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Abtract

CNC machine tools include an essential element known as the spindle, which must operate at high
speeds and sustain a consistent velocity even when torque fluctuates during use. Generally, this spindle is
powered by an alternating current (AC) electric motor that serves as the torque source, facilitating the required
rotational speed for various cutting tasks. This article aims to explore a method for controlling speed through
variable frequency voltage control (VWWF or V/f), specifically for CNC machine spindles. Initially, a model of
rotational speed is created based on Newton's second law, taking into account the interactions among the AC
motor, gear system, and rotating spindle. Next, a mathematical representation of the induction motor is
developed in the d-q axis framework to assist in crafting the speed controller. Subsequently, a closed-loop
speed control mechanism is initiated; this process begins with defining a reference speed and then processing
these values through an electrical circuit to produce the necessary voltage and frequency before supplying
them to the AC motor model. System modeling and performance assessment concerning speed control and
dynamic response under torque load were conducted using MATLAB/Simulink. The V/f control system was
established with a high-efficiency Delta ASD-S 4.5kW Variable Frequency Drive (VFD) sourced from Delta
Electronic Inc. in Taiwan, aimed at performing speed control regulation on the spindles mounted on the CNC
Machining Center model ARCO A-56 APC. To manipulate the reference and system response, a Pl controller

was utilized in control loop.

Keywords : Induction Motors, Variable Voltage Variable Frequency (VWVF), MATLAB Simulink, Motor Control.
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Introduction

A high-speed machining system comprises several key components, including the machine tool,
spindle, and computer numerical control (CNC) system. Spindle is an important part. It is normally applied by
an Induction motors (IM), also known as asynchronous machines, are often preferred over Direct Current (DC)
motors due to their low maintenance costs, absence of arcing during operation, and economic efficiency. These
motors find various applications in industry; while single-phase induction machines are typically produced for
low power applications, three-phase induction machines are predominantly employed in industrial and factory
settings. Despite the numerous advantages they offer over DC motors, induction machines present a complex
structure and exhibit non-linear characteristics that pose substantial challenges in their control. Efficiency in
induction machines can be significantly enhanced through speed and torque controls. Several control methods,
such as scalar voltage control, scalar resistance control, and vector control, have been developed for this
purpose. However, their implementation often tends to be complex and associated with high costs [1]. Then,
this paper focuses on implementing speed control in induction machines by Variable Voltage Variable
Frequency (VWVF or V/f Control). These methods will be examined in Simulink to evaluate their performance
characteristics and operational efficiencies. There are various control techniques for induction motors aimed at
achieving consistent speed characteristics. Notable methods include scalar control and vector control, among
others [2-5]. The widely-used V/F method for operating induction motors has been established for many years
[6]. This approach utilizes the stator flux and torque discrepancies to produce the necessary stator voltage and
frequency [7-10]. To enhance reliability, flexibility, and ease of managing errors—thereby ensuring constant
speed performance in induction motor drives—microcontrollers are increasingly employed.

In this research, a model for a three-phase induction motor along with a spindle rotation model was
created using the principles of mathematical modeling. The motor's speed was regulated employing the
Variable Voltage Variable Frequency Technique. Control parameters were validated using MATLAB/Simulink,
and the results are presented to illustrate the effectiveness of the control system. Finally, the ASD-S High
Performance VFD produced by Delta Electronics Inc. Taiwan was selected to regulate the spindle speed of the

CNG, replacing the previous unit that was damaged due to prolonged use in a challenging environment.

Preliminaries
1. Dynamical model of Spindles
For the high-speed machining operation, the spindle system featuring an AC motor circuit is depicted

in Figure 1. This addresses the dynamic interactions between the AC motor, gears, and spindle movements.
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(a) (b)
Figure 1 (a) CNC’s Spindle ; (b) Free body diagram

The rotational dynamics of motor are described as
Jo, =T -B o —T, . 1)
Defining 0 = w , we can write the rotational dynamic of Spindle as
Jo=T-Bw-T, 2)
where T = denotes the input torques associated with the gear set, T, is he output torques produced by the
gear set, and T, is torque load. The relation between both torques can be described as
T,(t)= NT, (¢t) (3)
where N is the transmission ration of gear set. Substituting the relation @, = Nw into (1) - (2), and then
dynamic model can be simplified as follows:
0=w @)
ngd):Nu—Beqa)+7:1 (5)

eliminating T

m’

where B, =B, +BmN2 Sy =, +JmN2 and T, =6 —1T, are the equivalent viscous damping coefficient

, the equivalent total inertia of spindle system and a group of uncertainties, respectively.

2. Induction Motor

In our design, we incorporate a squirrel-cage asynchronous induction motor. This type of induction
motor is favored for its durability, straightforwardness, and affordability. In this motor, the magnetic field
generated by the stator induces an electric current in the rotor bars, resulting in torque that causes the rotor

to rotate. Its functioning is based on the principle of electromagnetic induction, where the rotor speed is
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consistently slightly lower than that of the stator's magnetic field to ensure proper induction. The dynamic

equivalent circuit or d-g analysis and simulation are commonly utilized methods based on a rotating reference

frame, as illustrated in Figure 2.

'id:ﬁ‘ zd?‘
WW ¢ )—an
* R Ly L, (~ p F
§ we’a’qs ; (O%ia;))br L
Vds g Lm Var
(a)

' o 'y
A T — O
4 @, /?“ds B ' ((% _@)ﬂdr R "
vqs 3 Ve » v":”’
(b)

Figure 2 (a) d-Axis equivalent circuit; (b) g-Axis equivalent circuit.

The analysis of the stator side necessitates a study of the differential equations associated with the circuits

shown in Figure 2. Voltage across the stator loop in d-g axis can be written as

Conversely, the rotor side is represented as follows:

vds = Rslds +

vdr = erdr +

v, =Ri, +

j’dr

}“ds

- A

e’gs’

—(0,-w,)4, =0,

2
» +(w,-,), =0.

(6)

(M

(8)

)

Assuming that the examined induction motor is a squirrel cage type, this results in the voltage in equations (8)

and (9) being equal to zero. The expressions for the flux linkages can be represented as follows:

{3

Aag =Ly + L0,
iqs =Li s
Ay = L1y + L, iy,
Ay =Li, +Li, .

+L i

mqr’

(10)
(11)
(12)
(13)
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In these equations, L _denotes the self-inductance of the stator, L, signifies the self-inductance of the rotor,
and L, represents the mutual-inductance. The parameter L, denotes the stator-leakage inductance, while L,

represents the rotor-leakage inductance. The self-inductances can be represented as follows:

L =L +L,, (14)
L =L +L,. (15)
The speed at which rotation occurs is referred to as synchronous speed, defined by the equation:
120
o, = 1207 (16)
P

where f represents the supply frequency and P indicates the number of poles. The difference between
the synchronous speed @, (or a); as a set point ) and actual speed w, of the rotor is called as slip as

seen below:
§=—" (17
The summation of notation is illustrated in Table 1.

3. The principles of V/f Control

As mentioned in the previous chapter, when we focus solely on the stator flux reference frame, the

governing equation for the stator circuit is:

V dgs

dgs

=R, + + JO Ay (18)

In steady-state, equation (18) can be simply represented by:

I/dqs = Rs l.dqx + ] a)ej‘dqs . (19)
If we disregard the voltage drop across the stator resistance and focus solely on its magnitude:
v
Ay = (20)
qs
w

e

Under these circumstances, the machine's speed is directly proportional to the stator voltage. To run the

machine at standard conditions, the stator flux needs to be at its nominal level

A= ~ ‘/EV (21)

dgs — Tdgsn ™
@,,

, where V. represents the nominal RMS phase voltage and @, denotes the nominal frequency. Then, based

on equations (20) and (21), the speed reference may be transformed into a voltage reference as

* * * 2 V *
I/dqs ~ /qusa)e = \/a—) — o, (22)

V/f profile could be programed as a look up table or just a simple linear function indicated in Figure 3.

0,
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min | =
/’ B *

T 7’ g a)
: |£ - a)min wen ¢
: . | :
1 | 1 :
! Ll | .
1
: Dead Zone t—Y—}
WL v i Field-

weakening

region

Figure 3 V/f Profile.
4. Closed-loop version of V/f control

V/f control relates the ratio of voltage amplitude to frequency. In a closed-loop configuration, a Pl
controller can proficiently compensate for this slip speed and can be manually fine-tuned while the motor is

in operation. The complete control block diagram is illustrated in Figure 4.

£ + w* * V* 6 |_©-‘

@, |+ , V b
+ [5 a,n,c
_’"_>O—> PI |—( )—— U »| PWM |—> DCAC
Y *
a)m o COSHP

AB,Z
Speed |« ENC

Figure 4 Block diagram of closed-loop V/f control.
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Simulation and Experimental Results

1. Speed tracking Simulation

The simulation validation of the speed controller's tracking performance was achieved by applying a
speed reference step from 0 to 25 Hz, followed by an increase to 50 Hz over a duration of 4 seconds, and
finally reaching 65 Hz in 6.5 seconds. During this process, the motor was operated under a torque load that
matched its speed requirements. Ultimately, the induction motor (IM) successfully operated at its rated speed
while sustaining a steady-state torque load of 9.5 Nm. In practical applications, a motor is unable to instantly
attain its nominal speed due to factors such as inertia and power constraints. Therefore, initiating a step
reference from 0 to 2000 rpm is not feasible. The MATLAB simulation diagram is presented in Figure 5, while
the parameters for the induction motor are detailed in Table 1. Within this system, the PI controller assesses
the slip and adjusts the speed reference as necessary. This approach effectively eliminates any persistent
tracking error. As this is an induction motor, the rotor's mechanical speed is lower than that of the rotor flux
when it is loaded. At the beginning of operation, the slip should be at 1 since the rotor is not in motion.
Subsequently, the machine is expected to rapidly reach a stable operating condition characterized by low slip,
as demonstrated in the simulation. As observed in the simulation results, the overshoot is notably high due to
the constraints imposed by the PI Controller. This is a drawback associated with linear controllers like Pl or PID,
which must be balanced against their straightforward implementation. It is important to note that achieving
minimal tracking error at lower speeds necessitates a considerable integral gain to facilitate rapid convergence

of slip estimation.

>

2'?;%?‘: frequency_ref > frequency_ref
wm_ref
wm

V/f CONTROL

lomega_re
—
> omega_m lmega_m

n
@
[ RN )

<Rofllspeed (wip
m omega_m|

Figure 5 MATLAB/SIMULINK Block diagram of closed-loop V/f control

However, this gain must not be excessively high, as doing so could negatively impact control stability.
In the situation outlined, although the actual slip undergoes abrupt changes with load variations, the estimated

slip changes gradually due to restrictions set by the dynamics of the Pl controller.
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200— £\, I/ —
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2 \ \ l | \ ! | \ \ ]
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150— | /\V I/ |
100—f\ |/ —

| | | [ | | | | |
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2000}— /\, =
1500{— —
1000{— —
500:/\/g —

0 =]

Figure 6 Simulation results.

2. Experiment

The experiment utilized a ten-year-old CNC Machining Center no longer used, specifically the ARCO A-
56 APC model produced in Taiwan, which has been retrofitted as illustrated in Figure 7. In this process, we
completely overhauled all mechanical components and replaced every electrical device, including the CNC
Controller, Spindle Motor, Spindle Drive, Servo Motors, Servo Drives, and other electrical devices within the
control cabinet. This paper will concentrate exclusively on the Spindle Systems, which comprise an AC Motor
integrated with an ABZ 1024 pulses per revolution (ppr) incremental encoder, gear mechanism, and spindle
drive. Despite the high-performance capabilities of this drive manufactured by Delta Electronics Inc., which can
operate under either V/f control or Vector Control modes, our focus will be on examining the V/f algorithm.
Experiments were conducted using identical motor and controller parameters as outlined in Table 1. The step
speed was initially set at 160 rad/s (approximately 1,600 rpm); after three seconds, a command was issued to
reduce the speed to 120 rad/s. The outcomes both speed response and torque were captured via ASD-S Drive
software and are presented in Figure 8. Figure 9 illustrates the currents flowing through the stator, with an
average current value of approximately 25 Amperes , while the peak current can reach about 50 Amperes.
Figure 10 presents the voltage per phase, which is around 600 Volts, slightly exceeding the motor's rated voltage.

Figure 11 depicts the error values during operation, showing that the difference between the speed reference
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and the actual speed response ranges from 0 to 25%. Ideally, we aim for this error to be as close to zero as
possible throughout operation; however, in practice, it fluctuates continuously under torque load variation.
Additionally, Figure 12 expresses data related to DC-Link voltage. This voltage is utilized to generate the sine
wave supplied to the induction motor. The stability of the DC-Link is crucial for ensuring consistent power

delivery to the motor. During experiments, the DC-Link voltage consistently measures around 650 VDC.

(a (b)
Figure 7 CNC Machining Center with (a) 4.0kW Induction Motor; (b) ASD-S 4.5kW VFD.

Conclusions

This study conducted a control techniques applicable to induction motors, specifically focusing on
Variable Voltage Variable Frequency (VVWVF) method. The effectiveness of these strategies concerning speed
regulation and dynamic response was evaluated through simulations on the MATLAB/Simulink platform. The
findings revealed several limitations associated with the V/f approach, including a potentially sluggish response
time and significant overshoot, along with its inability to address steady-state errors. Despite these shortcomings,
the V/f method remains one of the most widely utilized techniques for speed control in industrial settings.
Additionally, this research included experiments involving a 4.0 kW induction motor powered by a high-
performance variable frequency drive (VFD) produced by Delta Electronics Inc., Taiwan, which yielded
satisfactory results. For future investigations, it is noted that while the VVVF control method offers a
straightforward and cost-effective solution for managing AC motor speed, it is also hindered by specific
limitations. Consequently, alternative strategies such as Field-Oriented Control (FOC) have emerged as
sophisticated options for AC motor drives, demonstrating enhanced responsiveness and improved torque

regulation capabilities.
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Figure 8 Speed response at 160 rad/s and 120 rad/s and Torque.
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Figure 12 DC-link voltage.

Table 1. Induction Motor, Gear and Pl controller parameters

Notation Meaning Value
k, .k, Pl Gains 0.12, 0.3268
Pn(W) Nominal Power 3,730

v, (rms) Voltage RMS 530

fn Nominal frequency 50

R (ohm) Stator resistance 1115
Lls (H) Stator-leakage inductance 0.005974

Rr (rms) Rotor resistance 1.083

Lh (H) Rotor-leakage inductance 0.005974

Lm (H) Mutual-inductance 0.2037

J, (kg.m®) Inertia of motor 0.02
B, (N.m.s) Friction Coefficient of motor 0.005752
R Pole pairs 2
J, (kg.mz) Inertia of spindle 0.1
B (N.m.s) Friction Coefficient of spindle 0.008
N Gear ratio 1:1.92




Msmramaluladenamnssu lageansal U7 2 aUui 1 unviAu - dguigu 2569

Industrial Technology Valaya Alongkorn Journal Vol. 2 No. 1 January - June 2026

References

(1]

B. Keskin and Eminosglu, “Optimally tuned pi controller design for v/f control of induction motor,” in 2022 International
Congress on HumanComputer Interaction, Optimization and Robotic Applications (HORA), pp. 1-5, 2022.

K. L. Shi, T. F. Chan, Y. K. Wong and S. L. HO, "Modeling andsimulation of the three phase induction motor Using SIMULINK,"
Int.J. Elect. Engg. Educ., 1999, pp. 163-172.

F. C. Tze and S. Keli, "Applied intelligent control of inductionmotor drives," IEEE Willey Press, 2011.

P.C. Krause, "Analysis of Electrical Machinery and Drives System,” IEEE Willey Press, 2000.

M. Ned, "Advanced Electric Drives: Analysis, Control Modelingusing Simulink,"MNPERE Publication, 2001.

Abbondanti, “Method of flux control in induction motorsdriven by variable frequency, variable voltage supplies”, IEEE/IAS
Intl. Semi. Power Conv. Conf., 1977 pp. 177- 184,

S. Oliveirada and S. Marcelo, “Scalar control of an induction motorusinga neural sensor lesstechnique,” Elsevier Electric

Power System Research, 2014,pp 322- 320.



Msmramaluladenamnssu lageansal U7 2 aUui 1 unviAu - dguigu 2569

Industrial Technology Valaya Alongkorn Journal Vol. 2 No. 1 January - June 2026

nswaldivinatuauaiglulasaaulnsamasdmsugdnnisnieanenn

Development of a Microcontroller-Based Cane for the Visually Impaired

'
o a

auty naulna’,

o o a

Wasta waaseyan’, af Uaves!, weAn@u Ady’, 09019 Yiuys'

=p
o
=
ﬁ"\
©
)
=)
ho]
o,
ho]
P2
)

, ANSUNT VveAs
Ysenad nosan’ uariue1sni wnideu”
Peeraphat Porncharoensuk', Sasi Buathong', Pongpasin Khamdee', Ong-ard Tubburee', Phummarin
Thavitchasri', Peerawat Artitthang’, Sillapachai Klinklai', Wiraphong Thongsa' and Kanyarat Ek-iam"*
' awunalulagliiihgnannssy, eusinaluladenaivnssy, sninerdesvdigalaseasnsal Tunssususgudus,
Unusil, 13180, Useinelney
'Department of Industrial Electrical Technology, Faculty of Industrial Technology, Valaya Alongkomn Rajabhat
University under the Royal Patronage, Pathum Thani, 13180, Thailand

*Corresponding Author E-mail: kanyarat@vru.ac.th

SUUMAIIM (Received) : April 09, 2026 /UsulAlY (Revised) : June 19, 2026 /moUsuunAId (Accepted) : June 26, 2026

UNARgD

m93eilimgusrasdiionenuuuuazimuliivhauauiaslilasroulnsaaesdmsuifinismeaton Lo
snszduaUanndouazaudasylun1sli®insediu ssuuiiauntuysannmslilesnoulnsaaesdioad 32
switumuges Uszneudoimuweidansiluiindmiuarafuddnmndussduiuiuasssdumiiofsey lugatnau
B0 1846050 dmiunaaduanmiznsdy uazlugadfiea dmsussyRtaduniamagimans Tasfiniseenuuy
FaneifiumsUszananadyrandedduiuuisalniifeudadeudldnuniudyanandos uavdwioanugingnisal
anduludafguaruunanosunanng ThingsBoard fenaluladdumesiinvesassnds nanisnaaeuuszavsnm
wuin srvufianuuiudilunsnsadudainunegegelutisszes 50-100 wudims lnsfidanuaainndouados

o P~

N1 1.00 WUALAT kAAIN150NTINTUANIENTANNTEAUYLLBEY 90 Bar degsgndesanysal (Fosaz 100) dmsu
JEUUTEYMULMIAinAdlea daranunaiandeunduegluyie 2.32-15.48 was Jeeglunaeineeusuladmsuns
Aannusyana toyailsedneiliuilivhiiawauiiaiosnmuasUssansnmlunmstiendndesdunsigluygm

UANEAMATANILINGA

Ardnfey : dinsmsanesn, Wi, lulasreulnsaesdieaiiz2, nsnsandudsinuing, Bumesidnveassnda

Abtract

This research aims to design and develop a microcontroller-based cane for visually impaired individuals
to enhance safety and independence in daily life. The developed system integrates an ESP32 microcontroller
with multiple sensors, including ultrasonic sensors for detecting obstacles at ground level and overhead, an

MPU6050 inertial measurement unit for fall detection, and a GPS module for geographic positioning. A real-time
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sequential signal processing algorithm is implemented to provide alerts to users via audio signals and to transmit
emergency status information to caregivers through the ThingsBoard cloud platform using Internet of Things
(IoT) technology. The experimental results indicate that the system achieves high accuracy in obstacle detection
within a range of 50-100 centimeters, with an average error of less than 1.00 centimeter. The fall detection
system is capable of accurately identifying a fall at a tilt angle of 90 degrees with 100% accuracy. For the GPS
positioning system, the average error ranges from 2.32 to 15.48 meters, which is considered acceptable for
personal tracking applications. The empirical findings demonstrate that the developed smart cane is stable and

effective in helping users avoid hazards in blind spots and critical situations.

Keywords: Visually impaired individuals, cane, ESP32 microcontroller, obstacle detection, Internet of Things
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Abstract

Soil compaction is a critical process in road construction because it directly affects structural stability,
load-bearing capacity, and long-term pavement performance. This study aimed to assess the suitability of
compacted silty sand for use as a rural road subbase through an integrated geotechnical and statistical
approach. The dataset was obtained from soil property testing and field dry density testing using the sand cone
method in a case study area in Pathum Thani Province, Thailand, comprising 20 field test samples. Soil
classification results indicated that the material was silty sand (SM) according to the Unified Soil Classification
System (USCS), with a liquid limit of 49.16, a plastic limit of 45.27, a plasticity index of 3.89, and a specific gravity
ranging from 2.65 to 2.75. These properties indicate low plasticity and suggest that the soil has potential for
subbase application when moisture content and compaction are properly controlled. Statistical analysis of the
field dry density results showed that the average relative compaction was 93.46%, with a coefficient of variation
of 6.61%, indicating generally acceptable compaction quality with some variability in field performance.
Furthermore, comparison between test groups A and B using Welch’s t-test revealed a statistically significant
difference, with Group A exhibiting higher compaction performance than Group B. The 95% confidence interval
for the mean difference ranged from 8.41 to 13.56. The findings suggest that the studied silty sand has
preliminary potential for use as a rural road subbase material; however, stricter control of moisture content,
compaction procedures, and field-testing practices is necessary to improve consistency and reliability in

construction quality.

Keywords: Silty Sand, Road Subbase, Soil Compaction, Field Dry Density, Sand Cone Method
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Aunsevunzneuuadadmiunisldnuludusesiunauusuundlsnisysannismsussidudeugiianssuuay

MTIATIENTEDR wuINeRInaaennaedfunann1sUsEliunuuasaauiiiaud Ay ieiuaaaudRiugIues

o

AE0) ANENITAIUNITUADA LLa%ﬂ’J’Wllﬁﬂ’]Lﬁil@‘UENNaﬂ’]iﬂ’)UﬂiJquﬂ’]WIﬂﬁU’]ﬂJ

4.1 WunfAnwr MITedandumslunuinsdlfnenuneadisauusuuniianidudminunusi Tneiden

¥ I
a

Nunfianvaushutazanmwndeulnalfesiunuiineasisauunily elinan1smaaeuaIuIsadsioungfinssues

o

Tanluanmnisldauassldegramngan feuduliunisnaaeuniaaui 3deldinsdinanasinseinuaudi

fugruvesfuluiuifnw WeUssfiupnumugauvesiandmiunisldnulutusesiune nsveaasuiianiuns
Usznousmisn1siiassiuuasinfumienzunswnsgiu nnageusielalasiitnes nsmiAianuasdinzvedn

Ay warn1sUsziiuAlndninewnesiisn [5] wanaiagui 1
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Anvuaavmsnsyaazasfingu
80

70

60

ulasfiguseit, %
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JUT 1 nsmluansnisnszanevesuiadafy

0.001

103U 1 wan1siasginudn Auluiunfnwdneglunguaunsigvungneu (Silty Sand: SM) a1uszuy

USCS Taadfiandndnnawad (LL) winfu 49.16 A13asndananadn (PL) windu 45.27 warAinsinanadn (Pl) winnu 3.89

Faazvowindudianudunatafind uenani Aenuawdinzveadaivedlugag 2.65-2.75 WeRia1sann1sduun

USZLANANLITUU AASHTO Audsnananunsadnedlungu A-2-5 Faluiannduuilduauisavzilulddudusesiiu

meldmninisaiuauanuduuaznIsuadaeg1umizaidunn snnulewssufisuiudeimunvesiansesiunig

ANUNIATHIUNTUMIVEN WuITTdinaEuRduuainuazaurareglunaeifiaunsatlulivseusuusmanm

dialimungausonsidanumadamnssuls iWeuanadeyanugiuvesiulunuifnw uanstoyalunsed 1

M19199 1 agunan1sdnuunUssnnaunazantanuguiliussnaunmside

I8N3

A

USLANAUNIY USCS

SM (Silty Sand)

USZLANAUANL AASHTO A-2-5
ANAAINAALAAY (LL) 49.16
ANARINNANAERN (PL) 45.27
ARTiNaasn (Pl 3.89
AANNENT L vRLdInRY (Gs) 2.65-2.75

4.2 maivdeya ndinUssfivandfidesduresiuud i ideldnseuiuiveasdagianuazeinuiiom

nagoukardamsengunsaindwlu laud nyemsne wsesfalmiln uazgunsaldmsuinaruiuvesiu wielinisiiu

Toyaninauindulusgagnienazanniurainied eufionafiaduseninanisud i nmsiiudeyaninauiy

sfiunistaeyanuluuinad dmualindunguvedeumuvuiediuizay anduiudiegsdudenainuguiiyn
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ponu e ludaimin uarlfidudoyadmivdumdrnnumuuiuuiduauiuludidusiold deyadifuain
maausdsznevdetminAuden Usinasvemaumaaey uazAeuduresiu dadusuusddylunsdiuane
Arvutuwiesiluauy dwsumsideedsil IHAuteyananamaaouanumuuuuuisluauus g 20 40
Joya InefvuaAinnunusiuwigeaatuiesufifinisminiu 1.80 o/cm? Wurd1sdalunisuszidiunaninnisun

dnvasusiaranaaey Weasuveulndeyaiillunsifeuandlunisei 2

M13199 2 uaneeazideavesdeyaninawuiildlunsiinsen

318019 18880
FWnedaunAauI ANSNAABUANNRUILU UL I UEUINAILITNTIENT Y
uIuYAteya 20 yadeya
APV UULINEERluio U RS 1.80 g/cm?
FuUsmanilainsen ANUNUL LYWl AUY, ALUBSIuAN1SURSRdURNS

Tumsnwiinsfvtegamameaeunnummuuuidluauiusiuau 20 galudoyaildaniasinisdeasng
suauuAEIiU InelAumuiuanas sEosmeaifmunmULLININIATIIABUNUAAELYEIMLIBN U TR
dmsumsiiengidadioudieu {idulddanquieyasenidu 2 ngu leun A uaz B auyadeyaivudinlilunis
pyRaeUnAELY IeliinsanANLuAnAsesHaNITUASAsEIsYRdeya endlsAnumsudsngudsnarnduns
Ianguiitensieneimsaiiinelugadeyaanlassnisieasnanuauuieaiu fldmnefmsuseudiiouiansisia
vieiufinoasrenuaslazins

4.3 MInaaeuANrILILLd Uy n1sYsTliuAuulduwiwesduluauuadunsieisnge
#1578 (Sand Cone Method) afuBsflimsennasgrulunsmuiinsvesquvngey visniuiahdeyatminau
Jen damdnAuuis wazuduasguandmamaiaursduwisluaus 33fanaridundeaieddnylunis
nyvasuRanmnsUasaAulunuieaisau WeswnawsaUstfiusefumnuuuvesanluanmaildlaonss
KamsnAAsUALTLULuluauns Y 20 Afs wandiiiuhaaumuiiRlEnsnsneseglutag
1.503-1.848 g/cm? Ssagvioufismnuunnisuesseiunsundaluusazanadeulandunisi 3

A519% 3 NANSNAFDUANUUILUULASIUAUILTIUIU 20 AT

AssTinaaay ANUVUILUULEER TR UANT (g/cm?) AMURUILLLLAsTuERI (g/cm?)
1 1.8 1.753
2 1.8 1.827
3 1.8 1.581
4 1.8 1.710
5 1.8 1.742
6 1.8 1.797
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AssTnaaay ANUNUILUULEER TR UANS (g/cm?) AMURUILLLLASTuERI (g/cm3)
7 1.8 1.722
8 1.8 1.563
9 1.8 1.761
10 1.8 1.592
11 1.8 1.581
12 1.8 1.752
13 1.8 1.531
14 1.8 1.522
15 1.8 1.503
16 1.8 1.813
17 1.8 1.607
18 1.8 1.754
19 1.8 1.677
20 1.8 1.848
FAdeldfiasanmanszanefvesteyanmmuiuiuuisluauuseusunim Boxplot uag Histogram teld

U

nyRasULlduveslayauarUssliuanuainiateveranvaaau Uasiy

87

Field Dry Density (g/cm?)

o-
1.50-1.55 1.55-1.60 1.60-1.65 1.65-1.70 1.70-1.75 1.75-1.80 1.80-1.85

JUN 2 ANnsnsEneiveIr LML luEuININHANSIAGRY

ﬁ]’]ﬂz"dﬁ 2 WHUNINNEBILEAIAINITNTLANYAIVDIAMUAUIL LU I UAUILINHANITNAABUTIUIU 20 wn

Ingrfisegueglndifies 1.72 ¢/cm? wazdoyadiulngnszandieglutisszninmelvdasviouliiuianuadeays

Yaanansnagauluseaunila LLﬁdwé’qwum’mmﬂﬁhwmﬂ'ﬂm’lwmLmuslumqumaau drudalannsunanaliiliiui

ArAuvIkiuLsluauudnisnseeilegluYisseunn 1.50-1.85 ¢/cm? lagArinuunnszanaaluyiesuseanu

1.70-1.75 g/cm? Faagviouimanisnaaevdiulngeglutitlndifssiu uavaunsalfiludeyauszneunisusziiiy

AN MKAZANNENLaNaTaINTURSARUlWaw e



Msmramaluladenamnssu lageansal U7 2 aUui 1 unviAu - dguigu 2569

Industrial Technology Valaya Alongkorn Journal Vol. 2 No. 1 January - June 2026

4.4 mMsAuauAUesiduin1sunsaduims Mendsainlaaianunuiwuuieesiuluguinainnsnageu
sheisnsienseud fideldhadnanulflumsdnnuriiesidudinisundadusivg (Relative Compaction) tite
UsziliusziumnuuuvesiuluaunuiiewSsuiiisuiuaanumiuiuuisgegaainniseaeuluiesu fidns @
WesiduinsunsaduinsAuinanANNduRus sErInsAa LU uwisluaun (yfield) wazA1Anuvuiuy

wivasanluiesuUAnTs (ymax) faaunisi (1)

. . ymax
Relative Compaction (%) = ——— x 100

yfield

yfield = amanunuiuwisveshuluau (g/cm?)

ymax = eanunuikiulisgeanluieslfiinig (g/cm?)

Tumsideadsiimuslienanumnuiuisgeaelufesufofnadawiniy 1.80 g/cms dmunnaanagou
wazme v uwisluauuesuias A waduiesidudinisundndusing teldidusaidmivusyiiu
A mauUasaluauy Moty maraNumuiuwiduausvesganaaounidaavitdy 1.753 g/cm? ein
Wosdudnsundadimivdasannnlddsd

1.753
Relative Compaction = (—) x 100 =97.39

1.80
nsaaludnvagieriuilgnihluldiudeyaninauuiaundiuiy 20 gadeya iewIeufisusedunis
undavesuRazganeaeu wasldusznaunisiiansanmumaizauvesiandmsunisidmnudutusesiiunmsauusuun
W TIIUNANITATIUIUDEIITALAUN AN51991 4 LERIAIAUNUILLUWAIIUAUILRAE AU ITURNITUAD AT U SV LS

REANIBRNY

AN597 4 AUasiuAnIsUASAdURYSYBINANISNAFRUNAAUNY

Asaf ANUTULUWIEER iR URMT | Anuvwwduwisluauy Aesidusinsundn
NAADU (g/cm3) (g/cm?) FUNNS (%)
1 1.80 1.753 97.39
2 1.80 1.827 101.50
3 1.80 1.581 87.83
4 1.80 1.710 95.00
5 1.80 1.742 96.78
6 1.80 1.797 99.83
7 1.80 1.722 95.67
8 1.80 1.563 86.83
9 1.80 1.761 97.83
10 1.80 1.592 88.44
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11 1.80 1.581 87.83
12 1.80 1.752 97.33
13 1.80 1.531 85.06
14 1.80 1.522 84.56
15 1.80 1.503 83.50
16 1.80 1.813 100.72
17 1.80 1.607 89.28
18 1.80 1.754 97.44
19 1.80 1.677 93.17
20 1.80 1.848 102.67

nHamsAuINmUI Alesidudnmsundaduinsiiinszaseglutisuszana 83.50-102.67% deavviou
TiiufaruwansauedszRunNIsUASalukAazyanaaey V’Fﬁmﬁqmd’l 100% o1aiAnanANLAAIALAAouluAS
VAFOUNIAFUIN ANNUANAIYBIaN N TanluLsayYn vienuliaenndotseninsenuinsgiuluiesUjuRnisiuanin
v3dluauy dduisududesiingidoyariuiudeisnsedfdie Uss fiuunusuuazanuaiiauevomans

1 I
Nad@auny1wUUITUU

o v

4.5 MyBasgideyannsadandinsiwinaesidudnmsuadaduinsvesteyannyauds d3deldidoya

U

AenamAATIERR Al AT anTTaiuLaraliMigaoyuny weuseiduuuilduvesdoya seAuaANULUTUTIM WagaAY

WANA1IYBINANITNAFRUTEMINNG U019 luau Tnpadflganssuuildusenaudie Alade A1R1an Agen

A a Y

ATBEIU dulonuuiInggIu uarAduUTEaNSAUWUTUTIU (Coefficient of Variation: CV) LiteaSulgdnuyuenis

v
o o w

NIELAILALTEAUAIUALWAUDVBINANITUAS AL UAUIY Fearduuseansanuwlsusiuldidumdtnddnlunis

o

Uszillusgiuanuiuwlsvesdeyailiaiisutiuaiaiisvesyadeya 3naun1si (2)

SD
CV(%) = () X 100

SD = duidenuunasgiuvestoya

X = Anadevestoya

£
a va o

uenanflf3deldununin Boxplot uaz Histogram Litedlasgsidnuaizn1snszeivesdayaidenm lag
Boxplot 14lun1sfinnsaundsisogiu 929seminemelngd uazuwilduvesdiiionsunnssaindeyadiulvg vai
Histogram ¥lunsfinnsanauivestosaluusaztisan teusuiiuideyadinmsnszgndluidlauasiinuasiiae
diedle dmsunisieuiisuaesidudnisunsaduivssenininguiiedns A uag B {Rdeidenld Welch’s ttest
\osnidunsisuifivuaiedsvesteyaifivsassngu uaziduisimneaiunsditeyaoiafianuuususaulsl
wirdusgninengy lassisnunadanivtsaudeiudosas 95 vewmarAds euanifianisuazvuInyeIny

waneN9eE19TARY wenANHfIUsEuUINdNENE (effect size) Aea1 Cohen’s d iieasViouANNdANTIU TRveS
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ANULANAISTINY lailéfﬁﬁ]wsmﬂLaWﬂsﬁaﬁﬂﬁmquaﬁﬁwhﬁgu (71, [8] Iﬂﬂﬁgﬂ‘ﬁmiLU%EJULﬁ?JUi%WJ'Nﬂa;u Auway Blu
nsfnuniliinguavasdiievssliuinanisuadaanaadeyanaaumniglulasimsnoaisnuauuientuinban
wansnstundalal ieltlunisfanunanisiisuifisuiisjaduludsenuaiiatevesteyanaznszuiunsaiugy
AMNMIINAINsaTUIIAMNLANAstInaTAnndadunaaundug Talnenss
NAN1539Y

5.1 nansewanAnleidudnisuadaduing nanisauinalesiduinisundaduinsaindeyanis
nadouAIvLILuLisluauNTIuIL 20 gadeya wudrdndesifuinsundaduinsdadaus 83.503% fq
102.689% uagfirado ity 93.46% deaetiouiinisundaruluiiuiidnulassmeglussdureudnag uidnadl
AMULANANSRITEAUNMTUASATEMIIgAnAdeUaE dAlY WoRinsanTegn wuldiuisumisiiande fidudnisun
daduimsunnnin 100% léun 9anaaeud 2, 16 way 20 varfiursiwmisdisdng 90% via1eqn 1wy yanageui 3,
8,10, 11, 13, 14, 15 uay 17 wadananustin uwihdiadesnuvedasimsreglussduiivonsuld uilussdusegn

fansinnuldatnianavesnun1nnIsunda Famslasunisiansanaiudiunaidatalutunsusely ansdunisad 5

A15199 5 wan1seuA L UesduRNsUASaduRnNS

pSsfnadey | nauiineaey ANuvwUiTuEu (g/cm?) Aesidusinisundaduivs (%)
1 A 1.753 97.419
2 A 1.827 101.515
3 B 1.581 87.862
a4 A 1.710 95.051
5 A 1.742 96.825
6 A 1.797 99.858
7 A 1.722 95.678
8 B 1.563 86.883
9 A 1.761 97.848
10 B 1.592 88.492
11 B 1.581 87.847
12 A 1.752 97.343
13 B 1.531 85.075
14 B 1.522 84.604
15 B 1.503 83.503
16 A 1.813 100.734
17 B 1.607 89.323
18 A 1.754 97.478
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19 B 1.677 93.170
20 A 1.848 102.689

5.2 NaMTRATIAADATNTTUN HaN1TIATIRaiRdmssawvesstUasidudinsuadaduivduandliii
11 AnadsvesayainiU 93.46% ArmnuAIIALARBUNNATIILTBIANRABIMATY 1.38 ArdauiTsauusnnsguinAy
6.176 APNLUTUTILINTU 38.14 uagAduUszAvEauLUTUTIIIIRL 6.61% Andofifuinsundaduinsiioglu
seauldganninagrieuindeyaiinuudsusiuluszauliunans uasuandiiiuinnssuiunisuadaluauiuiaig
awauslussiunils widsliifsmeiazduduldiamunmeuasitlunndumis Wefinnsanmanszarsfveriany
nnwduwisluauy wudrdeyadiulvainsyandieglutieuseann 1.70-1.75 ¢/cm? lngAdsegiuegUseuna 1.72
g/cm? waztedeyainunogseuing 1,503-1.848 ¢/cm?® dnwairdindnaziiouiinisvaaeuiidnansiideutistaion
wrlaflenmuazagaunsgaiiviilinisnsznevestouadeudnaniie uandlunnssii 6

aa a '

AN51991 6 NANITIATITVATATINTSUUIVDIAUBSTUANITUAS AF LTINS

AU Mean SE Mean StDev Variance Coef Var (%)

Relative Compaction 93.46 1.38 6.176 38.14 6.61

5.3 NaN13IATIERANULANAINTENIIINGULATINIAETENE HnansiUSeuTisuanUesidudnisundndusing
sEWInangN A uazngy B ¢35 Welch’s ttest wudn ngu A fidadsvesadesidudmsundaduindgeniingy B
og 13 Tnendu A fanadewiniu 98.41% vazfingu B fidedewintu 87.42% azxviouliifiufaniuunnsiises
AummNUnseluauLssriasnguituiiegaduda uonmnidlofansandmivaindoavunnsguveusdas
nau nuindeyanieluwiaznquiimansyatediluszivldgannin JeawisaldidugulunsiSeudisuanuunnsig

YosALadeTEnInguldegamuzay (7], [8] wanslunisei 7

M19199 7 HanswIsuiiieuAtafeseninanauniy Welch’s ttest

578013 nax A n&y B
UL (n) 11 9
Aade RC (%) 98.41 87.42
dnudeauunnnsgiu (SD) 2.450 2.900

s '

NM15NA 7 WU ngu A TAnedevesrlesidudnmsundaduivsgeniingu B egedaau tnengu A &

ALaReLINAU 98.41% vueiingy B dAaduwiiu 87.42% wavtilofiansansiuiuduidesvuninigiuveuwsazngy

wud1 n1snseeivesteayanielungueyluszauligeunntdn azviewiiaiinlaneludaznguiinnuadnauely
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ay

sziunila egdlsfimunnuuananvesiaiessninvaeingudnunudn Jeldhdeyadinanlunaaeunisadnnaeis

o w a

Welch’s t-test Winduduinanuuanansinuidedfgyisanansels

A19199 8 wan1snAdeU Welch’s t-test

adan1sIeuLieU A
KasineALade (%) 10.986
95% Cl voIHas eALaAe 8.410 14 13.561
Welch’s (t) 9.029
df 15.768
(p)-value < 0.001
Cohen’s (d) 4.131
NSAAY wansinsegaiitiydn Ay uaziiavsnagenn

wansvaaeuluned 8 uandliiiiuin warisredoszrinanay A wazndu B i1y 10.986 9n¥esar uaz
Prnnudesiufesas 95 agszving 8.410 fla 13561 Fsluinsounqueud aenndesifudl Welch’s t Wiy 9.029 uaz
A1 p < 0.001 ﬁ@ué’u’j’lmmLmﬂﬁhqsz‘mfﬂqaadﬂfjﬂﬁﬁﬂﬁ’]ﬁigﬂ/]’maaaasi’msi'j’mLﬁm uenaniien Cohen’s d=4.131 %qagi
lussAvgannn Sagvieuhnnuuandisdananiianuddgludujifidmiunisaivaugunnauuadaluauny

5.4 MsUsEEIUMSHIUNANINTUASARLLNAT 95% LileUszillunansunsaluyuuaIreanIsAIuALAAATH
aune §ideldhAesidudnmsunsaduivsunusuiisusuinasiduid 95% vesraumuuuuTsgagaly
#osUiRng FadunusiilldiueraundvarglunsfinnsansensunuuadadmivTagdusesiumaasdunisses
[1], 151 nansUsziiunuindigemaanuiilien RC daust 95% 2uly S1uam 11 9a Aeudu 55.00% vesdoyatiaua
Yuzdian 9 9a u3e 45.00% TAuUefifuinsunsndinindiniunasidindn nadasfouiuiiduadssuazedlu
sefudoudned usideldinamisensunenaznuinszuiunmsundadsliamisninuaanmliiiunasilienis

asnEeNATUMLL kanslunis1en 9

A1519% 9 NSUSLEUNTHIUNUNNITUADANTEHU 95%

WNTINIIRATN UIUYANAFDY Sovay

WULNaY (Relative Compaction = 95%) 11 55.00
Taieuinaue (Relative Compaction < 95%) 9 45.00
37U 20 100.00

5.5 115U UANALNLALDLALAIULE BIUBINTEUIUNITUADALUAUIN HANITILATIEALAAILALIAUI el

AnadesmvaIALUasiduinsuadaduivsazedil 93.46% waviirduuszanSanuulsusiu 6.61% Feazviowinnis
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updaluaunlnesmeyluszivaeuingg uinassnanddliifismotiozduduldinnszuiunisundaiienuainausluyn
Fuvlsvesituiidnm Lﬁaﬁﬁmm’]iwﬁ'umamit.ﬂ?ﬁmﬁ&medwﬂfcju A way B Fauansnetuegnadifoddnymneada 1z
Lﬁulé’sﬁ’qummwmivmé’mé’qﬁmwvl,aiaﬁﬂLauaiwdwqmmaauLLasideﬂajuﬁyuﬁ Tudensusziiuanuides 0
negeURfianesidudnsundaduimsainit 95% ervasvouiiinnuidsseaussourvestusesiunidluszezena
Tnslawzaadifiansniy 90% diluliufedestumssuiminianas madsugUavay waznismsadaliaihiaue

@

203lATIASI9NIe el safUsznavtesdiuazidauarsenunisuadadutlededdyfifinade compactibility way
auﬁsauwaﬁa@%uimﬁumﬂm&Jmﬁ (4], [5] Namif{hLLumsﬁummLﬁﬂdwudﬂﬁmmaau 8 90 %38 40.00% %ad%azﬂa
o agluszduanudesgeainnisiian Relative Compaction #mi1 90% Fedunudsnandlfifuiinmsussidiy
AanwLUASalinTRinTaenIzALedsTINYedlATINg WiAFAITANANAL LA B LA A MLA BIYDIHANS

NAADUTIHINTINAE [8]

M191991 10 MSLUTEUTBUANNALLENBUBINANTUABATEVININE

nax | 9MUIUAI9Ee (N) Awady Relative Compaction (%)
A 11 98.405 fanuasiiausuazaglussiuoonuls
9 87.417 mninasinaziuul tudessuuss
2AU8NaA

v ¥
o o =]

funsrevungnouluiuidnuiivuldulanadnenimdasdudmsunsidnududantusssiunisauusuun

q

TuBsUgiimnssu egalsfinu ieRnsanrnammageunaauius A Uesifudinsuasaduivg wuidngnm
vestaniiissegrafeadiliiissmeiiazFulseiununimusssunoadne wmnnszuunsuadaluaumdsuianiiy
ashiawe advuAtereund i liifiuinessuszneuvesdiuaniBuanaz seunsundaisnsnalasnsedennfinssy
Bana AnuEansalumsyutimin LLasmmmmwmaﬁa@ém%umﬂ%mul,ﬁu%uiaqﬁuma [4], [5] wiinAade s
vesAeiiuinmsundnduinsazeglussiudoudned udnsidifies 55.00% maaﬁgﬂwwaauﬁgﬂwmmummsﬁ 95%
wansliiiuinAnadssmoaliansnasioununmvosnldasuiuludejuia nande Aledseiaguensuls us
Sansdiunsiundaiifaunmiininaassuuarersdmaneaussnuzvasdusesiundluszereld uenaind wanis

WIsugusEninengy A uag B inuanuuana1seguiltudAgniaiidiazvouindaduninauiuvioninuuands

YBINTEUIUNTUHURNUINAF aNaNITUASADE 19TALIU AIUTUAITAIVANAIINYUY NHWUUADA kazANALELDVRY

o w A

mssdunuluauudaduladodrdgndunumaernudniavesnisihdursiailuladudusesiiunsesuiase visll
witagduasziiuuimianisuseilugunimnisundanlsmailadoyauariuuinaeadugaundu uin15useiduids

MAawLLUURLANgRdiaudAye untuuAIUANANANSERULATINTS [3], [7], [8]
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Abstract

This study aimed to investigate the reduction of customer waiting time in a fast-food restaurant through
redesigning the order-taking process and increasing the number of order points to improve service efficiency.
The study applied industrial engineering concepts together with queueing theory to analyze service problems
and evaluate improvement alternatives. Data were collected from actual service operations during three peak
periods: morning, lunchtime, and evening, with a total sample of 50 customers. The existing service system was
analyzed using preliminary operational data, a fishbone diagram, and queueing models including M/M/1 and
M/M/s. The results indicated that the existing system, which operated with only one order point, had insufficient
service capacity and created a bottleneck at the order-taking stage, especially during lunchtime when customer
demand was highest. The original system had an average waiting time of 7.20 minutes, a standard deviation of
1.50 minutes, and a customer satisfaction level of 65%. The fishbone analysis revealed that the major causes
of the problem were an insufficient number of order points, multiple service activities being combined at a
single service point, inappropriate workforce allocation, and congestion within the service area. When
improvement alternatives were evaluated using the M/M/s model, the results showed that increasing the
number of order points to two reduced the average waiting time to 4.70 minutes, representing a 34.72%
reduction, and increased customer satisfaction to 85%. Increasing the number of order points to three further
reduced the average waiting time to 3.10 minutes, representing a 56.94% reduction compared with the original
system, and increased customer satisfaction to 90%. The findings indicate that increasing the number of order
points is an effective approach for reducing waiting time, decreasing queue congestion, and improving service
quality in fast-food restaurants. The study also demonstrates that integrating industrial engineering tools with
gueueing theory provides a practical and systematic approach for analyzing service problems and proposing

service system improvements.

Keywords: Waiting Time, Fast-Food Restaurant, Queueing Theory, Order Point Design, Service Efficiency
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Abstract

This research aimed to investigate the chemical properties of moss, moringa leaves, and coffee grounds,
as well as to evaluate the antifungal activity and plant growth-promoting potential of natural extracts for the
development of biofertilizer soil materials for sustainable agriculture. The results showed that moss, moringa
leaves, and coffee grounds had pH values ranging from 5.94 to 6.07, indicating slightly acidic conditions suitable
for plant growth. Ethanol extraction of moss produced a clear yellow solution and yielded more bioactive
compounds than simple distillation. Preliminary phytochemical analysis using Thin Layer Chromatography (TLC)
revealed multiple spots and bands, indicating the presence of various chemical constituents in the extract. UV-
Visible spectroscopy analysis showed a major absorption peak at approximately 500 nm, which may be
associated with phenolic compounds, flavonoids, and natural pigments. The antifungal activity test
demonstrated that both moss and moringa leaf extracts could inhibit fungal growth. Increasing extract
concentrations from 5 to 10 mg/L significantly reduced fungal colony diameter, with moringa leaf extract
showing slightly higher antifungal efficiency than moss extract. Furthermore, plant growth experiments revealed
that biofertilizer soil formula 2 provided the highest plant growth performance compared with normal soil and
biofertilizer soil formula 1. Satisfaction assessment from 178 students indicated that the product received the
highest satisfaction level overall (mean score = 4.65), particularly in terms of waste material utilization and
promotion of pesticide-free cultivation.

In conclusion, moss extract and the natural materials used in this study demonstrated strong potential
for development into biofertilizer and agricultural bioproducts that can reduce chemical usage, enhance plant

growth, and support environmentally sustainable agriculture.

Keywords: Moss, Moringa leaves, Coffee grounds, Biofertilizer, Antifungal activity
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Abstract

This research aimed to design and develop a low-cost smart home control system prototype based
on Intemnet of Things architecture using Raspberry Pi 3 as the main control unit and Node-RED Dashboard as
the user interface. The system was designed to control household electrical devices, monitor environmental
conditions, and display real-time data. The developed prototype consisted of a DHT11 sensor for temperature
and humidity measurement, an OLED display for local data visualization, four LEDs for simulating lighting control,
a DC motor for simulating a ventilation fan, a servo motor for simulating door opening and closing, and a Maker
Drive module for motor control. The research methodology included system architecture design, hardware
integration, Node-RED Dashboard development, and control flow implementation. The system was then
evaluated in three aspects: device control through the dashboard, environmental data measurement and
display, and automatic fan control based on temperature conditions. The experimental results showed that
the system could accurately control all four LEDs and operate the simulated door through the servo motor
according to user commands. The system was also able to read temperature and humidity values from the
DHT11 sensor and continuously display the data through both the Node-RED Dashboard and OLED display. In
addition, the simulated fan was activated when the temperature exceeded 30°C and stopped when the
temperature decreased to 30°C or below. The findings indicate that Raspberry Pi 3 and Node-RED Dashboard
can be effectively applied to develop a low-cost smart home control system at the prototype level. The
proposed system is suitable for use as a learning platform for loT, embedded systems, and basic automatic

control applications.

Keywords: Smart home prototype model, Internet of Things, Raspberry Pi, Node-RED Dashboard, Low-cost

control system
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