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Abstract

This research presents a real-time weed location estimation system for precision agriculture in cassava planting.
The widely employed vegetation index known as the normalized difference vegetation index (NDVI) was applied
to identify and estimate the locations of the weeds. The multispectral camera mounted on an unmanned aerial
vehicle (UAV) with nadir orientation was used to capture the field images. The NDVI values were calculated
in real-time using an onboard microcomputer and streamed weed locations in latitude/longitude format to the ground control station.
The UAV with the attached camera was controlled to follow a predefined flight path using user-specified
coordinates based on the configuration of the planting area. The flight altitude was set at 10 m above ground level.
Experimental flight tests were conducted over a cassava field covering an approximate area of 2,500 m’. The results
demonstrated that detected weed locations exhibited errors within the precision bounds of the GPS system. In the future,

a spraying system could be implemented on the UAV to eliminate weeds and perform other planting operations.

Keywords: Weed location estimation, Multispectral imaging, Unmanned aerial vehicle, Cassava planting

1. Introduction

Cassava holds a prominent position among the key agricultural commodities in Thailand. In 2018, Thailand's cassava
product export achieved an impressive global ranking, securing the third position. As a result, increasing the yield of cassava
production becomes an important goal because it not only improves the farmers' financial situation but also greatly boosts
Thailand's export revenue. Applying innovation and technology to help solve problems and increase productivity in cassava
cultivation is therefore a good choice. Utilizing various methods to reduce the number of weeds that grow in the cassava
furrows is an excellent approach to boost productivity.

Optimizing yield in cassava plantations necessitates effective weed control, as weeds have demonstrated the potential
to cause substantial yield reductions, ranging from 25 to 50 percent [1]. The weeds in cassava fields comprise various
species, encompassing both annual and perennial types. Consequently, several methods exist to address weed infestation,

with the choice of approach contingent upon the specific weed species encountered. Traditional weed eradication practices
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in Thailand entail a manual hoe-up method aimed at eliminating all weeds. However, this technique necessitates a substantial
labor force, particularly when managing extensive fields. An alternative method involves the application of herbicides
through spraying, which offers an efficient and practical means of long-term weed control while minimizing manual labor
requirements.

The advent of Unmanned Aerial System (UAS) technology has emerged as a pivotal development in modern precision
agriculture, presenting promising avenues for cost reduction and yield enhancement. Unmanned Aerial Vehicles (UAVs)
have been significantly developed in the past decade, leading to their extensive utilization across various domains,
encompassing both military and civilian applications. Notably, electro-optical technology has played a pivotal role in reducing
the dimensions of high-end cameras, enhancing their portability and operational efficiency. Historically, multispectral
cameras were primarily employed in satellites for remote sensing applications, facilitating natural earth observation.
However, the limitations of satellite-based monitoring, particularly concerning cloud cover interference, render it less suitable
for precision agricultural assessments. Integrating multispectral cameras with UAVs for precision agriculture has been
considered a promising novel alternative technique. [2-4]

Another challenge in the realm of precision agriculture development in Thailand pertains to the ability of
farmers to comprehend data derived from aerial imagery, particularly in the context of remote sensing technical terminology.
To surmount this issue, computer-based remote sensing systems have garnered attention as a compelling and pragmatic solution.
These systems offer a user-friendly interface that enables farmers to understand the conditions of their plantations without
necessitating expert interpretation. Therefore, this study introduces a real-time weed location estimation system for precision

agriculture in cassava planting.

2. Research Scope

This study employed a multirotor UAV equipped with a Raspberry Pi 3B+ and a customized Pi NoIR camera
integrated with a blue filter, enabling its functionality as a multispectral camera. The Python programming language,
in conjunction with the OpenCV image processing library, was employed for real-time data processing and data recording
on the UAV's onboard system. The experimental site for the cassava plantation encompassed an estimated area of 2,500 m’,

located in Amphoe Borabue, Maha Sarakham province, situated in the northeastern region of Thailand.

3. Weed Location Estimation

3.1 The Coordinate Transformation
The requirement for coordinate transformation arises from differences between the coordinate system employed
in the UAV navigation system and that corresponding to the detected weed locations represented in image
coordinates. The relationship between these coordinate systems is shown in Fig. 1. The coordinate frame denoted as {B}
designates the UAV coordinate system, while the coordinate frame designated as {C} corresponds to the camera coordinate
system utilized to represent image coordinates specified in pixels. The UAV navigation system utilizes the NED (North,
East, Down) [5], which serves as the reference frame for the transformation of weed location coordinates before transmission

to the ground control station.
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Camera

X; (North)

Weed L ocation
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Z, (Down)

Fig. 1. Coordinate transformation from image coordinates to latitude/longitude coordinates.

The process of coordinate transformation involves a series of equations, as shown in Equations (1) to (4).
In Equation (1), the detected weed location coordinates in the image frame coordinates (pixels) are transformed to physical

units (m) using the relationship between pixel size and footprint size in physical units that are related to the scaling factors

T, and T,, FP, and FP, are footprintsin X and Y directions, respectively. Following that, Equation (2) is applied

to transform the coordinates in physical units to reference with the true north using the heading of the UAV platform

obtained from the GPS module as specified by & . Then, the X and Y in NED (North, East, Down) coordinates are

transformed to the LAT and LON using Equation (3) and (4), respectively.

X T 0 -TFRP /2] x
y =0 T, -T,FR /2]y (1)
1 0 O 1 )
meter pixel
X cos@ sind || x
= _ ()
Y lneo —sin@ cosé ||y eter
LAT = LAT, +(yNED *0.00001/1.1132) 3)
LON = LON;, +(xNED *0.00001/1.1132) (4)

LAT1 , and LON1 are the latitude and longitude of the center of the camera system. These LAT and LON

values will be sent to the ground control station.
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3.2 Weed Classification Algorithm
Various techniques have been explored for weed classification [6-8]. This study employed the NDVI values
acquired from the Parrot Sequoia, a commercially available off-the-shelf multispectral camera, for the purpose of calibrating
the NDVI values, as illustrated in Fig. 2. Subsequently, the calibrated NDVI values were employed in a dedicated weed
detection algorithm. The outcomes of this algorithm demonstrated that the NDVI values effectively enabled the difference
between cassava crops and weeds by considering both the difference in NDVI values and the diameter of the detected weeds,
which were processed using an edge detection algorithm. The classification of weeds from cassava crops was accomplished

based on a specific condition using Equation (5).

(NDVI value < 0.3) and (Diameter of NDVI blob < 10 cm) => Weed (5)

(a) (b)
Fig. 2. Weed detection algorithm: (a) The NDVI value < 0.3 (b) Diameter of NDVI blob < 10 cm

4. Methodology

Fig. 3 illustrates the weed-targeting operation developed in this research. A quadrotor UAV featuring vertical take-off
and landing capabilities was utilized to capture the image. The acquired images were processed by an onboard computer,
a Raspberry Pi 3B+ equipped with a multispectral camera. The UAV flew autonomously with a predefined flight path using
the Pixhawk flight controller and ArduPilot ground control software. It can carry any sensors that weigh less than 1.0 kg
mounted under its structure. The images were captured with a multispectral camera and a Pi NoIR camera with a blue filter.
The software was developed to calculate the NDVI and perform weed classification between cassava and weeds in the cassava field

in real-time.

Take the photos Weed Detection
and And
Flying Calculate NDVI Weed Targeting

Follow Flight Plan

ey~

Data Streaming

0 .
Take Off Ground Control Station Landing

Fig. 3. Overview of the weed-targeting operation using the developed system
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The UAV, ground control station, and communication scheme are shown in Fig. 4. The airborne unit consisted
of an onboard computer with a GPS module for location estimation of the weed. This design choice was necessitated by
the fact that the algorithm employed for weed detection was operated within the image coordinate system, while the position
and orientation of the UAV were referenced in latitude/longitude format. The coordinate transformation is necessary

to align the weed coordinates with a global coordinate system. Its details will be described in the next section.

Airborne Unit

VDO
RPi+ PiNoIR

Multispectral Camera

Ground Control Station

Command and Control Unit

Fig. 4. The UAV system and communication scheme

5. Experimental Results

Thailand has a variety of weed species, which can be classified into two main types based on their characteristics: cover weeds
(e.g., grasses) and tiny bush weeds (e.g., Billy Goat Weed). This project focused on the tiny bush weeds, as they offered ease
for conducting the experiment. The experiment started with data collection from the cassava plantation, where six distinct
weed locations were selected. The locations were recorded in latitude/longitude format, as depicted in Figs. 5 - 6. The UAV
equipped with the Parrot Sequoia multispectral camera was programmed to follow a predefined flight path at a height of 10
m above the plantation. Upon completion of the data acquisition, post-processing analysis yielded both RGB and NDVI

indexes. The study’s focus lay in locating weeds, which were readily identifiable by the UAV, as demonstrated in Fig. 7.

zs

S

| =~ o]

(b)

Fig. 5. The experimental cassava plantation. (a) RGB format (b) NDVI format
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@ (e) ®

(b)

Fig. 7. The aerial image captured: (a) RGB, (b) Real-Time NDVI image, and (¢) NDVI colormap post-processing.

After the calibration of the weed detection algorithm, both the NDVI value and the diameter of the NDVI blob were
computed using Python programming and an image processing library. The processing tasks were executed on a Raspberry
Pi 3B+ integrated with a Pi NoIR camera. The UAV was repeatedly flown along the designated flight path to detect the
locations of the weeds. These detections enabled the estimation of weeds’ positions in the latitude/longitude format.
Subsequently, a comparative analysis was performed by juxtaposing the estimated weed locations with the measured

positions, as presented in Table 1 and Fig. 8.
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Table 1. The comparison of the measured weed locations and the estimated weed locations.

Target Measured Weed Position Estimated Weed Position Heading Error
No. LAT LON LAT LON (degree) (m)
1 16.085352 N 103.181491 E 16.085308 N 103.181458 E 40.52 5.9
2 16.085446 N 103.181521 E 16.085411 N 103.181473 E 200.45 5.1
3 16.085535 N 103.181585 E 16.085510 N 103.181534 E 32.45 5.4
4 16.085448 N 103.181624 E 16.085453 N 103.181625 E 66.46 0.1
5 16.085328 N 103.181655 E 16.085314 N 103.181633 E 145.54 23
6 16.085268 N 103.181649 E 16.085247 N 103.181602 E 158.15 5.5

Error (m)

O B, N W b U1 O

Distance Error of Weed Coordinates

LS

\

Weed Number

6. Conclusion

This research is part of an unmanned aerial vehicle for precision agriculture to calculate NDVT in real-time. The NDVI
was calculated using an onboard computer, a Raspberry Pi 3B+, integrated with a Pi NoIR camera equipped with a blue
filter. The calibration of the NDVI values for the weed detection algorithm was achieved using data from the Parrot Sequoia,
a commercially available multispectral camera. During real-time test flights, the Pi NoIR multispectral camera mounted on
the UAV, along with the onboard computer, could estimate weed coordinates within the cassava field. Furthermore, the
system recorded the latitude and longitude values of the detected weed locations for subsequent analysis. The flight tests
encompassed a predefined flight path at an altitude of 10 m, traversing over designated weed locations in six distinct areas

at a speed of 3 m/s. The weed location estimation errors ranged from 0.1 to 6 m, which can be reduced using

Fig. 8. Distance errors of weed coordinates for 6 weed locations.

higher-performance GPS with real-time kinetics and a ground reference point.
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Abstract

Automatic Watercraft Driving Technology: Cameras are essential for path determination and object detection
to avoid obstacles and prevent ship collisions. The key focus lies in tracking the recognizable ship movements.
In this article, the authors used Thai ship movement data and collected image data to develop a training model.
They then presented an object recognition method using AlexNet, simulated different maritime environments, and
evaluated the model's performance. Subsequently, they proposed a tracking algorithm for precise object tracking,
especially in high-motion video evaluations. The study utilized a total of 300 images, divided into 200 training
samples and 100 testing samples. Performance was assessed using a confusion matrix, and the experimental results
revealed high efficiency, with precision, recall, and F1-score values of 71.3 %, 95.4%, and 81.6%, respectively.
These results demonstrate that the tracking algorithm outperforms real-time online tracking in terms of object

tracking accuracy.

Keywords: automatic watercraft driving, object recognition, tracking algorithm, AlexNet method
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Abstract

Nowadays, there is an increase in the number of CCTV everywhere. However, there are still many cases
when CCTV cannot capture criminal activities and officers have to rely heavily on the eyewitness report.
The eyewitness report is used as a piece of evidence and creates forensic face sketches of the criminals.
The accuracy of a forensic face sketch is normally low depending on the memory of the eyewitness and the ability of
the eyewitness to explain. Therefore, identifying persons from forensic face sketches is very challenging. Moreover,
manually searching for the suspected photo from a large database by using a forensic face sketch as input is rather
impossible.

As a result, in this research, we investigate an algorithm to match a forensic face sketch to a suspected photo
in a database. The model used here is the Siamese network with a twin convolution neural network. The model's performance
is investigated using the dataset from the Chinese University of Hong Kong (CUHK). It was found that the proposed

algorithm is able to match the forensic face sketch to the mugshot photo with an accuracy greater than 98 per cent.
Keywords: Face sketch recognition, Siamese network, Convolution network, Forensic face sketch
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Abstract

This research aims to study the efficiency of wooden packaging materials and to analyze the design
of wooden furniture from waste materials in the logistic industry using a sustainable approach in order to extend
the design guidelines to community enterprises. The researcher has studied the related literature reviews in these areas,
which are engineering, materials, and industrial product design. This analyzes the attributes of wooden pallet
packaging to compare them with the standard of wooden furniture loading performance values from the American
Library Association, whose strength is set at 45.37-286.34 kg/cm2. The results found that 3 types are pine wood,
Para wood, and Dipterocarpus alatus wood were able to demonstrate strength for the area at 272.16-453.59 kg/cm?2,
elastic strength at 145.16-333.00 kg/cm?2 and toughness at 389.92 - 655.49 kg/cm2, showing all 3 types of wood meet
the standard. The statistics used in the data analysis of this research were 1) mean 2) standard deviation 3) IOC analysis.
The index of item objective congruence was 1.00 and content validity was equal to 0.58. In terms of the design,
it was found that model 1 had the highest level of satisfaction at (X =4.00) and the design responded to cost-effectiveness
at the highest level (X=4.67) showing that the satisfaction in the design of wooden furniture from waste materials

in the logistic industry had the highest level to very good level of satisfaction.

Keywords: wood furniture, industrial waste materials, logistic industry, community enterprises, design guidelines
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Abstract

Recently, 3D printers have rapidly expanded and played an important role in the fabrication of composite
materials because they are able to design complex and durable aerospace component structures. The objective
of this research is to study the effects of printing or processing parameters on 3D printers and find the most appropriate values
that provide the best properties for three-dimensional modeling. In this work, the ABS filament was used as a precursor
for the 3D printing process, and a study on the effect of nozzle temperature (240 °C, 250°C, and 260°C) and infill
density (25%, 50%, 75%, and 100%) on morphology, crystallinity index, mechanical properties, and thermal
properties was performed. The 3D-printed parts were then characterized using scanning electron microscopes (SEM),
universal testing machines (UTM), X-ray diffraction analyzers (XRD), thermal mechanical analyzers (DMA),
and thermogravimetric analyzers (TGA). The experimental results showed that at higher nozzle temperatures,
the adhesion between the layers improved and the air voids were smaller. These led to an increment in the molecular
orientation. In addition, the higher printing temperature can enhance the storage modulus, which makes the part harder
to dislocate. The results also indicated that the tensile strength of 3D-printed parts increased with increasing infill density.
Nevertheless, these two parameters had no effect on thermal stability since the decomposition temperature did not change even

when the processing condition was adjusted.

Keywords: 3D printing, Polyacrylonitrile-butadiene-styrene, Mechanical properties, Thermal properties
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Abstract

The purposes of this study were to 1) create and design programs to analyze for the most efficient route
using 3D maps from unmanned aerial vehicles and 2) support the program for the Royal Thai Air Force Special
Operations Regiment to utilize and assist in analyzing for the most efficient and shortest route to rescue aircraft
accident victims. The researchers analyzed the route from 3D maps of which the data is collected on Khaomakok hill
in the area of Navaminda Kasatriyadhiraj Royal Air Force Academy, Muak Lek District, Saraburi Province.
The researchers applied the Greedy Algorithm in compliance with the limitation to write instructions to analyze
and avoid routes with a slope greater than 60 degrees. The results of the study revealed that the program was able
to analyze and find the most effective route for assisting in the rescue of aircraft accident victims. The program can
display avoidance of routes with a slope of more than 60 degrees to solve the limitations of aircraft accident search

and rescue units, reduce team planning time and reduce the delay in saving the aircraft accident victims.

Keywords: The Most Efficient Route Analysis, 3D Maps, Greedy Algorithm
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Abstract

This research study investigates and analyzes the potential for value-added to chicken fat through the
chicken evisceration and chicken meat processing processes. The objective is to explore and compare methods for
enhancing the value of chicken fat and guide the selection of approaches for experimentation. The study involves
analyzing the chicken evisceration and chicken fat rendering processes, creating process flow diagrams, and
employing the Analytic Hierarchy Process (AHP) to compare the possibilities in terms of market feasibility,
technical aspects, and economic considerations for value-added to chicken fat. The study highlights the potential

applications of fat obtained from the C and LDE production lines, showcasing its suitability for abdominal fat,
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entrails fat, and Chiller fat. Various avenues for enhancing the value of chicken fat were explored, including the use
of fried oil for consumption, fried oil for animal feed mixing, biodiesel, and soap crafting. Through a meticulous
analysis of the data using the Analytic Hierarchy Process (AHP) to discern decision factors, the study identified
fried oil for consumption as the most fitting option for elevating the value of chicken fat. Employing a 2" Factorial
Design experiment, the study validated the accuracy of the experimental model and derived appropriate equations
for predicting the Polar value of chicken fat. In conclusion, the study meticulously comparison costs before and
after implementing the selected value-added strategy, it was found that the company could increase its income by

563,087.80 Baht.

Keywords: Feasibility Study, Value-Added, Chicken Evisceration Process
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a ¢ ) . .
5.4.3.2 Nﬁﬂﬁ’JLﬂ5131/??1’NIJLL‘]J‘NJ5’Jusll?)\‘l‘llﬂuvﬁi]"lﬂﬂﬁﬂﬂﬁﬂx‘umﬂ 2 unAne5ea Factorial Fit: polar

versus x1, x2, x3, x4, x5 Aquaadlugili s

Estimated Effects and Cosfficients for polar (codedunits) Analysis of Variance for polar (coded umits)

Term Effect Coef BSE Coef T P Source DF 3eg 88 adj 88 Adj M3 i3
Constant 9.172 0.04187 219.03 O Main Effects 5 4917.39% 4917.39% 283.477 5842.44
xl -5.727 -Z2.864 0.04187 -€8.38 2-Way Interactions 10 978.74 978.74 97.874 581.43
®2 -4.840 -2.420 0.04187 -37.7%9 3-Way Interactions 10 322.68 22.68 32.268 191.69
®3 7.608 3.803 0.04187 90.82 4-Way Interactions 5 318.78 318.78 63.755 378.74
x4 6.940 3.470 0.04187 82.86 5-Way Interactions 1 15.6&0 15.60 15.¢e01 2.68
x5 6£.531 3.266 0.04187 77.99 Residual Error 64 10.77 10.77 0.16€8

x1+x2 -0.044 -0.022 0.04187 -0.52 Pure Error €4 10.77 10.77 0.1e8

x1*x3 -2.4%0 -1.245 0.04187 -29.73 Total 95 6363.53

x1l*x4 -2.440 -1.220 0.04187 -29.13

x1*x5 -2.298 -1.149% 0.04187 -27.44

®2*x3 -2.710 -1.355 0.04187 -32.3¢

x2*x4 -2.444 0.04187 -29.18

®2*x%5 -2.569 0.04187 -30.€7

x3*xd 1.277 0.04187 15.25

x3*x5 1.144 0.04187 13.¢6¢

x4*x5 0.702 0.04187 g8.38

®KL*xZ*x3 -1.13¢ 0.04187 -13.81

x1l*xZ*x4 -0.923 0.04187 -11.02

x1*x3*x4 -0.460 0.04187 =5.50

x1*x2+x3 0.04187 -10.52

x1*x3+x3 0.04187 -5.10

xl*xd*x3 0.04187 -2.21

x2*x3*x4 0.04187 -5.6€5

®2*x3*x3 0.04187 -6.84

®2*xd*x3 0.04187 -4.35

®3*ud*n3 0.04187 -36.54

w1*xZ¥u3*nd
w1 *xZ¥u3*x5
xl*xZ*x4*x5
xl*x3*x4*x5

.04187 -14.25
.04187 -10.47
.04187 -10.37
.04187 2l.62

oo oo

x2% %3444 x5 D.04187  31.72
x1%x24x3%x4%x3 0.04187  -9.63

5 = 0.410284 PRESS = [24.24

R-3g = 99.84% R-3g(pred) = 99.63% R-3gladj) = 99.76%

=§ a L4 k =
E‘IJ‘VI 5 wansaaznaNulsdsivvesmsnaaes 2 uaneisen

a J a a @ a a ' 1Y @
21NN AATIZHANNNYTUTIUYDI P-Value ¥BIDNTWANANUAZONT WA 2 010 3 Tad

4 M99 nag s Tade Tandesndt 0.05 uaasd jluuvaumsildnnmsimsgitinnumng aua

5.4.3.3 HAUDININAADANDMIAUMI MU TUADATLVIUMNTRED Jvaiu 1n

Regression Analysis: poiar versus x1, x2, x3, x4, x5

Stepwise Selection of Terms

The regression eguation is
polar = -22.36-0.2864x1-0.2420x2+0.3803x3+0.3470x4+0.3266x%5

Predictor coef SE Coef T ®
Constant -22.35%9 5.873 -3.81

xl -0.28635 0.04365 -6.56

xZ -0.24198 0.04365 -5.54

x3 0.38031 0.04365 8.71

x4 0.34698 0.043¢5 7.95

%35 0.32656 0.04365 7.48

3 = 4.27729 R-3g = 74.9% R-3g(adj) = 73.5%

Analysis of Variancs

Source DF 83 M3 F P
Regression 5 4917.3% 283.48 53.7¢ 0.000
Residual Error S0 1646.57 18.30

Total 95 6€563.95

y a L4
gﬂ‘ﬁ 6 WAN1TAAITITHNTNANDY (Regression Analysis)
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Abstract
The purpose of this research is to compare the study Navaminda Kasatriyadhiraj Royal Air Force Academy
students from teaching by the traditional lecture method in the academic year 2020/2021 with the application
of an application for learning in the academic year 2021/2022. The samples used in this research were 18 air cadets
studying engineering statistics, academic year 2021/2022. Statistical analysis was done in terms of mean, standard deviation,
and t-test. The results showed that air cadets who used the application to study received higher test scores than air cadets

who received the traditional lecture method. at a statistically significant level.

Keywords: application, online skills practice, statistics
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