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Abstract

This study aimed to design and construct a goat manure grinding machine and to investigate its 
optimal operating conditions for enhancing composting ef  ciency. Goat farming generates substantial 
amounts of manure, and reducing particle size prior to composting increases surface area, 
accelerates microbial activity, and improves nutrient uptake by plants. Experiments were conducted 
at three operating speeds 904, 1,201, and 1,827 rpm. The results showed that production capacity 
increased with higher speeds, with the maximum output of 163.19±23.34 kg/h achieved at 1,827 rpm 
using a 2-inch drive pulley. Ground manure at this condition was subsequently composted, 
and the composting period was reduced from 15 to 11 days, as the increase of surface area enhanced 
microbial degradation. The resulting compost improved soil friability, decomposition rate, and nutrient 
absorption by plants. An economic evaluation indicated a break-even point at 8,304.35 kg of 
processed manure, equivalent to approximately 51 operating hours. These  ndings demonstrate that 
the developed grinder adds value to goat manure, reduces composting time, and signi  cantly 
improves both production ef  ciency and economic feasibility.

Keywords: Grinding Machine; Goat Manure; Compost
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1. 
    904 

 1,201  1,827   4.70±0.10   4.77±0.06  
4.90±0.00   6  4.67  2  

 6  46   3  50   1  50  
 

   904 1,201  1,827  
 36.34±0.30 74.74±1.35  163.19±23.34   

 5  1,201  1,827   206 %  449 % 
  300  

 6  
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 3   7 
  

  

 5 

      
      (
 ( ) ( ) ( ) ( ) ( ) )

 904 5.00±0.00 4.70±0.10 6.46±0.13 1.33±0.58 36.34±0.30
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Abstract

This study aims to evaluate the potential of prompt engineering combined with generative AI to 
translate natural language into JavaScript code for Google Earth Engine (GEE), enabling land use 
classi  cation of Sentinel-2 imagery in Mueang Khon Kaen District using a Support Vector Machine 
(SVM) classi  er. The results demonstrated that code generated through prompt engineering and 
Generative AI could be effectively utilized for processing large-scale geospatial data on GEE, achieving 
87 % overall accuracy and a Kappa coef  cient of 0.84. The effectiveness of the results depended on 
two primary factors: (1) the quality of training data for the SVM classi  er, and (2) the quality of natural 
language prompts used with Generative AI. Additionally, the user's geospatial expertise proved 
essential for optimizing command design, selecting appropriate indices, sampling code examples, 
and interpreting results. This research demonstrates that Generative AI combined with prompt 
engineering can serve as a valuable tool for supporting code generation for spatial data analysis 
on GEE, reducing technical barriers and expanding access to spatial data analysis technology for 
general users through effective natural language interaction.

Keywords: Natural Language; Prompt Engineering; Geospatial Big Data; Google Earth Engine

 (Generative Arti  cial Intelligence Era: Generative AI Era)  
  4.0  5.0 

  Generative AI 
 (Human-Centric)   
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 ChatGPT  (Large Language Models: LLMs)  
 

 (Source Code)  (Natural Language) 
 (Denny et al., 2024)  
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Earth Engine (GEE)  (Tamiminia et al., 2020)
 Google Earth Engine (GEE)  
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 (Remote Sensing)  JavaScript 

 GEE   Generative AI 
 (Natural Language to Code: NL2C) 

 GEE (Jhonnerie et al., 2024; Osco 
et al., 2023; Tao and Xu, 2023)   (Prompt Engineering) 

 Generative AI  GEE 
 (Land Use Classi  cation)  

  Prompt Engineering  Generative AI 
 JavaScript  GEE Code Editor  

  

  
       

  
445   960   1

 (NL2C)
  (Natural Language Processing: NLP)  LLMs 

 (NL2C)  Prompt Engineering 
 (Prompt)  NL2C  

  2 - 5   Few-Shot Prompting 
 

 Meta-Learning  
 (Pre-Training)  LLMs  In-Context Learning 

 (Brown et al., 2020; 
Li and Ning, 2023)  NL2C 

 (Garg et al., 2025)  NL2C  GEE 
 Jhonnerie et al. (2024)  Hou et al. (2025)   LLMs 

 
 LLMs  Claude AI  Hochmair 

et al. (2024)  Generative AI  Claude AI  LLMs   
 Python    

Claude AI  LLMs  JavaScript  GEE
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  2  (1)  LLMs  Claude AI 
 Sonnet 4.0  JavaScript  (2)  

GEE Code Editor 
 (Land Use/Cover)  Sentinel-2  

  (Supervised Classi  cation) 
 (High-Resolution Satellite Image) 

 Google Earth  (Sample Data)  1 
 GEE  (Training)  (Validation) 

 1 

    

  Sentinel-2 
    -  2567
   
  Claude AI (Sonnet 4.0), Google Earth Engine Code Editor 

 (Remote 
Sensing)    GEE  Sentinel-2  GEE 

 Prompt Engineering 
 Few-Shot Prompting  JavaScript  GEE 

    Generative AI  GEE   GEE 
     GEE 

 Generative AI 
  (Prompt)   1:  
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and Accuracy Assessment)  2 
 GEE  NL2C 

  Support Vector Machine (SVM) 
 Accuracy  Kappa  (User Interface) 

 2  

 Prompt Engineering  Generative AI 
 JavaScript  GEE Code Editor  

 Generative AI  GEE 
  

Generative AI    GEE 
 JavaScript  GEE Code Editor 

 2    1   2 
  1  2 

 1  (Data Preparation) 
 

 
 GEE  Prompt Engineering  Few-Shot 

Prompting   2 
 3  

 1    
  (Administrative Boundary Dataset)  FAO 

  
 2    (Dataset) 

 Sentinel-2  1  - 30  . . 2567 
 20 %  Composite  Median 
 Median      

 3    
     Normalized Difference 

Vegetation Index (NDVI)    Modi  ed Normalized 
Difference Water Index (MNDWI)    Normalized 
Difference Built-up Index (NDBI)   Urban Index (UI)  

  Bare Soil Index (BSI)   (Bare Land)
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 2 

  JavaScript  GEE  
Prompt Engineering  Generative AI 

 1  
 1: 

  
: 

 Google Earth Engine  
1.  (Study Area)  
- : FAO/GAUL/2015/level2 (Global 
Administrative Unit Layers)  
- :  (  ADM2, 
ADM2_NAME = "Muang Khon Kaen") 

 AND  ADM1_NAME  
ADM2_NAME  
- : 

 print(),  ( . .) 
,

 Map.centerObject() 

//  
Google Earth Engine 
// 1.  (Study Area) // 

 FAO/GAUL  
var level2 = 
ee.FeatureCollection("FAO/GAUL/2015/level2"); 
//  (  ADM2)  
AND 
var muangKhonkaen = level2.filter( ee.Filter.and( 
ee.Filter.eq('ADM1_NAME', 'Khon Kaen'),  
ee.Filter.eq('ADM2_NAME', 'Muang Khon Kaen') ) ); // 

 print(' :', 
muangKhonkaen); //  ( ) 
var districtArea = 
muangKhonkaen.geometry().area().divide(1000000); 
print('  ( . .):', districtArea); 
//  Map.centerObject(muangKhonkaen, 
11); 

 2  Sentinel-2 
2.  Sentinel-2 
- : 
COPERNICUS/S2_SR_HARMONIZED 
- : : 1  - 30  
2567 (  filterDate('2024-01-01', '2024-04-30')), 

:  (  filterBounds()), 
:  20% (  

filter(ee.Filter.lt('CLOUDY_PIXEL_PERCENTAGE', 
20))) 
- :  scaleS2 

 10,000, 
 'system:time_start'  copyProperties, 

 (composite)  median() 
- :  
collection (  size()) 

 (  
first()) 

// 2.  Sentinel-2 // 
 Sentinel-2 function 

scaleS2(image) { return 
image.multiply(0.0001).copyProperties(image, 
['system:time_start']);}  //  10,000 

 0.0001 //  Sentinel-2 
var sentinel2 = 
ee.ImageCollection('COPERNICUS/S2_SR_HARMONIZED') 
.filterDate('2024-01-01', '2024-04-
30').filterBounds(muangKhonkaen).filter 
(ee.Filter.lt('CLOUDY_PIXEL_PERCENTAGE', 
20)).map(scaleS2); //  20% //  1 
. . - 30 . . 2024 //  // 

 //  median var s2Composite 
= sentinel2.median(); //  print('

 Sentinel-2:', sentinel2.size()); print('
:', sentinel2.first()); 

print('  composite:', 
s2Composite.bandNames()); 
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 2  ( )

 (Data Processing and Accuracy 
Assessment)
  Sentinel-2 

    9 
 3  

 1   
 GEE Platform  GEE 

  5  

  .   (Water: WA)        
   .   (Forest: FA)      
   .   (Agriculture: AG)      
   .   (Barren: BA)  
   .   (Urban: UR)     

 2   
 

 Sentinel-2  
  B2 B3 B4 B8 B11  B12  

(NDVI MNDWI NDBI BSI  UI)  

 3  
3.  
- : NDVI ( ): (B8 - 
B4)/(B8 + B4)  
normalizedDifference(['B8', 'B4'])  'NDVI', 
MNDWI ( ): (B3 - B11)/(B3 + B11)  
normalizedDifference(['B3', 'B11'])  
'MNDWI', NDBI ( ): (B11 - 
B8)/(B11 + B8)  
normalizedDifference(['B11', 'B8'])  
'NDBI', BSI ( ): ((B11+B4)-
(B8+B2))/((B11+B4)+(B8+B2))  
expression()   'BSI', Urban 
Index (UI): (B11 - B8)/(B11 + B8)  NDBI 

 'UI'  JavaScript 
 Google Earth Engine  

 

// 3.  //  
NDVI ( ) 
var ndvi = s2Composite.normalizedDifference(['B8', 
'B4']).rename('NDVI'); 
//  MNDWI ( ) var mndwi = 
s2Composite.normalizedDifference(['B3', 
'B11']).rename('MNDWI'); 
//  NDBI ( ) var ndbi = 
s2Composite.normalizedDifference(['B11', 
'B8']).rename('NDBI'); 
//  BSI ( ) var bsi = 
s2Composite.expression( '((B11 + B4) - (B8 + B2)) / ((B11 + 
B4) + (B8 + B2))', { 'B11':s2Composite.select('B11'),   'B8': 
s2Composite.select('B8'),   'B4': s2Composite.select('B4'),   
'B2':s2Composite.select('B2') }).rename('BSI'); 
//  Urban Index (UI) var UI = 
s2Composite.normalizedDifference(['B11', 
'B8']).rename('UI'); //  var 
indices = s2Composite.addBands([ndvi, mndwi, ndbi, bsi, 
UI]); print(' :', indices.bandNames()); 
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 3  
 (Machine Learning) 

 4  Train-Test Split  
2   (Training Dataset)  (Testing Dataset) 

 5  (UR AG FA BA WA)  53   265  
 53   265 

 5   
Support Vector Machine (SVM)  Kernel  RBF (Radial Basis Function) 

 
 6   

 5 
 7    4 

 Error Matrix, Overall Accuracy  Kappa Coef  cient Confusion Matrix
 8   

 
 

 9    (Legend) 
 GEE 

 3 

 
 JavaScript  GEE  Prompt 
Engineering  Generative AI 

 1  
 2: 

 : 

  Google Earth 
Engine JavaScript 

 
 1  

1.  (Training 
Data) - : 

: 'projects/ee-
gramsmd32/assets/PointMuangKK24' -

: 
 size()  

districtPoints - :  
0:  (Water),  1:  
(Forest),  2:  
(Agriculture),  3:  (Barren), 

 4:  (Urban) 

// 
 // :  1 

 // 1.  (Training Data) // 
 

var districtPoints = ee.FeatureCollection('projects/ee-
gramsmd32/assets/PointMuangKK24'); // 

 print('
:', districtPoints.size()); // 

 print(' :', 
districtPoints.first()); // : //  0: 
Water //  1: Forest //  2: Agriculture //  3: 
Barren //  4: Urban 
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 3  ( )

 2  
2.  
(Band Selection)  
- : : 'B2', 'B3', 'B4', 
'B8', 'B11', 'B12',  1: 
'NDVI', 'MNDWI', 'NDBI', 'BSI', 'UrbanIndex'  
- :  bands  
array , 

 classificationImage  

// 2.  (Band 
Selection) //  
var bands = ['B2', 'B3', 'B4', 'B8', 'B11', 'B12', 'NDVI', 'MNDWI', 
'NDBI', 'BSI', 'UI']; 
//   
(  1) 
var classificationImage = indices.select(bands); 
print(' :', 
classificationImage.bandNames()); 

 3  
3.  (Training 
Sample Generation) 
- :  
sampleRegions() 

 
: collection:  , 

properties: ['class'] ( ), 
scale: 30 (  scale 

), tileScale: 4 (
),  

// 3.  (Training Sample Generation) // 
 

var sampledDistrict = classificationImage.sampleRegions({ 
  collection: districtPoints,  properties: ['class'],  scale: 30, 
tileScale: 4, geometries: false}); 
print('  ( ):', sampledDistrict.size()); 

 

geometries: false ,  
sampledDistrict 

 

 4  Train-Test Split 
4.  
(Train-Test Split)  
- :

 randomColumn(): seed 42, 
 sort('random'), 

 List  toList() 
 size().getInfo(), 

 Math.floor(count / 2), 
   slice() 

 FeatureCollection  
ee.FeatureCollection(),  
trainingDistrict  testingDistrict 
- : 

 print()  size() 

// 4.  (Train-Test Split) 
//  var sampledDistrictWithRandom = 
sampledDistrict.randomColumn('random', 42); 
var sortedDistrict = 
sampledDistrictWithRandom.sort('random'); 
var districtList = sortedDistrict.toList(sortedDistrict.size()); 
var districtCount = districtList.size().getInfo(); 
var halfDistrictCount = Math.floor(districtCount / 2); 
var trainingDistrict = ee.FeatureCollection(districtList.slice(0, 
halfDistrictCount)); 
var testingDistrict = 
ee.FeatureCollection(districtList.slice(halfDistrictCount)); 
//   
print(' '); print('

:', trainingDistrict.size()); print(' :', 
testingDistrict.size()); 
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 3  ( )

 5  
5.  (Model Training) 
-  SVM  RBF:  
ee.Classifier.libsvm() 

: kernelType: 'RBF', gamma: 0.5, 
cost: 10  svmClassifierDistrict 

// 5.  (Model Training) //  SVM  
RBF  
var svmClassifierDistrict = ee.Classifier.libsvm({ kernelType: 
'RBF', gamma: 0.5, cost: 10 }).train({ features: trainingDistrict, 
classProperty: 'class',  inputProperties: bands}); 
print(' '); print('- SVM RBF ( )'); 
 6  

6.  (Area Classification)  
- :  
classify()  classificationImage ,  clip() 

 ( ), 
 : 

svmClassificationDistrict  

// 6.  (Area Classification) // 
 

var svmClassificationDistrict = 
classificationImage.classify(svmClassifierDistrict) 
.clip(muangKhonkaen);  
print(' '); 

 7  
7.  (Model 
Evaluation) 
- : 

, 
,  Confusion Matrix  

errorMatrix(),  Overall Accuracy  
accuracy(),  Kappa Coefficient  
kappa() 
- : 

 print(),  

// 7.  (Model Evaluation) // 
 function evaluateModel(classifier, 

testData, modelName, region) { var validated = 
testData.classify(classifier); var matrix = 
validated.errorMatrix('class', 'classification'); var accuracy = 
matrix.accuracy(); var kappa = matrix.kappa(); print('

 ' + modelName + ' (' + region + ')'); print('Overall 
Accuracy:', accuracy); print('Kappa Coefficient:', kappa); 
print('Confusion Matrix:', matrix);  return {  accuracy: 
accuracy,   kappa: kappa,   matrix: matrix };} // 

  var svmDistrictEval = 
evaluateModel(svmClassifierDistrict, testingDistrict, 'SVM 
RBF', ' '); 
 8  

8.  (Map 
Visualization) 
- :  
min: 0  max: 4 , 

:  0 (Water): '#0000FF' (
),  1 (Forest): '#008000' ( ), 

 2 (Agriculture): '#FFFF00' ( ), 
 3 (Barren): '#C0C0C0' ( ),  4 

(Urban): '#FF0000' ( ) 
- :  Map.addLayer() 

, 
 visible: true 

// 8.  (Map Visualization) // 
 

var classificationVis = { min: 0,  max: 4,  palette: ['#0000FF', 
'#008000', '#FFFF00', '#C0C0C0', '#FF0000'] }; 
//   
Map.addLayer(svmClassificationDistrict, classificationVis, 
'SVM Classification ( )', true); 
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 3  ( )

 (Land Use Classi  cation)
  3  User Interface  JavaScript  GEE 

 Prompt Engineering  Few-Shot Prompting 
 Earth Engine Assets  Google Drive  

 3  SVM 

 9  
9.  (Legend): 

ui.Panel , 

 (0-4) 

//  (Legend) // 
 

var legend = ui.Panel({ style: {  position: 'bottom-right',   
padding: '8px 15px' }}); //  var legendTitle = 
ui.Label({ value: ' ', style: {fontWeight: 
'bold', fontSize: '18px',   margin: '0 0 4px 0',  padding:'0' }}); 
legend.add(legendTitle); //  var classNames 
= ['Water ( )', 'Forest ( )', 'Agriculture ( )', 'Barren (

)', 'Urban ( )']; 
var classColors = ['#0000FF', '#008000', '#FFFF00', 
'#C0C0C0', '#FF0000']; //  for 
(var i = 0; i < classNames.length; i++) {var colorBox = 
ui.Label({style: {backgroundColor: classColors[i], padding: 
'8px', margin: '0 0 4px 0'}}); var className = ui.Label({value: 
i + ': ' + classNames[i], style:{margin: '0 0 4px 6px' } }); var 
legendRow = ui.Panel({widgets: [colorBox, className], 
layout: ui.Panel.Layout.Flow('horizontal')}); 
legend.add(legendRow);} //  
Map.add(legend); 
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  SVM  Overall 
Accuracy  Kappa Coef  cient (Van Ninh and Waisurasingha, 2018)  87 %  0.84  4 

 (  80 %) 
 Van Ninh and Waisurasingha (2018)  Overall Accuracy  82 %  

Biswas et al. (2023)  85 %  
   SVM 

 Producer's Accuracy  85 % 
 70 %  

  User's Accuracy  
85 %  65 % 

 
  

 Sentinel-2 

  Generative AI 
  Prompt Engineering 

 Few-Shot Prompting  GEE 
 JavaScript 

    
   AI (AI Hallucination) 

 GEE  Generative AI

 4  

   WA FA AG BA UR Total  User's Accuracy (%) 

 WA  54 0 0 0 1 55 98
 FA  0 44 2 0 0 46 96
 AG  0 19 42 1 3 65 65
 BA  0 0 0 43 1 44 98
 UR  0 0 1 6 48 55 87
 Producer's Accuracy (%) 100 70 93 86 91 265 

 : WA = Water ( ), FA = Forest ( ), AG = Agriculture ( ), 
  BA = Barren ( ), UR = Urban ( )

 (Generative AI) 
 (Prompt Engineering)  Few-Shot Prompting 

 Google Earth Engine (GEE) 
  Generative AI  

JavaScript  GEE  (Training Samples) 
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 Support Vector Machine (SVM)  
(Overall Accuracy)    JavaScript 

 GEE  Generative AI   
 GEE  

 JavaScript  GEE 
  JavaScript  GEE 

  Low-Code Programming 
 Generative AI  LLMs  

 Generative AI (AI Hallucination)  Generative AI 
 JavaScript  GEE  

    
 (User Interface) 

 GEE  
 

 SVM   Random Forest 
 CART   JavaScript  

GEE Code Editor  
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 (Carbon Footprint)  Net-Zero  

 (Mixed-Methods)  (Design Thinking) 
 400  ( )  (Prototype 

Testing)  Carbon Footprint 
 (Traceability)  (Multiple Regression) 

  Carbon Footprint  
 ( = 0.402, p<0.001) 

 ( = 4.35) 
 (Environmental Trust) 
 (Green Economy)  Net-Zero 

 : ; ; ; ; 
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Abstract

This research aimed to develop and evaluate a specialized digital platform for green agricultural 
products, serving as a critical mechanism to reduce the Carbon Footprint (CFP) and propel the farm 
sector towards Thailand's national Net-Zero goal. The study employed a mixed-methods research 
design, beginning with a user-centered approach inspired by Design Thinking to develop a functional 
prototype. Quantitative data were collected from a sample of 400 participants —200 farmers and 
200 consumers —alongside qualitative insights from prototype testing. The results con  rm that the 
developed platform successfully integrates essential functions, including the clear display of product 
Carbon Footprint information and a robust traceability system. Multiple Regression analysis indicated 
that the clarity of Carbon Footprint information had the most signi  cant in  uence on user trust and 
purchasing intention ( =0.402, p<0.001). Furthermore, overall user satisfaction with the platform 
was high ( = 4.35, out of 5.00). In conclusion, this digital platform is a vital infrastructure component 
for establishing environmental trust between producers and consumers, providing transparent data 
on low-carbon products, and accelerating Thailand's agricultural economy's transition towards a sustainable, 
Net-Zero future. The  ndings underscore the importance of integrating veri  able environmental 
metrics into e-commerce for green commodities.

Keywords: Digital Platform; Carbon Footprint; Net-Zero; Green Agricultural Products; Low-Carbon Economy

 (Climate Change) 
     

 
  (Paris Agreement) 

 (Carbon Neutrality) 
 (Net-Zero Emissions)  

  Rogelj (2023)  Net-Zero 
  (Low-Carbon 

Economy)  
 United Nations Environment Programme (UNEP, 2011)   

(Green Economy)   (Green Agricultural Products) 

   (Carbon Footprint: CFP) 

 
  Yao et al. (2025) 

 (Digital Agriculture Practices) 
  Yang and Wang (2025) 
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   CFP 
   (Environmental 

Information Asymmetry)  Chen (2015)   (Environmental Trust) 
  

  

   (Digital Platform)  (Digital Marketplace) 
 

 
 (Value Co-Creation) 

 (Green Digital Platform)   (Traceability) 
  CFP   Wang et al. (2025) 

  E-Commerce 
 

 (Intention–Behavior Gap)   (Perceived 
Value Theory) 
     Amornkitvikai 
et al. (2022)  
(E-Commerce Sustainability)  (MSMEs)  

  (Digital Literacy) 
  (Research and Practical Gap) 

   CFP  
   

Low-Code/No-Code (LCNC)  Design Thinking  
(Rapid Prototyping)  

 Traceability 
 LCNC  (1) 

 Carbon Footprint  (2) 
 Net-Zero  (3) 

 
 Carbon Neutrality  Net-Zero 

  1    Net-Zero 
   

 
 (Output)  (Outcome)    

   (Impact) 
 Net-Zero 
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 1 

 (Applied Research)  (Mixed-Methods) 
  (Qualitative Research) 

 (User-Centered Design)  (Design Thinking) 
 

  (Quantitative Research)  (Survey) 
 (Prototype Testing)  400  
 (Multiple Regression)  

   
 Net-Zero 

1.  (Research Design and Methodology)
   (Mixed-Methods Research) 

 
 (Applied Research) 

  (Exploratory/
Qualitative Phase)  (Design Thinking) 

 (User-Centered)  
 (Empathize)  (De  ne)  (Ideate)  

(Prototype)  (Test)  Low-Code/No-Code  
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  (Quantitative Phase) 
  400  

   CFP 
 Traceability   

(Multiple Regression Analysis) 
 

  
   

 
   

400       
GAP  Carbon Footprint  200   

  200   400 
  Krejcie  Morgan (1970)  

(Purposive Sampling)  (Strati  ed Sampling) 
  

 (Purposive Sampling)  15 - 20  
   

   Sequential Mixed-Methods Design 
   

(Survey Questionnaire)  400  (  200   200 ) 
 (Google Form)  

(Descriptive Statistics)   
 (Multiple Regression Analysis) 

    
(Semi-Structured Interview)  20  (   ) 

 (Content Analysis) 
  (Prototype 

Testing)  High-  delity  30  
 (Usability)  (Post-test Questionnaire) 

 (  )  (Satisfaction Index) 

2. 
   Design Thinking 

 User-Centered Design (UCD)  (Iterative Process)  Empathize 
 De  ne  ( ) 

  Ideate 
    (CFP) 

 (Traceability)  ( /  /  
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)  (Prototype)   Low-Fidelity (   
Figma)  High-Fidelity Prototype  Low-Code Framework  Laravel + Vue.js 

 Low-Code/No-Code  
(Rapid Prototyping)   
Test & Iterate  30   (Usability)  

 
  2.1   (Design Thinking) 
     

 
  (Human-Centered) 

   
    Brown (2008)  

 (Spaces)  
    -  (Inspiration) 

 
    -  (Ideation)    
    -  (Implementation)  
    

  (Iterative Cycles)    
 (Prototyping) 

 
     (Digital Transformation) Cherepanov and Popov
(2024)    

 (Empathy)  
  (Data) 
 

 
  2.2   (Platform Mechanism)
    

 (Environmental Information Asymmetry)  (Static) 
 (Dynamic)  Net-Zero 

 3  
    1)   (System Architecture and User Roles) 

 Laravel  Vue.js  Low-Code/No-Code (LCNC) 
  3  

     -  (Farmer/Seller)  
     -   (Consumer/Buyer)  
     -  (Admin)  
    2)   (Environmental Data Management) 

  (Data Work  ow) 
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     -   (Data Inputting)  (Activity 
Data)  Dashboard     

 (  )  
(Carbon Footprint)  
     -   (Data Updating)  
(Real-Time Update)  

     -   (Data Veri  cation) 
 (Traceability)  

 (Certi  cation)  
    3)   (Front-End Display) 

 (Environmental Trust)
     -   (CFP Display) 

 
     -   (KPI Dashboard)   

  

 2 

     2  
 (Environmental Information Asymmetry) 

 7  
     1   (Farmer)  (Activity Data)  

    
     2 - 3  (Admin) 

 (GAP  Organic Thailand) 
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     4   (Carbon 
Footprint)   
(Analog)   
     5 - 6  Carbon Footprint (CFP)  
(Traceability)  (Consumer)  

 (Environmental Trust) 
     7   (KPIs)  

   (Positive Incentive) 
 (Green Economy)  Net-Zero

  2.3   (Prototyping)
     (Iterative Process) 

 (User-Centered Design) 
  (Low-Fidelity 

Wireframe)  3  (Work  ow) 
  3  

    1)  (Farmer Input & Data Updating)  1 
  (Data Inputting) 

  /   ( / )  
( / )  (GAP  Organic Thailand) 

  (Data Updating) 
  (Real-Time 

Update)  
    2)   (Admin Veri  cation)  2 

 (Data Governance)  
 (Data Veri  cation) 

    
  

 (Greenwashing)  
    3)  (Consumer Display & Traceability) 

 3  (0.85 kg CO2-eq)  
 (Traceability Button) 

   (Environmental 
Signaling)  
     (High-Fidelity Prototype) 

 Low-Code/No-Code (LCNC)  Laravel  Vue.js 
 (Rapid Prototyping) 

 30   Net-Zero  
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 3  (Low-Fidelity Wireframe)

3. 
  -  (Sequential Mixed-Methods 
Design)  

 3  
   1  (Quantitative Phase) 

 (Survey Questionnaire)  400  
 200   200  

 5  (5-Point Likert Scale)  (1)  (5) 
  

   -   (Carbon Footprint) 

   -    (Traceability) 

    -   

   2  (Qualitative Phase) 
  (In-Depth Interview) 

 (Semi-Structured Interview)   
 20   
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   -   
 (Greenwashing) ?

   -  
?

   3  (Prototype Testing Phase)  
 (High-Fidelity Prototype)  30  

 
 (User Experience: UX)  (Usability Index) 

 
   -  Net-Zero  (Carbon Dashboard) 

   -   

 
    

  (Multiple 
Regression)   

  
 Net-Zero    

   

1.  (Prototype Testing Results)
   

 Design Thinking  Carbon Footprint  Traceability 
 

 
  1)  
Design Thinking  User-Centered Design (UCD) 

  (Iterative) 
    

 Low-Code/No-Code (NC/LC) Framework  Laravel + Vue.js  High-  delity Prototype 
  

(Rapid Prototyping)  Design Thinking  
LCNC  

 
    3  /  /  

  
   -    (Carbon Footprint) 
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  1 
 (Signaling Mechanism)  

   -   (Traceability)   
  (Environmental Trust) 

   -   (Farmer/Seller Dashboard)  
  

  (KPIs)   /   2 
 Green Economy

 ( )   ( ) 
 4  (Traceability)

  
   4  High-  delity Prototype  

 User-Centered Design  
 Carbon Footprint (0.85 kg CO2 -eq)  

   
 (Traceability)  (Environmental Trust) 

   
  (Signaling Mechanism) 

 Net-Zero
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 5  (Farmer/Seller)
   
   5  High-Fidelity Prototype  (Farmer/Seller Dashboard) 

   (Key 
Performance Indicators: KPIs)  (1)  (2) 

/  (-4,500 kg CO2-eq)  (3)  (Traceability Score: 98 % ) 
 KPI   

Green Economy   
  

 Environmental Trust 
  2)  

 (Prototype Testing, N = 30) 
 Net-Zero  

 1 

 1 

   ( ) ( ) S.D.  ( )

  Net-Zero (Quality Index) 4.29 0.61 
  (Trustworthiness) 4.35 0.58 

   Net-Zero  = 4.29  
  ( = 4.35) 
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  3)   (Prototype Testing, N = 30) 
 Design Thinking   

 2

 2 

   ( ) ( ) S.D.  ( )

  (Overall Satisfaction) 4.35 0.58 
  (Usability Index) 4.2 0.65 

   ( = 4.35) 
 ( = 4.20) 

2. /
   

 
 

  3 

 3 /

N = 200

  /   

 /  78.50 % 91 %
 /  65 % 75.50 %
  ( ) - = 3.2 

  
 (91 %  75.5 %)  

  65 

3.  Carbon Footprint  Net-Zero
  

 Net-Zero  Carbon Footprint 
  4  

(Attitudinal Readiness)  
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 4 

     
   ( , S.D.) ( , S.D.)

  Net-Zero  4.38 (0.61) 4.41 (0.58)
  Carbon Footprint Label 3.82 (0.78) 3.95 (0.80)
  (Perceived Environmental Value) 4.25 (0.69) 4.30 (0.65)

   4  Net-Zero 
 (   4.25 - 4.41)  

  (   3.9)   
 

4. 
     

 (Multiple Regression Analysis) 
 

 5 

  
 (Intention to Use)

   
    (Standardized) p-value

  Carbon Footprint 0.402* <0.001
  (Usability) 0.320** 0.003
  (Traceability) 0.185* 0.021
 ***p<0.001, **p<0.01, *p<0.05  

   
 

 (  R2 0.65) 
 65 %   Carbon 

Footprint  ( = 0.402, p<0.001) 
  (Signaling Theory)  

  CFP 
   

 (Usability) ( = 0.320, p = 0.003)  (TAM) 
   (Traceability) 

 ( = 0.185, p = 0.021) 
 (Environmental Trust) 
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    (Traceability) 
 Carbon Footprint  

  
3  
  1)  (Outcome vs. Process Signaling) 

 (Signaling Theory)  CFP  (Outcome Signal) 
  Traceability  

(Process Signal)  (High Granularity)  
 CFP 

  2)  (Trust Enabler)  

  Traceability  (Credibility 
Infrastructure)   CFP   

 (Greenwashing) 
  3)   Cherepanov 
and Popov (2024)  (Information 
Asymmetry)  Traceability   

  (Digital Agents) 
  

1.  (Conclusion)
  1)   (Prototype) 

   (Carbon Footprint)  
(Traceability)   Design 
Thinking
  2)  Net-Zero  (Multiple 
Regression)   Carbon Footprint 

 ( = 0.402, p<0.001)   
Net-Zero  (  = 4.29)
  3)   

 (  = 4.35)  
( = 4.20) 

2.   (Discussion)  
 Green Marketing  Green Economy  Net-Zero 

  1)  Carbon Footprint 
     Carbon Footprint 

 
 (  R2 0.65) 
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 Perceived Value Theory  (Green Marketing) 
 (Functionality)  

 (Socio-environmental Value)
     ( = 4.35) 

 (Signaling Mechanism) 
 (Information Asymmetry)  

 (Duan et al., 2023)
  2)  Net-Zero
   

 Net-Zero  (Signaling Mechanism) 
   Carbon Footprint 

  (Information Asymmetry) 
   

 CFP  KPI  (Positive Incentive) 
 

 (   4.40) 
 Low-Code/No-Code (LCNC)  

 (MSMEs)   
 

  3)   (Academic and Policy Contributions)
    (Applied Research 
Gap)     (Mixed-Methods) 

 (Design Thinking)  (Multiple Regression) 
 Carbon Footprint
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 (Mill Scale Waste; MS)  (River Sand; RS) 
  0 5 10 15  20  

 0.55 0.60  0.65   
   400 700  1,000 oC 

  MS   
 5  15  RS   1.1  19.8 

 MS   MS 
  

 MS   1,000 oC 
 RS  20  90  

 MS 
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Abstract

This research investigated the use of mill scale waste (MS) to replace river sand (RS) in  y ash-based 
geopolymer mortar. The replacement at 0, 5, 10, 15, and 20 % by volume was studied, along with 
variations in the alkaline solution-to-  y ash ratio (L/FA) at 0.55, 0.60, and 0.65. The workability, 
compressive strength, density, porosity, water absorption, and post-  re behavior at 400, 700, and 
1,000 oC were analyzed. The results showed that increasing MS decreased the  ow value. Compressive 
strength at 5 - 15 % replacement was signi  cantly higher than that of only RS using, with about 
1.1 to 19.8 %. Furthermore, density increased with increasing volume of MS. Increasing MS volume 
in the mixture resulted in a slight decrease in water absorption despite an increase in porosity. 
After being exposed to high temperatures, the compressive strength of the geopolymer mortar 
decreased across all temperature ranges. However, the replacement with MS showed a tendency to 
reduce weight loss and increased normalized residual compressive strength, speci  cally, at 1,000 oC, 
using 20 % RS, the residual compressive strength achieves a maximum at 90 % compared to before 
heating. The research results demonstrate that MS can be used as an effective alternative aggregate 
for improving strength and enhancing high-temperature resistance. Furthermore, it promotes the 
recycling of industrial waste materials.

Keywords: Geopolymer; Mortar; Mill Scale Waste; Fly Ash

 (Geopolymers) 
    

 
  (Rashad, 2013)

  
 600 kg  1 ton (Fröhling and Rentz, 2010) 

  (Mill Scale Waste; MS) 
  10 - 20 kg  1 ton (Bagatini et al., 2020) MS 

   (FeO)  (Fe2O3)  (Fe3O4) 
  MS  

 (Furlani and Maschio, 2016) 
  Chousidis et al. (2016)  5  10 

  
  MS 

    
 7 28  90      
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1. 
  1)  
    (Fly Ash; FA) 

     SiO2 Al2O3  Fe2O3  FA  
60.58  CaO  27.10  1  C 

 ASTM C618-19 (2019)

 1 

 Chemical composition (%wt.) FA MS
 SiO2 31.58 0.21
 Al2O3 15.30 <0.01
 CaO 27.10 <0.01
 Fe2O3 13.07 99.19
 MgO 3.22 <0.01
 SO3 3.55 <0.01
 Na2O 2.06 <0.01
 K2O 1.88 <0.01
 P2O3 0.33 <0.01

      (Na2SiO3; NS) 
 Na2O  12.44  SiO2  29.96  H2O  57.60 

 (NaOH; NH) 
 (Deionized Water; DI)  10 M 

  2)  
      (River Sand; RS)  (Mill Scale 
Waste; MS)  1  
4.75 mm   MS  

  MS  1  MS  
Fe2O3  99.19  RS  MS  

 ASTM C128-22 (2022)  
RS  MS  1.09  0.04  MS  5.52  RS 

 2.60  ASTM C29/C29M-09 (2009) 
 MS  RS  1,670  1,636 kg/m3  MS  

   
 (Particle Size Distribution) 

  ASTM C136-06 (2006)  2  RS 
 ASTM C33/C33M-11 (2011)  MS 

 RS  RS  MS 
 RS  MS  3.2  1.1  
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 ( )  (RS) ( )  (MS)
 1  

 2 

2. 
    

 RS  MS  0 5 10 15  20  
 (Liquid-to-Fly Ash Ratio; L/FA)  

3   0.55 0.60  0.65 
 1.0  2.75 

  0.60-GM10   L/FA  0.60  RS  MS 
 10   2 

 2  (g)

  Mixture FA NH NS RS MS
 0.55-GM00 1000 275 275 2750 -
 0.55-GM05 1000 275 275 2613 292
 0.55-GM10 1000 275 275 2475 584
 0.55-GM15 1000 275 275 2338 876
 0.55-GM20 1000 275 275 2200 1168
 0.60-GM00 1000 300 300 2750 -
 0.60-GM05 1000 300 300 2613 292
 0.60-GM10 1000 300 300 2475 584
 0.60-GM15 1000 300 300 2338 876
 0.60-GM20 1000 300 300 2200 1168
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 2  (g) ( )

  Mixture FA NH NS RS MS
0.65-GM00 1000 325 325 2750 -

 0.65-GM05 1000 325 325 2613 292
 0.65-GM10 1000 325 325 2475 584
 0.65-GM15 1000 325 325 2338 876
 0.65-GM20 1000 325 325 2200 1168
  
   NH  5  

 5   NS  
 5   

  
  25 oC 

 1   60 oC  48   
 25 oC  55 - 65 

 3. 
   
ASTM C1437-07 (2007)  5 x 5 x 5 cm3  
ASTM C109/C109M-13 (2013)    

 ASTM C642-13 (2013)  
 L/FA  0.60   5 x 5 x 5 cm3

  3 -5 oC  (Nuaklong et al., 2021) 
 400 700  1,000 oC  2  

   

1.  (Flow Value)
   3 

 MS     
L/FA  0.60  RS  MS  0 5 10 15  20   
140 108 81 44  22   Hebbache et al. (2024) 

  
MS    RS 

 (Estephane et al., 2019) 
  MS  10  L/FA  0.55 

 0.60  0.65  66  81  107 
 

(Nath and Sarker, 2014)
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 3 

2.  (Compressive Strength)
   4  7 28  90   
RS  MS    L/FA  0.60 

 28   MS  0 5 10 15  20  494 569 582 575 
 465 ksc   L/FA  0.55  0.65 

 MS  5  15 
  

 Ozturk et al. (2020)  MS  5  15 
  Kumar et al. (2016) 

 
 

  
 Fe2O3  (Choi and Lee, 

2012)   20   MS 
 

 L/FA  
 MS  10  90   L/FA  0.55 0.60  0.65 

 618 596  500 ksc  
 

 
 (Zhang and Wang, 2015) 

 7 28  90   
L/FA   0.55 0.60  0.65 

  L/FA = 0.60  7   MS  0 5 10 15  20 
 470 517 555 560  452 ksc   90  

 503 581 595 603  491 ksc  7.1  12.3 
 N-A-S-H gel 

 (Duxson et al., 2007)
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 4 

3.   (Density, Porosity, and Water Absorption)
   3    L/FA 

 0.60  2,110 2,124 2,179 2,283  2,287 kg/m3  
0 5 10 15  20   L/FA  0.55  0.65 

 2,134  2,429 kg/m3  2,045  2,260 kg/m3  
 MS  RS 

 MS  
   L/FA 

 
  MS   RS 

 
  L/FA  0.55  RS  MS  0  20 

 16.35  18.62  2.27  L/FA  
0.60  0.65  1.57  2.12   

 20  L/FA  0.55  0.60  0.65  
18.62  20.97  22.54  

 
   

MS   
 MS  (Interconnected Porosity)  

 (Isolated Pores) 
  MS  0  20 
 0.77 0.80  0.97   L/FA  0.55 0.60 

 0.65   L/FA 
 



51ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 19, No. 1 (January - April 2026)

e265705

 3  

 Mixture Density (kg/m3) Porosity (%) Water Absorption (%)
 0.55-GM00 2134 16.35 5.92
 0.55-GM05 2224 16.50 5.63
 0.55-GM10 2274 16.79 5.42
 0.55-GM15 2322 17.38 5.30
 0.55-GM20 2429 18.62 5.15
 0.60-GM00 2110 19.40 6.91
 0.60-GM05 2124 19.94 6.74
 0.60-GM10 2179 20.22 6.53
 0.60-GM15 2283 20.27 6.28
 0.60-GM20 2287 20.97 6.11
 0.65-GM00 2045 20.42 7.07
 0.65-GM05 2111 20.96 6.83
 0.65-GM10 2167 21.66 6.67
 0.65-GM15 2206 22.15 6.38
 0.65-GM20 2260 22.54 6.10

4.  (Post-Fire Behaviors)
  1)  (Weight Loss) 
    5  400 700  
1,000 oC  L/FA  0.60  MS  0  20 

  
 Chindaprasirt et al. (2022) 

  400 oC 
  RS  MS  0 

 4.08  RS  MS  5  4.31 
 RS  MS  10  15  3.98 

 3.98  RS  MS  20  
4.18  400 oC  
N-A-S-H gel   MS 

  700 oC  RS  MS  0 
 5.29  MS 

 5 10 15  20  4.66 4.22 3.86  3.63  
 1,000 oC  5.70 

4.85 4.85 3.55  3.37  MS  0 5 10 15  20  
 MS   Bautista-Marín et al. (2021)  

MS  250  936 oC  
 (Fe3O4)  (Fe2O3) 

  MS  20  1,000 oC 
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 5 

  2)  (Compressive Strength and 
Residual Strength)
    6( )   6( ) 

  400 700  1,000 oC 
 25 oC  6( ) 

  
 (Wongsa et al., 2018)  

400  700 oC  RS  MS  0  15 
 54  59  46  51  400  700 oC  6( ) 

 
 RS  MS  20  80  71  400  700 oC 

 RS  MS  20  
 RS  MS  1,000 oC 

 MS  RS  MS  0 5 10 15  20 
 50  51 57 62  90  

 6( )   
 MS  1,000 oC  

  MS  
 (Sedaghatdoost and Behfarnia, 2018) 

 (SEM)  7   MS (0.60-GM00)  7( ) 
 

 MS  20 (0.60-GM20)  7( )  
 MS  (N-A-S-H gel) 

 RS 
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 ( )   ( ) 
 6 

 ( )  0.60-GM00 ( )  0.60-GM20
 7  SEM  1,000 oC

 1.   20 
 12.5  0.55

 2. 
 

  2,045  2,429 kg/m3

 3.  5  15 
  10  0.55 

 630 ksc  28  
 4.  

 
 
  1,000 oC 

  51  90 
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Abstract

Cricket farming in semi-closed systems requires maintaining an optimal temperature range, which 
typically demands high electricity consumption and increases production costs. Moreover, low-cost 
monitoring sensors used in agriculture have rarely been calibrated against standard instruments, 
and the integration of renewable energy with intelligent control systems for insect farming remains 
limited. This study presents a temperature monitoring and control system for cricket farms powered 
by a 4.4 kWp solar photovoltaic–thermal hybrid system (Solar PVT) and 10.8 kWth heat pump, designed 
to maintain the temperature of 20 rearing bins within 28 - 30 oC. The control system was developed 
on the Home Assistant platform with a Tuya IoT module, which effectively regulates the temperature 
according to prede  ned conditions, ensuring stable operation throughout the rearing process. 
Experimental results demonstrated that the Tuya IoT sensors achieved high accuracy (R2 > 0.99, 
RMSE 0.496 oC, 0.0295 kW, and MAPE <2%), con  rming the system’s reliability. Furthermore, the 
system reduced grid electricity consumption by 41.5 %. Additional analysis indicated an annual 
electricity generation of 7,570.63 kWh, a reduction in greenhouse gas emissions of 3,784.56 kgCO2eq/year, 
and a payback period of 5.5 years. These  ndings highlight the system’s technical, economic, 
and environmental feasibility for adoption in community-scale cricket farms.

Keywords: Cricket Farming; Tuya IoT; Home Assistant; Solar Photovoltaic-Thermal (Solar PVT) Hybrid System; 
  Heat Pump
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Hot Water Pump-1 (PP1) - -
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     09.30 - 15.30 .  02.30 - 05.30 . 

Heat Pump (PHPs) TS2 < 45 oC TS2 > 55 oC
 (  10.8 kWth)
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 22 W × 3 /  

     (  1.32 kW)
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  1 (Hot Water Tank-1)  1,000 L  Solar PVT 
  2 (Hot Water Tank-2)  2,500 L  
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 22.30 .  
 2 (S2)   15.00 . 

 187.2 MJ  7.1 MJ 
 1  62.2 - 74.1 MJ 

  02.30 - 05.30 .   
92 - 117 MJ   04.00 - 08.00 . 

   
 9.2 - 34.4 MJ  09.30 . 
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 5  (  1)
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5.   
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 (Giant African Snail, GAS)  
  

  9    (Camellia oleifera)  (Coffea spp.)  (Sapindus 
rarak)  (Azadirachta indica)  (Litsea glutinosa)  (Acacia concinna)  
(Jatropha curcas)  (Nicotiana tabacum)  (Glycyrrhiza glabra) 

  (10%w/v)  (Completely 
Randomized Design, CRD)  48  

 73.33 %  80 %  (p>0.05) 
 (70 %   76.67 % )  70 % 
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Abstract

The Giant African Snail (GAS, Lissachatina fulica) is a plant pest that damages various economic crops. 
This study evaluated the molluscicidal ef  cacy of nine medicinal plant derivatives against GAS under 
controlled laboratory conditions. The tested materials included: tea seed cake (Camellia oleifera), 
ground coffee (Coffea spp.), soap berry (Sapindus rarak), neem seed (Azadirachta indica), Indian laurel leaf 
(Litsea glutinosa), soap pod (Acacia concinna), physic nut seed (Jatropha curcas), tobacco (Nicotiana 
tabacum), and licorice root (Glycyrrhiza glabra). A Completely Randomized Design (CRD) was employed 
to assess two application methods: dry powdered formulations and 10% (w/v) ethanol extracts. 
After a 48-hour exposure period, soap berry exhibited the highest mortality rates, achieving 73.33 % 
(powder) and 80 % (extract). However, these values did not differ signi  cantly (p>0.05) from the 
ef  cacy of tea seed cake (70 % powder, 76.67 % extract) or tobacco (70 % for both formulations). 
In contrast, no signi  cant molluscicidal activity was detected in the negative control, ground coffee, 
or physic nut seed treatments. These results demonstrate that soap berry, tea seed cake, and tobacco 
exhibit promising molluscicidal properties against GAS, suggesting their potential as eco-friendly 
alternatives for integrated pest management (IPM) strategies.

Keywords: Giant African Snail; Medicinal Plants; Soap Berry; Tea Seed Cake; Tobacco

 (Giant African Snail, Achatina fulica Bowdich)  
  

 500         (Mohansingh, 2019; 
Choubisa, 2025)   

      
  

 (St. John’s, 2022) 
  11  

   (Angiostrongylus cantonensis)  
(Angiostrongyliasis)  (Eosinophilic Meningitis) 
(Silva et al., 2022) 
     

 25 %   
  (2.5 % Metaldehyde)  

(Sreenivasa et al., 2019)  Metaldehyde   
 86.66 % (Gadekar et al., 2024)  Paul et al. (2016)  

Metaldehyde  Crystal Salt  Bleaching Powder 
    Metaldehyde 

  3  
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     (Ruiz-Suárez et al., 2014) 
  

 (Rattanahemboot 
et al., 2022)  

  Koysap et al. (2022)  (Sapindus rarak) 
 4   90 %  72  

 Pallavi et al. (2018)   8:1 
  Selvi et al. (2015) 

 (Azadirachta indica) 
   (Nicotiana tabacum)  (Pongamia pinnata)  

  Fajar and Beny (2020) 
 (Blumea balsamifera)  (Discorea hispida)  (Derris eliptica) 

 (Areca catechu)  
 (75 %)  LC95  (80.63 / ) 

 (49.75 %)  
    

  
 (Joseph and Sujatha, 2012) 

 

   

1.   (  1) 
 48   (Hot Air Oven)  50   48  

    20  
 (  70 %)  10  100  

(10:100 / )  24   
 (Rotary Evaporator) 

 70   40   
 10% (v/v)  10   100 

 1   

      

  (Tea Seed Cake) Camellia oleifera  ( )
  (Gound Coffee) Coffea spp.   (
    ) 
  (Soap Berry) Sapindus rarak   
  (Neem) Azadirachta indica   
 /  (Indian Laurel) Litsea glutinosa   



77ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 19, No. 1 (January - April 2026)

e262830

 1   ( )

      

  (Soap Pod) Acacia concinna   
  (Physic Nut) Jatropha curcas   
  (Tobacco) Nicotiana tabacum  
  (Licorice) Glycyrrhiza glabra  

2.    
 80    10  

    
  10   

3.   
15 x 30 x 10   70 %   

 20     
 10 /    

 (Completely Randomized Design, CRD)  10    9  
(         ) 

   3   10   
60     24  48  

 

%  =  x 100
                  

4.   
15 x 30 x 10   70 %  

  10 /    
 60    

 (Foggy)  50 /   CRD 
 10    9  (      

   )    
 3   10   60   

 24  48  
 

5.   (Analysis of Variance) 
  LSD (Least Signi  cant Difference)  

SAS (Statistical Analysis System) Version 9.00 (SAS Institute Inc, 2006)
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 (  2)    
   

    
  24   

 
    

 2  

    

     
      
   
     
      
    
      
   
      
   
      
   
     
      
   
      
    

    (  3)   
24   (53.33 %)  (p>0.05)  

  43.33 %  36.67 %  
16.67 %     48  

  (36.67 %)  (p>0.05)  
(26.67 %)  (30 %)  (p<0.05)  (6.67 %)  (6.67 %) 

 (16.67 %)  (16.67 %)  
 73.33 %  (p>0.05)   

 (70 %)  
 (0 %)
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 3  

    %  (%±sd)

   24   48    
  (  ) 0.00±0.00b 0.00±0.00c 0.00±0.00d

    43.33±25.17a 26.67±20.82ab 70.00±10.00a

    0.00±0.00b 0.00±0.00c 0.00±0.00d

    36.67±20.82a 36.67±20.82a 73.33±11.55a

    0.00±0.00b 6.67±5.77c 6.67±5.77cd

    0.00±0.00b 6.67±5.77c 6.67±5.77cd

    0.00±0.00b 16.67±5.77bc 16.67±5.77c

    0.00±0.00b 0.00±0.00c 0.00±0.00d

    53.33±15.28a 16.67±15.28bc 70.00±10.00a

    16.67±5.77b 30.00±10.00ab 46.67±11.55b

P-value   <0.0001 0.0036 <0.0001

:  (LSD, P<0.05)

  sd = standard deviation 

  (  4)  
24    66.67 % 

 (p>0.05)  (60 %)  (56.67 %)  (p<0.05) 
 26.67 %  48   

(26.67 %)   (20 %) 
 80 %  (p>0.05)  (76.67 %) 
 (70 %)  (p<0.05)    

   (0 %) 

 4  

    %  (%±sd)

   24   48    
   (  ) 0.00±0.00d 0.00±0.00c 0.00±0.00c

    66.67±5.77a 10.00±0.00bc 76.67±5.77a

    0.00±0.00d 0.00±0.00c 0.00±0.00c

    60.00±10.00a 20.00±10.00ab 80.00±10.00a

    0.00±0.00d 3.33±5.77c 3.33±5.77c

    0.00±0.00d 3.33±5.77c 3.33±5.77c

    0.00±0.00d 6.67±5.77bc 6.67±5.77c

    0.00±0.00d 0.00±0.00c 0.00±0.00c

    56.67±11.55a 13.33±5.77abc 70.00±10.00a
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 4  ( )

    %  (%±sd)

   24   48    
    26.67±15.28c 26.67±20.28a 53.33±11.55b

P-value   <0.0001 0.0061 <0.0001

:  (LSD, P<0.05)

  sd = standard deviation

 
  

  Koysap et al. (2022) 
  4   30 %  90 % 

 72   Huang et al. (2003) 
 (Pomacea canaliculata)  10 ppm  

70 - 100 %  LC50 (Lethal Concentration 50 %  50 %) 
 85 22  17 ppm  24 48  72   

   
 (Saponin) 

 Kijprayoon et al. (2014)  Saponin 
 (P. canaliculata) 

  LC50  0.66 ppm  12.50 15.63  
18.75 /   100 %  24   Laymanivong 
et al. (2017)  24   50 %  
LC50  0.001 /   LC90  0.073 /   Wongsiri et al. (2023) 

 (C. oleifera)  
       LC50  6.21 ppm  Ibrahim 

et al. (2023)  Saponin  Quillaja saponaria  
Biomphalaria alexandrina   LC50  70.05 /  
  

 Saponin   Saponins  
Secondary Metabolite   (Bissinger et al., 
2014; Asgharian and Ojani, 2017)  Saponin 

  Saponin 
   

(Augustin et al., 2011)  Saponin  
     

 Basophilic Cells  
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  Saponin  
 

  (Francis et al., 2002) 
  

   
  (Triebskorn et al., 1998) 

   
  (Nicotine)  

   Acetylcholine (ACh)  
  ACh 

    (Human et al., 2014; 
Perry et al., 2015)  Guo et al. (2023)   1 /  

 (P. canaliculata)  90 %  4  
   
  0.5 /   

 0.2 /    Tangkoonboribun and 
Sassanarakkit (2009)  1,562.5 /   100 % 

 2    (Electrical Conductivity) 
Biological Oxygen Demand  (Chemical Oxygen Demand)  

 Organic Matter, Available Phosphorus, Exchangeable Potassium, Calcium  Magnesium 
 

  Jiang and Li (2015)  
(Oncomelania hupensis)  
Vola Pedis   Niclosamide 
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Abstract

This study presents analytical solutions for a developed compartment pharmacokinetic model 
consisting of  ve compartments to describe the dynamics of drug concentration in the body, namely 
the absorption compartment, the central compartment representing the blood circulation system, 
the rapidly equilibrating tissue compartment, the slowly equilibrating tissue compartment, and the 
effect-site compartment. The model is formulated as a system of ordinary differential equations 
describing drug transfer and elimination between compartments. The analytical solution process is 
divided into three stages: (1) deriving the solution for the absorption compartment using the method 
of separation of variables, (2) analyzing the system of equations for the central and tissue 
compartments using eigenvalue analysis combined with the Laplace transform, and (3) obtaining 
the solution for the effect-site compartment using the method of undetermined coef  cients. 
The results show that, upon applying the initial conditions, closed-form analytical solutions for drug 
concentrations in all compartments can be obtained. Although some solutions involve complex 
eigenvalues, they effectively characterize the dynamic behavior of the system. Furthermore, a numerical 
example is presented using rate constant parameters consistent with ranges reported in the 
pharmacokinetic literature, and the concentration-time pro  les for all compartments are illustrated 
using the derived closed-form solutions, demonstrating drug behavior that is consistent with 
pharmacokinetic theory. These analytical solutions serve as a fundamental framework for validating 
numerical solutions and supporting future pharmacokinetic model development.

Keywords: Analytical Solutions; Eigenvalues; Compartment Pharmacokinetic Model; Laplace Transform

 (Pharmacokinetics: PK)   
   ADME (Absorption, Distribution, Metabolism, 

and Excretion) (Rowland and Tozer, 2011) 
  

    
 

 
(Gabrielsson and Weiner, 2016)         
   

  
 (Shargel et al., 2012) 
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  (One-Compartment Model) 

  (Gabrielsson 
and Weiner, 2016)  (Two-Compartment Model) 

     
  

(Shargel et al., 2012)  (Multi-Compartment Models) 
   

 (Browning et al., 2021; Yakubu et al., 2023; Jan et al., 2025) 

   (Theophylline) (Rowland and Tozer, 2011) 
 (Phenytoin) (Kunderu and Reddy, 2018)  (Digoxin) (Reddy and Narayan, 2019) 

 (Remifentanil) (Cascone et al., 2013)  (Talapor  n Sodium) (Uno 
et al., 2018) 

    
   

  
  

  
  

 (Browning et al., 2021)
  

 
   (Effect-Site Compartment) 

 
   

 
 (Model Identi  ability)  

( wi taszczyk and Jødal, 2024)
   

  Reddy and Narayan (2019)  
 Sivasubramaniam (2014)  

  
 

 
  (1)    (2)  

  (3) 
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  (4)    (5)  
    

    
    

    
  

   1
  

 1 

   

  (mg/L)
  (mg/L)
  (mg/L)
  (mg/L)
  (mg/L)

  (mg/L)
  (min-1)
  (min-1)

  (min-1)
  (min-1)

  (min-1)
  (min-1)

  
 Reddy and Narayan (2019)  Sivasubramaniam (2014) 

  1

 1 



88 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 19, No. 1 (January - April 2026)

e265901

  1  (Law of Mass Action)  

   (1)

 (2)

 (3)

 (4)

 (5) 

       
  
  (1) - (5)  3    
(i)   (Separation of Variables) 
(ii)   

 (Eigenvalue Analysis)  (Laplace Transform) 
  (iii)  

 (Method of Undetermined Coef  cients)
 (i)   ( )    
  (1)   

    
         

 (6)

  (6)   
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     (7)

 (7) 

       

        
  
      (7)    (8)  

 (8)

 (ii):     ( ) 
 (2) - (4)        

    (2)  (9) - (11)

        
 (9)

 (10)

 (11)

  (ii)   3     
 1.  (Eigenvalues)      
 2.           
 3.  

 1.  (Eigenvalues)
    (9) - (11)  

 (12)

 (12)
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   (Strang, 2016)      

   ( )  (Characteristic Equation)  B
 (13) 

 (13)

   (Anton and Rorres, 2013)  (13) 

  

      (14) 

 (14)

   (14)  (Cubic Characteristic Equation) 
 (15) - (18)

 (15)

                                                                     (16) 
                                     (17) 
         (18) 

   (Cardano's Formula) (Nickalls, 1993)  (15) 
 (19) - (21)

 (19)

 (20)

 (21)



91ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 19, No. 1 (January - April 2026)

e265901

  

    

 2. 
   (Kreyszig, 2011)  (9) - (11)  (22) - (24)

 (22)

 (23)

 (24)

   (22) - (24)  

   (25) - (27)

  (25)

  (26)

  (27) 

                                             

   (28)

 (28)
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   (Cramer’s Rule)  (28) 

       
       (16) - (18) 

   
       (19) - (21)

  

    (29) - (31)

 (29)

 (30)

 (31)
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 3. 
   (29) - (31)  (32) - (34)

 (32)

 (33)

 (34) 

   (32)       

 (35) 

      
   (35)      

 (36)

   (36)        

   

     

    

      

    

      

    

   
    (37)        

 (37)
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    (33)  (34)  (38) - (39)   

 (38)

 (39) 

       (19) - (21)

 (iii):   ( )    
  (40)

 (40)

     (37)    
  (40)  (41)      

 (41)

  (Non-Homogeneous Differential Equation) 
  (41)  (Integrating Factor) 

  (41)    (42)
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Abstract

This study aims to describe the distinctive characteristics of the study area and to compare the ef  ciency 
of heritage site data collection methods. The case study focuses on Wat Chetawan (Ka Phueak) in 
Phayao Province, an important Lanna heritage site with an estimated age of around 500 years. 
At present, only the remains of the stupa, brick temple base, and wall structures remain in deteriorated 
condition. The site re  ects the historical, architectural, and cultural values of the local community, 
making it necessary to record detailed physical data for conservation and further research. The research 
methodology consists of two approaches: (1) traditional surveying using a Total Station and manual 
measurements, and (2) three-dimensional laser scanning with the Faro Focus M70 to generate Point 
Cloud datasets and digital models. The comparative results show that 3D scanning can capture data 
with a resolution of more than 2,000 points per square meter, access complex areas without physical 
contact, and reduce  eldwork time. In contrast, traditional surveying, while cost-effective and familiar 
to practitioners, is limited in terms of resolution and access to certain areas. In conclusion, 3D scanning 
demonstrates greater potential for digital conservation, 3D modeling, rapid  eldwork, and non-invasive 
data acquisition. Traditional methods, however, still offer advantages in terms of familiarity and 
lower costs. Integrating both methods enhances accuracy and data potential, enabling applications 
in engineering, archaeology, and sustainable cultural heritage preservation.

Keywords: 3D Scanning; Heritage Site Survey; Conservation Technology; Digital Modeling
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