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Introduction

¥

Biodiesel and Ethanol Industries are industries that are important to Thailand in both energy sufficiency and the economy. Distillation Columns are also the highest energy-consuming part of these businesses. The  sqanparenx | ﬁ. T
Distillation Column Owners are usually using foreign Optimizers for improving performance. This project is designed to fulfill the gaps of the said Optimizers by making a Hybrid Optimizer, which incorporates "i?éi’{','ﬁi.'_’é Tip| Puog p ﬁil:.
adequate Chemical Engineering Theories and Current Plant Data to offer better performance for the Distillation Celumns. The System will be using the Narrow A.l. which will be developed by SCADA/PLC faion &,jﬂ"}-l-hzm[,_mm}

(Supervisory Control And Data Acquisition and Programmable Logic Control) to suggest or control tower’s parameters. o
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*Integration of Engineering Theory and Data Analytics: This research is to bridge the gap between traditional engineering thecries and modern data analytics, specifically in the context of distillation celumn
optimization. This research aims to create a hybrid system that combines the robustness of engineering principles with the adaptability and precision of data analytics.

*Application of Narrow A.l in Process Control: The research proposes the use of Hybrid Narrow A.l., which is a specialized form of artificial intelligence focused on a specific task—in this case, the optimization of
distillation columns. == o) —
*Enhancement of Distillation Efficiency: Improving their efficiency can lead to significant energy savings and increased throughput. The research focuses on optimizing these columns by reducing the operational Reflux Pumps
pressure, which in turn can decrease energy consumption and improve separation efficiency.
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Literature review: Ethanc| production, Distillation contrel and eptimization and Basic of algerithm development

Develop of SCADA/PLC version 1: Developing the optimization flow chart and Logic sequence and coding the program for SCADA and PLC

Baseline testing of distillation with SCADA/PLC version 1: Initial system testing without the optimizer, Adjust pressure, Adjust reflux ratic, and Data collection

Develop of SCADA/PLC version 2: Validate SCADA and PLC with operational data, Parameter relationship analysis, Predict optimal setpoints, Program refinement and Develop
user interface and integration

Optimization testing with SCADA/PLC version 2: Installation of SCADA/PLC version 2, Using A.l. as an optimizer, Inputting test data and Data collection and analysis

V1. Develop of SCADA/PLC version 3: Collecting feedback, Analyzing the data, Algorithm improvement and developing SCADA/PLC
Version 3
VIl. Optimization testing with SCADA/PLC version 3: Open-Loop Testing with SCADA/PLC version 3, Delta T adjustment and product ,

Specification Check, Flooding Detection Test, Develop User Interface Version 3: Upgrade the software user interface to its third
iteration, Transition to Closed-Loop System, Feedback and Final Refinements

Results & Discussion

SCADA/PLC version 1 SCADA/PLC version 2

The Initial algorithm Initial system testing without the optimizer # The SCADA/PLC Version 2 integrates an A.l.-based optimizer, replacing the
initial algerithmic appreoach. The A.l. system, developed using Python and

» the open-source neural network library Keras, is initially trained with : The improved algorithm

simulated data from Aspen Plus. The A.l. is designed to adjust control
parameters automatically, considering variables like the changing |
P— temperature of the cooling water. S r—
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Arificial Neural Network testing the SCADA/PLC Version The distillatiocn celumn can adjust its pressure according to the simulation

1for automated control of 2 data, and the suggested values for reflux ratio, reflux flow rate, and distillate

. distillation column flow rate can clesely match with simulation data. However, the temperature of
Reflux & Boil-U

/ S / / Distilate Rate / the hot oil heating the reboiler was limited only 120°C instead of the intended

160°C. So, the maximum temperature at the bottom of the column was only

! e 97.88°C, lower than the desired setpoint. At steady state, the concentration of
Controller Setpoint Temperature ° ethanol at the top of the column was 89.6%wt, and at the bottom, it was
i o 4.42%wt that lower than the target calculated by the simulation (2.4%wt).
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Distillation control screen with A.l.-suggested INPUT parameters

SCADA/PLC system

The PLC (Programmable Logic Control} and SCADA (Supervisory Control And Data | | o
Acquisition) systems work together to automate and optimize the distillation = e i . ! n
process, ensuring efficient, safe, and reliable operation. The PLC directly controls e | By Al Operating

_ Parameters
the hardware, while the SCADA system provides a higher-level overview, data It S e , s , suggest test

analysis, and decision-making capabilities. . : , | a— Pressure (bara) 1.70 1.95 14.71%
- ' Reflux ratioc 1.40 1.40 0.07%

Distillation test run sl | v v " e Reflux flow rate (L/h} 36.40 | 36.26 | 0.37%
' ' | e Distillate flow rate (L/h} 25.89 26.47 2.22%
KDHPeetict iy A oA

# Average Concentration: The average concentration of ethancl in the distillate L 37""’ .. | | 2 | =5 '1_' :_ Ethgﬁg:iﬁd?;}:ﬁ;g‘igm} 15%2? 159‘;;0 g'gﬁz \ s by g
was found to be arocund 80-90% by weight, with the highest concentration ekl - o g |- [ Fthanolin bottorn (%wd | 0.51 025 | 51L07% Bk 1D (8 S e St Gy Y 5
reaching 91.1%. g—— | | aky el Tine i)

Steady State Achievement: After approximately 120 minutes, the 4
concentration of ethancl became relatively constant, indicating that the
system had likely reached a steady state.

Variability in Concentration: Despite the general consistency in ethanol

concentration, there were some variations cbserved in different tests. This

variability could be attributed to adjustments made in the contrel loop during
the three separate distillation tests.

Control Loop Adjustments: A control loop in a distillation process is a system Improvement issue infigpens o .
of sensors and controllers that work together to maintain the desired output The low-level alarm issue will be considered to develop SCADA/PLC version 3 software. The accuracy and reliability of Al predictions are expected to improve

(in this case, the ethanol concentration). Adjusting the control loop can help adjusting various parameters appropriately for the experimental conditions. when trained with actual experimental data.
optimize the process, but it may also introduce some variability in the output These adjustments will be made in real-time and will be applied in testing the Incorporating a system that can adjust the boil-up ratio, possibly with additional

until the system stabilizes. efficiency of the SCADA/PLE version 3 in the next phase of their research. equipment for better flow rate and temperature measurements, could
sighificantly enhance the Al's performance in controlling the distillation process,

making its recommendations more alighed with real-world operations.
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The Al system is used to optimize the distillation process, aiming te enhance
stability and efficiency. It helps in preventing operational issues like temporary
pump shutdowns due to low levels in the re-flux tank.

There are significant differences between the Al's predictions and the actual
experimental results. These discrepancies are particularly noticeable in the
ethanol concentration and the pressure within the distillaticn celumn.

The Al system was initially trained using simulated data from Aspen Plus

Conclusions

. Algorithm for Predicting Optimal Control Values in Distillation Column: An algorithm was developed to |mpact pathways
predict the optimal control values for a distillation column to achieve the desired pressure and energy
efficiency. The algorithm showed good predictive accuracy for temperature at different stages and the reflux
ratio, with mean squared errors of 0.055 and 0.58, respectively. It was found that lowering the cooling water
temperature by 7 °C could reduce the operating pressure by up to 1.6 bar, leading to an energy saving of about Inputs Outputs
1%. These calculations were corroborated by simulations using Aspen Plus software. : - .

. SCADA &PLC Version 1 Control System: The SCADA &PLC Version system can control and display real-time data Enhancing profitability
measurements or setpoint values of various equipment. It includes data logging, alarm systems, and safety Mhuciget $546008 Bait Pilot distillation column SN
features that can shut down equipment in sequence during emergencies to prevent potential hazards due to *  PMU-B 690,000 Baht Saidele bl S Y

artificial intelligence A foanw, comsnbional Economic benefits

temperature or pressure deviations in the distillation column. * Global R&D Company, Ltd. CIarTor Mither Erar distillation control Enbancement: o profitabilini fos

. Baseline Testing of the Distillation Column: Tests under designed conditions showed that the ethanol In-cash : 200,000 Baht eMiance and atonated Yachnolags biofuel and biochemical industries

; ) — ) In-kind : 200, Baht . :
concentration in the distillate ranged between 80-90% wt, with a peak at 91.1% wt. These results were i early anomaly detection s
* PMUC 16,852,175 Baht biofuel business of Thailand

consistent with the Aspen Plus software simulations. Reducing operation cost
. SCADA &PLC Version 2 Testing on Distillation Column: The A.l. program developed was able to adjust the Duration: 1 year (2566-2567) ybrid artificial intelligence fecon ahaegy Use : —

column pressure and modify the reflux ratio, reflux flow rate, and distillate flow rate closely to the Research team: 6 people R R NGRS st * Reduction of energy consumption

recommended values. The highest ethanol concentration achieved in the experiments was 93.87% wt at a T —— automated distillation f:i;m . :rp;ju:fﬁz:;:ﬁj:mﬂ

cooling water temperature of 26.5°C and a reflux ratio of 2. This concentration is close to the azeotropic point, Company, Ltd. COOTEL UHIE SO .« FeH)

which is critical for testing the deep learning capabilities of the artificial neural network. (Developer) aniatolad b HnALEIag S
. SCADA &PLC Version 3 Testing on Distillation Column: A key factor contributing to these discrepancies is the s el

lack of a system to adjust the boil-up ratio in the distillation column. This limitation affects the A.l.'s ability to

accurately predict and control the process.

Hybrid Artificial Intelligence Optimizer with Higher Energy Efficiency and Automated Early Anomaly Detection for Ethanol distillation
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1. Introduction

1.1 Rationale & Problem statement
Hot water systems are critical in hotel/building operations, influencing both guest comtort and operational
efticiency. Common problems include msuftficient hot water temperatures, excessive electricity consumption,
bacterial growth, water loss, and delayed hot water delivery. These i1ssues can significantly damage a hotel's
revenue, reputation, and guest satistaction. Identifying the root causes of these problems, such as metficient
heating systems, insulation 1ssues, abnormal usage, and device incompatibility, 1s challenging. Unlike chiller
systems with comprehensive management solutions, hot water systems often lack etficient control, leading to
constant operation and energy waste. This research project addresses these challenges, aiming to improve hot
water system management 1n hotels.

1.2 Objectives
The project's objectives include studying the operation and usage patterns of hot water systems m hotels and
developing a digital management system to enhance energy efficiency. This involves addressing 1ssues such
as temperature control, energy consumption, bacterial growth prevention, water loss, and delivery times. The
goal 18 to create a system that improves operational efficiency and contributes to environmental sustainability

in the hﬂspﬂahty mdustry
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A typical water-heating system pathway

without digital monitoring, analysis, and management
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PAC MAN: Digital Water-Heating and Energy Management System

2. Overall Research Methodology

2.1 Monitoring (Data Collection)

Equipment Installation: Installation of measurement devices to monitor hot water systems, focusing on data

transmission compatibility with the Modbus RS485 protocol.
Data Gathering: Collecting data from a hotel's hot water system 1 Phuket, considering temperature, pressure,

and occupancy factors.
Sensor Data Logging: Logging and transmitting sensor-based data for subsequent processing.

2.2 Analyzing (Data Preprocessing and EDA)

Data Preprocessing: Refining raw data for analysis, addressing missing values and inconsistencies.
Exploratory Data Analysis (EDA): Visualizing and summarizing data to uncover patterns and trends.
Conducting correlation analysis to understand relationships between variables.

Machine Learning (ML) and AI Application: Using Artificial neural networks (ANNs) and/or other ML
models to simulate complex relationships and adjust for input data variations.

Feature Engineering: Selecting the best parameters for the predictive model, integrating feature engineering
with EDA.

2.3 Navigating (Model Development and Optimization)

Al Model Development: Traming the ANN model with preprocessed data to discern patterns atfecting heat
pump performance.

Hyperparameter Tuning: Fine-tuning neural network parameters for optimal performance.

Predictive Model Creation: Developing an accurate ANN predictive model for automated control.

Digital Platform: Utilizing the Al model for further development 1n online monitoring and model predictive

control. - .
The digital management solution framework
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2.4 Practical Application and Future Development

Operational Testing: Testing the system in different conditions and refining control systems based on results.
Performance Evaluation: Assessing the effectiveness of the control system and analyzing data for future
Improvements.

Reporting and Model Implementation: Preparing reports summarizing system development and management
for practical use.

B CLEAN WATER
AND SANITATION

. SUSTAINABLE

DEVELOPMENT

o

In this research, the optimization of hot water systems within hotels and/or buildings through the application of digital technology is explored, with a particular focus on the critical analysis of
operational data in relation to actual system usage. The study aims to develop a versatile, data-driven management system regarding water-heating production systems utilizing heating sources
such as heat pumps and electric heaters. Integral to this endeavor 1s the installation of measurement devices across a variety of water-heating systems, tasked with collecting essential data on
water flow rates, temperatures, energy usage, and others. This systematic data collection process 1s pivotal to enhancing the e
involves the development of control models, specifically tailored to align with unique operational conditions and environmental factors. The anticipated outcome 15 a cutting-edge digital
management system for hot water systems, poised to significantly boost energy etficiency, cut down on operational costs, augment safety measures, and reduce environmental footprints. This
significant paradigm shift in the management of hot water systems, underscoring the transformative impact of advanced digital solutions in promoting sustainability and
operational efficiency within the hospitality and building industries.

ticiency of these systems. Progressing further, the research

3. Progress Results & Preliminary Discussion

Hyperparameter Tuning

3.1 Data Management and Preprocessing

* Historical Data Collection: Implemented data
collection at a Phuket hotel site, gathering over
50,000 data points (5-nmunute mtervals for
about 6 months).

* Data Cleaning and EDA: Undertook

extensive data cleaning. Conducted EDA and
Skewness Analysis to 1dentity key variables

impacting system demand.
3.2 Model Development and Testing

* ANN Model Development: Developed an
ANN predictive model, retining the dataset for
analysis. The model was trained, validated, and
tested (70/15/15% split), achieving R-squared
values of 0.99, (.98, and 0.97, respectively.
Feature Selection and Hyperparameter
Tuning: Used a Random Forest Regressor for

feature selection and conducted _
hyperparameter tuning to enhance prediction 250 30 5o

accuracy and reduce computational overhead.

3.3 Challenges and Future Plans

This work marks a

project's progress.

* Control System Development: Developing a
comprehensive control system for operational
needs and simulated/real-world scenarios.

Model Generalization and Accuracy:

Ensurmg model adaptability to ditferent

scenarios and operational conditions.
Comprehensive Review and

Recommendations: Reviewing operational
aspects and providing recommendations for

digital hot water system management.
Energy Efficiency and Cost Savings:

Targeting 10%-20% reductions in energy

consumption and/or operational costs.

Hyperparameter Tuning Progress
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=
iy
o
o

= Best R-squared

1500
lterations

2500 3000

Model Testing

Regression Plot Testing (Actual vs. Predicted) - Feature 1

# PRegression Plot - Feature 1
| = |deal Line

Predicted Walues

2

Actual Values

10040 1250

Regression Plot Testing (Actual vs. Predicted) - Feature 2

# Regression Piot - Feature 2
— gl Line

Predicted Values

&l

Actual values

Regression Plot Testing (Actual vs. Predicted) - Feature 3

& Regression Plot - Feature 3
— deal Lirve

Predicted Values

S
Actual Values

significant advancement 1 the realm of digital energy management, particularly in the context of
hot water systems in hotels and buildings. At its core, the project 1s focused on the development of a predictive model
utilizing machine learning and related techniques, aimed at enhancing energy efficiency. The research employs an
mterdisciplinary approach, mtegrating IoT, data science, and cloud technologies, crucial elements that underpin the
This system, once fully mplemented, promises to optimize energy management on an mdustrial

scale, highlighting the transformative potential of digital solutions 1n the energy management sector.

The research impact 1s evaluated through metrics such as Net Present Value (NPV)
in THB, Internal Rate of Return (IRR), and Social Return on Investment (SROI),

calcul

ated using ex-ante

evaluation methods.

These metrics provide a

comprehensive assessment of the research's potential benehits and distinguish its
impact from standard economic analyses. Also, the research impact pathway

highlights both short-term and long-term benetits (Outputs/Outcomes/Impacts) and

the feasibility of the research, underscoring its potential to revolutiomze digital
energy management in hot water systems.

Rohrer, T. (2022, December 24). Deep reinforcement learning for heat pump control. arXiv.org.

shin, J., & Cho, Y. (2021). Machine-Learning-Based Coefficient of Performance Prediction model for heat pump systems.
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controlling and managing hot water
systems to be used in conjunction with
other systems such as cold-water
systems and airexchange systems,

leading to more significant electricity
savings for the country.
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3. Rationale / Problem statement / Introduction :

* TasteAtlas in June 2023 five Thai curries, including Phanaeng curry Khao sol, were rated in the Top 10 best-rated curries

* Thai food is an interesting issue that is becoming trendy. Furthermore, Thai food research can be extended to the development of Thai food suggester
applications for foreigners
To develop an application for Thai food, image classification utilizing image processing and artificial intelligence (Al) technology, including deep learning (DL),
s required.
One of the contributions of this study, it has shown the accuracy improvement provided by utilizing the combination of two te chniques, undersampling and

oversampling, for solving imbalance classification.

4. Methods

4.1 Step |: Data collection and labelling
Focusing on the selected six unique Thai single-dish meals that can be found generally, Thai food images, consisting of "Khua-Kai’, "PhatKaphrao’,
‘KaoMunGai-Tord’, "‘Kuaylab’, "Pork-StickyNoodles’, and "Yentafo’ were gathered from online platforms and/or online social networking, while about 50% of

them were from THFOOD-50. In total, 2,736 culinary images were collected. However, the numbers of images for each single-dish meal are imbalanced

4.2 Step ll: Image preprocessing
n this step, the gathered Thai food images were standardized with the aspect ratio of 1:1, through cropping and segmentation. This uniform cropping

covered both upper and lower parts, restoring the original asymmetry. The dataset is balanced through comprehensive methods, including data undersampling,

oversampling, and hybrid sampling method.

4.3 Step lll: Data Augmentation

n this study, the Yentafo dass with the highest number of images consists of 615 images. Therefore, other five classes were processed using the
oversampling technigue randomly so that the number of images in those classes were approximately equal. For the hybrid approach, the classes with the
number of images of approximately 400 images were oversampled, while those with the number of images of around 600 images were undersampled.

Therefore, the number of images for each class was 500 images approximately.

4.4 Step IV: Data Transformation

Resizing of images to achieve a 1:1 aspect ratio, with dimensions set at 224 x 224. Also, the image data of each class were transformed into 4D NumPy

arrays, ensuring compatibility with the subsequent model training process.

4.5 Step V: Dataset Splitting
The dataset was divided into three distinct subsets, consisting of training (70%), validation (15%), and testing (15%). For the testing subset, it was espedially

for model evaluation.

4.6 Step VI: Training and Model Evaluation
Three transfer learning techniques, consisting of ResNethb0, MobileNet, and InceptionV3 algorithms were applied to this study. Each model architecture was
created using Global Average Pooling, a dense layer with 128 units, batch normalization, and a dropout rate of 0.2. Each training was conducted over a span of

30 epochs, and then model performance was assessed for accuracy rate.

5. Results & Discussion

* Considering the validation set accuracy, when employing undersampling, ResNet achieved an accuracy of 0.93, whereas MobileNet and InceptionV3 both
delivered an accuracy of 0.96. Moving on to the oversampling technique, ResNet, MobileNet, and InceptionV3 all exhibited an accuracy of 0.95. In the case
of the hybrid approach, ResNet achieved an accuracy of 0.94, while MobileNet and InceptionV3 again achieved an equal accuracy of 0.95.

Analyzing the test set accuracy presented one can observe that when employing an undersampling technique, ResNet achieved an accuracy of 0.94,
whereas both MobileNet and InceptionV3 yielded identical accuracies of 0.95. Shifting focus to the oversampling technigue, InceptionV3, ResNet50,
and MobileNet achieved accuracies of 0.93, 0.94, and 0.95, respectively. In the context of a hybrid approach, ResNetb0 and MobileNet delivered accuracies
of 0.96, while InceptionV3 attained an accuracy of 0.95.

From the overall results, all transfer learning models demonstrate the highest accuracy rates the validation set provides MobileNet and InceptionV3 have
the same result of all sampling techniques that obtained an accuracy of 0.96 that the heist accuracy from the validation set when using undersampling and
0.95 when using oversampling and nhybridsampling. Next, ResNetb0 obtained the accuracy of undersampling oversampling, and hybridsampling 0.93, 0.95,
and 0.94 respectively. That proved that hybridsampling does not obtain the lowest accuracy of all models and sampling technigues.

6. Conclusion

* After conducting this study, it was found the accuracy of undersampling has the highest when using MoblieNet and InceptionV3. Oversampling obtained the
nighest accuracy when trained on ResNetb0. Hybridsampling has high accuracy and stability, ranking higher than others when evaluating models on the
validation set. Then, the hybridsampling technique tends to show better performance than undersampling and oversampling techniques when evaluating
models on the test set, while MobileNet demonstrates better performance than other transfter learning models.

The findings from this study can be applied to future work aimed at improving the accuracy of each transfer learning model and/or deep learning
applications. However, this study was conducted with only six classes of Thal food and three transfer learning models; therefore, future work should

consider additional classes of other foods and more transter learning models.
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_ introduction Results and discussion

Part 1: Development of the 3D-printed customized insoles for
men's leather shoes

researchers and industry to study and develop because of its simplicity to (a) (b)

operate and low cost [1, 2]. Despite its versatility and affordable cost, one Figure 1. lllustrate (a) the leather
of the major constraints for developing FDM-printed specimens with — shoes pregperes. by SITTIPQRN

PANICH LIMITED (owner of
desirable properties for high performance applications is the limited THREE Shoes brand) and (b) the

3D-printed personalized insoles
prepared by MTEC.

Fused deposition modeling (FDM) is one of the methods used in

three-dimensional (3D) printing technologies, gaining popularity among

availability of commercial FDM printable materials. Therefore, the
objective of this work is to develop materials suitable for use in FDM that
possess favorable characteristics. This will be achieved by using the

knowledge of polymer blending to manipulate their properties. The of feet on insoles while standing of one

participant who has high arch pattern. The
shade of color indicates the pressure that
feet exert on the insoles (red color indicates
nigh pressure). A color gradient from red to
blue denotes the presence of reduced
oressure, while the white color signifies the
absence of pressure. It was found that
when wearing shoes with commercial
insoles, there will be a lot of areas that
HiEhPfESSUfEI:jE receive high pressure, as shown in Figure

- | 2(a}, while wearing shoes with 3D-printed
customized insoles prepared by the MTEC
research team (as shown in Figure 2(b}},
there will be more green or blue areas than
using commercial insoles, and the red spots
are decreased, indicating that the 3D-
printed  personalized insoles could
Hepressue 0 distribute  plantar pressure better than
| commercial insoles.

ultimate aim is to employ these materials in the production of biomedical

devices such as insoles. The FDM printable materials that have been
recently developed by our research team include thermoplastic
polyurethane (TPU)-based filaments and polypropylene (PP) -based

filaments. These filaments exhibit satisfactory qualities and are now

[ -
NO pressure

High pressmer Figure 2 illustrates the pressure distribution
™

undergoing further investigation.

I obiectives

1j To design and develop 3D-printed personalized insoles using a thermoplastic
" polyurethane (TPU)-based filament for use in men's leather shoes, and study on the
actual use of the developed insoles in three participants.

| To validate and study the customer needs of TPU-based filaments with diameters of
2.85 mm, including two compositions with varying hardness and toughness.

_rll\::- .ls-\.-i
Ll
i >
e r
= o

. To develop polypropylene(PP}-based tilaments with favorable properties for use with
FDM.

W
=i -

Yy N

. Figure 2. Pressure distribution of feet on insoles while standing of one participant who had
Ex per| me nta I high arch pattern (a) wearing shoes with commercial insoles and (b) wearing shoes with 3D-
. - printed personalized insoles prepared by MTEC (right: right foot and left: left foot).

Part 1 : Development of the 3D-printed personalized insoles for men's Part 2 : Validation of TPU-based filaments for FDM
leather shoes

» @ > <

3D Scan (A) Foot model Leather Shoes
(Infoot Scanner)

TPU-based

SEPTILLION

Part 3 : Development of PP-based filaments for FDM

( s _ a—b | The investigated PP-based filament

@a Ovality = ath exhibits better processibility, leading to a
,% Ovality > smaller is better | reduction in o\{allty. Moreover, the
s < warpage was also improved.

TeC

e NSTDR 3D Scan (B) 3D Design
(Infoot Scanner)

Leather

Shoes Table 1. The ovality and warpage of the investigated PP-based filament compared to PP/HDPE (80/20}

Investigated PP-based
filament

ersonalized Ovality A« » 0.028 ( ) 0.020

Insoles
Part 2 : Validation of TPU-based filaments for FDM Warpage (%) 337 5+2

>

— 000
Twin screw extruder Gooiingzone  Filament Windiria TPU-based Validation by 2) The investigated TPU-based filaments could be used with FDM as was validated
(Water-cooled) filaments @EEPﬂLUGn by Septillion.

| o©Q
Part 3 : Development of PP-based filaments for FDM 3) The investigated PP-based filaments are a promising choice for FDM since the
op printed specimens exhibit low warpage, and additional attributes are now being
studied.

Personalized
Insoles

PP/HDPE (80/20)

ﬁ
=
//@

Conclusions

1) The 3D-printed customized insoles successfully distribute plantar pressure during

T ar ol ol ol oT ar o oy oy T
— L i - ——

standing and walking better than commercial insoles.

o
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|1 "0 0

l ¥y 433 )3 Characterization
200 280 2 e d
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Analyzing Factors Influencing Alcohol-Related Crash Severity using Random Parameters
Ordered Logit Model with Heterogeneity in the Means (RPOLHM)

Wimon Laphrom?, Panuwat Wisutwattanasak?® Chamroeun Se?, and Vatanavongs Ratanavaraha®’

® Institute of Research and Development, Suranaree University of Technology, Nakhon Ratchasima 30000, Thailand

> School of Transportation Engineering, Institute of Engineering, Suranaree University of Technology, Nakhon Ratchasima
30000, Thailand

Road traffic accidents have incurred immense costs on both| |The objective of this study was to explore differences in factors
the economy and society. Recognizing the importance of| |influencing injury severity between two subsets - those with
addressing this issue, Thailand has implemented various| |permissible alcohol sales hours and those with restricted
measures and laws to enhance traffic discipline and prevent| |alcohol sales hours - following a change in alcohol sales
accidents, aiming to reduce injuries and fatalities. However,| |regulations in 2015. The analysis accounted for temporal
despite these efforts, Thailand's road accident statistics still| |instability in the investigation using crash data from the
rank among the highest globally, indicating insufficient| [Department of Highways (DOH) between 2012 and 2020.
progress. Therefore, studying the effectiveness of policies| |Random Parameters Ordered Logit Models with Heterogeneity

becomes crucial for long-term problem resolution, given the| |in the Means were employed to account for unobserved
complexity and numerous variables involved in road accidents.| |heterogeneity across the two subsets.

Key factors contributing to policy success include a change in | | | |

_ . _ _ T ACKNOWLEDGEMENTS: This research has received funding support from (i)
mindset and an approach rooted in data-driven decision- Suranaree University of Technology (SUT) and (ii) the NSRF via the Program
making, allowing a precise understanding of the problem’s| Management Unit for Human Resources & Institutional Development, Research
origins and facilitating targeted corrective planning. and Innovation (PMU-B) [grant number B13FF660067]

Separated model test Empirical setting: In this study, the main data sources included nine years of traffic crash

|Data 2012-2014 | |[records spanning from 2012 to 2020, provided by DOH in Thailand. The dataset contains

Data 2012-2020| VS | Data 20152017 detailed information for each accident, including the date and time, location, road

characteristics {e.g., straight, flat, curved, intersections), types of vehicles involved,, collision
types, and the causes of the accidents.

+ Temporal stability tests
Transferability test ® [nvestigates the variations of alcohol impaired crash-injury-severity models between the
permissible alcohol sales hours and those with restricted alcohol sales hours.

' Data 2018-2020

Data 2012-2014 | Data 2015-2017 o _ _
® The whole dataset containing all periods (2012—-202) is segmented by three model.
\ / @ |[nvestigate the temporal instability during both alcohol sale hour and restricted alcohol sales.
Data 2018-2020

and segmented periods.

Table 2 Temporal stability test results

2012-2014 2015-2017 2018-2020 2012-2014 2015-2017 2018-2020
2012-2014 - 16.69 (8) [96.65%] 1.68 (12) [0.02%] - 23.64 (16)[90.22%]  13.12 (17) [27.17%)
2015-2017 5.71 (11) [10.81%) : 11.76 (12) [53.45%]  |13.92 (18) [26.55% - 8.59 (17) [4.76%]
2018-2020 28.37 (11) [99.72%]  38.59 (8) [99.99%] . 52.06 (18)[99.99%]  30.64 (16) [98.50%) -

Table 1 Transferability test results
A= restricted alcohol sale hour

B = alcohol sale hour restrictea The implementation of measures to regulate the timing of|["
" ; 0/ [ 0/ .
2810l A =750 (1) [99.90%] 1179 (18) | 1%.44% alcohol beverage sales can overall reduce the severity of

2015-2017 58.14 (8) [100.00%]  [17.57 (16) [65.00% | - _
2018-2020 38.92 (12) [99.99%]  |45.89 (17) [99.98% alcohol-related accidents. By restricting the sale ot alcoholic

beverages during high-risk periods, individuals are less likely to
As indicated in Table 1, the results of four paired tests reveal a notably 2 g 5 f d{ t X o _y_
nigh confidence level (exceeding 99%) in rejecting the initial null e Ll EX(?ESSIVE" MITIALTLS,, eamllg Lo g Ueliteaats I UG
nypothesis. This hypothesis posited that the influence of parameter under the influence of alcohol. Although there may be

estimates remains consistent between models for permissible alcohol |challenges in implementing and entorcing such policies, the
sales hours and those with restricted alcohol sales hours across each |time-limited alcohol sales measures effectively reduce the

period. Furthermore, Table 2 displays the results of temporal instability |chances of injuries and fatalities from road accidents.
tests, revealing that a majority of paired tests exhibit confidence levels Therefore, relevant authorities should advocate for and
surpassing 99%, leading to the rejection of the null hypothesis. This consistently enforce regulations on the timing of alcohol

implies that the effects of parameter estimates for injuries in accidents . . .
. o | | beverage sales to effectively mitigate the impact of alcohol-
during permissible alcohol sales hours and those with restricted alcohol .
related incidents.

sales hours are not temporally stable across the examined period.
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CodeBots: Robot Kit Using a Mobile Cloud Learning Platform to Promote
Learning Engagement and Computational Thinking for Youths
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Introduction

Research Background from Industry Needs: This research initiative stems from
the industrial sector's desire to develop a suite of robots utilizing a mobile cloud

L
[ -\
learning platform. This endeavor aims to enhance the engagement of youth in

““T;:‘,'.f;ﬁ:“' it 0 learning and computational thinking. This surge in mterest i1s driven by the need to
sy Koy Concepts NQEo elevate educational standards and prepare the 'Next Generation' for the increasing
demands of a high-caliber digital workforce. In recent years, That society has
become increasingly aware of the mmportance of computational thinking skills in

preparing youth for success i the digital era.

Research Problem: The research problem identified arises from the observation
that traditional educational methods may be madequate for developing the
computational thinking skills required for the modern workforce. Furthermore,
there 1s a pressing need to engage youth in hands-on learning experiences that are
both enjoyable and relevant to their lives.

Significance of the Research Problem: The significance of this research problem
lies 1n 1ts potential to address these challenges and provide attractive solutions that
engage youth in developing computational thinking skills through accessible and
participatory platforms. The development of such a robotic suite represents a
practical approach to learning that can promote advanced thinking skills.

Impact of Research: This research could pave the way for innovative and creative
educational methods that assist youth in developing skills necessary for success in
the digital age. The impact of this research could be far-reaching, with the potential
to elevate educational outcomes and lead to the development of a more skilled and
competitive workforce.

Research Objectives (Phase 1)

1) To mvestigate and analyze the general components of educational robot kits that use mobile or cloud learning to
promote youths' higher-order thinking.

2) To synthesize and validate the key components of cloud-powered educational robot kits to promote youths'
higher-order thinking.

3) To evaluate the suitability of the key components of cloud-powered educational robot kits to promote youths'’
higher-order thinking.

Research Methodology

This research aims to comprehensively investigate, identify, and evaluate the key components of cloud-powered
educational robot kits, with the overarching goal of enhancing youths' higher-order thinking skills.
To achieve this, we adopt a mixed-methods research approach, employing an exploratory sequential design.
The research 1s divided into three distinct phases, each aligned with specific research objectives.

Stage I Component Investigation and Analysis

In the initial phase, we conducted a qualitative investigation to comprehensively explore and analyze the
components of cloud-powered educational robot kits aimed at promoting higher-order thinking among youths. This
exploratory approach allowed us to delve into the existing literature and gain a deep understanding of these
components. Data were collected from a diverse range of research articles obtained through systematic scoping
reviews. Prominent educational databases, including ERIC, PubMed, Scopus, Web of Science, ACM, and ThaiJO
online databases, were extensively searched to gather a wide array of qualitative mformation.

Stage H: Component Synthesis and Validation

In the second phase, we aimed to synthesize and validate the identified components of cloud-powered
educational robot kits, this time employing a quantitative approach. The Content Validity Index (CVI) was used as
the quantitative measure to assess the validity of the synthesized components.

Data Sources: Data for this phase primarily consisted of the diagram and details of the components of
cloud-powered educational robot kits (draft version).

Instruments: The research instruments included a content validation form built on a 4-poimnt Likert scale
for the CVI.

Processes: The first step involved the synthesis of the components 1dentified in the scoping reviews. This
process aimed to create a comprehensive and organized representation of these components, which would serve as
the basis for subsequent validation. The second step involved the validation of the synthesized components. To
achieve this, a panel of five experts, carefully selected based on their doctoral degrees, professional backgrounds as
mstructors or researchers, and extensive expertise in the relevant fields, assessed the components' content validity.
These experts systematically evaluated each component using the content wvalidation form, providing their
judgments and ratings. The final step encompassed the calculation of the CVI for the components. This index was
computed by aggregating the individual judgments provided by the expert panel. The aim was to determine
whether the synthesized components achieved an acceptable level of content validity, with an established threshold
(S-CVI/Ave = 0.90).

Data Collection and Analysis: Data collection in this phase primarily involved the expert panel’s
assessments using the content validation form. The expert judgments were collected and recorded for each
component. Subsequently, quantitative analysis was performed to calculate the CVI Index. This analysis allowed us
to determine whether the synthesized components of cloud-powered educational robot kits met the predefined
content validity threshold. The results of this phase provided valuable insights into the wvalidity of the identified
components for promoting youths’ higher-order thinking skills, guiding the subsequent phases of our research.

Stage HI: Component Suitability Evaluation

In the fal phase, we assessed the suitability of the identified components of cloud-powered educational robot
kits by gathering quantitative data through expert judgment. In this phase, data were collected from 12 experts
representing vartous fields, including instructional design, educational technology, and educational psychology.

These experts were carefully selected based on their doctoral degrees, professional backgrounds as instructors or
researchers, and significant relevant experience. The research instruments mcluded a suitability evaluation tool for

the proposed components, constructed using a 3-point Likert scale to gauge suitability.
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Results and Discussion

A. Results o f Investigating and Analyzing General Components ¢ f Educational Robot Kits

Table I. Investigating and Analyzing General Components of Educational Robot Kits

Evidence-Based References
General Components

Curriculum

Hardware

Software

Instruction and Learning
Materials

v
I earnino Assessment v

Table 3 indicates that the general components of educational robot kits to promote youths' higher-order thinking
consisted of 6 components, as follows:

i} Curriculum: The curriculum should be designed to align with educational standards and learning
objectives. It should mclude content, pedagogies, appropriate technologies, and progression of lessons that build
on each other to develop higher-order thinking skills. The curriculum should mcorporate real-world applications
and problem-solving activities.

2} Hardware: The hardware component mcludes the physical robot and any additional sensors or
accessories. The robot should be durable, user-friendly, and customizable to allow for creativity and
expertmentation. Sensors and accessories can include cameras, microphones, touch sensors, and more to enhance
the robot's capabilities.

3} Scfiware: The software should be user-friendly and compatible with various operating systems. It should
mclude a visual programming mterface to allow youths to program the robot easily. The software should also
provide feedback and support to help users troubleshoot and improve their coding or programming skalls.

4} Instruction and Learning Materials: Instruction and learning materials should be provided to guide users
through the process of assembling and programming the robot. These materials should mclude step-by-step
mstructions, video tutorials, and examples of projects and activities. The materials should also encourage
exploration and experimentation.

5} Cloud-powered Plaiform: A cloud-powered platform can be used to store and share programs, projects,
and data. It can also facilitate collaboration among users, allowing them to work together on projects and share
ideas. The cloud-powered platform should be secure and user-friendly.

6) Learning Assessment: Tools and resources for assessing the users' understanding and application of
concepts. Performance-based assessments that evaluate higher-order thinking skills. Feedback mechanisms to help
users tdentify areas for improvement and track their progress.

B. Resulrts of Synthesizing and Validating Key Components in Cloud-Powered Educational Robot Kits

The results of the validation of the components of educational robot kits to promote youths' higher-order thinking
found that the item levels of content validity index (I-CVI) were m the range of 0.80-1.00. In addition, the scale
levels of the content validity mdex (SCVI) also showed excellent content validity (S-CVI/Ave = 0.90).

In addition, five experts provided additional suggestions regarding hardware, which may consist of five parts:
1) Robot Chassis: the main body of the robot; 2) Motors and Actuators: for movement and mteraction; 3) Sensors:
such as cameras, microphones, and touch sensors; 4y Power Supply: batteries or other sources of power;
53 Connectivity: options for connecting the robot to other devices or the mternet. Including software, which may
consist of three parts: 1y Intuitive and user-friendly software that supports various programming languages;
2y Visual programming interfaces to make coding accessible for beginners; 3y Robust debugging and troubleshooting

tools to aid in the learning process.

C. Results of Evainating the Suitability ¢ f Key Components in Cloud-Powered Educational Robot Kits

Table II. Results of Evaluating the Suitability of Key Components in Cloud-Powered Educational Robot Kits

Result
Mean 5.1,
1. Curriculum 5.00 0.00 Most Suitable

1. Curricwlum
5.00 0.00 Most Suitable

Evaluation Lists Suitability Level

3. Software 5.00 0.00 Most Suitable
4. Instruction and Learning Materials 4.73 0.45 Most Suitable
: yowered Platform 4.67 0.47 Most Suitable
6. Learning Assessment 4.73 0.45 Most Suitable
Overall suitability 4 .86 0.23 Most Suitable

From Table 3, The results of the validation of the components of educational robot kits to promote youths' higher-
order thinking were most suitable, with a mean score of 4.86 and a standard deviation of 0.23.

Conclusion

The integration of these six components m cloud-powered educational robot kits i1s essential for promoting
higher-order thinking skills among youths. The comprehensive approach, encompassing curriculum, hardware,
software, mstruction and learning materials, cloud-powered platform, and learning assessment, ensures that
students are equipped with the necessary tools, resources, and support to develop critical thinking, problem-solving,
and creative gkills. As technology continues to evolve, it 18 mperative that educational tools and resources evolve
in tandem, to provide students with relevant and effective learning experiences that prepare them for the challenges
of the future.

The findings of this scoping review provide a foundational understanding of the essential components of cloud-
powered educational robot kits in promoting higher-order thinking skills among youths. However, there are several
avenues for future research that can further enhance our knowledge and application of these educational tools.

1) Integration with Curriculum: Further research i1s needed to explore the mtegration of cloud-powered
educational robot kits with existing curriculum and educational standards. This will help to ensure that the
technology 1s aligned with learning objectives and contributes to the overall educational goal

2) Training and Support: Research should also be conducted to assess the training and support required by
teachers to effectively implement cloud-powered educational robot kits in the classroom. This will help to dentify
the challenges and barriers faced by educators and provide solutions to address them.

3) Comparative Studies: Comparative studies can be conducted to evaluate the effectiveness of cloud-powered
educational robot kits m comparison to traditional teaching methods. This will help to determine the added value
and benefits of mtegrating technology into the learning environment.

43y Customization and Personalization: Future studies should explore the potential for customization and
personalization of cloud-powered educational robot kits to meet the individual needs and learning styvles of
students. This will help to maximize the learning cutcomes and enhance the overall educational experience.
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Introduction

Due to technological advancements that provide new opportunities
for facilitating access, enhancing learning processes, and tmproving
learning outcomes for students of all ages, the EdTech sector has
experienced significant growth in recent years. However, increased
competition within the EdTech industry presents rismg challenges
in effectively increasing sales and reaching target audiences.

Digital touchpoints and context-driven marketing microservices
have emerged as potential strategies to address these challenges.
Leveraging digital touchpoints, while context-driven marketing
offers more personalized and targeted marketing experiences,
microservices allow for scalable and updatable platform
components, enhancing flexibility and responsiveness to customer
needs. Nevertheless, there 1s a lack of research on the effectiveness
of these strategies in increasing EdTech product sales and how they
mtegrate with MarTech tools and solutions for optimal results. This
research gap is critical for marketing management.

The importance of this research lies in its potential to develop new
marketing models. This study aims to enhance the efficiency of
using digital touchpoints and marketing microservices m context
with MarTech solutions to boost sales and drive business growth,
identifying best practices and effective strategies for utilizing these
tools. This research can provide valuable insights for the industry
and contribute to the overall success of the EdTech sector.

Conceptual Framework

The conceptual framework for the development of the Digital Touchpoints and Contextual Marketing
Microservices to Increase Sales of EdTech Products 1s shown in Fig. 1.

Conceptual Foundation

Digital Touchpoints

Contextual Marketing

Microservices

EdTech Industry

Independent Variable Dependent Variable

Digital Touchpoints
and Contextual
Marketing
Microservices

Increase Sales
of EdTech
Products

Fig. 1. Conceptual Framework

Research Methodology

The research methodology for this study was divided into three phases: component exploration and analysis,
component synthesis and validation, and component suitability evaluation.
Phase I: Component Investigation and Analysis

1} Data Sources: The data sources for this phase included academic journals, industry reports, and case
studies relevant to digital touchpoints, contextual marketing microservices, and the EdTech market.

2) Instruments: The instruments used in this phase were content analysis tools and software for data

mining and analysis.

3} Processes: The processes mvolved a scoping review of the literature and case studies to identify the

general components of digital touchpomts and contextual marketing microservices.

a) Formulating Questions in the Literature Review: The initial step involves the formulation of research
questions, guided by an extensive examination of existing literature, as outlined 1n Table 1.

b} Formulating Search Strafegy: A meticulous and structured search strategy by applving Boolean operators
(AND, OR, NOT), as delineated 1n Table 1, 18 devised to identify relevant sources of information effectively.

¢} Establishing Inclusion and Exclusion Criterig; Table 2 articulates the pre-defined criteria that dictate the
selection and exclusion of studies, ensuring the alignment of chosen sources with the research objectives.

dj Study Selection: The process of study selection, as detailed 1n Table 3, entails a thorough evaluation of potential
sources against the established 1inclusion and exclusion criterna.

e} Data Extraction: Information of significance i1s systematically extracted from the selected articles, with

meticulous attention to detail.

i Date Categorization and Synthesis: The culminating stage involves the categorization and svnthesis of data to
draw meamingiul insights by paying attention to any patterns or trends that emerge.

g} Data Collection and Analysis: Data collected during this phase underwent comprehensive qualitative content
analysis, enabling us to identify and analvze the key components of digital touchpoints and contextual marketing
microservices to increase sales of EdTech products.

Table I. Literature Review Question and Search Strategy

Literature Review Question
What are the general
components of digital

touchpoints and contextual
marketing microservices to
increase sales of EdTech
products

Search Terms

‘digital touchpoints" OR

[ "contextual marketing”" OR
"analytical thinking" OR "

microservices"} OR
‘EdTech products:

Table IL. Inclusion and Exclusion Criteria

Inclusion Criteria
1. Include research articles or academic papers published in journals or
conference proceedings within the past 5 vears (from 2014 to 2023},
2. Prioritize articles that contain keywords relevant to the research topic,
whether screening titles alone or titles and abstracts.
3. Select articles whose abstracts closely align with the defined research
objectives.

Exclusion Criteria
1. Exclude articles that do not have full-text availability.
2. Exclude articles that are not directly relevant to the research question.
3. Exclude redundant research works, especially in cases where multiple
data sources provide overlapping information.
4. Exclude articles with insufficient data for the research.

Results and Discussion

A. Results «f Investigating and Analyzing General Components of Digital Touchpoints and Contextual
Marketing Microservices to Increase Sales ¢f EdTech Products

1} Digital Touchpoint: The analvsis identified various digital touchpoints, including websites, social media platforms, and
mobile applications, as crucial elements in the customer's journev. These touchpoints provide opportunities for engagement,
communication, and data collection. The data collected from these touchpoints can be used to enhance the customer experience
and drive sales.

2} Conftextual Markefing Microservices: The 1nvestigation revealed that contextual marketing microservices play a vital
role 1n delivering personalized and relevant marketing messages. These microservices leverage customer data to create targeted
marketing campaigns that resonate with the customer's needs and preferences. The use of artificial intelligence and machine

learning algorithms enables microservices to analyze customer behavior and deliver personalized content 1n real-time.

3) Integration of Digital Touchpoints and Contextual Marketing Microservices: The analysis showed that the integration
of digital touchpoints and contextual marketing microservices 1s essential for creating a seamless and personalized customer
experience. This integration allows companies to leverage data from digital touchpoints to inform contextual marketing
campaigns, thereby increasing the relevance and effectiveness of marketing efforts.

4} Impact on Sales of EdTech Products: The investigation concluded that the intesration of digital touchpoints and
contextual marketing MICIOServIces could significantly 1ncrease sales of EdTech products.
By delivering personalized and relevant content through various digital touchpoints, companies can build stronger relationships
with their customers, increase customer satisfaction, and ultimately drive sales and revenue growth.

B. Results of Synthesizing and Validating Key Components in Digital Touchpoints and Contextual Marketing
Microservices to Increase Sales « f Edlech Products
1) Key Components of Digital Touchpoints:
« User Interface (UI): The visual elements and interactive features that users interact with on a digital platform. A well-
designed Ul should be intuitive, aesthetically pleasing, and easy to navigate, ensuring a smooth user experience.
*User Experience (UX): A scamless and user-friendly interface enhances customer engagement and satisfaction. UX
encompasses the overall experience a user has when interacting with a digital platform. It includes the ease of use,
accessibility, and satisfaction derived from using the platform. A positive UX is crucial 1n retaining users and encouraging

repeat visits.
*High-quality Content: High-quality content i1s essential in aftracting and retainming users. It should be relevant,

informative, and engaging, providing value to the user and enhancing their experience on the platform.
*Media Responsiveness: Media responsiveness refers to the platform's ability to adapt to different devices and screen sizes,
ensuring a consistent and seamless experience across all devices. It also includes the platform's responsiveness to user

interactions and feedback.
Data Analvtics: Data analyvtics involves collecting and analvzing user data to gain 1nsights into user behavior and

preferences. These insights can be used to improve the platform, personalize content, and make informed decisions to
enhance the user experience.

2) Key Components of Contextual Marketing Microservices

*Personalized Content: Personalized content 1nvolves delivering tailored marketing messages to users based on their
preferences, behavior, and demographics. This ensures that the content 1s relevant and resonates with the user, increasing
engagement and conversion rates.

Auntomated Marketing: Automated marketing involves using software and tools to automate marketing tasks, such as
email campaigns, social media posts, and ad placements. This increases efficiency and allows marketers to focus on
strategic planning and analysis.

*Real-time Analytics: Real-time analvtics involves analyzing user data in real-time to make informed marketing decisions.
This allows marketers to quickly adapt to changes 1n user behavior and market trends, ensuring that marketing efforts are

alwavs relevant and effective.
«Data Integration: Data integration involves combining data from various sources, such as customer databases, social

media, and other marketing tools, to create a comprehensive view of the customer. This allows marketers to gain deeper
insights into customer behavior and preferences, enabling more targeted and effective marketing campaigns.

C. Results of Evaluating the Suttability ¢ f Key Components in Digital Touchpoints and Contextual Marketing

Microservices to Increase Sales « f Edlech Products
The results of evaluating the suitability by 12 experts representing various fields, mcluding MarTech, EdTech,

and marketing engineering, showed that, overall, the model was most suitable, with a mean score of 4.80 and
a standard deviation of 0.28.

Conclusion

Our research has provided a comprehensive conceptual framework that underscores the mportance of digital
touchpoints and contextual marketing microservices in increasing sales of EdTech products. The mtegration of
these two elements 1s crucial in creating a seamless and personalized customer experience that can significantly
enhance customer satisfaction and drive sales.

Digital touchpoints, mcluding websites, social media platforms, and mobile applications, serve as vital mteraction
points where valuable customer data can be collected. This data is then utilized by contextual marketing
mucroservices to deliver personalized and relevant marketing messages, leveraging artificial mtelligence and
machine learning algorithms to analyze customer behavior and preferences.

The key components of digital touchpoints and contextual marketing microservices, such as user-friendly
mterfaces, high-quality content, personalized marketing messages, and real-time analytics, are mtegral to the
success of this strategy. These components work synergistically to create a holistic approach to mcreasing sales of
EdTech products.

Our research has also highlighted the mportance of validating the identified components through expert
judgment and mdustry expert consultations, ensuring that the framework 1s grounded in practicality and relevance.

In light of the growing demand for mnovative educational solutions, companies operating in the EdTech market

must recognize the potential of digital touchpoints and contextual marketing microservices in driving sales. By
leveraging these strategies, companies can build stronger relationships with their customers, mcrease customer
satisfaction, and ultimately achieve sustainable revenue growth.

The conceptual framework presented in this research serves as a valuable guide for companies seeking to harness
the power of digital touchpoints and contextual marketing microservices to mcrease sales of EdTech products. As
the EdTech market continues to evolve, companies that successfully mplement these strategies will be well-
positioned to thrive in this dynamic and competitive landscape.

However, there are several avenues for future research that can further enrich our knowledge in this domain.

1) Technological Advancements: As technology continues to evolve, future research should mvestigate the impact
of emerging technologies, such as virtual reality, augmented reality, and blockchain, on digital touchpoints and
contextual marketing microservices.

2) Empirical Validation: Future studies should focus on empirically testing the proposed conceptual framework.
This can be achieved by conducting case studies or surveys to gather data on the effectiveness of mtegrating digital
touchpoints and contextual marketing microservices in mcreasing sales of EdTech products.

3) Ethical Considerations: As companies collect and utilize customer data for personalized marketing, it 1s crucial
to address the ethical considerations mvolved. Future research should explore the ethical implications of data
collection and usage mn the context of digital touchpoints and contextual marketing microservices.
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Introduction

The exponential growth of Internet of Things (IoT) technology has generated an
urgent demand for individuals and organizations to acquire the necessary skills and
knowledge for designing, developing, and deploying IoT applications and systems.
However, traditional learning programs may not sufficiently meet these needs due to
their lack of flexibility, prolonged duration, and potential shortfall in providing real-
world experience and practical skills essential for entering the IoT industry.

To address this challenge, there 1s increasing interest in developing innovative and
efficient learning solutions that leverage emerging technologies such as
gamification, Al-driven virtual coaching, and microlearning. These solutions aim to
offer concise, bite-sized learning formats while exploring the potential of mtegrating
microlearning, gamified experiences, and Al-powered virtual coachmg to create

more effective and engaging learning expertences for individuals seeking to develop
IoT skills.

The research question focuses on producing compact IoT learning modules utilizing
the most effective cognitive strategies and tools for designing and developing IoT
microlearning kits. These sets leverage gamification and Al-driven virtual coaching
to promote creativity, engagement, and IoT skills in line with the industry’s demand
for skilled digital manpower capable of designing, developing, and managing IoT
systems and applications.

This research therefore has important potential to support the development of IoT
skills among young learners in the digital age. This emerging learning solution will
help promote the development of the digital workforce. This 1s especially important
in the rapidly evolving loT sector.

Conceptual Framework

The conceptual framework for the development of the Gamified Competency-Based Microlearning Kits with
Al-Powered Virtual Coach Agents to Encourage Creativity and IoT Skills (IoT Microlearning Kits) 1s shown in

Fig. 1.

Conceptual Foundation

Independent Variable  Dependent Variable

Gamified
» Competency-

y Based > Creativity
Microlearning

Kits
> ToT Skills

with Al-
S Powered
Virtual Coach
‘ " Agents

Fig. 1. Conceptual Framework

Research Methodology

This research employed a comprehensive Research and Development (R&D) methodology, as delineated
by Richey & Klein (2014) and adapted from Nittayathammakul, Vitsanu, et al. (2023). This methodology 1s
structured mto four distinct phases, each focusing on a critical aspect of the research and development process.

1. Phase 1: Analvsis and synthesis of learning innovation components.
This initial phase concentrated on understanding and mntegrating various components essential for the

gamified microlearning kits. A key focus was on analyzing current educational needs and technological trends in
loT skills development. The phase mvolved the preparation of learning outcome assessment tools. These tools
were designed to effectively measure the impact of the microlearning kits on learners’ skills and knowledge in
IoT. Additionally, the phase mcluded the submussion of human research ethics applications. This was crucial to
ensure the ethical integrity of the research, particularly considering the involvement of human participants in
later stages.

2. Phase 2: Product design and system architecture of the learning innovation.

In this phase, the focus shifted to the design and architectural planning of the microlearning kits. The
design process was guided by principles of gamification and user-centered design to ensure an engaging and
effective learning expertence. The system architecture was conceptualized to integrate Al-powered virtual coach
agents. These agents were designed to provide personalized guidance and support to learners, enhancing the
learning experience.

3. Phase 3: Prototyping and quality testing of learning innovation.

The third phase involved the actual development of the innovation prototypes, bringing the design concepts
to life. These prototypes underwent rigorous quality testing to ensure thewr functionality, user-friendliness, and
educational efficacy. Additionally, this phase included the filing for petty patents to protect the intellectual
property rights of the mnovative features of the microlearning kits.

4. Phase 4: Testing the efficiency and effectiveness of the learning innovation.

The final phase was dedicated to testing the efficiency and effectiveness of the mnnovation in a real-world
educational context. This involved conducting trials with target learners and gathering data on the impact of the
mucrolearning kits on their IoT skills and creativity. The successful results and findings were then prepared for
publication in internationally recognized academic databases, contributing to the broader body of educational
technology research.

O

Results and Discussion

This research project focused on the creation of innovative IoT microlearning kits, leveraging gamification,
competency-based education (CBE), microlearning, Al-powered learning tools, and wvirtual coach agents to
encourage creativity and IoT skills. Phase 1 research results from the analysis and synthesis of learning innovation
components found that the IoT Microlearning Kit's development encompassed several critical components:

1. Identifving Expected Learning Qutcomes: Firstly, define specific abilities and IoT skills based on the
conceptual framework of Alexander J. A. M. van Deursen, Alex van der Zeeuw, Pia de Boer, Giedo Jansen, and
Thomas van Rompay (2022).

2. Developing Microlearning Modules: Divide the content into manageable, small learning units or modules,
each focusing on specific skills or concepts and short enough to be completed in a few minutes to an hour.

3. Gamification Components: Introduce components of gamification to enhance engagement, which may include
points, badges, leaderboards, or challenges. These elements should be designed to motivate learners and
encourage progression through the modules.

4. AIl-Powered Virtual Coaching: Employ Al-driven virtual coaches that can offer personalized guidance and
support. These coaches can assess learners' performance, provide tailored advice, and assist learners in
overcoming specific challenges.

5. Interactive and Practical Learning: Incorporate mteractive elements such as simulations and virtual labs.

6. Feedback and Assessment: Include mechanisms for immediate feedback and assessment, possibly through
quizzes, practical tasks, or project submuissions, where Al coaches can play a role in giving learners immediate
feedback as needed.

7. Accessibility and User-Friendly Design: Ensure that the toolkit 1s accessible and easy to use for a diverse
range of learners, considering different learning styles and technological proficiency levels.

8. Continuous Updates and Improvements: Regularly update the content and technology used in the toolkit to
keep pace with the rapidly evolving field of IoT and to incorporate user feedback.

9. Collaboration and Community Building: Facilitate collaboration among learners and community building,
possibly through discussion boards, group projects, or peer-to-peer learning opportunities.

10. Success Metrics and Adaptability: Establish clear metrics for measuring the success of the learning
expertence. Additionally, ensure that the system 1s adaptable and can evolve based on these metrics and user
feedback.

11. Integration with Existing Learning Management Systems: Where possible, ensure that the developed
toolkit can mtegrate with existing Iearning Management Systems (LMS).

Overall, this approach creates a dynamic, interactive, and personalized learning environment that can effectively
foster creativity and the development of [oT skills.

Conclusion

Phase 1 research on the development of the IoT Microlearning Kit has elucidated a multifaceted approach to
modern learning innovation. The core components of this development, grounded in the conceptual framework,
have established a blueprint for a comprehensive and effective learning toolkit. The meticulous structuring of
microlearning modules, coupled with the incorporation of gamification elements and Al-powered virtual coaching,
offers a personalized and engagmg learning experience. The emphasis on mteractive and practical learning,
accessibility, and user-friendly design ensures that learners of varying backgrounds and skill levels can efficiently
assimilate IoT concepts and skills.

Crucially, the continuous evolution of the toolkit through updates and mtegration with existing learning
management systems (LMS) reflects a forward-thinking approach to educational technology. This adaptability,
together with mechanisms for feedback, assessment, and community building, not only enhances the learning
process but also establishes a supportive network for learners.

Limitations

Phase 1 of the research is a comprehensive literature review. The research team has carefully defined the
Literature Review Question and Search Terms, resulting in the discovery of only one piece of research. Research
article “Development and validation of the Internet of Things Skills Scale (IoTSSY” by Alexander J. A. M. van
Deursen, Alex van der Zeeuw, Pia de Boer, Giedo Jansen, and Thomas van Rompay (2022) Therefore, the research
methodology in Phase 1 was changed from “Scoping Review” to “Design Concept” or “Designing Framework”
according to the guidelines of Sumalee Chatjaroen (20153).
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Introduction The second objective function is:

C tly, th t ithout electricity is th In f | th 1
urrently, the remote area without electricity is the main focusing on the Maxinmum o

. y U, = 2504000,
research, especially the rural area being closed to the national border. The SEomin(Fg () "

people have been staying on those area that could have the electricity for

upgrading the quality of life. Some remote area i1s connected to the national Simulation Results

grid, but 1t still has the power system stability among the receiving-end bus. The simulation results showed that the SDG unit and BESS units on the first

The modern electrical system can be proposed for improving the power case are suitable for installing on bus No.15 and bus No. 30. The optimal
system stability and reliability. sizing of SDG unit and BESS units are 1,000 kWp and 968 kWh,

Bus 2 Bus 5 Bus 6 Bus 7 respectively. The active power loss is 210 kW, the power loss can be
AC AC AC AC AC

c ce c8 e | cs c8 reduced by about 43%. On the second case, the two SDG units and BESS
pomer] e | e | S Tegnsmikcdion Line unit are suitable for installing on bus No.15, 25 and bus No.26, 30. The
Grid |

’ optimal sizing of two SDG unit and BESS unit are 822, 409 kWp and 366,
DM _@ E " l -~ 977 kWh, respectively. The total active power loss iIs 188 kW, the power

Transformers

loss can be reduced by about 59%.

Power Loss for PV-BES 4 Unit on IEEE 33 bus

18

I
e |
|

Figure 1: The Typical Electrical Power System 10

14

This research presents the design of a solar power generation system 1=

(SDG) connected with a battery energy storage system (BESS) In remote

area using multi-objective based genetic algorithm. According to the remote

Active Power Loss

area, there still have the power system stability problem especially the

voltage stability problem and black-out. It Is necessary to design the modern

power system and to install the new distribution generation into the remote Il ‘l

area. This research proposes SDG and BESS which can install at the o
proposed power distribution system as the remote area case study. The Line Number

optimal sizing and location of SDG unit and BESS unit are the solution that Figure 3: Power Loss in each bus on IEEE 33 bus sysrtem

there have to solve for the optimal point. This paper therefore proposes a Voltage Profile on IEEE 33 bus using GA Optimization

multi-objective based genetic algorithm to solve the optimal sizing and ) - Without PV-BES

With 4 PV-BES
location of SDG unit and BESS unit.

Methods

he objective of this research Is to study the design of a solar power

generation system connected with a battery energy storage system for

Bus Voltage

remote area using multi-objective genetic techniques. Therefore, this paper

proposes a multi-objective based genetic algorithm to solve the optimal

sizing and location of SDG unit and BESS unit. The objective functions are

consisting of the cost of SDG and BESS units, the total active power loss,

and voltage stability index. The IEEE 33-bus system is selected to test the | 10 15 20 25 30 35
Bus Number

roposed methodology.
PTOP 5 Figure 4. Comparison of Amplitude bus voltage with/without DG-BESS

4000

3200 Conclusion

In this research, the multi-objective based genetic algorithm was proposed

. | | e m | | to solve the optimal sizing and location of SDG unit and BESS unit. The
. A0 Bl || three objective functions are consisting of the cost of distribution generation,
| | the total active power loss, and voltage stability index. The simulation

nhh | systems are tested on the |IEEE 33-bus test power distribution system and

' | the remote area Iin Chiang Rai province, which i1s suitable for installing in the

1 2345678 9101112131415161718192021222324
Time (hr.)
m Active Power (kW) = Reactive Power (kVar) showed that the SDG and BESS are installed on optimal location and sizing.

Active Power (kW) /
Reactive Power (kVar)

optimal location and sizing of distribution generation. The simulation results

It 1s therefore also suitable for use In the practice planning of the SDG and

Figure 2: The 24 hrs. load profile of IEEE 33 bus test system. _ _
BESS that are to be installed in the future.

The first objective function:
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Introduction

The main goal of this project is to establish a new household data collection methodology and a corresponding data platform
specifically tallored for Thailand. The aim Is to create a more dynamic and comprehensive database at the sub-district level. The
project will pursue this overarching objective through the following two frameworks:

The project will pursue this overarching objective through the following two branches:

The necessity for devising a new The requirement to create new tools and provide
method of collecting household data training for improved data collection

It arises from the current inefficiency and lack of This emerged with the transition from traditional analog to

sustainability in the existing process. The majority of digital methods. A primary obstacle identified in this shift is the
data is presently gathered using analog methods, iInadequate digital literacy skills among health volunteers.
ootentially resulting in mismanagement. While health Establis.hing. a pla.tform and proyiding devices becomes crugial
volunteers play a role in community engagement and forl .facmltatlng thI.S transformation. However, comprehenswe
data collection, the data is stored exclusively in paper training Is essential not only for using the platform In data

form such as questionnaires. The exclusive reliance on collection but also for upskiling In data analysis and map
| | creation. These skills will further contribute to enhanced
paper-based storage systems not only increases the

o | planning and service delivery.
ikellhood of data loss or damage but also hinders the

timely retrieval and utilization of valuable insights for

decision-making and planning.

Methods Conclusion

Primary Data Collection Secondary Data Collection

Survey Existing governmental database The implementation of the 500 sgm grid system across
Literature review Bangkok has proven instrumental in the modernization and
restructuring of the new 'community health and well-being
Results & Discussion data' system. Employing a bottom-up and dynamic approach,
. Tested the new community data collection method which health volunteers directly engage with communities, including
integrates local health volunteer data collection with a geo- migrants and undocumented groups, to obtain updated data.
information system.
This approach has demonstrated remarkable success and
efficiency, making it a viable and effective method for
communities and local governments in both data collection
and health service planning. However, it is considered a
Analogous Data challenge for the health volunteers to work on purely online
Collection platforms as not all of the volunteers have digital literacy and
digital devices

current situation \
Thus, we will be focusing on 2 streams of tools development.
Health « Modernized data collection method
Volunteers « New tools for data collection

{ low digital literacy « Improving health volunteers’ skills allowing them to
'S collect data through online platforms
* Providing training courses to aid their digital literacy/
the use of digital platforms
« Data transformation
+ The tools to convert analogue data into digital data for
more sustainable and efficient usage
Training Online » Providing training for health care staffs on how to input
Courses A Platform data to online platforms and perform statistical
up skill volunteers analytical maps

+ Tested out the new ftraining and platform which aid health
volunteers to perform data collection independently

iImproved situation

Online Data Collection
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INTRODUCTION . RESULTS AND DISCUSSION

Thailand I1s pursuing Smart City as a fundamental urban development goal at Data Architect Community Development and Social Welfare
several levels. The 13th National Economic and Social Development Plan (2023—

2027) and 20-Year National Strategic Plan (2018-2037) highlight milestones 6 and
8. These milestones aim to create safe, habitable, and smart cities in Thailand and
promote sustainable growth. The 2024 Bangkok Annual Work Plan supports this.
Policy measures and innovative initiatives have pushed the smart city concept, * People o Spatial data analysis

which the Thal government supports. Our Traffy fondue system has been » Education o Spatial data visualization

successfully implemented in all Bangkok districts to facilitate urban issue reporting. » Health o Design a platform based on ArcGis Online
Digital innovation for information management In planning and problem-solving Is » Nature Map

relatively limited at the municipal level. Big Data, or urban databases, contain
information about a city's utilifies, infrastructure, people, and services, which is
essential for urban planning and development. Database structure

+ §types of Urban Data Department database system
* Business  Data
+ City Government o 8 types of Urban Data

* Transportation Story Map
Data

| Website
According o previous information, the research team would conduct the experiment * Data importer Dashboard

in Bangkok's Phra Khanong District. Participants in the Community Development * Data analyst
and Social Welfare Depariment training program will work with a complete urban * Data visualizer
development department that emphasizes social aspects. The goal is to train Phra * System administrator
Khanong District government officials. Collect data that exist in Phra Khanong area
» Our research team focuses on Phra Khanong District, a vital economic zone » Specify the type of city data based on action plans
with dense residential areas. Parinering with the Community Development o Data that aligns with the strategy framework
and Social Welfare Department, known for its social emphasis, we aim to train o The data can be used and shared by officials to align the objectives of the
local government officials. Establishing a city database system becomes department’'s operations.
critical for analyzing urban challenges at the district level, gathering specific
Bangkok-centric data, aligning strategically with the cilty's data-driven
urbanization goals. _ _
Designing this database system involves importing diverse city data, pivotal * LEVEl O City Bata callechion

for local insights. Providing city data platform tools for analysis within urban ; :;0 ;0 II_?ctIc;atatat :a.” threz Ite VEIS"’ thte I_EVEI_ 0|: clTY D AT A
coniexts becomes essential. This comprehensive approach incorporates data oRO TO0IOATOOLIS LSS 10 CONSL

collection and import tools within the municipal database system, maximizing AAGLATA IMESICR G B ikl c 0 I_I_Ec." 0 N

data potential for informed decision-making. ma”;?letd_ dtaltabalse system.
= District leve

* Monitor and design data
ACTLARC \ gathering format
METHODS Serve as a data collection Community
hub
» Display district-level results Household
= Community level
» Create a community-level
database from a household- + Data collecting tools
level data collection o KoboToolbox for field data
Transfer data to district level collection
Display community-level = Flexible in creating
Q Create Data Architecture workflow results questionnaire

District

The Phra Khanong Community construction and Social Welfare Department officer for
the Initial phase of city database system construction was chosen for their direct
authority and duty in managing community and social development operations. To
comply with smart cities and smart governance, the community development and
soclal welfare department needs a comprehensive database system. This system
would help the department Implement and develop policies efficiently. The
methodology has two parts:

o Design a city database based on the Community Development and = Household level = Costsavings

Social Welfare Department action plans » Data collected from Health = Capable of storing both
o Design a data architecture to create a flow of city data. and Technology Volunteer statistical and
* Display househola-level geographical data

o District level

o Community level Powerful and intuitive
o Household level data collection tools to
make an impact

Q Design a data collection tools, divided into 3 levels e

Data Architecture work flow

Non-SQL Data
Clean Data No SQL Mart Data Visualized

ETL :
Spatial data Extract ~—>» Data Catagories

P Load oe s Analytic

Warehouse
Catagories Data Machine Learning

Data

——>p Data Store/ Drive

Project Data

Statistic Data i

STORAGE : 700
Information Data BB ) T -I-B Report

CONCLUSION

The researcher created a data architecture for Phra Khanong District's Community Development and Social

Welfare Department early in the project. This architecture includes data import, storage, analysis, and display.

Data is collected into the database using Kobo Toolbox. Data will be collected at district, community, and home This research has received funding support from the

levels. The project seeks to provide a user-friendly database system in the following years. It also plans to NSRF via the Prqgra.m Management Unit for Human

teach government officials how to use the database system for data supervision, analysis, and gathering. Resourpes & Institutional Development, Research anc
ol o : Innovation [grant number B13F660134]

These activities support smart city initiatives and governance improvements.

For more information please visit: uslbangkok.com ﬁ Urban Studies Lab
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Under the Smart City Concept, urban development has led to rapid changes in author)
structural, social, economic/industrial, and environmental aspecis. This « Asst.prof. Kisnaphol Wattanawanyoo, Principle
transformation is driven by the integration of digital innovations such as databases,
machine learning, and Al. The development resulting from the Smart City trend has
positive Impacts on the economy, |[ob opportunities, and quality of life.
Nevertheless, it also brings negative consequences such as disparities and
challenges in terms of quality of life, the environment, and accessibility. » Urban Studies Lab (Affiliation)

Joshi Sujata et al.'s (2016) research identifies six pillars of the Smart City Initiative:
Social, Management, Economic, Legal, Technology, and Sustainability. The METHODS
specifics of these six points concentrate on cultivatihg Smart People and

Community with access to tools, information, and technology allocated by the
government. The goal Is to drive Inclusive urban development across social,
economic, and environmentally sustainable dimensions. Additionally, government
agencies play a crucial role in providing transparent data services, managing
various aspects, and encouraging public participation through Information O Research Process
presentation.
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investigator (Corresponding author)
« Assoc.prof. Sutee Anantsuksomesri, (Ph.D), Prcject Lead

« Dr. Pongpisit Huyakorn, (Ph.D), Co-researchers

This research aims to present the research process and curriculum
development leading towards Smart Governance and Smart People.
The details are as follows:

Primary. Conducting interviews and disseminating
Urban Studies is one of the good frameworks that can bridge this digital divide as it questionnaires to directly gather data from stakeholders.

Is a theory and methodology that emphasizes on multidisciplinary approach, social

studies, sociology, spatial analysis, and analylics. & Smart city development framework

@ Data platform and data driven

RESU LTS AN D DISCUSSION @ Knowledge creation and urban studies

Within the framework of developing a Smart City that focuses on the aspects of Smart 0 GUITICHILIN Tor ceveiapment. simar Gavernance s
Governance and Smart People, the development of the 'Urban Studies’ curriculum Smart People

aims to create positive impacts on communities through policy implementation based @ Urban classroom
on data and fransparent evidence. The key components include: @ Prcjects bank

O Open Data and Open Platform & Living lab
Q Training for Trainer Courses
O Prcjects Bank and Coaching

HOW DOES IT WORK?
Smart Governance and Smart People
Research Process

sSmart city development framework @ Spatial Data Stakeholders
& Technology @ Social @ Management and Analytics ¥ Mapping

& Sustainability @ Legal & Economic —" | Policy Mapping
URBAN STUDIES

Data platform and data driven ' Projects Bank _'
Spatial (GIS) and Analytics Design Concept of project bank to connect the

| Social Phenomenon policy and measurement.
Knowledge creation Community engagement

+ Action Learnings Political
« Systematic Problems Solving Research and Development |
» Experimentation

* Learning from Past Experiences

CONCLUSION

The curriculum development framework for human capacity building aims to align with the Six Pillars of Smart City, focusing on development with citizens and
communities at the core to drive smart urbanization through support from information, infrastructure, and services provided by government agencies. The content is
divided into two courses with the goal of developing Smart People and Smart Governance, detailed as follows:

* Engagement
* Quadruples helix
* Participatory Budgeting

The development of the Smart Governance framework through Training for Trainers reveals that designing a curriculum for Smarter Governance requires
careful consideration of the following elements:

& Emphasis on connectivity, policies, strategies, and local government operational plans.
& Quality potential of data in open data and open platform.
& Monitoring and evaluation to measure the impact of policies and for improvement and development.

The development of the Smart People framework through Training for Trainers focuses on enhancing Community levels to access Information, budgels, and
participate In policy proposals. It covers two key aspects:

& Digital literacy
@ Participatory budgeting for community networks.
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decmnssulkvounne Pom Prap Sattru Phai District.”

Nowadays, the phenomenon of abandoned buildings in the city center has increased significantly, resulting in problems

GoverVieW and negative impacts on the environment at both the community and the city level. On the other hand, the phenomenon
of unutilized buildings in the city center contradicts the increasing number of urban residents. As a result, there is a

shortage of housing In the city. Therefore, innovation in co-living housing has been studied to solve the problem of
utilized buildings to support the lifestyle of the population and communities in parallel with the long-term development of

the neighborhood
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Housing in the city was
iInadequate due to hoarding of
land and underutilized buildings.

/ \ Co-living solution as inclusive
housing program for
underutilized asset in the city

People move into cities seeking
for jobs and opportunities.

1.Provide co-living o ~. 2.Develop regulation 3.Design co-living scheme
solution as inclusive ¥  Intervention of manage B e Joued as tools to solve under
housing program  inclusive housing. .~ utilize asset problem in city
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What way does a co-living solution affect
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Expected outcomes
of the study

Field visits to collect data and observe behaviour
Literature review the concepts and theories involved.

Conclusion and Recommendation

Interview Key Finding

Key Finding Conceptual Plan for the co-living Representative the co-living community in Nang Loeng neighborhood
Review case study : _ : community in Nang Loeng to illustrate the relation of co-living and
IntEgratEd SitE- anat:.'rg.ig 1 lemsie T al el n I-‘_"ll,] |-| l]E_:lrb-I:{:}l-_'Jf:l nEIghhﬂilﬂﬂd mn 3 hlf'.

Key Finding ) ) - : -
Representative groups of users match with co-living. The 4 groups of R S en The district scale-surrounding conceptual plan is aiming to illustrate

Reveal the gab of the existing housing policy and user persona will be formulation from an Co-housing uset connectivity of the co-living community to the neighborhood within the

project in Thailand. There are some groups of user that In-depth interview which the target user identifies from i e Pomprap Sattru Phai district. Emphasis on connectivity between facilities and
Thai H o Pal F Presiaey are not covered in an existing policy or project. In the literature review. Te study the main umrafm-lhri_rq ) ' . user access to nearby neighborhoods.
ELERR MG POV NS FITRIECES addition, there is lack of integration between the use to understanding of co-living targets, knowing their : T’ '
of abandoned buildings with the housing policy expectations, concerns, and motivations. e . - L
nding

Community Scale conceptual plan is mainly about the relationship between

. . 3N Co-living and how communities can be relied upon. The conceptual will represent the
Reveal the complex mﬂmmmw pu‘d:ﬂems and Concentual Diaaram of i - program and point out the activities that can be done together in the area.
Ctudvand fesearch statial dats !:nel:terunderstaru:! \rd'ieman_dwh{u‘smcurﬂpumﬂ'{e Rontctlvd siis pin et lebiidvl e —_— e i
bl s < e b p_ : i site, Allow the co-living to bring existing physical social
and physical conditions and economic element include in study.The study the Tt o
characteristics of places ﬂl'"f' u"lf—’ I‘El'l""ﬂm"“P!i between Conceptual diagram formulate from review of case Conceptual Diagram of -kl :,..' b The Codiving environment diagram shows how the Community-scale interconnection
them for decision-making. Etl-ld'r ?hd site ﬂl'h?lr!'f!»-Tﬂ ﬂ!lil'l'll'llilnitli! ﬂ'H! l-lﬂﬂ'Eﬂ':d:il'lEl Co-living environment : i P and intermediary between the co-living scale and district-scale, and the Community
intention of application dl!'!fgl'l and strategies. Provide . 4 scale-surrounding conceptual plan illustrates the components that will lead to
the next stage application of study to development wellbeing in the community.
and policy recormmendation.

Study and research of the Investigate the relationship between cultural,

: 4 sd<-of recid : emotional, and opinion and behaviors among
RETIVIOn 00 NESES L IRSIRITS residents. From the investigation indicated the need
and use of user include recognition of new way of living : The co-living prototype is the rough design of co-living model that use for determine

between new user and residents. S = } the possible co-iving in Pomprap Sattru Phai. The prototype will shown the program
SRR UL SO IR LA E S Co-living Prototype and building typalogy in Pom Prap Sattru Phai,

SWOT analysis identify the critical development e :
i by :';-" | hEEE Sl Stakeholder analysis is outline the key stakeholders and
nities and threats of the area. Identifying their needs for the project. It is important to have a clear
i SWEIT vt the deson snd policy understanding of each stakeholder for mechanism driving Policy Recommendation

recommendation for co-living development that y :
relate to user and area. into three main parts.

Review case study bk The Co-living in Pom prap Sattru Phai intervention is

Intearated site analvsis nterview required. The policy recommendation needs to occur
. I y? at the Mational Policy Sub-district Recommendation

level at the short-term and medium to long term levels.

Field visits to collect data and observe behaviour
Literature review the concepts and theories involved. Conclusion and Recommendation

Co-living environment Management and Business model analysis

generate Income
from web-site -
g l,-r‘ffq ey TEM "J-:'.-:',
visitors O anREDIERE
: ant <. |l o - 1
| P : renting for 3 a2 . use the data to
templnrar}r resident r Y business ; 3 big data for real N scope the area of
- student ‘.' y i ! estate developrent : 'T:. unused building

1 . ; e accommodation / 0
SN LS |||’"I|(agE,‘ _|ntern

Crowdfunding

renting

co-working space

=Co-working spoce

renting

Design thinking for
cooperation,
respond to the
.. heeds of resident

Services provider & - ) | subsorighion »
drives resident satisfaction= = == ==~ @ = = = = = S m SNl I k- | | SR
_ =, L Lommune
| renting for - " Exhibition/ Community | £ ' Revitalise
exhibition and ! vorkshop Spac  Space T — community and
workshop space : - - V== . Genfrification

Culture d | ; control
i - Urban farming - :

s engagement Local resident
Community kitchen |/

Food sharing

walking street

Shared,

S % Co-lving
Semi-private, Co-lving

private .

WS : Exhibition/ temparary
non-local and Co-working S - local
- workshop resicential accommodation
business appilcation Space space business Space

A A A A A A A A

CPFDﬁt 'll.-lll.l...ll..."l'llIII..O.I.I..IIlll'lllll.lllll'l ;:g;t >

Community
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Social Impact Assessment of Urban
Scale Projects for Social Enterprise:
A Case Study of Urban Studies Lab

OUR TEAM

INTRODUCTION METHODS

In light of the absence of established approaches for measuring impact in a
standardized manner, we have developed an Innovative framework. The
significance of this project lies In its ability to opltimize the effectiveness of
strategizing and executing forthcoming research endeavors. Furthermore, it
promotes Increased community involvement by emphasizing the societal
benefits of these scientific undertakings.

Primary. Conducting interviews and disseminating
guestionnaires to directly gather data from stakeholders.

v
v

Secondary: Performing a literature review and analyzing
reports from existing research to supplement our
understanding of different type of prcjects. SIA tool has been
reviewed by peer-reviewer from academic, private, and
social impact sectors.

HOW DOES IT WORK?

Soclal Impact Assessment includes the processes of analyzing, monitoring and
managing the intended and unintended social consequences, both positive and
negative, of planned interventions (policies, programs, plans, prcjects) and any
soclal change processes invoked by those interventions. - International
Association for Impact Measurement (lIAIA)

SIA Toolkit is for project planning and social impact
evaluation for the public to measure any social project's
impact. As a result, making it easier for organisations to
communicate the extent of their inpact to the community.

This particular tool is based on and

adapted from the Theory of Change’ model
N\ -
SOCIAL IMPACT ASSESSMENT (SIA)

© How D0 YOU CHANGE THE WORLD?

Note down: 1) Prgject name. 2) The main
problem/ pain point you want to solve or
3) the main goal you are aiming towards

Your prcject can answer multiple SDGs.
Try to identify the level of alignment with
each goal on a scale of 1-5

PROJECT

\ o WHAT ARE WE GOING TO DD? e COMPANY GOALS/ PROJECT GOALS
On 2 scale of 1-5, bew waald yan rale yomi goals?

WHO WILL INVOLVE?

ACTIVITIES OuTPUT DUTCOME MEASUREMENT GOALS
g . T A . O 40 e Ty = T

~ 7

Write down exactly what you are going to
do, and be as clear as possible

PROJECT TIMELINE

* Brainstorm who would be the potential
stakeholders In the project

* Layout important main events and
activities

* Put the activities into 3 phases and
give more details

* For the after-process, do not forget
Preoject Evaluation / Monitoring’

HOW LONG DOES IT TAKE FOR EACH ACTIVITY?

Wilesboe

Think about the main goals we are trying
to achieve and the type of activities that we
are going to do.

Example of Activities YOUR PLAN

Providing Spaces /
Supplies

Creating Tools / Program /
Policy

.

fi, Knowledge Sharing/ Media

Organizing Events

RESULTS AND DISCUSSION ACKNOWLEDGEMENTS

Testing the New Method: We have applied our impact capturing method to ten existing prcjects, This research has received funding support from the

ensuring a robust evaluation of its efficacy.

Reflection of Impact: We sought 1o evaluating how the impact is documented and its subsequent
reflection on prcject outcomes which we can captured the important of the impact that occurs
from the prcjects In different dimensions.

Refine and Improve : Strategic prcject planning allowed us to easily measure and analyze social
repercussions. Our technique goes beyond assessment by proactively arranging measurements
before prcject execution to iImprove the model's efficiency and efficacy.

CONCLUSION

The prcject ams to develop a Social Impact Assessment (SIA) Toolkit to facilifate the creation and

coordination of socially impactful prcjects. This toolkit will simplify the process of evaluating and
communicating the social impact of prcjects for organizations. Additionally, were exploring an automated

SIA tool for independent assessments, with the potential for commercial application.

A
"
o
o

O

NSRF via the Program Management Unit for Human
Resources & Institutional Development, Research
and Innovation [grant number B13F660134]

Download SIA format

For more information please visit: uslbangkok.com
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Impacts of the COVID-19 Pendemic on Coworking Spaces in Bangkok

Introduction

The COVID-19 pandemic prompted a shift from office to home workplaces, reducing the demand for inner-city

office spaces. There's a rising need for flexible alternatives like coworking spaces (CWSs), particularly in
suburban areas. CWSs accommodate the increasing preference for hybrid work styles. Reports indicate a
growing demand for CWSs in Bangkok and other cities worldwide (Ceinar & Mariotti, 2021; Reuschke &

Ekinsmyth, 2021; Mayerhoffer, 2021; Vilches et al., 2021; Umishio et al., 2022).

Before the COVID-19 pandemic, there were limited and outdated studies on CWSs in Bangkok. Somes
studies focused on CWSs near mass transit systems, but it didn't cover all CWSs in Bangkok. Somes studies
focused user behavior and CWS characteristics through questionnaires and interviews, The factors that attract
people to use CWSs are characteristics of CWSs such as accessibility, and location districts (Waranyanat
Pakpoom, 2017; Veeraphon Phuetthanyakit's 2020). However, these factors and methods may not reflect the
pattern of CWSs that appear in the Bangkok area.

During the COVID-19 pandemic, the number of flexible workspaces in Bangkok has increased by 80%
compared to the year before the pandemic (Jones Lang LaSalle Incorporated, 2023). However, these data
do not confirm how many CWSs there are and where they are located in Bangkok. It seems residential real
estate development groups are beginning to incorporate CWSs with their investment in outer CBD (CBRE,
2022; Jones Lang LaSalle Incorporated, 2023). It is possible, CWSs could be support working in the suburbs.
It is important to understand the distribution patterns of CWSs location both before and during COVID-19.

CWSs continue to grow in Bangkok even during the CO VID-19. (Figure 1). Before the pandemic, there were
136 CWSs. During the pandemic, CWSs closures and new openings, particularly outside inner Bangkok.
Currently, there were 197 CWSs that survive and operating during COVID-19 (Figure 2). All these
phenomena are may indicate the changing of workplace geographical landscape. And the spatial distribution
of surviving CWSs in Bangkok is unexplored. These phenomena lead to the question;

“What was the distribution pattern of CWSs before and during the COVID-19 in Bangkok?’.

This study using automatic spatial correlation analysis. The study objective is aims to analyze the spatial
relationships of operational C\WSs before and during the pandemic. It is the first study that focus of all CWSs
pattern in Bangkok, providing insights into distribution patterns before and during COVID-19. This study
reflect the pandemic's impact on urban workplaces by focusing on CWSs in Bangkok.

Methods

The Moran's | statistic was used to compare the spatial autocorrelation of CWSs that survived before and during
the COVID-19 in Bangkok. This method considers the proximity of feature locations to similar characteristics and
represents spatial autocorrelation patterns (clustered, dispersed, or random). This is related to Tobler's first law of
geography that "Everything depends on everything else, but closer things more so" and measurement 1s defined as;

where N is the number of spatial unils indexed by § and 7.

J ‘)1:.; i\ i T } o ] is the varabio of interest;
s N 2ui=| =1 Wi\ I A < " isthemeanof p:

" Yt (ne — F)°

7 are the slements of a mabx of spatial weights with zeroes on the dagona (e, - 0);
i
is the sum of all v e ¥ = 3 ") "a
i=1 =

The expected value of Moran's | under the null hypothesis of no spatial autocorrelation. The Moran’l index value
approaches +1 (positive value) represents a spatial correlation, approaches -1 (negative value) indicates spatial
dispersion, and there is no spatial autocorrelation when Moran’l index is O (Moran, 1950, Jaber et al.., 2022).

Moran's | can be used to prove whether the locations of C\WSs operating before and during COVID-18 were spatially
clustered or dispersed. These hypotheses of this study are “both of the CWSs that were operating before COVID-19

and CWSs that survived during COVID-19 correlate with the other operating CWSs that nearby, and they are both
spatially correlated in clustered distribution patterns.

The variables used are: 1) the location points and 2) the operating status of the CWSs in Bangkok before and
during the pandemic. (Table 1 and Figure 3)

The hypotheses of Moran's | statistic test for CWSs that were operating before COVID-19 are;
Ha = The status of CWSs that were operating before COVID-19 did not have a random spatial relationship with
other CWSs that were operating before COVID-19 nearby.
Hy = The status of CWSs that were operating before COVID-19 have a random spatial relationship with ther
CWSs that were operating before COVID-19 nearby.

The hypotheses of Moran's | statistic test for CWSs that survive during COVID-19 are;
Ho = The status of CWSs that survived during COVID-19 did not have a random spatial relationship with other
CWSs that survived during COVID-19 nearby.
Hs = The status of CWSs that survived during COVID-19 have a random spatial relationship with other C\WSs
that survived during COVID-19 nearby.

Results & Discussions

The results of testing spatial autocomrelation with the Morans | statistic by using the operating status of 136 CWSs
befare COVID-19 and the operating status of 197 CWSs that were surviving during COVID-18 were the follows;

CWSs that were operating before COVID-19
- Moran’l index is 0.002861, z-score is 0.295572, and p-value is 0.767557,
- Moran'l index i1s a positive value that indicates spatial carrelation. (significant at the 95% confidence level)
- The z-score presents the spatial autocorrelation of surrounding CWSs has a random distnbution pattern. (Figure 4).
- Rejecting the hypothesis. CWSs that were operating before COVID-19 maybe not be related to the similar
CWSs that were operating before COVID-19 nearby them.
CWSs that survive during COVID-19
- Moran'| index i1s 0.014744, z-score 1s 0.832894, and p-value 1s 0.404904
- Moran'l index 1s a positive value that indicates spatial correlation. (significant at the 95% confidence level)
- The z-score presents the spatial autocorrelation of sumounding CWSs has a random distribution pattem. (Figure 5)
- Therefore, rejecting the hypothesis. CWSs that survived during COVID-19 maybe not be related to the similar
CWSs that survive during COVID-19 nearby them.
Most C\WSs are operating even during COVID-19. Before the pandemic, CWSs seemed to cluster in inner cities along
mass transit stations. New CWSs emerging in the suburbs during the pandemic. When analyzing spatial autocomelation,
it was found that CWSs that emerged before and survived during COVID-19 had a random distribution pattern.
However, the survival of CWSs may be due to other factors and may require other methods to help find answers.

The key findings of this study show that;

- CWSs in Bangkok are popular and continue to grow even during COVID-19.

- CWS8s may support workers to working from anywhere. CWSs do not spread in clusters only in cities.

- The newly CWSs during the COVID-19 are not located in CBD area or near mass transit stations as before.

- These developments may have an impact on policies and plans related to urban development in suburban
workspaces and inner-suburban transportation networks.

Conclusions

COVID-19 impact in increased demand for CWSs in cities around the world, including Bangkok. CWSs have
survived even during the pandemic, while workplaces in cities have shut down. However, this flexible workplace
has not yet been studied in the urban setting of Bangkok. Understanding the spatial location of CWSs in Bangkok
will be beneficial to urban development planning and related businesses. From the study it can be concluded
as follows;

- CWSs in Bangkok are popular and continue to grow even during COVID-19.

- The locations of flexible workplaces are increasingly expanding beyond the CBD, the new CWSs during the
COVID-19 are not located in the CBD or near mass transit stations as before.

- Although the location of CWSs before the pandemic appeared to have formed clusters. CWSs began to spread
out to the suburbs. However, when analyzing the spatial autocorrelation comparing CWSs before COVID and
CWSs that survived during COVID-19, it was found that they had a distributed pattem.

- These phenomena may impact on policies and plans for urban development to support CWSs or new flexible
offices in suburbs, such as the development of transportation systems connecting suburhs, the development
of facilities to support the new flexible workplaces in suburbs, the development of CWS businesses and other
partner businesses that are related to CWSs in Bangkok.

- However, it's important to note that there are complicating factors, and this study is subject to time limitations.
Consequently, future studies may explore other variables or employ alternative analytical methods to yield
mare detailed study results.

- Suggestions for future studies may be about finding the reasons why CWSs can survive during COVID-19
with other analytical dimensions, or a study about the characteristics that support CWSs can survive.
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Figure 1: Numbers of coworking spaces in Bangkok
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Figure 2: The operational status of coworking space before and during COVID-19
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Table 1: Descriptions of the characteristics of operated coworking spaces in Bangkok

Variables Descriptions Sources

CWSs Operating Status - Numbers of CWSs, and operating status of CWSs in Bangkok. CWSs' websites
1) operating stutus before COVID-18 (Year 2008-2019), and
2) operating status during COVID-19 (Year 2020-2022)

CWSs Locations - Location points of CWSs that operating before and during COVID-19.  CWSs websites

*Data collected during January 2020 - December 2022.
Figure 3: Locations of coworking spaces that operating before and during COVID-19
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Figure 4: Moran's | testing result of CWSs that Figure 5: Moran's | testing result of CWSs that
operating before COVID-19 survive during COVID-19
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* Moran's | statistical analysis from the program ArcGIS Pro.

Both patterns do not appear to be significantly different from than random. The spatial autocorrelation of CWSs that
survive during COVID-19 has had more Z-score value than CWSs before COVID-19. It's seem CWSs that survive
during COVID-19 closely to a clustered distribution than CWSs before COVID-19.
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INTRODUCTIO RESULTS (CONT.

Cholangiocarcinoma (CCA) is a type of cancer that forms in the slender tubes (bile ducts) that carry the digestive *%* Combinator
fluid bile. Surgery is the most effective treatment that can cure bile duct cancer [1]. In addition, palliative treatment
with chemotherapy and radiation can also be used for controlling or reducing symptoms caused by CCA.
Gemcitabine, a chemotherapeutic drug, serves as an appropriate treatment for CCA patients using either gemcitabine a)
alone or gemcitabine-based regimens [2]. However, clinical efficacy of surgery is still low and the resistance of CCA 1o
chemotherapy and radiotherapy is a major problem [3]. The discovery and development of chemotherapeutic agents
that are effective for the treatment and control of CCA is urgently needed.

Dipterocarpus alatus also known colloguially as the resin tree, is a tropical forest tree, of dense evergreen or
mixed dense forests, in tropical Asia. In previous study indicated anti-inflammatory and anti-cancer of Dipterocarpol
[20{S)-dammar-24en-3-one)] In D. afatus extract [4|. Moreover, this plant is a source of resveratrol oligomers that
abrogate the secretion of interleukin 6 {IL-6). The inhibition of IL-6 leads 1o interrupting of the cell migration of invasive
CCA cells [2]. In our previous study, the crude extract of bark showed anti-cancer activities [G]. Moreover, the
bioactive compounds-related anti-cancer activity was evaluated by the chemometric approach with metabolic profiling
using NMR based metabolomic analysis. Using multivariate analysis, we found that medicarpin was significantly
assoclated with inhibiting the growth of CCA cells. Thus, this study was aimed to determine inhibitory effects of
medicarpin {medicarpin alone and combination with gemcitabine chemotherapy) against CCA In in vitro and in vivo.
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Figure 5. Combinatory effects of gemcitabine and medicarpin to cell proliferation in tumor xenograft nude
mice. Representative Ki-a7 staining of tumor cell grown in 2D (a) and the percentage of cell proliferation
(b). The data are shown as the mean + SD; ***p < 0.001.
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Figure 1. Effect of medicarpin and gemcitabine on cell viability of CCA cell line. KKU-213A was treated with
medicarpin (a) and gemcicarbine {b) at the concentration of 0-320 uM and 0-6.25 yM, respectively. The I1C,: ,IC;, and
IC-5 values were carried out at 24h, 48h, 72h to assess cytotoxicity of anti-cancer agents.
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Figure 6. Combinatory effects of medicarpin and
gemcitabine to cell apoptosis in tumor xenograft nude
mice. Apoptosis evaluation with TUNEL assay in
different conditions. Representative TUNEL staining for
mouse tumor tissue (a). Dead cells were stained with
green and DAP| was used for staining the nucleus
(blue). Quantitative analysis for the number of TUNEL-
positive cells in different groups (n = 18) (b). *™*p <
0.001.
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CONCLUSION

Figure 2. Effects of medicarpin and gemcitabine combination on cell viability of CCA cell line. KKU-213A was Overall, these results indicated that medicarpin is effective in inhibiting the growth of CCA cells. The combination

incubated with medicarpin, gemcitabine, or medicarpin and gemcitabine combination at the concentration of IC.s and of medicarpin and gemcitabine could improve efficiency of medicarpin and gemcitabine in in vitro. However, the results
IC.., for 48h. The data are shown as the mean + SD; *p < 0.05, ***p < 0.001, ns indicates not significant. In tumor xenograft mice found that tumor size, tumor volume, tumor weight, and cell proliferation in medicarpin-

) _ . . . _ gemcitabine combination group were significantly lower than control group and gemcitabine group, but these were not
» Combinatory ¢jfects ¢ f medicarpin and gemcitabine on nude mice

different from medicarpin group. These results suggest the study of medicarpin against CCA as an alternative agent for
. Tumor size and tumor volume potential therapeutics 1o more effectively combat to CCA. However, 10 avoid unwanted side effects, more experimental
evidence about cytotoxicity of medicarpin against normal cell could be required in future works.
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Introduction

The world's railway infrastructure relies on ballast, a granular

material providing track stability and enabling maintenance.
Despite advancements and numerical models, accurately
estimating the lifespan of railway tracks remains challenging, with
degradation mechanisms poorly understood. In the face of
contemporary challenges such as resource depletion and
urbanization, new approaches are deemed necessary. The need for
a better understanding of physical mechanisms, particularly at the
grain scale, 1s emphasized 1n the article. The complex nature of
ballast grains, including varied shapes, sizes, wear, and potential
agglomeration, 1s highlighted. The focus of the study 1s on the
impact of ballast grain fouling on track strength and
microstructure, as fouled ballast 1s 1dentified as a significant
contributor to track geometry loss. As a result, the ballasted track
undergoes a gradual transformation, shifting from a composition
of dry angular grains to a configuration of cohesive, less angular
grains as shown i Fig.1 .
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Figure 1: Fouling accumulation 1n ballast. (Hesse, D.E ez al, 2014)

Methodology

Simulations were carried out by means of the contact
dynamics method (CD), in which the equations of motion are
integrated for a collection of rigid objects within contact. Discrete
clement modeling (DEM) software named LMGC90 was used 1n
this study, a multipurpose software developed by University of
Montpellier, France.

Numerical sample:

* Each numerical sample 1s composed of 10,000 particles having
the same shapes, geometrically deposed and randomly oriented
in a rectangular box with frictionless walls.

The shape of the particles are disk and polygon with the

number of sides (n,) are in the set {10, 8, 7, 6, 5, 4, 3}. Shape

properties were described by the angularity, « = 2m/n,

In the context of adhesive forces, the dimensionless control

parameter becomes the reduced pressure. This parameter

involves comparing the characteristic force (adhesive strength),
to the controlled normal stress. It 1s expressed as a "cohesion
number,” denoted by n = F.,,/d,,, P (F.4y, 18 capillary force,
d..1s mean diameter, and P 1s confining pressure), n are in the

set {0.01,0.05,0.1,0.15,0.2,0.3,0.4,0.5, 0.6}

Boundary conditions:

There are two states of simulation. Starting from 1sotropic
compression with dry condition (Fig. 2(a)) then bi-axial
compression with cohesive condition between particles (Fig. 2(b))
1s 1mposed at the end of 1sotropic compression. Quasi-static limit
behavior 1s considered 1n this study.

Figure 2. Boundary conditions for Isotropic (a) and Bi-axial (b)
compression
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Figure 5. Cohesive strength (c/A7), as functions of the angularity

This 1s the first step that verifies the model used 1n this
simulation can be applied for analysis. The macroscopic shear
strength of dry particles, calculated using Mohr-Coulomb from
Fig. 4, was found to be quite similar to previous research (T Binaree
et al., Phys. Rev. E 102, 022901, 2020). Therefore, the further behavior of
cohesive particles can be analyzed using this model. The cohesive
strength varies with an increase 1n particle angularity, especially
for triangles and rectangles, which exhibit high cohesive strength,
as shown 1n Fig. 5.

Conclusion

¢ The macroscopic shear strength varies with an increase in the
angularity of particle shape, corresponding to the results of the
dry particle test.

¢ The cohesive strength increased with an increase in particle
angularity.

Remark

The results presented 1n this numerical simulation constitute

only a preliminary aspect of our research. Many series of particle
shape models are still under calculation. Furthermore, additional
analysis of experimental results regarding microstructure 1s
currently underway.
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characteristics of the ballast grains were analyzed. Finally, perform the numerical Part 1: The creation of used ballast from accelerated wearing in a
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The Fouling Index is an indicator to determine the need for ballast maintenance

and to monitor the ballast. The generated degraded ballast examined in this study must
be replicated using the fresh ballast material using the specific miling machine employed
INn tThe LAA tests. As a result, the outcome indicates that the ballast condition exhibits a high
level of fouling and necessitates track maintenance. The deteriorated ballast at the 3,000-

3,500 rounds of LAA. The degraded badllast condifions have a high confidence level (Fl Part 2:.The material properties in physical and mechanical test
more than 40). Consequently, confidence retlected degraded ballast, which is set up tests

experimental conducted at 3,500 rounds of LAA, referred to as “Used ballast” Stage 2: Numerical simulation
Part 1: Image processing preparation of ballast particle model
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material as per each (Flatness, Elongation, Sphericity,
standard requirement Angularity, Surface Texture, etc.)

- The concentration of stress due to train loading (Major Cause )
Fresh Ballast @ ————————————==——————— - S > @ Fouled Ballast

Changes: Gradation and Particle Breakage Decrease in internal friction angle
aggregate particle shape Reduce Angularity

properties, ™ Different mechanisms: Attrition, Decrease shear strength
Sharp edges and corners of these Impact, Grinding, and Polishing Increase deformation of the rail track

aggregates are broken ‘

A significant portion of the annual railway

maintenance budget is dedicated to
Ballast maintenance and renewal

| Prediction of a suitable period of
Balast Prtides degraded ballast should be maintained

76%

the major cause of ballast degradation
Selig and Waters (1994). Track Geotechnology and Substructure Management.
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Introduction & Problem Statement

To address the growing demand for railway structures, the ballasted track structure
proves to be the most practical and effective choice for constructing low to medium-
(a)

speed trains. Recent years have seen increased weather volatility due to global
warming, resulting in more intense rainfall and flash flooding in various Thail railway

(b) (c)

structures. An example of this is depicted in Figure 1, illustrating the washed-away of Figure 3 First three identified mode shapes

the supporting layer of the railway structure in Nakhon Sri Thammarat, Thailand. (a) Mode 1 (94 Hz) (b) Mode 2 (240 Hz) (c) Mode 3 (611 Hz)

300

Natural Frequency (Hz)

® Mode 1 Natural Freq. —— Regression Trend Line
Figure 1 Flooding of Thai Railway track structure in major flooding v Mode 2 Natural Freq.

Flooding of the bélfﬂ%(?llg%rj\lagﬂo[ééﬁ ma%’gvgr@t’d gagdtéz}the railway track 1In 2::1

structure, including track twisting, misalignment, and potential buckling during summer Water Level (cm)

seasons, Ultimately increasing the risk of train derailment [1]. Addressing the effects of Figure 4 Natural frequency vs water level plot of first two modes

flooding of the ballast layer is crucial for prevention and mitigation of the derailment

70 55
problem. From the review of various literatures [3,4] ,it has been found that a gap exists : —A— Ballast Stiffness —©— Ballast Damping i

in the study for the changes in the ballast dynamic property under flooding conditions. ; >0

Considering the fundamental principles of structural vibration, these aspects are crucial

: 45
in the dynamic analysis of the structure. Therefore, studying these variables contributes : 40

to a better understanding of railway sleeper vibration behavior and enhances the ;
35

accuracy in evaluating sleeper-ballast interaction. ]
130

Ballast Stiffness (MN/m)
Ballast Damping (kN-s/m)

1 25
Methodology "

{20

To investigate the fundamental vibration mode shapes and natural frequencies of 115

railway sleepers under flooding conditions, usually an instrumental impact hammering
. . . , , Water Level (cm)
method is used [4]. This study aims to provide a more accurate representation of the

Figure 5 Plot of hallast stiffness and damping vs water level
sleeper-ballast interactions, by considering the effect of sleeper stiffness and damping

on the system's dynamic behavior. By using a multi-degree-of-freedom (MDOF) model Conclusions

of a full-scale sleeper instead of a single-degree-of-freedom (SDOF) model which has This report constitutes a study on the impact of flooding on the natural frequencies

already been used in [4]. The use of a MDOF model allows for a more detailed analysis and fundamental mode shapes of railway sleepers and ballast dynamic properties,

of the sleeper-ballast interactions, considering the complexities of the system's behavior. utilizing the impact hammer and experimental model updating method.

This can lead to a more accurate representation of the ballast dynamic properties, The investigation unveils that the natural frequency fluctuates with each water level,

Whith-£ah LmiEly Improve the prcitanteant saety BF Uie miway sysiam: 106 test showing a diminishing trend as the water level rises. This pattern is also observed in the

setup for the experiment is shown in Figure 2. Finally, the based algorithm in the identified ballast stiffness. Nevertheless, the identified ballast damping behaves

determination process is based on a structural model updating principal. differently, as it increases when the water level rises.
This study serves as a starting point in further our understanding on the effects of
flooding on railways. Further research Is essential to gain a comprehensive

understanding on the matter. The author hopes that this study will contribute to future

research In this field.
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Figure 2 Experimental setup and flooding simulation of the ballast layer
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Problem statement

Nowadays, there are significant delays for almost every long-distance train on
the Southern Line. This is mainly because the railway tracks are still single-
track, requiring overtaking at stations. Additicnally, incomplete segments of the
tracks prevent trains from operating at full capacity. Implementing a double track
will enhance the efficiency of train services. However, it is essential to plan and
analyze route utilization to ensure cost-effective train operations. Understanding
railway capacity allows for the optimal allocation of resources. It helps ensure
that the avallable infrastructure is utilized efficiently.

In Thailand, the railway transportation system comprises a comprehensive
network of main lines that span the entire country. This research focuses on the
Southern Line in the Nakhon Pathom — Chumphon section, which is currently
undergoing urgent development to be upgraded double-track.
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Study and analyze the current capacity of the railway line according to the UIC406.
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In this research, the calculation of line capacity applied the UIC406 method. This
measures the capacity consumption by compressing the timetable graphs so
that the buffer times (time when the Infrastructure is not occupied by trains) are

equal to zero.

= Basic Principles: The UIC 406 method considers the interaction between trains and
iInfrastructure, taking into account various factors that influence capacity.
Capacity Parameters: |t considers parameters such as headway, track layout,
signaling systems and operational practices to determine the maximum number of
trains that can be accommodated on a given railway line.
Train Categories: Different types of trains are categorized based on their
characteristics, such as speed, acceleration and braking performance.

Train Paths: the railway line is divided into 7 sections called "train paths,” and the
capacity i1s assessed for each of these paths.
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Figure 1 Railway transportation network
in Thailand.
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There are various types of long-
distance trains that run on the route
from Nakhon Pathom to Chumphon,
Including special express trains,
express trains, rapid trains, commuter
frains and ordinary trains. Each type
of train has different speeds and
stopping patterns.

Excluded
Line Section

Figure 2 Capacity consumptiontheory based on the UIC406 standard.
Source: UIC code 406. {2013)
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Capacity Consumption [%] = Defined Time Period X 100
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Scenario 2
Double track

Scenario 1
Single track

\ J\. Y,

\' /- The analysis is divided into two main parts: 1) the = -S% /7 /7 4 4 M
A/~ current single-track infrastructure; and 2) the A/ 4 /%N \:. :
" AL double-tfrack infrastructure. This is based on the [ =JAAJLAL N A IRE DAL ERENTIAN L K LR
. current timetable (August 2023), 24 hours a day -

for both scenarios. | '
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Problem Statement The Timetable Construction System:

The problem revolves around the efficient management and utilization of railway 1 Providing Infrastructure Data: The rail infrastructure data such as the length of a line,
timetable data within a virtual environment for improved train operation management stations, halts, eradient profiles, and curves can be entered into the Timetable

at railway stations. Construction System.

] ! 2 Constructing Timetables in the Graphic Timetable: After incorporating the

infrastructure data into the Timetable Construction System, the timetables can be

To convert railway timetable data in the RailML format from the Timetable Construction constructed in the graphic format. In Thailand, it is customary to represent the time axis
System into the Access Database System, within the framework of the Virtual Railway horizontally, while the distance axis is depicted vertically.

Laboratory for train operations at railway stations.

Export Network to RailML:

The exported RailML files include basic vehicle data from the Timetable Construction
Methods Framework , , . . .

System, sufficient for evaluating the timetable data. However, it does not include

complete vehicle data, as the primary tocus of the RailML interface is on the exchange

of timetable data.

G
TERISIE The RailML specification contains subschemas for three main areas: infrastructure (e.g.,

Infrastructure

o e T e = topology, coordinates, geometry, railway infrastructure elements, and further located

I Flrm. W DO ST O TN W TN MY AT M
g =1

R0 SO S i i { D t
| | ot | s |y | s o ] At | e i A a a
- - e m~~%%ﬁ——rl|

A

elements), timetable (e.q., operating periods, train parts, trains, and rostering), and rolling

stock (e.g., vehicles and formations).

Access Database (Template)

Access Database: The Virtual Railway Laboratory uses the Microsoft Access Database Tor

Constructing
Timetables in
the Graphic
Timetable

the timetable.

Excel Converter

o Input the interface xml file then click the button: "RailML File”.
port

Network to
RailML

Select Access Database (Template) for the timetable, then click the button: "Access

Database”.

To convert the RailML file into the Access Database, click the button: "Convert”.

Access

Database |
(Template) . The Virtual Railway Laboratory uses Microsolt Access Databases to store dynamic,

Q o layout-independent simulation data.

The Access Database includes vehicle physics, consist physics, consist templates,

Wa)SAS UoI19NJIISUO0) d|gelawi] aylL

Access Database (Timetable)

shunting/movement orders, train schedules, bridee schedules and calendar holidays.

Virtual Railway Laboratory

7 The students have the opportunity to take on the role of train dispatchers in the Thai
virtual railway simulation network. The Thai virtual railway network is comprised of six

distinct railway stations: Bangkok, Bang Sue Grand, Bang Sue Junction, Taling Chan,

Thonburi, and Salaya station.
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Results & Discussion {(Expected Outcome)

[*

Development of Excel Converter Tool: This involves converting data from RailML files

GO HEEHE

into an Access Database, presenting a modern method that establishes a connection

HEEEAE

between the railway timetable construction system and the Virtual Railway Laboratory.
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Improvement of PSU Thermite Welding Powder Mixtures
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1. Introduction 3. Results & Discussion

Thermite welding s widely used worldwide (n track Comparison of chemical composttion, Brinell
welding and repatring broken raiuls on-site for the hardness (HB), and muicrostructure of rall steel grade
rallway ndustry. This welding s based on a highly R260, thermite welded unimproved, and thermite
exothermic reactlon between ron oxides and aluminium welded improved with carbon additive.
powders, resulting tn molten steel and aluminium oxide. "
Then, the molten steel s discharged into a mould, Sample test
exposing the rall's end to this steel and welding the two
ralls together. Rac steetgrade | o751 032 | 080 [0.029[0012| 001 | 0.03| - | Balance

Chemical composition (wt.%)

Mn| P | S |Ni | Cr|AL| Fe

Thermite welded

. Balance
unimproved

Thermite welded
iImproved with C | O. . ; . . . . . Balance
additive

320

291+4.0

Hardness (HB)

T — 4 270+ 4.7
According to the measurements of thermite welding

for rall steel grade R260, the welded hardness 1s 260- |

280 HB and the base rall hardness s 280-300 HB. Show

that the welded has a lower hardness value than the

hardness of the base rall.

Thus, this research compares the improvements (n Rail steel grade R260 Thermite welded Thermite welded

unimproved improved with C additive

hardness of thermite welded by adding carbon additive
to the thermite mixture to produce characteristics close
to the base rall to be welded.

2. Methods

; N Rail steel grade R260 Thermite welded Thermite welded
PSU Thermite Powder + Carbon Additive unimproved Improved with C additive

| | 4. Conclusion
Changing the chemical composition of thermite

Powder Mixing powder with the C additive, higher values were obtalned

from testing the hardness than those obtalned for the

l same test carrted out with an unimproved thermite

_ _ _ mixture. Theretore, the C additive helps to improve the

Thermite Rall Welding chemical composition and microstructure of thermite

l welded to Increase the weld metal hardness to a level
equlvalent to the base rall to be welded.

Welded Testing
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Typical track substructure Typical loadings under operating condition

» The reliable performance of a railway track depends on the effectiveness of various rail track interfaces, such as the ballast-
subballast interface and the subballast-suberade interface.
» To enhance stability, railway engineers worldwide have increasinely turned to the use of geosynthetics, with geogrids playing a key

role in mitigating settlement and lateral spreading of ballast.

» Limited literature addresses the impact of geogrid reinforcement on the shear behavior of the ballast-subballast interface.

Methodology

» Our study will employ large-scale direct shear tests, focusing on investigating
the influence of water content and stress ratio on the interface shear behavior

of ballast-subballast, both with and without the incorporation of geoerids.

: | I I. | l
| T
e Closed-loop servo control of a 50 kN (5 ton) normal load

octuator with 0 25 mm stroke

Load cell 50 kN

Top cop 0.5x0.5x0.02 m

"
«losed-loop servo control of g

double acting (push and puil), | —C—— . Upper box 0.5x0.5x0.25 m »ui 12 mm
50 kN (5 ton) sheor lood

actuator with g 25 mim stroke \ -.' y

-,

LVDT 40 mm

l——

Interface direct shear device Proposed program

Dry wmit weight (KN/m')

Expected outcomes and impacts

Geogrid
» The research aims to contribute to a deeper understanding

/ of the complex dynamics governing railway track interfaces,
thereby informing more effective design and maintenance

strategies for sustainable and resilient rail infrastructure.
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Introduction

The world's railway infrastructure relies on ballast, a granular

material providing track stability and enabling maintenance.
Despite advancements and numerical models, accurately
estimating the lifespan of railway tracks remains challenging, with
degradation mechanisms poorly understood. In the face of
contemporary challenges such as resource depletion and
urbanization, new approaches are deemed necessary. The need for
a better understanding of physical mechanisms, particularly at the
grain scale, 1s emphasized 1n the article. The complex nature of
ballast grains, including varied shapes, sizes, wear, and potential
agglomeration, 1s highlighted. The focus of the study 1s on the
impact of ballast grain fouling on track strength and
microstructure, as fouled ballast 1s 1dentified as a significant
contributor to track geometry loss. As a result, the ballasted track
undergoes a gradual transformation, shifting from a composition
of dry angular grains to a configuration of cohesive, less angular
grains as shown i Fig.1 .

'i “ | p T TN
:l:utr

2 1&
"

Clean Ballast Minor Fouling Moderate-High Fouling

Figure 1: Fouling accumulation 1n ballast. (Hesse, D.E ez al, 2014)

Methodology

Simulations were carried out by means of the contact
dynamics method (CD), in which the equations of motion are
integrated for a collection of rigid objects within contact. Discrete
clement modeling (DEM) software named LMGC90 was used 1n
this study, a multipurpose software developed by University of
Montpellier, France.

Numerical sample:

* Each numerical sample 1s composed of 10,000 particles having
the same shapes, geometrically deposed and randomly oriented
in a rectangular box with frictionless walls.

The shape of the particles are disk and polygon with the

number of sides (n,) are in the set {10, 8, 7, 6, 5, 4, 3}. Shape

properties were described by the angularity, « = 2m/n,

In the context of adhesive forces, the dimensionless control

parameter becomes the reduced pressure. This parameter

involves comparing the characteristic force (adhesive strength),
to the controlled normal stress. It 1s expressed as a "cohesion
number,” denoted by n = F.,,/d,,, P (F.4y, 18 capillary force,
d..1s mean diameter, and P 1s confining pressure), n are in the

set {0.01,0.05,0.1,0.15,0.2,0.3,0.4,0.5, 0.6}

Boundary conditions:

There are two states of simulation. Starting from 1sotropic
compression with dry condition (Fig. 2(a)) then bi-axial
compression with cohesive condition between particles (Fig. 2(b))
1s 1mposed at the end of 1sotropic compression. Quasi-static limit
behavior 1s considered 1n this study.

Figure 2. Boundary conditions for Isotropic (a) and Bi-axial (b)
compression

O

O

VIEN U WA N6

n, =3 W = Disk

Figure 3. Particle scale views of dense samples at end 1sotropic
compression

F—

Results and Discussion
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Figure 4. Macroscopic shear strength (q/p”) 1n the steady state, as
functions of the cohesion number 77

&
0.0 0.5 . 1.5 2.0
a

Figure 5. Cohesive strength (c/A7), as functions of the angularity

This 1s the first step that verifies the model used 1n this
simulation can be applied for analysis. The macroscopic shear
strength of dry particles, calculated using Mohr-Coulomb from
Fig. 4, was found to be quite similar to previous research (T Binaree
et al., Phys. Rev. E 102, 022901, 2020). Therefore, the further behavior of
cohesive particles can be analyzed using this model. The cohesive
strength varies with an increase 1n particle angularity, especially
for triangles and rectangles, which exhibit high cohesive strength,
as shown 1n Fig. 5.

Conclusion

¢ The macroscopic shear strength varies with an increase in the
angularity of particle shape, corresponding to the results of the
dry particle test.

¢ The cohesive strength increased with an increase in particle
angularity.

Remark

The results presented 1n this numerical simulation constitute

only a preliminary aspect of our research. Many series of particle
shape models are still under calculation. Furthermore, additional
analysis of experimental results regarding microstructure 1s
currently underway.
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INTRODUCTION

Cholangiocarcinoma (CCA) is a type of cancer that forms in the slender tubes (bile ducts) that carry the digestive
fluid bile. Surgery is the most effective treatment that can cure bile duct cancer [1]. In addition, palliative treatment with
chemotherapy and radiation can also be used for controlling or reducing symptoms caused by CCA. Gemcitabine, a
chemotherapeutic drug, serves as an appropriate treatment for CCA patients using either gemcitabine alone or
gemcitabine-based regimens [7|. However, clinical efficacy of surgery is still low and the resistance of CCA to
chemotherapy and radiotherapy is a major problem [3]. The discovery and development of chemotherapeutic agents
that are effective for the treatment and control of CCA is urgently needed.

Dipterocarpus alafus also known colloguially as the resin tree, is a tropical forest tree, of dense evergreen or mixed
dense forests, in tropical Asia. In previous study indicated anti-inflammatory and anti-cancer of Dipterocarpol [20(S)-
dammar-Z24en-3-one}] in D. alafus extract |4]. Moreover, this plant is a source of resveratrol oligomers that abrogate the
secretion of interleukin © (IL-6). The inhibition of IL-6 leads to interrupting of the cell migration of invasive CCA cells [5].
In our previous study, the crude extract of bark showed anti-cancer activities [G]. Moreover, the bioactive compounds-
related anti-cancer activity was evaluated by the chemometric approach with metabolic profiling using NMR based
metabolomic analysis. Using multivariate analysis, we found that medicarpin was significantly associated with inhibiting
the growth of CCA cells. Thus, this study was aimed to determine inhibitory effects of medicarpin (medicarpin alone and
combination with gemcitabine chemotherapy) against CCA in in vifro and in vivo.

* Corresponding author; e-mail: nisana@kku.ac.th

METHODS

Conditions

1. Contrel (1%DMSO in NS5} L1 Cont

2. Gemcitabine (GEM) 50mg/kg LI GEM

3. Medicarpin (Med) 25 mg/kg ] Med

4. Combination GEM 50mg/kg + Med 25 mg/kg L1 Comb

HoN

Y

e
F

3 Cholangiocarcinoma Research Institute, Faculty of Medicine, Khon Kaen University, Khon Kaen, Thailand

RESULTS (CONT.)

Combinatorv effects ¢ f medicarpin and semcitabine on nude mice (Cont.

a)

Tumor weight (g)

Il. Tumor weight and mice body weight

Tumor weight

Body weight

% %

Control
GEM

Med
GEM+Med

* % H
=

b v e

-
o
L]

(=)
o
e
Body weight (g)

o

o
| -
H‘ | <
=

12 15

Med GEM+Med 0 3 6 9

Days after administration

GEM

Control

Figure 4. Combinatory effects of medicarpin and gemcitabine in tumor xenograft nude mice. Tumor weight (a) and mice
body weight (b) in nude mice after administration of medicarpin and gemcitabine combination for 15 days. The data are

sh

own as the mean £ SD; *p < 0.05, **p < 0.01.

lll. Cell proliferation by Ki67 assay

a) D)
HO F in vitro In vivo Control GEM
Gemcitabine " A >
HO =~ =i SR ' o
6 weeks nude mice Hay HALF Hay:14 ghall e o | e
C}?ﬁucgq gge Subcutaneous injection LA NES B . 5
- (KKU-213A) with 5x105 KKU-213A cells o g i
Medicarpin l ol TSI ' - i ATl
0— B et e AR ROR i
Tumor volume, tumor weight, mice body weight = | s 100
» . Med GEM+Med Q
Conditions Cytotoxicity o | o T : AP DL e
Medicarpin, Gemcitabine, (Sulphorhodamine B Cell proliferation {Ki67 cell proliferation assay) . o : o 80
Medicarpin-Gemcitabine (SRB) assay) _ﬂ ar 3 60
combination Cell apoptosis (TUNEL assay) e y e 0
75 1 t X w40
| ‘ - o
RESULTS : " g 2
: —
e .
Cvytotoxicity ¢ f medicarpin and gemcitabin against KRU-213A4 Control  GEM Med GEM+Med
Figure 5. Combinatory effects of gemcitabine and medicarpin to cell proliferation in tumor xenograft nude mice.
a). b). Representative Ki-6/ staining of tumor cell grown in 2D (a) and the percentage of cell proliferation (b). The data are
KKU-213A KKU-213A shown as the mean + SD; ***p < 0.001.
S B, 150 e~ 24h IC50=12.52+12.39 uM
= 48h |C50=52.048.2 uM _ gl ERCRUANTIS IS B IV. Cell apoptosis by TUNEL assay
E 1004 —+ 72h IC50=115.7431.6 uM £ 0o -+~ 72h |C50=0.07+4.59 uM
8 g T
% T ' % a) Positive Negative Control GEM Med GEM+Med
O 50+ O 50
0 == 0 —
0.00 10!00 20.00 40.00 80.00 160.00 320.00 0 u.l;uz ﬂ.:‘.ﬂ D.I'JE L'L!!ﬁ 1.|25 6.25 TUNEL - -
Medicarpin' (M) Gemcitabine (uM)
Time IC25+SD (uM) | IC50%SD (uM) | IC75%SD (uM) Time IC25+SD (uM) | 1C50%SD (uM) | 1C75%SD (uM)
24h 47.2+32.0 62.2+17.6 144.2+65.3 24h 0.12+0.09 12.52+12.39 DAPI
48h 25.9+7.8 52.0+8.2 115.7+31.6 48h 0.02+0.004 0.13+12.75 1.46+0.29
72h 23.7+6.9 46.2+5.8 95.848.1 72h 0.03+0.004 0.07+4.59 0.18+0.01 .
Figure 1. Effect of medicarpin and gemcitabine on cell viability of CCA cell line. KKU-213A was treated with medicarpin Merge
(a) and gemcicarbine (b) at the concentration of 0-320 yM and 0-6.25 UM, respectively. The |C,; ,IC;, and IC4; values 5
were carried out at 24h, 48h, 72h to assess cytotoxicity of anti-cancer agents.
Combinatory effects ¢ f medicarpin and gemcitabine against RKU-213A cell
b)
150 kkk  kkk
B b x
E‘ Figure 6. Combinatory effects of medicarpin and gemcitabine
ZE to cell apoptosis in tumor xenograft nude mice. Apoptosis
> evaluation with TUNEL assay Iin different conditions.
E - Representative TUNEL staining for mouse tumor tissue (a).
° Dead cells were stained with green and DAP| was used for
staining the nucleus (blue). Quantitative analysis for the
number of TUNEL-positive cells in different groups (n = 18) (b).
***p < 0.001.
I CONCLUSION
X\

Overall, these results indicated that medicarpin is effective in inhibiting the growth of CCA cells. The combination of
medicarpin and gemcitabine could improve efficiency of medicarpin and gemcitabine in in vitro. However, the results in
tumor xenograft mice found that tumor size, tumor volume, tumor weight, and cell proliferation in medicarpin-gemcitabine
combination group were significantly lower than control group and gemcitabine group, but these were not different from
medicarpin group. These results suggest the study of medicarpin against CCA as an alternative agent for potential
therapeutics to more effectively combat to CCA. However, to avoid unwanted side effects, more experimental evidence
about cytotoxicity of medicarpin against normal cell could be required in future works.

Figure 2. Effects of medicarpin and gemcitabine combination on cell viability of CCA cell line. KKU-213A was incubated
with medicarpin, gemcitabine, or medicarpin and gemcitabine combination at the concentration of |C,; and 1C., for 48h.
The data are shown as the mean = SD; *p < 0.05, ***p < 0.001, ns indicates not significant.

Combinatory effects ¢ f medicarpin and gemcitabine on nude mice

. Tumor size and tumor volume

a) b)
Control Med Tumor volume Refe re n ces
4000
-e- Control 1] Ghouri, Y.A., I. Mian, and B. Blechacz. Cancer review: Cholangiocarcinoma. J Carcinog. 2015;14:1.

"E onel & GEM 2] Skipworth JR, Olde Damink SW, Imber C, Bridgewater J, Pereira SP and Malagd M. Review aricle: Surgical, neo-adjuvant and adjuvant
£ -4 Med management strategies in biliary tract cancer. Aliment Pharmacol Ther. 2011;34:1063-1078.
g ¥ GEM+Med 2] Hejna M, Pruckmayer M, Raderer M. The role of chemotherapy and radiation in the management of biliary cancer: a review of the literature. Eur J
3 20004 Cancer. 1998;34(7).977-966.
2 * compare with Control  [4] Akihisa T, Tokuda H, Ukiya M, Suzuki T, Enjo F, Koike K, et al. 3-epicabraleahydroxylactone and other triterpencids from camellia cil and their
'g' # compare with GEM  jnhibitory effects on Epstein-Barr virus activation. Chem Pharm Bull (Tokyo). 2004:52(1):153-6.
3 1000+ sk # 5] Thongchot S, Ferraresi A, Vidoni C, Lollome W, Yongvanit P, Namwat N, et al. Resveratrol interrupts the pro-invasive communication between

G T [awe cancer associated fibroblasts and cholangiocarcinoma cells. Cancer Lett. 2018;430:160-71.

Iﬂgi{ Ex0a = 6] Phetcharaburanin J, Deewai S, Kulthawatsin T, Moolpia K, Suksawat M, Promraksa B, Klanrit P, Namwat N, Loillome W, Poopasit K

Katekaew S, Phetcharaburanin P. 1H NMR metabolic phenotyping of Dipterocarpus alatus as a novel tool for age and growth determination. PLoS
ONE 2020:15(12): e0243432.

Figure 3. Combinatory effects of medicarpin and gemcitabine in tumor xenograft nude mice. Tumor size (a) and tumar AC KNOWLEDG EM ENT

volume (b) in xenograft nude mice after administration of medicarpin (25 mg/kg ) or gemcitabine (50 mg/kg) This research has received funding support from the NSRF via the Program Management Unit for Human Resources

medicarpin (25 mg/kg) and gemcitabine (50 mg/kg) combination for 15 days. The data are shown as the mean + SD; p & Institutional Development, Research and Innovation [grant number B13F660135].
< 0.05, **p < 0.01, ***p < 0.001.
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-Exploring robustness in budget decision rules from an

imprecise probabilistic perspective

Principal Investigator: Dr Nawapon Nakharutai, Department of Statistics, Faculty of Science, Chiang Mai University

Research Host: Dr Sébastien Destercke, Heudiasyc, Sorbonne Universite, Universite de Technologie de Compiegne

Collaboration research with: Dr Matthias C. M. Troffaes, Department of Mathematical Sciences, Durham University

Introduction

Choosing optimal choices.
p(ws) =p(wr) ...

Decision maker wants to select the best option

from a set of all possible options. If precise

probabilities for all events are known, then the

decision maker can choose an option that yields

the highest expected utility. However, in the case

that these precise probabilities are not completely
available. To handle this situation, we can use

imprecise probability theories (IP theories) to model

uncertainty by sets of probabilities [1].

In classical IP theories, decision criteria generally return a single optimal
option up to a set of optimal options as an output [2], for example,

maximality criterion, i.e., a is maximal in A if and only if E}gfﬁ(ﬂ —a’) >0 [3].

This arises an issue that a decision maker may want only a pre-specified

number of returned decisions rather than a huge number of decisions

Objective

We investicate several classical IP decision rules for proposing new budget decision
rules. Specifically, we use reegret, which is the maximal expected gain if we
exchange a’ for a. This is equivalent to the worst possible loss to us if we keep a
instead of replacing a for a" [4]. We focus on two regret-based decision rules:

minimax and maximin criterion.

Result and discussion: minimax criterion

We first have to choose an element a within set S. For each a € 5, the opponent can
then pick a" € S := A\ S yielding the highest gain to him (the maximal loss to us).

The minimax regret of choosing a given set S is

mML(S, A) = mig MUL(a,S") = minmaxE(a’ — a).
a€

acS a'es’
Here are some properties:

» IfSisasubset of T, then mML(S, A) = mML(T, A).
» If mML(S, A) < 0, then S contains a set of maximal options.
Given the fact that a decision maker wants to choose S of size k to minimize its

recret, an optimal subset S with respect to mML criterion can be defined as

Sr(A) :== arg G%:SI%A mML(S, A).
<

We define the mML budgeted decision rule as

Du(A)  if mML(S:(A), A) <0 or |A| < k

DE . (A) =
mar(4) {S;(A) otherwise

We propose an efficient algorithm to obtain mML budgeted decision rule without

evaluating all possible sets S of size k [5].

Algorithm 1 Finding S} (A)
Require: A ={ay,ay,...,a,}, P, k
Ensure: S;(A), mML(S},A)
1: fori=1:ndo
2: for j=1:n,j+#ido
compute e;; = E(a; — a;)
end for
. end for
: fori=1:ndo
. S[i] « set such that {e;;: j € S[i]} are the k largest elements of
{eij: 5 # i}
) M[i] = Iﬂinjeg[i] €5
: J[i] + arg min,cgyp €:;
. end for
: 1% 4 argmin}’ , M|i|
: return {a;: j € {¢*} U S[2*| \ {J[¢*]|}}, M[i*]

O

Result and discussion: maximin criterion

In contrast, we now look for the set that minimizes this possible loss. Given a subset
S, we consider that the adversary first picks any action within A \ 5, knowing that we
are then free to choose any action within S to limit our loss as much as possible. This

s expressed as a maximin criterion as follows:

MmL(S, A) := max minE(a' — a).
a'cA\S a€eS

An optimal maximin subset of a given size as S (A) := arg mg& MmL(S, A)
|SI<k

which can be employed as a budeeted decision rule as follows:

DEJmL(A) — {

Dy (A)  if MmL(S;(A),A) <0or |A| <k
S, (A)  otherwise.

Here are some properties of Maximin criterion.
»  MmL(S, A) < mML(S, A).
» If Sis asubset of T, then MML(S, A) = MmL(T, A).

» If MmML(S, A) < 0 then then S contains a set of maximal options.

»  Maximin and minimax will alwavs coincide are whenk =1andk=n - 1
St(A) = S{(A) and mM L(S;, A) = MmL(S}, A)

S* 1(A)=8",(A) and mML(S’_,,A) = MmL(S_,, A)

n—1?

»  Algorithm for Maximin is much more complicated than Minimax.

Algorithm 2 Finding S; (A)
Require: A = {ay,ay,...,a,}, P, k
Ensure: MmL(S;, A), S; (A),
1: for j=1:ndo
fori=1:n,i+# jdo
compute e;; = E(a; — a;)
end for
: end for
cmé—n—k
: while S;"(4) =0 do
e’ + e;y such that ejy is the m'™ lowest value of all e;; Algorithm 3 Reachable value a
fori=1:ndo Require: C,li] fori=1,...,n, k
Cli] + Celi] :=1{j: ey < €, #i}. Ens;re:ﬂﬁ non-empty subset S if there is a solution, @ if not
2 T

end for
S; (A) « result of Algorithm 3 with C[i] and ¢’
m+—m+1
5: end while
: MmL(S;, A) « ¢
. return S; (A), MmL(S;, A)

1
2. for every subset T C {1,..., n} with |T| = k do
3 if Uier(CLli]\T) = A\ T then
4: S + T break for

5 end if
6: end for
7: return S

Conclusion

We propose k-budget decision based on classical IP decision rules called minimax
and maximax criteria. We then studied their properties and explored some examples
to find efficient algorithms satisfying minimax and maximax criteria. These algorithms
can bring us the outcomes without o throush all possible combinatorial sets of
decisions. This can give a benefit to IP theories and combinatorial optimization and

will introduce IP theories to handle an uncertainty situation in different aspects.
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