
5 5

2 14 13 16 21 M 0
0 4 1 1 6

Source 3 3 1] M 11 6 0
3 4 7

4 18 9 19 23 11 0
4 4

5 30 24 34 36 28 0
1 2 3

Demand 3 5 4 5 [ 2
Cost = M + 260.

Figure 4: Transportation model algorithm [7]

Although there are eight types of VKPaaS business
models as shown in table 1, there are four types of
VKPaaS hasty adopted and available during COVID
pandemic. The four types of VKPaaS included: (1) cloud
computing with high-speed internet connection only
(e.g., zuul, cloud, Deliveroo, others); (2) virtual kitchen
partnership providers with facilities (e.g., McDonalds,
Chick-fill-A);  (3)

application with artificial intelligence algorithms and

Starbucks, virtual  restaurants

delivery providers (e.g., grubhub, doordash, uber eats,
whole30); and (4) robotic mobile kitchen on wheels
(e.g., Zume Pizza, Ono Food). See figure 5 for graphical
of VKPaaS in cloud

representation computing

environment.
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Customer

Customer

Figure 5: VKPaaS$ in cloud computing

Example, ele.me one of the largest and fastest
growing virtual kitchen partnership providers in Beijing
and Shanghai, China owned by Alibaba group had
transformed into aggrecator of delivery providers
without driver fleets business model with capacity of
more than 800,000 virtual kitchen partnership providers
to 10 million customers. Customers used online food
ordering and fulfilling delivery service application every
day since the beginning of COVID-19 pandemic. The
graphical representation of VPKaaS business model
canvas including key partners, key activities, value
propostion, customer relationship, customer segments,
cost structure and revenue stream is shown in figure 6

below [1].

Virtual Kitchen Partnership-as-a-Service Business Model Canvas

ey P . P . Custo ) c
Relationship Segments
I.Freﬁh . l.ig)epate't:K:IaaS 1. Healthy and 1.Fan Club 1. Office workers
ingredients Wi Hygienic meal 2.Free delivery 2. Wark-from-
Farmers g'gcntten't{giatm 2. Fast delivery redeem point home workers
2.Kitchen -Lreate ML 3. Chef designed | 5 Rapeated 3.Healthcare
" partnerships 4. Hich 1 -
Suppliers 4.Create mass by Fal?r qri‘::aes‘t\v' order gifts workers
3.Food and customer base | ¢’ Fresle 4.Smart order | 4.Eldercares
Beverage 5.Create mass VK " ingredients Assistant 5. Hospices
Suppliers partnerships 7. 24 hours 5.Free dietary 6. Inner city
4.Operation | 6.Advertise service Information residences
Processing VKPaa$ App 8. Free delivery 7.Millennials
Partners Key Resources 9. No mistakes Channels with smart
S.Logistic 1y capital 10.Covid19 safety |, oo ol Media |, PMONE
Partners |5 Kitchen Supplies | 4, gackag\ng > VPKans App | B Smart phone
6.Payment -Contactless o - users
¥ 3. Chefs delive 3.Viral Marketing :
Partners 4. Ingredients 4 4. Portals 9.Public Officers
5. Staffs 5‘ Platf.
6. App Designer -Flatiorm
Cost Structure Revenue Stream
1.Marketing and sale costs 1.Healthy and hygienic meals delivery
2.Kitchen operation costs 2.Beverage and other side dishes delivery
3.Healthy and hygienic meal providers costs
4.Delivery fleet management costs

Figure 6: Example of VKPaa$S business model canvas
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However, the increasing demand for food safety
standards, accuracy with no mistakes, and high security
standards with contactless packaging at pickup point or
no delivery cost if pick up from ready-meal vending
machine had accelerated the need for more efficient
delivery service of healthy and hygienic meals to
customers inside big cities worldwide.

The research question in this study, therefore,
became which factors affecting customers decision to
choose and purchase healthy and hygienic meals from
virtual kitchen service providers (VKPaaS) with potential
impact on the efficiency management of delivery

services in health-related isolation environment.

lll. RESEARCH METHODOLOGY

Due to drastic changes in behaviors of COVID
generation customers, the theory of consumer
behaviors on consumption values (TCV) with focus on
five values of functional, conditional, social, emotional
and epistemic values was adopted to develop research
model to study changes in customer behavior variables
that may impact the intention to purchase healthy and
hygienic meals from online VKPaaS providers [1], [3],
[10]. However, the specific values from extended
studies service

of food delivery suggested that

functional value (i.e., price, food safety, health
conscious), social value (i.e., prestige and social values),
condition value (i.e., effort expectancy) and epistemic
value (i.e., visibility) may influence customers intention
to purchase in isolation [3]. Additional study on
variables that may affect the intention to choose and
purchase from online application with Al assistance
include performance expectancy, social influence, trust,
[6]. The

combination of suggested thirteen variables

security, timeliness and task-tech fit

are
adopted to develop efficient VKPaaS delivery service
isolation research

management in health-related

model in this study. See graphical representation of
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research model in figure 7 and definition with measures

for variables in table 3.

Social -
Influence Security
Effort Timeliness
Expectancy
Performance
Expectancy \+—| Task-Tech -Fit
Visibility | Health Conscious
Social Value

Prestige and Food Safety
Affordance

Figure 7: Delivery service management research model

Customer
Intention to
Purchase

Table 3: Research model variables and definitions [3]

Variable Definition and Measures

1. Performance Accuracy of designed and ordered
Expectancy  healthy & hygienic meals

2. Effort Easy and fast to find related health and
Expectancy  value information of designed meals

3. Social Reliable health and hygienic meals
Influence promotion

4. Trust Use health and hygienic certification seal

5. Security PDPA, GDPR, Cybersecurity Acts

6. Timeliness Accurate delivery within 30 minutes

I. Task-Tech-Fit FEasy to use smart phone/tablets to order

8. Visibility Clear picture with legal data visualization

9. Prestige & Authentic, Certify, Creative Common,
Social Value  Consent, Plagiarism,

10. Affordance Fair selection with diversity and choices

11.Price Fair/competitive price, discount, vouchers

12.Food Safety ~ Vaccination, contactless, clean delivery

13.Health Links to diet, health, risk of covid-19
Gonscious information

PDPA=Personal Data Protection Act; GDPR=General Data Protection Regulation

The quantitative and qualitative  research

methodologies were adopted in this study. The

research model was used to develop online
questionnaires survey using 5-point Likert scale to
collect quantitative data from randomly selected 554
subjects using online food delivery service applications
during June and August in 2021. Additional 1-hour in-
depth interview with 10 open ended questions method
was used to collect qualitative data from randomly and
conveniently selected 18 international food delivery
service providers with online applications to customers
facing similar COVID pandemic and health-related
isolation environment in Thailand, China, and USA. The

statistical analysis using multiple linear regression and



descriptive analysis methods were used to generate

results and findings as presented in the next section.

IV. RESULTS AND DISCUSSION

In making decision to choose and purchase healthy
and hygienic meals from VKPaa$ providers with efficient
delivery management, the findings suggested that new
COVID generation customers were influenced by five
variables including performance expectancy, effort
expectancy, perceived trust, social influence, and price,
respectively. See graphical representation of VKPaaS
efficient delivery management model in figure 8.
However, the R squared value of 0.654 in table 4
suggested that only 65% of variation in customer
intention to choose and purchase healthy and hysgienic
meals from VKPaaS with efficient delivery service
management could be explained from high correlation
values of the following five variables with high Beta

values and significant level less than 0.055.

Table 4: Multiple linear regression results

R Std. F Sig. F
Square Error | Change df1 df2 Change
.654 01745 | 56.348 13 387 .000
a. Predictors: (Constant), Visibility, Social Value, Perceived Safety, Social
Influence, Food Safety, Performance Expectancy, Timeliness, Price, Health
Conscious, Affordance, Effort Expectancy, Perceived Trust, Task-Tech-Fit
Coefficients *

Nodel Beta T S1g VIF
(Constant) 334 738
Performance 408 9.381 .000* 2.122
Expectancy
Effort Expectancy 189 3.896 | .000* 2.635
Perceived Trust A79 3.658 .000* 2.687
Social Influence 113 2.887 .004* 1.710
Price .087 1.923 .065* | 2.293
Affordance .086 1.857 .064 2.391
Timeliness .060 1.198 232 2.783
Health Conscious .030 692 489 2.141
Food Safety -.009 -.203 .839 2.076
Visibility -.020 -444 .657 2.388
Security -.041 -1.064 .288 1.647
Social Value -.060 -1.383 .168 1.486
Task-Tech-Fit -.056 -1.023 307 3.311
a = Dependent Variable: Purchase Intention

First, performance expectancy variable referring to
VKPaa$S ability to accurately design, select and order
healthy and hygienic meals with efficient delivery
service to isolated customer had the highest impact on

their decision to choose and purchase from VKPaaS
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with highest Beta value of 0.408 or 40.8% influence

from high performance expectancy of VKPaasS.

Performance
Expectancy

Customer
Intention to
Purchase

Social
Influence

Perceived
Trust

0 1
(Afordance i (rood serery ) (Eeciaromne )|

[ Timeliness J i ( Visibility J(Task—Tech —FTt]I

Health
Conscious

D -

1
.

Figure 8: VKPaas$ efficient delivery management model

Second, effort expectancy variable referring to
VKPaa$ ability to provide easily search engine in diverse
choices, quickly find innovatively designed healthy and
hygienic meals, make purchase order, and accurately
receive meals at their isolated residence had the
second highest impact on customer decision to
purchase with high beta value 0.189 or 18.9% influence
from effort expectancy provided by VKPaas.

Third, perceived trust variable referring to VKPaaS
ability to create trust from certified health and hygienic
seals, warranty of accurate and on-time delivery service,
compliance to PDPR (Personal Data Protection Act),
GDPR (General Data Protection Regulation), cybersecurity
laws and regulations on payments had the third impact
on their decision with beta value of 0.179 or 17.9%
influence from perceive trust on VKPaas.

Fourth, social influence variable referring to VKPaaS
ability to influence customer to receive reliable healthy
and hygienic meal information, marketing sales and
timely promotions from ethical social influencers on
social media had the fourth impact on their decision
with beta value of 0.113 or 11.3% influence from social

influence available on VKPaaS online application.
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Fifth, price variable referring to fair and competitive
price from VKPaa$S for customer selected healthy and
hygienic meals, delivery cost and time had surprisingly
lesser impact than four variables above with beta value
of 0.087 or 8.7% influence from fair and competitive
price offered by VKPaaS.

The remaining eight variables including affordance,
timeliness, health conscious, food safety, visibility,
security, social value and task-tech-fit variables had
impact on customers decision to purchase from VKPaaS
with beta values lesser than 0.87 or 8.7% of influence
from VKPaa$S and at significant level higher than 0.05.

However, additional findings from Cronbach’s alpha
coefficient or construct reliability analysis values of all
variables are greater than 0.7, except for security
variable with value of 0.5, as shown in table 5,
suggested unexpected errors or random errors such as
missing payments, stealing or infected delivery orders
may occur in security of service provided by VKPaaS
with beta value of -0.041 or 4.1% influence from
security on customer decision with significant level of
0.168.

Although three variables of affordance, timeliness
and health conscious variables have lesser impact on
customers decision, the findings suggested that VKPaaS
should take advantages in providing more affordable
choices, thousands of recipes for healthy and hygienic
meals selection from many countries and local areas
with innovative health-related tastes and diets,
accuracy and timely delivery service to more health-
conscious customers in health-related isolation

environment worldwide to stimulate customer decision

to purchase from VKPaas.
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Table 5: Cronbach’s Alpha and Estimated Correlation

, Estimated
Factor CroAnlbat;h S| Correlation
p with PI
Performance Expectancy 0.873
Effort Expectancy 0.872
Perceived Trust 0.922 0.726
Social Influence 0.915 0.596
Price 0.882 0.595
Affordance 0.911 0.669
Timeliness 0.857
Health Conscious 0.907 0.578
Food Safety 0.829
Visibility 0.879 0.644
Security 0.549*
Social Value 0.924 0.323
Task-Tech-Fit 0.898

Pl = Purchase Intention

The remaining five variables of food safety, visibility,
security, social value and task-tech-fit variables with
lower beta value and significant levels of influence on
customers decision suggested that VKPaaS should (1)
add compliances with food safety on vaccination,
contactless packaging, and clean delivery; (2) increase
visibility with clear, attractive and innovative food-
health-related pictures via high quality live Al or AR
visualization technology for ease of selection; (3)
compliance with health security standards such as
Food and Drug Administration (FDA) or hearth
association in each country; (4) increase prestige &
social values with authenticity, certification, creative
common, consent and no plagiarism in innovative
recipes and creative packaging; and (5) add easy and
fast ordering, tracking and fulfilling systems from any
smart phones and AR wearable devices.

Furthermore, security variable had lowest
convergent validity AVE value of 0.3785 than expected
validity of 0.5 suggested that security variable was not
enforced, visibled and complied in delivery services by
VKPaaS.

In summary, new COVID generation customers were
demanding for higher health and hygienic security
standards from VKPaaS delivering service management
with contactless packaging, no mistakes, no stealing

and mistaken of identity in their delivery services.



Table 6: Convergent validity analysis using AMOS

Factor AVE
Performance Expectation 0.6442
Effort Expectancy 0.6372
Perceived Trust 0.7487
Social Influence 0.7840
Price 0.6631
Affordance 0.6760
Timeliness 0.6664
Health Conscious 0.7103
Food Safety 0.7081
Visibility 0.6523
Security 0.3785*
Social Value 0.7161
Task-Tech-Fit 0.6888

In addition, the qualitative analysis using descriptive
analysis was conducted to address the challenges and
problems facing delivery service management among
VKPaa$S providers using 1-hour in-depth interview with
randomly and conveniently selected 18 international
food delivery service providers with online applications
to customers in global COVID pandemic and health-
related isolation environment in Thailand, China, and
USA.

The findings suggested that many VKPaa$ providers
were remarkably gaining more online sale volumes and
dramatically increased in number of customers with
market share of 26.9% and 47% increase in revenue
year-to-year during the pandemic locked down. See
performance increase findings in table 7.

Many VKPaaS providers continued to add state of
the art technologies to their surviving strategy and
cloud kitchen platforms, such as, intelligent scheduling,
Al based-automatic dispatching, local Live with AR
platforms for fulfilling order systems with 30 minutes
delivery time using diversity of food choices and
thousands of recipes to more locked down isolated
customers in wider areas.

More needs from isolated customers had emerged
and added to their food delivery services including new
for retail-

market-trend  platforms non-catering

supermarket  takeout, medical errands, flowers,

vegetables and fresh ingredients.
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Table 7: Emerging customer needs in VKPaa$S

E]:gg'lfg:y Description
Business Enhancing corporate image, promote
Purpose products sales, reduce sale during
pandemic, reduce service costs, and want
to establish a perfect information release
ordering system
Timeline Since 2018, 12 years of service with 30

minutes delivery service, creating, and
adding Local LIVE service platform and
AR technology to stimulate more sales
Sale volume increase, number of users
increase dramatically. More restaurants in
cooperated with us. Market share of
hungry reached 26.9%. Revenue
increased by 47% year-to-year

Using high technology Al-based facial
recognition to provide convenient and fast
ordering services for consumers who are
busy, do not wat to go out. Offering
diversity of food choices to consumers for
repeated orders for a long time

Adding new-retail non-catering takeout,
i.e., supermarket shopping, flower
ordering, medical  errands,  fresh
vegetables, ingredients, and new market-
trend platforms.

Performance

Online
Service

Customer
Needs

However, new issues facing VKPaa$S were challenges
& problems, adaptation, surviving strategy, cloud kitchen
platforms, surviving factors, trend on online food and
cloud kitchen, as shown in table 8.
these

Many VKPaaS providers encountered

challenges and problems of vast expansion by
searching for more financial resources, crowdsourcing,
shared investment, quick conversion from cash-in-flow
to costs, compliance to localized food safety, health
disinfection,

security of employees, vaccination,

cleanliness and others emerging issues.

Table 8: Emerging isolated economy issues

EEELQ‘;:Q Description

Challenges High cash flow and conversion of costs,

Problems keep sustainable resources and
investment, and team organization
management ability

Adaptation Adapt to surge of customer volumes,
different needs, food safety, employee
vaccination, disinfection and
cleanliness

Surviving Set intelligent scheduling system, used

Strategy Al big data balance algorithm to realize

automation dispatch.
Yes. Want to diversity services, attract

Cloud Kitchen

Platforms customers, consumers with a novel
enterprise model, publicized image of
restaurant, gain trust and maximize
profits.

Surviving Food safety, health and hygiene

Factors standards, quality and freshness of
food.

Trend online Develop and expand to multiple

Food platforms, dimensions, more
customers, improvement of takeout
system ad more diversified choices

Trend on Health-related  “Isolated ~ Economy”

Cloud Kitchen accelerated  takeout, more sale

channels, increase revenue and new
business models.

To survive in upcoming new health-related isolation

environment, many VKPaa$S providers swiftly adopted
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food safety, health and hygienic standards, quality and
freshness of food to meet the increasing demand for
online healthy and hysgienic food delivery services in
new emerging “Health-related Isolated Economy”.

Finally, to achieve higher efficiency in delivery
service management, the findings from in-depth
interview suggested that many VKPaaS providers
constantly re-invested in advanced state of the art
technologies to create innovative recipes with
creatively designed packaging for contactless delivery
service with automatic cleaning and disinfection robot
using intelligence cloud-based VKPaaS software to
attract mass new isolated non-sharing individual
behavior customers with expected high return on their
investments, as shown in table 9.

Extra allocation of funding to support compliances
to food safety, health related laws and regulations in
each region worldwide beyond the pandemic, such as,
Food and Drugs Administration (FDA) and Heart
Association were mandatory and incorporated into

VKPaa$ surviving strategies.

Table 9: Financial issues facing VKPaaS

Financial .
Description
Issues

Investment About 500,000-1,000,000 yuan shall be
increased or reduced according to
medium-term  operation and  actual
operation

Return on Expected retum income of 2,000-5,000

Investment yuan per month according to passenger
flow, and provide flow from other extended
businesses of the company to drive
development

Fee & Cost Rent, equipment costs, customer traffic,
fee to increase business volume to online
kitchen

Law & On time and efficient food takeout, safety,

Regulations | quality distribution process should abide by
relevant laws and regulations

In summary, the new VKPaaS efficient delivery
management  model  for  improvement  and

advancement of delivery service to new COVID
generation customers suggested that performance
social influence,

expectancy, effort expectancy,

perceived trust and price had significant impact on
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customers with new non-sharing behavior intention to
choose and purchase healthy and hygienic meals from
online VKPaaS providers. However, the findings were
limited to two types of VKPaaS business model with
delivery only service (i.e., ghost kitchen and virtual
restaurant), as shown in table 1. Therefore, VKPaaS
providers are recommended to improve and advance
their new VKPaas efficient delivery management model
with remaining six VKPaa$S business models. Additional
research studies may include VKPaaS sharing capital
and resources for expansion of business in wider areas,
compliance to state-of-the art of health and hygienic
technologies, security standards, laws and regulations
in global and local countries for influx of new demand
on online innovative healthy and hygienic meals
delivery services to customers in health-related
isolation environment in culinary and healthcare

industries in 2027.

V. CONCLUSION

During global COVID-19 pandemic, many food
service providers and online delivery providers had
changed their behaviors and partnered into new
business known as virtual kitchen partnership as-a-
service providers (VKPaaS) on cloud computing with
focus on new emerging demand for healthy and
hygienic meals in culinary industry with fast, easy and
in-expensive delivery service to new COVID generation
customers in health-related isolation environment
during 2020 and 2026. The VKPaa$S used search engine
with Al-based technologies in cloud computing and
algorithms to determine and innovatively design proper
healthy and hysgienic meals for customers from the
nearest location. This study was conducted to improve
and advance VKPaaS efficient delivery management
model with vital variables affecting new isolated non-

sharing behavior customers decision to choose and

purchase healthy and hygienic meals from online



VKPaaS. The quantitative survey research method and
qualitative in-depth interview methods collected and
analyzed data from randomly selected 554 subjects
and 18 food service providers in Thailand, China and
USA during 3 months in 2021. The findings suggested
performance expectancy, effort expectancy, social
influence, perceived trust and price variables had
potential impact on isolated customers intention to
choose and purchase healthy and hygienic meals with
efficient delivery service management to their health-
related isolation environment. VKPaaS providers were
recommended to comply to state-of-the art in health-
related technologies, security standards, laws and
regulations in many countries worldwide for efficient
delivery service management to influx of new demand
for innovatively designed nutrition for healthy and
hygienic meals to new generation of changed behaviors
customers toward more isolation and no sharing
environment in culinary and healthcare industries in
the year 2027.

Recommendations for further research and studies
may include the research in online crowdsourcing
innovation for sharing g¢lobal financial, facilities,
expertise and intelligence resources for advancement
of VKPaa$ services to new COVID generation customers
in isolation economy. The research may focus on
artistically design packaging for contactless meals,
robotic-mobile  vehicles with advanced drone
technology for live visualization of automated meals
preparation to pick-up-point in geographically wider
areas with compliance to healthcare standards, security
and regulations for new emerging health-related

isolation economy.
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Abstract

Satellite imaging technology is essential for various applications such as real estate analysis, disaster monitoring,
and more. However, as satellite data is big data, it is time-consuming and challenging for humans to analyze it,
even a simple task such as detecting the types of buildings in a large area. In this paper, we develop a satellite
imaging-analytics technique by applying the transfer learning algorithm to learn and classify different types of
buildings in Thailand. The proposed model is learnt and tested on our created datasets, namely 4CateSAT,
including the images of buildings including (1) airports, (2) stadiums (football fields), (3) schools, and (4) temples in
Thailand. We also apply well-known algorithms to handle the imbalanced data, and the experimental results show

that the accuracy of the best model is 96.88%.

Keywords: Satellite imagery, SMOTE, Deep learning, Image classification, Transfer learning
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VGG1l6 0.9907 0.029 0.8943 0.4294 0.8281 0.7305
InceptionV3 0.9814 0.0503 0.8792 0.5086 0.8594 0.345
1 ResNet152v2 0.9953 0.0135 0.9245 0.2751 0.8594 0.4104
DenseNet201 0.9953 0.0153 0.9396 0.212 0.9688 0.1421
Xception 0.9823 0.041 0.9094 0.2288 0.875 0.5842
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False Positive Rate
gﬂﬁ 11 : ROC Curve
#5197l 4 : Classification Report
precision recall fl-score support
auutu 1.00 1.00 1.00 16
GBI ATRE 0.94 0.94 0.94 16
Tsa3au 0.94 0.94 0.94 16
a0 1.00 1.00 1.00 16
accuracy 0.97 64
macro avg 0.97 0.97 0.97 64
weighted avg 0.97 0.97 0.97 64
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Abstract

This research paper presents the design and construction of an automatic solar panel cleaner on Arduino. Since
dust is an important factor affecting the efficiency of the cell panel, regular washing of the cell panel is necessary
for the photovoltaic system to increase its efficiency of the system. This research was tested using an 80 W
monocrystalline panel and an Arduino washing control. It is easy to use and cheap to allow the control of the
panel to achieve the desired results. In collecting the experimental results, the relationship between the electric
power before and after cleaning the panel was collected. In the first case, the solar panel was cleaned every 1
hour. The results showed that the output power of the washed and unwashed panels is approximately the same.
Due to too frequent a wash control timer, the dust accumulation is not enough to see the change in power output.
Case 2, the solar panel washing time is controlled every 3 months. The results showed that after 3 months of solar
panel cleaning intervals, the amount of dust accumulated was about 2.5 grams per square meter. The power was
greatly reduced. When cleaning the panel, results in higher power output. Then calculate the efficiency of the
panel system increased by automatic panel washing. It was concluded that the calculated efficiency of the panel

system was increased to 12.11%.

Keywords: Effect of dust on a solar panel, Efficiency, Automatic
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. INTRODUCTION

Solar energy is the largest natural energy source, it
is clean and ubiquitous. Especially Thailand is a country
located on the equator of the world. Therefore, it is an
area that receives sunlight all day long. Therefore, it is
suitable for the use of solar energy [1]-[3]. However,
the efficiency of the solar panels will have many
variables, including the type of solar cell. Mounting and
mounting of panels, temperature, light intensity, dust,
etc [4]. Many researchers have studied the effects of
dust on the efficiency of solar panels. They found that
thick dust on solar panels reduced light transmittance
from 88.9% to 69.1% [5], causing a maximum 6.9%
reduction in efficiency [6].

The research of the College of Renewable Energy,
Naresuan University, Phitsanulok Province, has studied
the effects of dust accumulation on solar panels. The
study found that, The number of dust results in
reduced light transmittance resulting in reduced peak
power. In the period of 60 days and 30 days, the
electric power was reduced to 2.83% and 6.03%,
respectively [7]. Thailand tends to increase the amount
of dust accumulated every year[8]. The trend of PM2.5
volume in 2011-2018 Thailand is shown in Figure 1.
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Figure 1: The trend of PM2.5 volume in 2011-2018 [8]

Currently, Automation has played a huge role in
human life. It is also a working system that tends to
develop and grow more and more. The main function

of automation is to facilitate human life. Whether it is
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a timer in the microwave Using the remote control for
turning on and off the car or a room temperature
sensor in some air conditioners, etc. If considering the
benefits of an automated system. It can be seen that
automation can control and reduce the damage caused
by human labor. It is convenient and easy to operate [9].

Therefore, this research has designed and built a
prototype-based Arduino-controlled automatic solar
panel washing machine for cleaning solar panels. This
helps reduce dust accumulation on solar panels which
increases the efficiency of the photovoltaic system [10],
[11]. It also reduces the cost of hiring workers to clean
the solar panels for solar power system operators. and
reduce the danger of accidents that will occur in the

case of washing solar panels on the roof.

IIl. LITERATURE REVIEW

A. Solar Cell

Basic Solar cell |-V characteristics

The light energy is directly converted to electricity
by using solar panels. If the energy stored in the photon
is greater than the energy bandgap of the solar panel,
Electrons move and release energy in the form of
electrical energy to the external circuit [12]-[14]. The
process of generating electricity from the Sun is shown

in Figure 2.
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Figure 2: The process of generating electricity from the sun [15]



The basic Equivalent Circuit of Solar cells is shown
in Figure 3 [16]. The model consists of a photocurrent
source ly, a diode, parallel resister Ry, and series resister
R, The mathematical modeling of the |-V characteristic

of the solar PV cell can be calculated as in (1) [17].

[ = Iph _ 10 [exp (Vh+IRs) _ 1] _ (Vph—IRs) (1)

nvr Rsh

Where | is the output current, |y, is photocurrent Iy is
reverse saturation current of diode, V,,is photovoltage,
n is diode ideality factor (1 for an ideal diode), V; is the
terminal voltage, series resistance (R,) Shunt Resistance
(Ry), parallel resistance. There are used to calculate

power output on a PV system.[18] As shown in Figure 3.

Maximum power increases with increasing irradiance
Maximum power voltage changes little with irradiance
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Figure 3: Equivalent circuit of solar cell [16]

The output power is dependent on the solar
iradiant and temperature module. As the temperature
increases, the open-circuit voltage (Voc) decreases. This
in turn decreased the power output. On the other hand,
irradiance will also affect power output, with a high of
irradiation consequentially an increased power output
[19]. The temperature and irradiance affect |-V curves

on the solar cell are shown in Figure 4.
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with irradiance T=50°C ——P»
GConstant
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Figure 4: The temperature and irradiance affect |-V curves on solar cells [19]

B. Factors Affecting PV Plants Performance

The meteorological effect is the impact of weather
events on the atmosphere of the world.

In PV plants, the input is the value of radiation from
the sun, and its output is electrical energy. While
generating electrical energy, many meteorological

factors are affecting the performance of the PV plants.

These factors lead to losses in the production of
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electrical energy. Investors want to minimize these
losses to avoid financial damage. Losses can occur due
to meteorological factors as well as the design of solar
PV plants. These can be shading, material quality,
incompatibilities between parts, and inverter losses [20].
The losses that may occur in a solar power plant are

shown in Figure 5.
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AC cable losses 0.5%
DC cable losses 0.7%
Mismatch 0.7%
Spectrum 1 %
Radiance 1.5 %
Soiling 2%
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| J
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The DC
Energy Inverter 3%

at Pv Plant | Temperature 4.6%
of Solar

Shading 7%

Panel 100%

Figure 5: The factors affecting PV plants performance [20]

C. Effect of Dust on Solar Panel

In many research studies on the effects of dust on
solar panels. It was discovered that dust accumulating
on the glass sheet reduces the transmission of light.
Interestingly, it was found that if the accumulation of
fine dust particles was very dense, this would result in
a reduction in the solar intensity the solar panels would
receive because the dust would obscure the path of
the light. For this reason, it can be concluded that dust
is a factor affecting the efficiency of solar panels. If
there is a lot of dust accumulation, the efficiency of the
solar panel will also decrease [21]-[23]. The Examples

of potential dust on the solar panels shows in Figure 6.

Figure 6: Examples of potential dust on the solar panels [23]

D. Data Processing and Measurements

In this experiment, it was necessary to use basic
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equations to verify the validity of the data with the
following parameters to be calculated:
The maximum power factor can be calculated as
shown in equation (2).
Prax = ImpXVinp @
where Imp is the current max, Vmp is voltage max.
To calculate the parameters of standard IEC 61724,
which details how to calculate[24].

E. ., kWh/m?)

77

Solar energy (

Ei,r :TerrPi (3)

kWh)

Solar energy per unit area (E, _,

Er,r = Ei,r x A\i
A, = solar panel area (M?)

(4)

Electricity from solar panels ( EA’,, kWh)

Epe =7, % Z, Poc (%)
Solar panel efficiency (77, ,,%)

EA,T

Ma: = x100 (6)

rr

The performance efficiency loss of the PV module

can be calculated through Equation (7) [24].

__ MNclean—MNdirty

Nioss = (N

Nclean
I.LRESEARCH METHODOLOGY
In the prototype design, the Arduino-controlled
automated solar panel washer aims to increase the

efficiency of the photovoltaic system. The method of



®

operation is as follows:
A. Solar Panel Cleaner Component

1) PV module characteristics

This research uses an 80 W Mono-Crystalline solar
panel. which is a high-efficiency panel. The electrical
properties are shown in Table 1 and the picture of the

cell panels used in this research is shown in Figure 7.

Table 1: PV module characteristics at Standard Test Conditions

(STC) (1000 W/m?, 25 °C, AM1.5)

Solar Module Type: PRPVM-80
Maximum power 80 W
Voltages at Pmax 18V
Current at Pmax 4.44 A
Open-Circuit Voltage 216V
Short-Circuit Current 4.88 A
Power Tolerance +/- 3%

Figure 7: The 80 W monocrystalline solar panel

2) Design a structure solar panel structure

Design a structure to support the solar panel to
receive the most light. In Thailand, 15 degrees in the
design use the Sketch-up2018 program to determine
the height of solar cells installed on land. The height in
front of the cell panel is 33.3 cm, the height behind the
cell is 50 cm, the width is 67.1 cm and the length is
74.7 cm, which determines the height of the solar cell

installed on the water surface, height 19.2 cm, width
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143.1 cm, length 25 cm, as shown. In Figure 8.

Figure 8: Solar panel structure in this research

3) Solar panel cleaner structure

1. A ConFigure a prototype of an automatic solar
panel cleaner controlled by Arduino using an aluminum
profile size 8 x 8 mm, assembled into a square, size
70 x 30 cm, using a 110 rpom 12 V DC motor. Figure 9

shows the Solar panel cleaner prototype.

Figure 9: Solar panel cleaner prototype

2. In the part of the control of the solar panel
washing machine. The panel washer will run in a top-
to-bottom manner. Use a rubber squeegee to clean the
solar panel. There is a water spray head to spray water
to clean the panel. This study divided the test into 2
cases, Case 1 was cleaning time every 1 hour and Case
2 cleaned every 90 days. The solar panel cleaning

system operation flow chart is shown in Figure 10.
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Figure 10: Solar panels cleaning system operation flow chart

In Figure 10, The power supply is the power source
for the microcontroller board. The microcontroller is
responsible for controlling the operation of the DC

Motor Drive and Stepper Motor. The DC motor moves

on the x-axis and the stepper motor moves on the Y-
axis.
IV. RESULTS AND DISCUSSION

Once the design and construction of an automatic
solar panel cleaner have been completed. Then
experiment to collect the power values obtained when
cleaning the panel. Compared to the power without
washing the panel. To determine the relationship
between panel cleaning that affects the power and
efficiency of the solar panel. The results of the

experiment were divided into 3 topics as follows:

Table 2: Summarizes the accuracy of the solar panel cleaning machine efficiency test

Machine working case The total number of The number of times the machine Accuracy Error
times to test works accurately. (%) (%)
Set the machine to start working 10 10 100 0
every 15 minutes.
Set the machine to start working 10 10 100 0
every 30 minutes.
Set the machine to start working 10 10 100 0
every 60 minutes.

A. Automatic Solar Panel Cleaner Control

As for the control of the solar panel cleaner, this
research uses Arduino. Test the operation by setting the
start-up time of the machine to 3 values: 1) Every 15
minutes, 2) Every 30 minutes and 60 minutes, the test
results are shown in Table 2.

From Table 2 it can be seen that the solar panel
cleaner can work exactly for the set time of 15, 30, and

60 minutes, representing 100 percent.

Figure 11: Solar Irradiation from 8:00 a.m. to 5:00 p.m.

900
800
700
600
500

300
200
100

Solar Irradiation (W/m2)

g
5]
-

8 am
10am
11 am
12 am
1pm
2pm
3pm
4pm
Spm

46

B. Cleaning the Cell Panel and the Solar Cell's Output
Power

1) Daily panel cleaning

The researchers collected the results of daily light
intensity and daily solar panel temperature. In order to
know the fundamental behavior of the solar cell which
affects the output power of the solar panel as well. The
solar radiation from 8:00 a.m. to 5:00 p.m. and

temperature modules from 8:00 a.m. to 5:00 p.m. as

Figure 12: Temperature Module from 8:00 a.m. to 5:00 p.m.

shown in Figures 11 and 12.
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The Power of solar panels on Daily panel cleaning

is shown in Table 3.

Table 3: The power of solar panels on daily panel cleaning

Time Power (W)
Before During After
Dust Dust Cleaning
08.00 am 2 52 54
09.00 am 52 52 54
10.00 am 58 59 60
11.00 am 63 64 67
12.00 am 65 65 68
1.00 pm 69 70 72
2.00 pm 64 64 65
3.00 pm 54 55 58
4.00 pm 38 38 38
5.00 pm 24 24 25

From Table 2, It was found that when we set the
panel cleaning to clean every 1 hour. As a result, the
total power was only slightly increased, but from the
observation on the panel, there may not be enough
dust to accumulate to reduce the power. But the
increase in power may be caused by washing the solar
panels. With that water, the panel is cooled. During
high-temperature times, such as between 11:00 AM and
2:00 PM in Thailand, when washing the panel, the panel
temperature decreases. The voltage is, therefore, higher,
increasing power accordingly.

2) Monthly panel cleaning

In this section, we will design a 3-month collection
of experimental results to see the relationship between
dust accumulation affects solar panel efficiency. The
amount of dust will be collected before the panel is
cleaned and the power quantity is compared before
and after cleaning the solar panel. The results of the

experiments are shown in Table 4.
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Table 4: Power of solar panels on 3 monthly panel cleaning

Months Dust Power (W)
amount | Before After
(g¢/m?) Dust | Cleaning
January 1, 2020 2.67 67 72.6
March 31, 2020 3.53 64 74.3
June 30, 2020 1.35 58 62
September30,2020 2.38 63 69

The results of the experiment can be seen over a
period of 3 months. There is a large amount of dust
accumulated. As a result, the power that the cell panel
produces is less. When the panel is cleaned, the power
will increase noticeably. In June 2020, In Thailand is the
rainy season. Therefore, the amount of dust
accumulation is not much. and resulting in a very small

reduction in power.

C. Compare the Efficiency of the Panel Washer
Comparison of the efficiency of solar panel washer

with the amount of dust as shown in Figure 13.

14 4

12 ¢

% Efficiency(I])

15 2 25 35

Dust amount(g/m?)

0 0.5 1

Figure 13: The relationship of the efficiency of the solar panel

washer with the amount of dust

V. CONCLUSION
Researching the design and construction of an
automatic solar panel cleaner on the Arduino. For this
reason, dust is an important factor affecting the
efficiency of the panel, so washing the panel regularly.
Therefore, the photovoltaic system must increase its

efficiency of the system. This research was tested using
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an 80 W monocrystalline panel and an Arduino washing
control. It is easy to use and cheap to allow the control
of the panel to achieve the desired results. In collecting
the experimental results, the relationship between the
electric power before and after cleaning the panel was
collected. In the first case, the cell panel was cleaned
every 1 hour. The results showed that the output
power was close to that. did not wash the panel due
to too frequent washing time causing the dust to not
accumulate enousgh. Then the cell panels were washed
every 3 months. The results showed that when leaving
the cell panel cleaning intervals for 3 months, the
amount of dust accumulation was about 2.5 grams per
square meter. The power was significantly reduced.
when cleaning the panel will result in higher power
costs. The efficiency of the increased panel system was
then calculated. From the automatic panel washing, it
was concluded that the calculated efficiency of the
panel system increased to 12.11%.

At present, in Thailand, more solar rooftop systems
are installed. On the roof area, cleaning is difficult and
poses a risk of accidents to workers. This research has
created an automatic cleaning machine to solve this

problem on a low-cost basis.
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Abstract

This research aims to design and develop a rapid prototyping machine and explore the forming parameters,
included the performance evaluation of rapid prototyping machine technology for ceramic products which deploy
layer manufacturing technique. Procedural of this research started from 3D ceramic product design in Unigraphics
NX version 6.0 program, next created a cross section line in the 3D file base on a height of product at each layer
in development a rapid prototyping machine. The machine size is 300x400x500 millimeter which is composed of
3 components, 1) Base structure 2) Injection rate control unit 3) Electronic control system and software. In wiring
electronic circuit, RNR Motion board is applied. USB port used as communication port between hardware and
Mach3 CNC controller software is used to control the motor moving in 4 axes as X, Y, Z and A. Testing has explored
to find the effective parameters to create prototype. The control parameters are diameter size of injector which is
fixed at 2 millimeters, and PBB compound clay which contained the moisture range as 40-50%. The dependent
parameters are injector rate, velocity and interval of forming level. The testing results shown that the appropriate
injection rate is 5 mm/min, the velocity of axes moving in x, y, z is 60 mm/min, the appropriate interval of forming
level is 0.80 millimeter and results of circle forming style, rectangle forming style and free style forming production
are good performed, after put the forming product into flaming with 1200 Celsius, the forming product is perfect,
no rupture and no twisted. The performance of rapid prototyping machine is measured by product size after

forming, found that the mean of +/- deviation is 0.2 millimeter.

Keywords: Rapid prototyping, Layer manufacturing, Ceramic products
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Abstract

This study proposes a personalized sightseeing planning system that optimizes travel routes to maximize tourist
satisfaction considering cost and time constraints. The proposed mathematical model considers the places the
tourist wants to visit, cost, and time available and recommends the optimal number of places that can be visited
and the shortest routes to these places. The proposed system could successfully suggest local tourist spots that
can be visited in the given time and budget. We believe that our study makes a significant contribution to the
literature because travelers at present have to rely on information available from websites, guidebooks, social
networking sites, or from family and friends to gather information of places they plan to visit. Such information
may be brief or need not be up-to-date as real-time factors like weather, seasons, temperature, time of day, and
crowding or recent attractions added may not be available. Further the model can be easily adopted by tourism
industry worldwide, while the tourists receive reliable and accurate travel advise to enhance the travelling

experience.

Keywords: Sightseeing guidance system, Mathematical optimization problem, Operations research
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. INTRODUCTION

Recent developments in transportation networks
and modes such as railways and airlines have made it
easy to travel worldwide. A reliable and accurate
source of information can enhance the experience and
satisfaction levels of tourists. While websites, guidebooks,
and social networking services may briefly introduce
individual spots, their information need not be up-to-
date.

In recent years, it has been observed that an
increasing number of tourists with similar preferences
plan their trips in small groups. The purpose of travel
(trip type) can vary between individuals and groups and
include nature tourism, outdoor experiences, visiting
theme parks, historical and cultural sightseeing,
sampling the local cuisines, city sightseeing, relaxing in
hot springs, and shopping. However, external factors
can affect satisfaction even if a trip is planned and
implemented according to personal preferences. For
example, in nature tourism, satisfaction depends on
factors such as season, weather, temperature, time of
day, and crowding. Similarly, when the purpose of a trip
is to experience gourmet food, tourists' satisfaction
level will be low if the restaurant is closed, the menu
is not in season, or the prices are high. Therefore, it is
necessary to have a source that provides the latest
information on ever-changing sightseeing spots
(including facilities and stores) in real-time to maximize
satisfaction. Tourists also have various constraints, such
as time and cost, within which they expect to maximize
their traveling experiences [1]-[3].

Thus far, much research has been conducted on the
development of travel guidance systems aimed at
optimizing costs and improving satisfaction: In
Reference [4], Tsuchiya discusses the information
management  model  using  crawling/analyzing
technology to retrieve information diffused on the

internet and proposes a local information platform that
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predominantly collects sightseeing information in the
Suwa area of Nagano Prefecture. In Reference [5],
Hasuike proposes versatile and interactive route
planning for sightseeing under various conditions
considering the constraints of required traveling times
and the total satisfaction of sightseeing activities, which
are time-dependent. In Reference [6], Kourouthanassis
presents a mobile augmented reality (MAR) travel guide,
which supports personalized recommendations. They
reported the development process and devised a
theoretical model that explores the adoption of MAR
(mobile augmented reality) applications based on the
impact of tourists” emotions. Nevertheless, the authors
of this study were unable to find research focused on
a sightseeing guidance system that uses real-time
spot information (weather, temperature, congestion,
satisfaction, etc.).

Therefore, this study proposes a sightseeing plan
system that optimizes travel routes to maximize tourist
satisfaction. Our proposed system has the following
functions:

- Present sightseeing routes in line with tourists'
preferences

- Present sightseeing plans that maximize tourists'
satisfaction within their time and cost constraints

- Present alternate plans in real-time in response
to various conditions such as worsening weather,
suspension of transport networks, and change in plans
due to urgent business

The system takes desired trip type, acceptable time
(expected departure and arrival times), and acceptable
cost (@mount of money they are willing to spend at
each tourist spot) as input and presents a sightseeing
plan that maximizes user satisfaction within the given
constraints. In the event of unforeseen circumstances,
such as worsening weather, travel delays, and closure
of tourist spot facilities, the system immediately

reorganizes the routes in unforeseen circumstances and
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suggests a new optimal plan considering the above
factors.

The system immediately reorganizes the routes
allowing tourists to enjoy vacations even in an
unfamiliar place and serves as a tool to support the

tourism industry.

II. SYSTEM SPECIFICATIONS

For realizing this system, it is essential to obtain real-
time information such as weather, temperature, traffic
situation, and congestion at the tourist spot; this study
assumes that in the near future, all tourist spots will
have sensors to acquire such information and
communication networks to disseminate it.

This study used the Doto district in Eastern Hokkaido,
Japan, to test the proposed system. Hokkaido is one of
the four major islands that constitute the Japanese
archipelago and is located in the northern part of Japan
(Fig 1). In the "Prefecture Attractiveness Ranking" by the
Brand Research Institute [7], it has been selected as

number 1 for 13 consecutive years. It ranks first in terms
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Figure 1: The map of Japan
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A

of popularity of tourism and products, and third in
terms of degree of satisfaction with living. Furthermore,
it is highly evaluated for motivation.

Doto is in the eastern region of Hokkaido (Areas F, G,
and H shown in Figure 2. It is blessed with abundant
nature and delicious food. Doto houses world-
renowned sites with breathtaking scenery and many
attractive tourist spots such as Shiretoko Peninsula and
Kushiro Marsh. With two national parks and a World
Natural Heritage Site, it is one of the most popular areas
in Japan and attracts tourists year-round. In addition, it
has abundant scenic beauty year-round, and tourists
can enjoy delicious food, hot springs, and the vastness
of nature.

However, because it has many famous tourist spots
and unexplored locales across its vast area of 31,000
km? planning a trip to Doto can be difficult for
beginners; therefore, it was considered a suitable study
target. To verify the system's accuracy, we added 100

fictional spots in addition to the existing ones.

Figure 2: The map of Hokkaido (Doto areas F, G, and H)
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Below are some of the popular tourist spotss in Doto.
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(1) Tancho Sanctuary
Wild red-crowned cranes gathering at the feeding ground can be

observed outdoors or from the nature center through a telescope.

(3) Lake Mashu
Lake Mashu is known globally for its high transparency and is

called a mysterious lake.

(2) Kushiro Marsh
Kushiro Marsh is Japan's largest marsh and is located in Kushiro
Plain, Hokkaido. The area covers about 26,000 ha, of which 7,863 ha

in the center is a Ramsar Convention-registered wetland.

(4) Sunset from Nusamai Bridge

Kushiro’s sunset was once considered one of the three major
sunset attractions worldwide. Even now, the evening scenery attracts

many tourists.

Figure 3: Popular tourist spots in Doto

A. System Overview

Based on the user input information, such as time
limit, hobbies, and preferences, and real-time
information, such as date and time, weather, and
congestion, the route that maximizes the total
satisfaction is derived for each tourist spot using a
mathematical optimization method. The following is

the operation flow of this system.

1. Input user's travel preferences (restrictions and likes)

2. Generate satisfaction and map data based on input data

3. Derive route with maximum satisfaction using a
mathematical model

4. Check the integrity of the derived route

5. Output proposed sightseeing route
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The following subsections describe the types and
structures of the data used and the specific operation

of the system.

B. Data Structure

This system requires basic information on tourist
spots and map data connecting tourist spots.

Basic information of tourist spots includes the name
of the spot, area to which the spot belongs,
opening/closing time, gourmet information, average
staying time, cost per person, and satisfaction data.
Satisfaction data for each tourist spot consists of a base
value (attractiveness) that differs across seasons and an

attractiveness adjustment coefficient that considers
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external factors such as weather, congestion, and user

preferences. The attractiveness adjustment coefficient

varies significantly depending on the characteristics of

the tourist spot. Table 1 shows an example of the
attractiveness of a tourist resort in summer and the

attractiveness adjustment coefficient.

Table 1: Example of attractiveness

Weather Purpose of travel
Tourist spot Attractiveness | Sunny | Cloudy | Rainy | Snowy Nature | Food | Culture | Shopping | Activity
The Lake Mashu 1.8 2 1.8 1.2 0.8 2 0.7 1 1 0.8
Washo Market 14 2 2 2 2 0.1 2 1.2 2 0.1
Ainu village 1.4 2 1.8 1.4 1.6 1 1.2 2 0.3 1.4

Here, the basic attractiveness of each tourist spot in
Table 1 was assigned according to the evaluation
values of various information magazines that are tourist
guides and as per assessments of tourist sites.

The map data are represented by a graph model
such that each vertex and edge correspond to each
tourist spot, and the road connecting them,
respectively. The travel time between tourist spots was
weighted on each edge of the map data. The map data
consisted of a two-dimensional array data structure.

The two-dimensional array representing an example

map in Figure 4 is shown below.

0 20 0 40 25
20 0 40 70 35
A=]10 40 0 60 65
40 70 60 0 30
25 35 65 30 O

Figure 4: Example of a map data
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C. Data Entry
To use this system, the user enters the information

by following the steps below:

1. Departure and final arrival points
2. Departure and arrival time
3. Number of tourers

4. Desired plan

5. Desired tourist spot

6

Desired tourist area

The system calculates the time that can be spent
sightseeing based on the departure and arrival times.
The desired plan lets tourists select all the wishes from
the five categories of "nature," “food," "culture,"
"shopping," and "activity." After Step 4, the systems’
users will be presented with a list of popular and
representative tourist spots. They can choose any
number of places. If the number of tourist spots
selected is too large to make a realistic plan, they will
be prompted to re-enter their selections. Furthermore,
if a small number of tourist spots are selected, the
most popular ones are automatically recommended.

The desired sightseeing area is specified if tourists want

to visit a place far away from the departure point.

D. Determining Satisfaction
The system calculates the degree of satisfaction

when visiting tourist spots based on the desired



locations entered by the user and their real-time
information. The degree of satisfaction of each tourist
spot is obtained by multiplying the attractiveness for
each season by the attractiveness adjustment
coefficients derived from the real-time tourist spot
information. If real-time information shows that the
tourist spot is very crowded, the calculated degree of
satisfaction is halved. Thus, even if the attractiveness of
several tourist spots is the same, their final satisfaction
will differ significantly depending on the user's likes and

real-time information.

E. Map Generation

The system creates a two-dimensional array graph
data using the two-dimensional array map data and the
duration of stay from the user information. The map
data are updated by integrating the travel time
between tourist spots and the stay time at each tourist
spot on the map data. In this process, the stay time at
the next tourist spot is added to the travel time
information between the tourist spots assigned to the

edges of the map.

1. OPTIMAL SOLUTION DERIVATION

After receiving basic data from the user and
constructing the map data, the optimum solution is
derived by solving the following mathematical
optimization problem.
A. Mathematical Optimization

In mathematical optimization, a mathematical
model comprising a set of mathematical equations is
used to determine the most desirable (optimal)
solution. A mathematical model consists of three
elements:  variables, objective functions, and
constraints. The objective function is the mathematical
equation that should be solved to find the optimal
solution. The constraint condition defines the upper

and lower limits of the values that the variables can
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take. If we imagine these in a vector space, the
constraint condition is the point that reaches the
farthest in the direction of travel in the space

surrounded by the wall.

B. Mathematical Model

The purpose of this study is to maximize traveler
satisfaction, and this section describes the formulated
mathematical model to achieve this. The mathematical
model is expressed using PuLP, which is a module for
mathematical optimization problems in Python. For the
optimum solution derivation, the CBC solver in PuLP
was used [8], [9]. The CBC solver can be applied only
to linear optimization problems, in which the objective
function and constraints are linear equations. Therefore,
the problem of deriving the tourist route that
maximizes the satisfaction level is essentially similar to
the traveling salesman problem (the problem of finding
the shortest path through all vertices). However, it
differs from the traveling salesman problem in that the
objective function is to maximize satisfaction, and it is
not necessary to visit all the vertices.

Thus, this problem is formulated as follows.

N N
Maximize ZZ Xij X Sfij
i=0 j=0

Here, N is the number of tourist spots, vertex
number 1" is the departure point, and N is the final
arrival point. When moving from tourist spot i to j, x; is
1; otherwise, it is 0. sf; is a two-dimensional array storing
the attractiveness of tourist spot j. The inner product of

x; and sf; are the goals to be maximized.

le =1 (1)

NgE

1

-
]

Xy =1 (2)

-

Il
[y

l
Equations 1 and 2 are conditions that set the

number of movements from the departure point and
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to the final arrival point to exactly one, respectively.

Thus, the departure and final arrival points are included

in the route.
xi1 =0, i=273,..,N—-1 3)
xNj=O, j=23.,N-1 €))

Equations 3 and 4 satisfies the constraints that
travelers do not move to the place of departure and

from their final arrival point, respectively.

N N
szij Xcsij<C (5)
i=0 j=0
N N
szij Xts;; <T (6)

-
]

=]
Il

=]

J

Equation 5 ensures that the total cost of visiting
tourist spots does not exceed the upper limit set by
the user. Here, cs; is the sum of the cost of traveling
from tourist spot i to j and indicates the cost of visiting
tourist spot J.

Equation 6 indicates that the total time required for
sightseeing according to the schedule is within the
available time set by the user.

N

inf =1, f€{23 ..,N—1)

i=1

(7

Equation 7 satisfies the constraint that the user visits

the desired tourist spot f.
x. .

N
2w

J=1 J

N
=Zxﬁ, i=2,3,...,N—1 (8)

=1
Equation 8 satisfies the constraint that the number

of movements to and from the tourist spot i are equal.

9
Equation 9 satisfies the Miller-Tucker-Zemlin (MTZ)

G—q;+1<(N-11—x;)

formulation constraint [10]. Here, q; denotes the order
of visiting the tourist spot i (1 < i < N) desired by the
user. This is often used in the traveling salesman
problem to prevent the selection of routes that include

loops [11].
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Unlike the traveling salesman problem, the optimal
route found in this study does not require visiting all
vertices. Therefore, the following constraint is further

added.

N

»)

i=0 j=0

(10)

x..

l]:qN_l

Equation 10 satisfies the constraint that the number
of movements between tourist spots is one less than
the number of tourist spots that the user intends to

visit.

IV. SYSTEM OPERATION EXPERIMENT

This section verifies the performance of the
proposed system and the accuracy of the derived
solution. In this experiment, 100 tourist spots were
assumed in the eastern Hokkaido area, and
attractiveness was set for each tourist spot. The map
data were created using Google Directions API [8] and
travel time between tourist spots acquired.

The input data used in this experiment are
presented in Table 2. In this experiment, it was
assumed that congestion did not occur in any case.

The output results obtained for the three input
cases are listed in Tables 3, 4, and 5.

Table 6 shows the satisfaction and calculation time
of each output result. The calculation time may be very
long, depending on the input. Therefore, we verified
the accuracy of the approximate solution obtained
when processing was interrupted for a certain period.
We compared the satisfaction of the approximate and
optimum solutions obtained when the calculation time
was cut off at 10, 20, and 30 s for the processing of
Case 1 [12].

The results of the experiment are presented in
Table 7. The results show that the tourist route
obtained by limiting the processing time had the same

degree of satisfaction as the optimum route.
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Table 2: Input items in the operation test

Input Case 1 Case 2 Case 3
Departure point Kushiro Station Kushiro Station Shibecha City
Arrival point Ainu village Meiji Park (Nemuro) Shiretoko Five Lakes
Number of people 1 4 2

Budget 5,000 yen 10,000 yen 10,000 yen
Purpose of travel Nature, Activity Nature, Food Food, Activity, Culture
Departure time 9:00 10:00 10:00

Arrival time 16:00 14:00 15:00

Weather Sunny Sunny Cloudy

Desired tourist spot None None Shibetsu Salmon Museum

Table 3: Output for case 1

Arrival time Departure time Tourist spot

- 9:00 Kushiro Station

9:56 10:56 Kottaro Marsh Viewpoints

11:20 11:30 Tancho Sanctuary

11:48 11:58 Tsurumidai Plain

12:29 13:02 Japanese Crane Reserve

13:15 14:15 Akan International Crane Center
13:48 13:58 Yuzuru Station

14:50 15:50 Akan Bokke

15:54 - Ainu village

Table 4: Output for case 2

Arrival time Departure time Tourist spot

- 10:00 Kushiro Station

10:38 10:48 Kottaro Marsh Viewpoints

10:52 11:12 Tancho Sanctuary

12:25 12:45 Tsurumidai Plain

13:14 13:14 Japanese Crane Reserve

13:56 - Akan International Crane Center

Table 5: Output for case 3

Arrival time Departure time Tourist spot

- 10:00 Shibecha City

10:54 11:19 Shibetsu Salmon Museum
11:26 11:56 Shibetsu Local Museum
12:43 12:43 Road to heaven (via)
13:16 13:26 Oronko Rock

13:36 13:56 Waterfall of Oshinkoshin
14:09 14:24 Furepe Falls

14:26 14:46 Shiretoko Nature Center
14:58 - Shiretoko Five Lakes
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Table 6: Satisfaction and processing time

Case Satisfaction Processing time [s]
Case 1 33.76 561.2
Case 2 19.86 17.1
Case 3 30.56 18.2

Table 7: Satisfaction with optimal and approximate solutions

Processing time [s] Satisfaction
561.2 33.76 (Optimal)
10.0 31.86
20.0 32.96
30.0 32.70

V. CONCLUSION

We confirmed that the proposed system could
recommend optimal sightseeing routes using real-time
information from tourist spots. However, some
challenges need to be addressed before the system
can be operational.

First, considerable computational time was needed
even when the tourist spot was not far from the
departure point, which can be problematic when
tourists face sudden problems. Though it can be
resolved to some extent through approximate
solutions, it is necessary to reduce the computation
time to improve real-time practical applications.

The second challenge concerns improving the
constraints involving meals. We expect the improved
system can propose a plan that allows users to arrive
at their preferred eatery at the desired time.

Finally, the model should be further developed to
allow real-time information from actual sensors. It is

necessary to address these challenges to achieve the

final goal of operating this system at actual tourist spots.

ACKNOWLEDGEMENT
We express many thanks to anonymous referees for
their valuable advices on the theory of our attacks and
their helpful editorial comments. This work was

partially supported by JSPS KAKENHI Grant Number

70

20K11093 and 19K11834, and Cooperative Education/
Research Project between Toyohashi University of

Technology and National Institute of Technology.

REFERENCES
[1]1 Y. Matsuda, “An optimal routing problem for sightseeing
and its solution,” IEEJ Trans. Electron. Inf. Syst., vol. 124,
no. 7, pp. 1507-1514, 2004.
M. Muroya, “The attractiveness of sightseeing areas in

japan: An evaluation model,

Rev., vol. 1, no. 1, pp. 014-024, 1998.

Transport Policy Studies'

M. Fujimoto, “Tourism informatics: - smart tourism toward
tourism informatics - : Gamified participatory sensing for a
sightseeing,” (in Japanese), IPSJ Magazine, vol. 62, no. 11,
pp. e18-e24, 2021, doi: 10.20729/00213186.

T. Tsuchiya, H. Hirose, T. Miyosawa, H. Sawano, T. Yamada,
and K. Koyanagi, “Information management platform model
for local sightseeing and disaster prevention information,”
IFAC-PapersOnLine, vol. 48, no. 1, pp. 667-668, 2015.

T. Hasuike, H. Katagiri, H. Tsubaki, and H. Tsudaadd,
“Interactive multi-objective route planning for sightseeing
on time-expanded networks under various conditions,”
Procedia Comput. Sci., vol. 22, pp. 221-230, 2013.

[6] P. Kourouthanassis, “Tourists responses to mobile

augmented reality travel guides: The role of emotions on

adoption behavior,” Pervasive and Mobile Comput., vol.

18, pp. 71-87, 2015.

Brand Research Institute. “Prefecture Attractiveness Ranking

(Regional Brand Survey 2021).” NEWS.TIIKLjp. https://news.

tiiki jp/articles/4698 (accessed Mar. 23, 2022).

M. Bazargan, “A linear programming approach for aircraft

boarding strategy,” Eur. J. Oper. Res., vol. 183, pp. 394-411,

2007.

T. Saito, “How to create an optimized model using a data

analysis library,” Commun. Oper. Res. Soc. Japan, vol. 63,

no. 12, pp. 784-790, 2018.

H. Niitsuma, “Efficient constraints for tour recommendation,”
Trans. IPS. Japan (Web), vol. 9, no. 2, pp. 34-45, 2016.

R. J. Wilson, Introduction to Graph Theory, 4th ed. London,

U.K.: Pearson Education, 1996.

V. V. Vazirani, Approximation Algorithms. Heidelberg,

Germany: Springer, 2001.



Journal of Engineering and Digital Technology (JEDT)
Vol.10 No.1 January - June 2022

AALUUNITAATIZHAUTENNI915UA]

A15UUNUTEANUNAUBUZUNFUA9oUlall

fifwg vinaeas’ 130n5 nsinse®

LS

Yawunaluladarsaumea Inerdeuinnssuananeluladuayimnsumans unInerasgsiaading,

nyummumuAs, Uszinalng

*9/ o v 6 a a .
HUSZNUGUIIUNT BLNA : worapat.png@dpu.ac.th

Fusuatu @ 1 weeRn1eu 2564; Suunanuatuwily | 21 unsIAN 2565; ABUSUUNAIIY : 28 NUATUS 2565

wennsoaulal : 27 fquieu 2565

UnAnga

nsdnaulavedudiuazuiniseeaulall fuslardlngavyinisduiudoyafedafuAuALazuINITsINNg fART197N

U
¥

MIuanIALARLTY (Comments) wazuriansal (Reviews) 3ngnedodufluuds eluwwimslunisdndulaidende

v
v v oA %

agalsiny deyanisuansanudaviusaruniansalludgiuiuiiviinaummanaziintulntegnasaiia Fevili

q

Auslapdendearlunsimsidefvedevemaniugivarilisenueaieldlunsdndulaidentedumuaruinis Fam
windinsasednuuiiiouddvigldnunsuinsiiessianuidnldesdielii@edadulaldsaiunnddu Ay nuide

v

fifnguszasdiieviaus Muvumslinnesianuifnmeoisusidmsusuundssanumaruuugthaud veuladlasld
wediadunsiSeuiuaaaias (Machine Learning) Saufumaiianisind (Word Tokenization) uaznisadiandadidmy
(Bag of Words) 9nntuniidnssuaunssiuunUssnmnan1sinszy 4 wada liud LSTM, SGD, Logistic Regression wae
Support Vector Machines Tun1sadefauuuiinszurunisnaass 5 duneu leud 1) nswseudeya 2) N13AAA 3) A3

fnousutoya 4) fumpunisuenszian way 5) Msusadudiuuy shnmeasdaglideyametnnisuansaudniiuse
Auduaruimssauladawilng $1ua 12,900 Feya 1Hifudeyalunisadsiuuy Wetaeligusinaldlunisinaulade
AuAuaru3Ing uastiliuszneumsiteyadmsumsimunduiuazuinisseluluewian annan1snaaedas1afiwuy
mMsinzisyAuAuIAnIesual 3 szdu Ae Auddndauan (Positive) 1Wunana (Neutral) wazilau (Negative) lag
wragAnuuliaiaugndedlunIsinuiemna fal LSTM 81.27%, Logistic Regression 69%, SGD 66%, wax Support
Vector Machines 65% asuldinnisarsianuulagldinaiianisduundszinnuuy LSTM Tiaziuunnugniesgedigalu
mMsiueraiiensifouiidedn Sumnzanuinnhluldaiednuulunsiessissduanuandudonnuiilu

M lnelagiansanainan Fl

AaAg . NTlaseiesualnuidn Mmaseuireusses mstedumeeulal nisda

71



Journal of Engineering and Digital Technology (JEDT)
Vol.10 No.1 January - June 2022

The Model of Sentiment Analysis
for Classifying the Online Shopping Reviews

Pisit Bowornlertsutee' Worapat Paireekreng”

LZInformation Technology, College of Innovative Technology and Engineering, Dhurakij Pundit University,

Bangkok, Thailand

*Corresponding Author. E-mail Address: worapat.png@dpu.ac.th

Received: 1 November 2021; Revised: 21 January 2022; Accepted: 28 Febuary 2022
Published online: 27 June 2022

Abstract

Nowadays, users can make a decision to order online goods and services from searching information related
to goods and services. These may be based on opinions and reviews from previous purchasers as a guideline for
purchasing decisions. Moreover, the current opinions information and reviews are enormous and increased all the
time. consumers have to spend time for information analytics. Therefore, the model of sentiment analysis regarding
goods and services reviews is needed. This research aims to build a model of Sentiment analysis with 3-level of
emotion. they are positive neutral and negative, regarding previous user’s reviews and opinions towards online
products and services. The techniques used in this research are Machine Learning including Word Segmentation
and Bag of Words which compared four categories of sentiment analysis methods: LSTM, SGD, Logistic Regression
and Support Vector Machines. There are 5 steps for model building as following: 1) Data Preparation Phase 2) Word
Tokenization Phase 3) Training & Streaming Phase 4) Classification phase and 5) Model Evaluation Phase. The
consumers’ opinions were gathered the datasets from open data with number of 12,900 comments. The model
can help consumers to make a decision for purchasing of goods and services, and help entrepreneurs gain the
information. This is to improve products and services in the future. This proposed method can classify the opinions
into 3 scales which are positive, neutral and negative opinions. In summary, the proposed sentiment analysis model
can perform LSTM accuracy is at 81.27%, Logistic Regression accuracy is at 69%, SGD accuracy is at 66% and
Support Vector Machines accuracy is at 65%. However, the LSTM shows better performance on the classification
compared to other techniques with deep learning approach. It also found that the Fl-score can be implemented

for Thai text appropriately.

Keywords: Sentiment analysis, Machine learning, Online shopping, Word tokenization
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wamsANARLiueann WefinsauniauAadiuiunang
auddntulugauin Weau wiedunans (3] wazmeila
nsvinieadaya (Text mining) uUszgndldiilesjsitiu
N1531ATIERUATATI@BUAINS an (Opinion) Laagg

gnludid (4] aufannsunudluanudaiuliegluguuuy
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1ASIATI9 LU NITWNUAIBIA T (Bag of Words) kay
AR LARTY (TF-IDF) [21, [5] wagwmadanisanin
#1 (Word Extraction) @adunszuiunisveanisvinmiles
Faarudi eldnisiiasigridisenainienals ¥11a1s
faA1u wazarsaumenne o Midudidnes lavaunse
Urluvinsuydanay (Clustering) TUUNNAYN WAz
anuduiusdunounisutangulngldinadanie q
1) nsfinAn (Word Segmentation) {un1suenusazAiain
wonansesnaniu lngdsnsdianuvanefigniosauysaiog
Tnsmssndsuldgutoyanauynsudusilunisude
panu1 Tunisaaa1n 1w lueasienldeaneiviuain
PyThaiNLP Tunissinainiwilnelasianis 1ou sanaiiiuy
NewMM Engine WalU131AL AT ANISWUIE 1UA 1A WY
Awrlngd18nauIunsy (Dictionary-based) lagld

o a

ganesiNunN13TugaeaaLazn1sInnguenvsEa v lng

v a

Sanasviu Longest Engine 4 s udanasfuwmuiann
wmnadanisuendinwilnedisdigai sug funauiynsy
(Dictionary-based) way 9ana39iu AttaCut Engine Fadu
Sanesfiufiannsadamnwilveldegasnduazwiug
lnglddanaiiun1sdnngu (Clustering) 8nvszn1wilng
(Rules purposed) [6], [7] 2) n1sidnInga (Stop word)
Junsiaeildfinnumuieesnainenaisinenisidasm

v sal

ngeiuldgrudoyaddwifidumilddenumnsluns
Yruruszuiana [71, [8] vl avaeldnsswunyszan
(Classification) ﬁm’mgﬂﬁadmﬂ?fﬁu [9] Tuduvesns
AnTiauianuaznisussananalunwinedalinig
gaUINUINNIINIBITINGY LnTzlassasiauseluauay
Tensalfanududou luinisuuedlu uwuean Uselen
Aty shuseitldfiveuwnd wazlifilassadnefidnauiily
\aAuiinag (3], [10], [11] uonani dalnswaiu
WsuL33A (Framework) 7138091 S-Sense (Social Media
Sensing) @ msulinszviauanvulefeaiiiiedmiy
Awlneg dauvvazilssueulszdnsninseninaga

o o ¢

Anfnillwarald Fanis

o 6

Adsinuansnsty 2 g0 Ao
saualU A uInmes Aud nwusd MIuNTaI
wuud1aeensTunUsELami i dnsUsuussegned
WodrAgyluwdvosnnugndes [12] waglulagdunsld

wiallAn15i38usAa81A3 09 (Machine Leaming) aziduf
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Heuu1nndt lngavedenisasiesyadeyainily (Training
Set) uaguyadeyanaaau (Test Set) [8], [13] 191
N3EUIUNTIANGUUI 0T MUNUTEIAN (Classification) Tu
druveanisidenldisuuntssanidaudoylunis
Walu1 Sentiment Analysis n1911ne la wn Logistic
Regression, Random Forest, Support Vector Machine,
Naive Bayes, K-Nearest Neighbors, Wag decision tree Ju
Ay [8], [14], [15] kazlunisuseliuyse@ns nnyaesiwuu
ﬁliﬂyimaazﬂmﬂ Accuracy, Precision, Recall uag F1
Measure [3], [14] uanannil nsdiasizsitanusdndan
Ingjazidunisdnduiiies 2 sEAv Ae LWuaInLazLTIau
og1dlsfinu azdanudAniuiifunans Fsdmngndingu
Wies 2 szau 019vzslvdeRmiulaesinendls sy

P o

grmniinsimzidu 3 seav fe Ssziudunanafing
m%ﬁﬂﬁﬁmﬁﬂmmmiﬁﬂ%u%mmiﬁﬂﬁmmgﬂﬁaqmﬂ
1 [6] Bnstanisiara (Word Segmentation) azdeaiden
Tuna (Module) Minunzay gnwmundud oldaudy
awilnelasianiziadiielinisdndigniosasnienld

ulunstniuteya

U

v
N va v a

msﬁﬂwm%ﬁum%mLLmﬂmﬁ%a%ﬁa&hqumﬁmﬁwﬁ
ANN3ANMeTTUS] dmTuTuunUssinnunaukugln
duAeaulal (Sentiment Analysis Model) Ingldinaia
daunnsiSeudvaaa3es (Machine Learning) uwuuilfaou
(Supervised Learning) sauAumAtiaAn1svimilasdanau
(Text Mining) 1t alsfsauvuatusoudlodymilunis
wUaLenAIN INgLAIATIFIAIINANTLERIALARALIAY
I¥eg1eiiUszangan wonannduasinisldinadanis
TuunUsznnlaeiinsuTeuiisunansiiasedt 4 suiuy
la'un' Long Short-Term Memory (LSTM), Stochastic
Gradient Descent (SGD), Logistic Regression (LR) whag
Support Vector Machines (SVM) 1agvinn15naassiasizi
Ustlomdemidunwilve 3 sz 18w ANUTANBUIN
(Positive) tUunans (Neutral) wazid3au (Negative) fuyn
Foyadiuu 12,900 Toya evnfuuuiiiandiannsald
Wuwwmsdunsiaunduuunsinseissduanusan
neesualdmsuunanuLuginduntesulatiniwlne
aiiitovagliguslnnanunsodaduladondeduduas

usnsleagesingy
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2) IngUsrasAveInTidy
1. Lﬁ'aa%ﬁé’]’aLLUUmﬁmiwﬁm’mfﬁﬂmqmwaﬁ
dusuduunuszinnunanuwugihaunssulauniwlneg
2. WiawseuiisuUszans amveanaidanis sauun

Ussanimunzaulunisvin Sentiment Analysis

3) A5ANIUN1TIVY
FunouMSHIUNTITE WATNITEDNKUUAISNAAET
(Experimental Design) Usynausae 5 Tunou Tnsusas
Funeulfiniasionmsimulusunsuawlimenu (Python)

Fiuluga (Module) A9 9 uansisgud 1

-

DATASET

T
| -

Data Preparation Classification

I

Word Segmentations

b

Negative

F

l ‘ Positive ‘ ‘ Neutral

Training & Streaming

‘ Evaluation

o
[ St vt | T 7

‘a\u‘urun‘ |Pn-ci-iiun Rl:call‘ | F1 I

JUT 1 : uanstumeumsaiiinnulde wagniseeniuumsmaaes

5 Junou

9N 1 ansaesuietuseunsiiiunside uay
nseenuuumsnaaestifsellil
3.1) 075/,97?811/776%/8 (Data Preparation)

nsiiuteyaifvainyadeyadliidrfsarsisazain
Vulea https://pythainlp.github.io/ (Wisesight Sentiment
Corpus) Wadadiotuf 10 SuanAw 2564 U 12,900
Toya 257,834 ¢ Fududoyanmsuaninnudniiusedudn
warUimsnwlneifinisinthefidu (Label) mnwusdn 3

sgoiv ldun Auddnideuan (Positive) 1WuNA19 (Neutral)



wazllvau (Negative) laganunsauansdnuiudeyanenaiy

JeAuANSANLARIN1T97 1

A15°99 1 : wansduIudoyALeNANSEAUAILSEN

ANUEN urudeya (Rows)
LUIN 4,300
Wunana 13,105
LU 6,140
374 23,545

91NM15197 1 nudryadeyadzinisindleniduainy
Anuiu 3 seAuBeufesnds angadeyaiviusinandvg
v a @ a < |
sua;gjawLﬂuﬂixLmnsuaqmnmmmwmmmuslutmazﬂizLmn
Liwiniu Tngagfienudaiudunatanndian dwanudn
Wiugauanuar@sauiidnuiutesnin satuiadeinisusu
YveRtoyatuliazUszanAuAnulaEN15YIINIS
1 = a =3 @) & ) a =3
dudenauAniusuuduszuy Ineduduaiufadiu
Wunae Weuan wazdsau Tlisuawmin 9 fu wethly

IANINN5I58UITTOLANDAT AU WEAIFIANTIN 2

M15799 2 : wansdhuuteyafiagtluasiednuy

ANU3AN urudeya (Rows)
WIUIN 4,300
vunans 4,300
LU 4,300
33U 12,900

913797 2 azfinisduidondeya (Dataset) dmiu
a¥raiuuulidaunnwinfuis 3 seauAusan lagldy
25n15%1 Down sampling Lﬂumsammwﬁagaﬁﬁﬁmu
1n el edesfunisiineailunisadradauuulunis
ATITINA LATEINITOLAAIAIDY1INITUAAIANNARLTY

WARSLENAINANUTANLAGIN1I97 3

AT 3 : FegenskanseNAnuLenALsERUANEN

NNSUARIANNARALTY ANNIAN
vanLaedn Nissan Navara ghiunldunnasu WWaun
Nissan Note. aiwinlsay Wunana
Nissan saviaelinutasviglif \J9au
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Tudumeuresndenisiiyadoyaidignszuaunisii
AuaveInteya (Data Cleaning) LilowAly Usuusia waz
ﬁﬂdauﬁiﬂﬁaqmiaaﬂmﬂsqmsﬂ’a%a 1 HTML Tag, URL
w301A3 0amuBAInA (Punctuation) udy wazfinng
nsavdsvnaruilud1i aznadalaneld PyThaiNLP
Spellchecker 1 el dayadinanin Tanugniosuas

winnzaunazilulglunnsasiedanuy

3.2) n136iaA7 (Word Segmentation)
Aemsuendnuinefilulsglensn q eenunduus
azfn Wosmnmuilvedulifinslissnusedydnuald
danlddusgninsduagnisiunssamiioutunudngu
Tun1sdneidedldnsruaunisuszuianivisssued
(Natural language processing : NLP) vﬁa‘maa PyThaiNLP
Tngld NewMM Engine Waiunannmatlan1siusauadwi
A1ulned 38wauIU Ny (Dictionary-based) Taald
gan037NuN153ug dsdauazn133anau (Clustering) gn
Waund wit e a1 1w lneuuniwn Python Ll o
ANANRUS T2 A" Ly "Lanans" ﬁﬁagﬂugmmwm
nned (Vecton) ieliaeuiamesannsaulanald viil
iieliguuuuvesddunuuiilassairauazainsasinis
Aneiszauresild antuhnisau Stop words fienis

v o o

dapnlusndudmrsunisiasizionn MailiinanuuInved

v '

Yayan lWluni1susgudana [2] uag Punctuation
(3omuneIsIAReL) senandeniuwaziUdsudeninuly
fidosissewinedfieliiesenisiiluadne Bag of Words
(Bow) A198194n158nA918 NewMM Engine WaAIAINITIS

fia

AN599 4 : FIBENITAAAN

JoANAUAtY

yan@e3n Nissan Navara fflunlduinasy

donnufiHunssinAlagld NewMM Engine

[uen’, wag!, 37", 'Nissan' ,'Navara', ‘&', '@, U, 19, 'u1n’, 'asu]

3.3) msinevsudeya (Training & Streaming)
luduneunisaiidwuudmsunmsiseuiwuuilaou

(Supervised Learning) ﬁ]%ﬁ’]ﬂ’liLLﬂﬁﬂ@%@Mﬂﬁ@@ﬂLﬂu 2 %A

N [

(Split Test) Ao yadeyarnuu (Training Set) 10,320 Yoy
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%30 80% Uazyndoyanaasu (Testing Set) 2,580 Uaya

]

v °

%39 20% TIN15AT1UUUTIABITATIENAIUTANIN

fomnu axfinafistuneunisulasdeyalvieglusuuuuiia
SrunuvesiuUsivintu Tngléimadianisadragad (Bag of
Words) 1t al¥ieren1silussuaana antuudn
nszurumsmsiseuslasendedoyaiteudilufuliidy
fetnaielineufiumeslflumsivSeuiiouiudoyalwsii
anudihuneniedavsnemyfiianalndidssiusinndiae

Tieglunguifieniu uansduneunisinaulanagui 2

TAG

Positive, Neutral, Negative

Sentiment Model

Training SET Bag of Words

SUi 2 : uansdumeunfineusutoya
3.4) SupouUNSUENUTEAN (Classification)

AenszuaunsatanuAnfiuainnsieuivesades
(Machine Learning) LL‘U‘Uﬁr}gaau (Supervise Learning) lag
nageuiuyataya (Testing Set) 20% YNI1NTLUIUNT
Wirurena (Prediction) LaskeNNANITILATIZU T2AU
AU An (Sentiment Analysis) Iagldinadan1suen
UsgLamuan1siaszdt 4 wede lauwn

3.4.1) Long Short-Term Memory (LSTM) Aodana3iiy
FouiBain (Deep Leamning) Aldinafiavuiiugiuves
TnsstneUszamiisnuuuiinga (Neural Network) wuu
mirgaudiszerdu Tasyadulufinisdoudmadui
Lmuﬁsziauasui [10]

3.4.2) Stochastic Gradient Descent (SGD) Apgana3iial
AfinsUsuUge (Update) Armnsifimeslunn 9 yadeya
findu FadudaneifiufianunsaUszananaldroudnly aed
nsusulgAnTaReatensiindy 1 sou

3.4.3) Logistic Regression (LR) fiadane3fiuildinaila
MR zdanuduiusvewiiuUs wWevihwnelenianiny

1y (Probability) ﬁ%tﬁmm@;mizﬁﬁmaﬂa (6], [16]
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3.4.4.) Support Vector Machines (SVM) Aadana3fi
ldlumsiinsendeyauazduundeyalagenfendinnisves
Msmdulszansyesaunisitoairadundsenngudoyad
gndaudignszuiumsiindulyissuuieus Inewdulududu

wlskenuegnaudaya (6]

3.5) mM3Uszduiuuy (Model Evaluation)
denudunounisuenyseLan (Classification Phase)
I3PUSDULEAD AUIMNANITVIUBLIINTEUIUNITUTELAU
UsednSn1nveesduuulagiansaiann Augne o
(Accuracy) Faaun157i 1 Auwdug (Precision) faauns
fi 2 ArArusEan (Recall) feaunis?i 3 wazAnade (F1
Score) 484 Precision Wag Recall [13] f@uni1sfi 4 dawa

ALLUUNTISUTLAUMILUULEARININNT19T 4

TN +TP
TP+FP+TP+FN

Accuracy =

TP

p .. - -
recision TP + FP

TP

Recall = TP+—F]V

[ v

lng?l - TP Ae Jeyaimhuisgnasaileiieuiuiaay

1% =

Joyativinneudiligndeuiieisuiuaay

U

- FP @

a

- FN fie Toyafiegluasudlaiinisvinng (msediu
fiu FN)

- Precision fi® A1ANULLIUEN 1ARIINNNSUIAT TP
N uiu FP

- Recall fig AANUSEAN LAAINASHIAT TP 11
\Wiguiu FN

- F1 Score g ALRa8ua9 Precision waz Recall

)

F (Precision * Recall
*
L Precision + Recall
4) Nan1539y
INATNARBIATWAIUUUNITILATIENAIIUTANNS
215Ul NS UI L UNUTELANUNAMUBUE YN EUA19aulaY

Ingldyadeya d1uau 12,900 Foya Fadudeyanisuans



auAnusedud s UsMsmwnefidinsindersu
(Label) A313EN 3 szAu laun Auddnidsuan (Positive)
1Junans (Neutral) wazLfsau (Negative) N1UATTUIUANT
Wainnfauuy 5 dumeu taud 1) nswiendeya 2) N13An
A1 3) NsHnauTNeYA 4) Fumeunsuenuszian 5) s
Usglilumuuy wardinisiuSeuliisunanisitasigian
wadans3uunUsEan 4 3Ukuu leun Long Short-Term
Memory (LSTM), Stochastic Gradient Descent (SGD),
Logistic Regression (LR) taig Support Vector Machines

(SVM) anansoasunan svnaeslaninisnei 5 aail

A15799 5 : wanen1sUsEiuUsEENS e sdILUY

Classification | Accuracy | Precision Recall F1
(%) (%) (%) (%)
LSTM 81.27 81.27 81.27 81.27
LR 69.00 69.00 69.00 69.00
SGD 66.00 66.00 66.00 66.00
SVM 65.00 65.00 65.00 65.00

M50 5 wanen1sUssdiulszansanaesia 910
wamanaaes iefiansananaugniesanansaaguldsed

Susudi 1 nsldmalan1sTawunuseLanwuy Long
Short-Term Memory (LSTM) AgULUUAITNLN WY 1
(Precision) 81.27% A1A1U5zaN (Recall) 81.27% uay
Aads (F1 Score) 81.27% fuuulirnnugndadlunis
Airs1eina (Accuracy) 81.27% lunisveaesiilgsiasinis
Mauvewmnalanisadsiwuuanuianniersuallagly

=

A3 uAYITIANKUY LSTM [17) Fefinnsldimaiiaddly
Adonuiszyld

Sududi 2 nsldmafianissuunuseaniuy Logistic
Regression (LR) AZlLUUAINLNUE (Precision) 69% A1
AMUSEAN (Recall) 69% wazALade (F1 Score) 69% &
wuulviAnAnugndeslun1sInTeying (Accuracy) 69% Tu
nsnnaesilasiasinisiinursunadanisad iUy
Anu3anniorsuailaglin1sdnuundssianiuy Logistic
Regression [6] Gefinsldimafindlusidumuiiszyls

guduit 3 n1sldmadansTiuunUsziANLUY
Stochastic Gradient Descent (SGD) AZLUUAIIULLIUE

(Precision) 66% A1ALSEaN (Recall) 66% LazALaay
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(F1 Score) 66% fiwuuliiAanugnaaslun1siiasiziing
(Accuracy) 66% lunisnaaesii les1aeen1siiauaes
wadanisasisinuuauidannisensuailagldnisdiuun
UsenNUU Stochastic Gradient Descent [18] Faflnsld
wadailumuidemuiiseyld

susuil 4 nslimafianissuunusznniuy Support
Vector Machines (SVM) AguuuA1uualug (Precision)
65% A1AINTEEN (Recall) 65% uarAads (F1 Score)
65% fuuuliaimugnaedlunsiiaTieing (Accuracy)
65% Tun1snmasii lisransmsrhauresmaiianisadis
Aakuuauiannisesuallagldnisdnunussianiuy
Support Vector Machines [4], [6], [17], [19] Gﬁﬁﬁmﬂ‘gﬁ
wadailumuidemuiiseyld

Laztdl 09151 INAIAIINY AR DIVBIR LYY
(Accuracy) lagluseufisunanisitasigRanmailannig
FunUsean 4 sUiuu msadedwuulagldimaiianig
Fuunuszianuuy LSTM duuuliidanugndeanniige
81.27% 1l a1l BUUNIITIMUNYTELAMULUY Logistic
Regression (LR), Stochastic Gradient Descent (SDG) W@y
Support Vector Machines (SVM) vilsAlfiuinnisun Deep
Learning 1nl4lun133uunAuidnazyieuiulieniy

o vas X & Y =
il aQGUaQGI'JLLUUVLWWEJQ‘sUU YIADAAADINUNIIANWIVDS [17]

= o

g
Nndn154

nausdnuulausalaeld Manhattan LSTM
(MaLSTM) 3LAs1eidayan1s33a (Review) A MguAsIN
IMDB mwnsanguiitarIeuiisufunisduunussnnuuy
Recurrent Neutral Networks ( RNN), Support Vector
Machines (SVM) uaz [19] 7 15U aueduuunis
Baswinuianiulnad Twitter Ml WiaFeuiey
AUN1TIMUNUTELANLUY Support Vector Machines Lag

Ya o o

HAYUIUINRUIADUDALN DFS 19 LU

Y]

ANUsANNINeTRAldmMTUT MUY TTAUNAINKUZN

Naive Bayes @4

dudreaulauiiewmalian1siieusidedn (Deep Learning)
vufluguvestassisssamienuuuiiagisy (Neural
Network) wuundasausiszezdu Taoy adulusinng
Foudnadusunuiideustdnuatsdu (hidden Layers)
Fugatesad idunivilne saudunisdnei (Word

Segmentation) Tagld NewMM fiwmuniieldiuniwilneg

o A &

Tnglamziednmnidulselonsna o senunduusazeli
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AauRmasaInnsadnluUsslanals warn1sasnands
Fdwsi (Bag of Words) tlsaSunengusimvosdilaglalle
fdlafmdnlieansal Anudfiny wazdrduvesd lag
190y Feature Tunsimsusidaudadeninu Classifier
S'ﬁwmfwiﬁﬁaLLuuawu’liav‘fmwwaﬂ’muiﬁﬂL%W’m WJu
nans wasiBsauladdsz@nsamunnninnisidimaiannig
iFougv01A3 09 (Machine Learning) $auAuInAiAN1S

TuunUszian (Classification) 1 ¢ 1U fiviinns@nen

5) a@sUuazaiuseona

JauanINUAMLTIUNISEDNT pAUA LAz USN1TeaUlaudl

U

1 a

ANAvAINVane waziteyalusiiintuegnasniial guslaa

t% o)

fonduaifinnunisLanInuAniuaie o Nilegidu

]

° 1%

Saunn dwnndnalnfianunserislunisaguannufniiu
nilegludiduduazuInisasdigysendaiaiuaz vinl
annsaluldludndulaidondondndueildegesinsy

v
[

AT UUITET U IEUeIT N 1TET 1A ILUUNITILATIEN
ANUFANesHaldmTuTmUNUTELANUNAI LKL
duteoulal lneldimadadunisifousvens as
(Machine Leaming) tWeRnduAuAniumodunuas
U313 lnsdauamatinnisfnA (Word Segmentation)
Adni15ldlaund (Library) A waiuni eldduniwnineg
Tpglanie wazn13au Stop Words Lileauailing18ens
YN 3 v ~ ° =6 a 3 a v
fagrelvivuinvesteyaniavinlUinduivuindnasdneae
dnnsdaiinisldmatanisasendsandni (Bag of Words)
Tnedinsliasgitguuuuuazmaiativungauiagdiunld
) a & 4a& A |
Auanuaauilduntwnlng Wediensesuaziusussian
Am7dudsuanuazideau sdeiinien Auumng g vinli

= o

Aauszavsamwlunsinmiinty Sawadndlnesiuasdivld
31 nsldwadafiviauevrldnadniianiunaiaild
Tnealy funeuntsmeaesdmsunisvageuiauuy fins
Wisuisumatianisiendszian 4 maie lawn Long
Short-Term Memory (LSTM), Stochastic Gradient Descent
(SGD), Logistic Regression (LR) w&ag Support Vector
Machines (SVM) @ sfinsyuaunisadneiauuy 5 Tuneu
oA 1) mawseudeya 2) n13dnA1 3) n1silneusudeya
4) FupsunisuenUszan waz 5) sUsTEuRuUY Lite

afemuwuulunisuendseinnssauanuidnuuudnlud
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sonlu 3 sedvfie Auidndeuan (Positive) Wunans
(Neutral) LaziTsau (Negative) 21NN15NAABIATIIFILUY

Asas1emwuulaglnadanisswunUsennkuy LSTM

'
a

Fagandunalaianuaiviin1sfine Lagmnzauiaad

@
b

luuszgndldlunisaiediuuunisimsgiauidnms
o1sualdmiuuunUssianuvanuuuzihaudesulati
\unwilne wazainnszurunisadeduuuiiviiaue
Fresudaaunsadiluuszgndldlunisimsziaauiu
Tawudy q 6Bnsne 1wy JeyannuAnuiulsausuuasdiin

JoyannuAniunistdeduduazuinism 9 W wazdeya

a & Y [ v
ANUARLAUIIUDINNT WU

6) Vo311 A

2917 AveIn15AnwIIdeluasedl Tawn danuudaly

e

aansadiegiiUseuaUsedu (Sarcasm) eiilosannys
Foyaihuldslifidusziandaingn dsiesedoduuy
TunsiSeusuenaamnuazerdeimiestandny (Text
mining) wuultng (Rule-based) 1u1%e wata1u1sat

WUINNBRNATENTaNAB bR luauIAR

7) UolauBLUY

dmsumsisese aziinnsinssinisfiudszansam
Y03fuuULit ol nan s uszans amdu Tagun
wmadadu q alunszuiunsdamdsudeya wu M
Srnuidne Winmadanisuuwlauesd (Named-Entity
Tagging) Wiovaelinsuendiinudmauunndu saua
mMafiugadeyaduaauiiovinlifuuuannsoinsein
Uszynuszduld waznalnnisifeugiduleysd
Jsgansaw iwﬁuﬁ'wﬁagammﬁw Uszlom fdunis
Andend1venausd@n van au wazidunana (Sentiment
Word level) Laga@1u15au 1LNATANISILASIEA SEAU
AU ANFIENSITBULTEN (Deep Learning) 11l

~ 1 LA ° Y aa X
LW@IWNaaWﬁﬂqiwqﬁquma\?WﬂLLU‘U@EJ\WJU

AnsinssuUsEne
g < |

NuAnwildsaaanllle sewweveunseAniiieIviy

q U

Tunsszunasiioutoyaluudazyn
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Abstract

The purpose of this research is to study the effect of obstacles across channels to determine if they increase
flooding of the stream. The HEC-RAS model was used to simulate water flow and levels with and without
obstructions across streams. The level of water and the height of the stream bank were analyzed to determine
the distance of flooding along the stream in both cases. The results showed that the effect on the water level in
front of the obstacles such as a weir or a culvert is different. The water level in front of the culvert is lower than
the water level in front of the weir at low flow. However, when the stream flow exceeds the flow capacity of the
culvert, the water level in front of the culvert will be higher due limited by the cross-section of the culvert receiving
the water flow. The flood distances and water levels along the stream under high flow show that the flood
distances decrease to 580.6 meters from 953.4 meters along the channel when no obstacles restrict the flow. The
existence of obstructions in the channel causes the water level to rise higher than usual thus causing the flood
distances to increase along the upstream side of the obstruction while flooding does not occur downstream of the
obstruction. This research shows that culverts are prone to causing greater flooding than weirs during heavy rainfall

events.

Keywords: Channel obstruction, HEC-RAS model, Weir, Culvert
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Abstract

Today every country in the world faces a COVID-19 situation, making life different from daily life or work life.
Therefore, organizations or companies adopt a primary diagnostic method for COVID-19 by having a system to scan
an individual facial temperature using a thermal imaging camera to check if that person has initial symptoms of
COVID-19 or not. This research focuses on the development of an attendance record system with a thermal imaging
camera combination with Deep Learning to optimize the collection and processing of data to classify or identify
employees precisely and reduce step to record the working hours of employees. The experiment found an average
of face recognition the mean accuracy was 81.85%, and the mean processing time was 0.26 seconds. The research
was satisfying when compared the research on the development of a time recording system with face detection
and recognition using the Haar-Like Feature technique to detect faces and using the Local Binary Patterns Histogram
to recognize faces with accurate of facial recognition at 48%. According to the experiment, the result was highly
satisfying in terms of accurate data and processing time. Moreover, the developed system produces accurate and

precise information with convenience and safety.

Keywords: Employee attendance system, Deep learning, Thermal imaging camera
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[. INTRODUCTION

The coronavirus disease-2019 (COVID-19) pandemic
[1] caused by the new coronavirus SARS-CoV-2, has
spread around the g¢lobe with unprecedented
consequences for the health of millions of people.
While the pandemic is still in progress, with new
incidents being reported every day, the resilience of the
global society is constantly being challenged. Under
these circumstances, the future seems uncertain. SARS-
CoV-2 coronavirus has spread panic among civilians and
insecurity at all socio-political and economic levels,
dramatically disrupting everyday life, global economy,
international travel and trade. The disease has also
been linked to the onset of depression in many
individuals due to the extreme restriction measures
that have been taken for the prevention of the rapid
spreading of COVID-19. In Thailand [2], Thai Ministry of
Public Health announced on January 12, 2020, that a
61-year-old female tourist of Chinese nationality,
domiciled in Wuhan, China, was infected with COVID-
19. It was the first confirmed case outside China. As a
result, the Thai government has declared a state of
emergency in all local areas throughout the Kingdom.
As a result, people have to change their way of life,
work, and live in the New Normal style, which is caused
by applying advice on preventing infection and
spreading the infection to others in their daily lives.
Wash hands when appropriate. Avoid unnecessary
exposure and travel. Social distancing, wearing masks in

public places, and checking body temperature in

various places if any person whose temperature

exceeds the standard value may risk developing a fever.

A body temperature of more than 37.5 degrees Celsius
is considered a person at risk of getting or transmitting
the virus.

The spread of the COVID-19 virus in the world has
urged governments to make rules to prevent the

spread of the deadly virus, such as curfews, lockdowns,
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and physical distancing measures in society (social
distancing). The way to defeat the virus is to initially
screen people who have a fever and show symptoms
of COVID-19 or not. It will be isolated to prevent the
spread of the virus. From such outbreaks Wearing a
mask at all times in public and checking body
temperature before entering the service is essential to
prevent the spread. There are several methods for
measuring body temperature.

Depending on the

equipment used, such as thermometers, digital
thermometer, infrared body thermometer, or thermal
imaging camera, etc., that depends on the company
which type of equipment to use to be the most
suitable.

In normal circumstances, the employee's working
hours using the fingerprint scanning to the employee
attendance system. But with the coronavirus outbreak,
the company came up with the idea of using thermal
imaging cameras to check if that person has initial
symptoms of COVID-19 or not and apply the
technology of thermal imaging cameras to record the
working hours of employees to reduce the work
process and provide accurate and precise information.

Presently, the 21st century is called the era of
information technology where technological advances
have made information, news, knowledge in various
sciences and fields widely applied from the general
public to industrial, social and economic levels, such as
the introduction of face detection technology. It can
be applied to personnel management, employee
attendance record, or development of identity
verification system for various documents such as
fingerprints, car license plate inspection systems, and a
face detection system to identify people identify
people. By the way, face detection is a difficult and
complicated method. But nowadays, methods for

detecting faces in various programs have been

developed to be more accurate and easier to use [3].
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Il. LITERATURE REVIEW

This section discusses the relevant knowledge of
“Using Deep Learning with Thermal Imaging Camera to
Record Employee Attendance System” and presenting
relevant literature reviews.

A. Face Recognition

Facial recognition technology is a technology part of
artificial intelligence technology that recognizes a
person's facial features by taking image data to look for
special effects, saving the information to a database,
and then identifying the person through the
comparison of facial data processing. Of the person
recorded in the database. An example of the current
face recognition technique and will be discussed is the
Local Binary Pattern Histograms (LBPH) technique [4].

Local Binary Pattern Histograms (LBPH) recognition
is a local binary pattern identification technique that is
a technique for distinguishing patterns in images by
applying the LBP values calculated in each pixel.
Histogram for identifying special characteristics in the
face. The work is divided into 2 steps as with Eigenfaces
recognition: Pre-processing and testing procedures.

For the testing process in the Local Binary Pattern
recognition technique, it takes the image to be tested
to calculate the LBP value and divide the image into
parts together with calculating the histogram of each
area. Then, calculate the Chi-square between the

images to be tested and every practice image.

B. Face Detection

Using Deep Learning with Thermal Imaging Camera
to Record Employee Attendance System uses the Harr
cascades. [5] face detection technique, a technique
that has high face detection speed and accuracy
compared to traditional face detection techniques. The
concept of this technigue is an examination of the pixel

groups on images is similar to the Harr-like feature, as
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illustrated in Figure 1, to determine whether the pixel

group is a human face.

A) B)
LE ] |
) D)

Figure 1: Harr-like feature

C. Deep Learning Model [6]

Deep Learning is an automated learning method
that mimics the functions of the human neurons by
bringing the neural network system overlaying multiple
layers and learning sample data. It is used to detect the
pattern or classify the data.

Generally, the neural network system only learns a
few levels because there is no training data or not
enough computer ability. However, over the years,
technology has evolved more and more, making it
easier and more accessible to the layers of the network.
The more layers, the more complex and deeper the
network becomes, which is the origin of the term
“Deep Learning”. According to the model of Machine
Learning, in general, when raw data is entered, it will
not be processed automatically, but requires domain
knowledge for a feature to categorize Hand-Craft
Features. However, if it is deep learning, it receives raw
data immediately and automatically processes it to
obtain the sample data needed to detect patterns or
categorize the data. The learning ability, automation

features make Deep Learning very useful for use in



different situations. Challenges to be faced are finding
suitable neural networks and finding variables affecting
the network's training performance. It is still difficult to
know what features Deep Learning can learn. In
addition, Deep Learning is similar to machine learning,
that is, it is unable to handle carefully crafted input, so
it may lead to wrong inferences on the model.

From relevant studies found that Shireesha
Chintalapati and M. V. Raghunadh [7] developed a
system for checking enrollment students using face
recognition techniques to identify and send a summary
of attendance to the teacher's email at the end of the
class. The operation of the system is initiated by taking
each frame of the camera image and converting it to a
black and white level to detect faces within the image.
When a face image is obtained, it is memorized through
histogram equalization process and resized to a size of

100 x 100 pixels, which is then used in the grouping

process for identification purposes, with face
recognition  techniques.  Eigenfaces  recognition,
Fisherface recognition and Local Binary Pattern

Histogram recognition are available. The results of the
experiments using the system showed that the
Fisherface recognition technique was the most accurate
for both still image and video identification with 95%
and 78% accuracy, respectively. This research had
problems with accuracy when used in rooms where the
amount of light was not the same as in the recognition
images, and there was no system for correcting the
identification results because the results are sent to

Email only at the end of the class.
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J. Sanuksan and O. Surinta [8] examines a deep
convolutional neural network (Deep CNN) for plant
recognition in the natural environment. The primary
objective was to compare 4 CNN architectures including
LeNet-5, AlexNet, Google Net, and VGGNet on three
plant datasets; PNE, 102 Flower, and Folio. The images
in the PNE and 102 Flower datasets include a
complicated background because they were taken in a
natural environment. On the other hand, the images in
the Folid dataset are only leaf images that were taken
in a laboratory environment using a white background.
The comparison of deep CNN using Google Net and
VGGNet  Architecture  show that Goosgle Net
outperformed while working on the PNE and 102
Flower datasets when using a training time with
iterations of 10,000 epochs. Goosgle Net also faster than
the VGGNet architecture. However, the experiment
showed that the VGGNet architecture outperforms the
other CNN architectures on the Folio dataset and used
only 1,000 epochs for training. In our experiment, we
can create a model from the deep CNN using Google
Net architecture, and this is because it showed better
results with the plant images that were taken in the

natural environment.

lll. RESEARCH METHODOLOGY
A. Theoretical framework
This section provides an overview of the function
and design of “Using Deep Learning with Thermal
Imaging Camera to Record Employee Attendance

System” in Figure 2.
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' 1 ' '
: P ;

Part I: Training Dataset Part Ill: Face Recognition
Figure 2: Theoretical framework
The framework consists of 3 modules as follows:  spmmr )
Part I: was the initial data preparation and recording ' '
INPUT

process for a test on 20 employees, whose working
principle was based on the Flowchart in Figure 3.

Part II: Design of Temperature Sensing Procedures
and Facial Detection Processing. This research using the
Haar cascade technique for verification as it is a highly
accurate and less time-consuming technique, so it was
suitable for real-time detection of human faces. When
the detection system detected a human face, it would
be framed by a developed system capable of
simultaneously detecting multiple faces. The installed
system with a thermal imaging camera was at the
company's door and gate for one month for the
temperature sensing and recognition processing and
examining the results. The temperature sensing and
recognition processing were held at the company's
door and gate for a period of 1 month, based on the

flowchart principle in Figure 4.

EMPLOYEE DATA
CAPTURE

[

TAKE 100 PHOTOS
OF EMPLOYEE

[

FACE DETECTION

|

STORE EMPLOYEE
DATA INTO DATABASE

1

FACE RECOGNITION
MODEL TRAINING

END

Figure 3: Flowchart for prepare and record data
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L END /I

Figure 4: Facial Recognition Processing

(s N Part lll: Face Recognition. The record-keeping to
connect with attendance record system and display of
GET DATA FROM
TEMPERATURE DETECTION

Rttt employee attendance data. For recording data to

connect to the attendance recording system, the data

T~ o TORE DATA INT . . .
'::“HH;“"'lJ:?\\Z':’*“"%,/:’ T osteh is stored in CSV format, where data was stored, which
HIW:' was displayed according to the Flowchart in Figure 5.
T Analysis result or a design of the conceptual
e T
N framework of “Using Deep Learning with Thermal
h Imaging Camera to Record Employee Attendance
DATA INTO DATABASE A 10 DATABASE System” — the system divides its operations into 3 parts:
(NORMAL CASE) (WORK FORM HOME CASE)
Part I: Training Dataset — Test of the 20 employees.
O . First, encoded data and names of employees were
keyed in and clicked the record button for taking five
DISPLAY pictures of each employee. This research selected 1 to
ATTENDANCE RESULT
5 pictures to represent one employee to find
. — appropriate pictures for individual classification. Each
| END )
\\_ //

picture contains a straight face picture, 15-degree left
Figure 5: Attendance record system and display of employee side face picture, 15-degree right side face picture, face

attendance data down picture, and face-up picture.
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They then conducted face detection from the
pictures and training a face recognition model in Figure

6.

EMPLOYEE ID : l ‘

EMPLOYEE NAME : [ ‘

Figure 6: The screen shows the employee's input

As soon as the process of face encoding finished, all
data were recorded in a database to prepare the data
for face detection accordingly.

Part II: Face Detection - It is the process of searching
for individual faces from pictures. An obtained face was
processed for the following procedure to ensure the
detected picture is easy to classify by using Haar
Cascade algorithm since it has high accuracy and time
spent on the processing is so tiny that it is suitable for
real-time face detection. When the system detects a
human face, a square will appear. The developed
system can detect many humans faces at the same
time. A thermal imaging camera is checking the results
of temperature scanning and the recognition processing
at the entry gate of the company for one month.

Temperature scans the face recognition processing
starts from detecting face, measuring temperature on
the face, processing face recognition results, checking
face recognition accuracy, checking temperature, and
recording data in the database. The researcher studied
the working process of a thermal imaging camera and
Therefore, the

the process of face recognition.

developed the script using Python language to
communicate with the thermal imaging camera,
acquired temperature values through protocol Modbus

TCP of the camera, transferred pictures from the
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thermal imaging camera in the form of visual image
using protocol RTSP, and processed face recognition

results from the original database in Figure 7.

LEGASYS FLIR AX8

Figure 7: Example of a screen for scan temperature and

processing face recognition

Part lll: Face recognition is when the detected faces
are processed with LBPH algorithm and compared to
the face database to identify that the detected face
matches someone. For example, the system shall
analyze the detected face while a person is walking
past the camera. Compared the detected face to
pictures stored in the existing database for data
recording that connects to the employee time
attendance system—stored the data in CSV files.

For connecting devices used with thermal imaging
attendance systems, the following:

Thermal imaging camera
Gigabit PoE Injector
Ethernet cable M12 to RJ45
Ethernet cable

Jetson Nano

Monitor & HDMI Cable

The first step is to connect the thermal imaging
camera to Gigabit PoE with Ethernet cable M12 to RJ45.
After that, connect the Gigabit PoE and Jetson Nano
with Ethernet cable and connect the HDMI cable to
Jetson Nano and Monitor to display the image. Next,

the plugged-in all devices of the system. The system



will start automatically. Then, the user can place the
device in the correct position. Things to consider are
the optimal distance for detecting human faces and the

distance at which detect the temperature.

IV. RESULTS AND DISCUSSION

Based on “Using Deep Learning with Thermal
Imaging Camera to Record Employee Attendance
System” with LBPH algorithm, time spent on testing the
system in conjunction with a thermal imaging camera
was one month (20 working days) to ensure accuracy
of collected data. The fastness and safety of face
recognition and face recognition processing time among
20 employees. Data in CSV files for being processed
accurately and precisely. The obtained data for other
approach management. The research result can be

summarized as follow Table 1:

Table 1: Average of accuracy and time spent to processing

Average Accuracy Time processing

Data

Dataset1 83.51 0.25
Dataset2 80.46 0.26
Dataset3 81.84 0.31
Datasetd 80.29 0.27
Datasetb 81.54 0.26
Dataset6 82.41 0.26
Dataset7 81.93 0.26
Dataset8 82.19 0.27
Dataset9 81.24 0.25
Dataset10 82.07 0.25
Dataset11 81.25 0.24
Dataset12 82.34 0.25
Dataset13 82.23 0.23
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Table 1: Average of accuracy and time spent to processing (cont.)

Average | Accuracy Time processing

Data
Dataset14 80.88 0.29
Dataset15 81.67 0.25
Dataset16 83.24 0.23
Dataset17 81.20 0.28
Dataset18 82.47 0.29
Dataset19 81.77 0.23
Dataset20 82.54 0.24

Grand Total 81.85 0.26

Meanwhile, the LBPH is the most accurate algorithm
in the acceptance criteria compared to the time spent
on the processing. It will test the system with 20
employees and compare the results each week, various
100,200,300 and 400 data processing. The total data of
one month (20 business days) to test the system within

Table 2.

Table 2: The table present the time processing times and

data accuracy

LBPH
Data
Week Data Time
Processing
Accuracy Processing

1 100 82.06 0.26

2 200 81.52 0.25

3 300 81.37 0.26

4 400 82.49 0.25
Average 81.85 0.26

The experimental result based on collecting data of
face recognition accuracy using the LBPH algorithm
found that accuracy values ranged from 80-85%), as

shown in Figure 8 and Figure 9:
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Figure 9: Average data accuracy of LBPH algorithm

Moreover, the experimental result found that the  seconds per 1 time of face processing, as shown in

time spent on the processing ranged from 0.1 to 0.4  Figure 10 and Figure 11:
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Figure 10: Time processing of LBPH algorithm
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Figure 11: Average time processing face recognition of LBPH algorithm

A one-month trial to determine the mean accuracy
of facial recognition using LBPH technique with 20
employees found that the mean accuracy of LBPH
technique was 81.86 percent and the average
processing time is 0.25 seconds, which compatible the
paper of Attendance monitoring system with face
recognition technologies [9] has been proposed to
improve the accuracy of face detection and solve the
conventional problems. The experiments were
conducted on the accuracy of Eigenface recognition,
Fisherface recognition, and Local Binary Pattern
Histogram (LBPH) recognition to select the best face
recognition technology for the proposed system.
Experimental results show that LBPH recognition has

the highest accuracy of 94.21%.

V. CONCLUSION

From the research “Using Deep Learning with
Thermal Imaging Camera to Record Employee
Attendance System” time spent on processing and data
accuracy working with a thermal imaging camera, the
LBPH algorithm used with the thermal imaging camera.

In terms of time processing and accuracy suitable
for working with a thermal imaging camera, it is found
that LBPH algorithm used with the thermal imaging
camera enables the system to be convenient, fast and

safe. The obtained data are accurate and precise.
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Employees could check data in real time. The system
gains more efficiency and is convenient for searching
for data and checking time attendance statistics,
helping reduce errors and delay and helping solve
problems related to an increase in the number of
(3]. LBPH

advantageous as it withstands changes in levels of

documents Meanwhile, algorithm s
illumination and it is the most accurate algorithm [10].
Based on this study, LBPH algorithm is considered the
most accurate algorithm in the acceptance criteria
when compared to the time spent on the processing.

Regarding time processing and accuracy, this
research is suitable for working with a thermal imaging
camera using the LBPH algorithm to develop record
employee attendance system using temperature and
face recognition using a thermal imaging camera—
advantage in terms of time spent on processing and
ability to withstand changes in levels of illumination.
However, in the light coming in different positions, it
will decrease facial recognition accuracy. Therefore, it
is necessary to develop the process of making a picture
database to increase the algorithm's efficiency for being
used in an actual situation accordingly.

This research uses the FLIR thermal imaging camera
model AX8, a relatively inexpensive thermal imaging

camera, easy to use, and a protocol to connect to

system development with Python language. In the
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market with a high resolution and frame rate, when
applying the technique of Face detection and Face
recognition to process with the thermal imaging camera,
it has been chosen. The results in processing results
that for specific applications. If choosing to use other
thermal imaging cameras with higher resolution and
frame rate, appropriate use may vary. Therefore, in
order to find suitable techniques for other devices, it is
best to compare techniques. To find the efficiency of
the processing time and additional accuracy values to
verify that the results are suitable and within the
recipient criteria.

Moreover, for the techniques in this research, users
want a system that can be processed quickly. The
accuracy is within acceptable criteria. Choose to
consider in

using the LBPH technique system

development based on the results from the research.
The choice of technique depends on the purpose for

which the system is in the future.
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