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Application of Fast Fourier Transform to

the Synthesis of Track Irregularities
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Abstract

The theoretical analysis of railway vehicles’ dynamic behavior requires track models that
include track irregularities. The power spectrum density (PSD) function is a well-accepted
mathematical expression suitable for the irregular random nature. Since there are various
PSD parameters according to the impact on the vehicles, track engineering quantifies track
quality into six classes in the USA but two categories in Germany. EN13848 considers track
irregularity at different wavelengths, while UIC518 classified the track quality as QN1,
QN2, and QN3 by a standard deviation depending on the speeds of the rail vehicles.
Minimum separated lengths of errors are also recommended. This paper presents a unified
algorithm to synthesize the track irregularity conforming to each standard when PSD is
provided with a standard deviation of the data, sample length, and track length. The
algorithm implements the parameters in Discrete Fourier Transformation (DFT)
representation, giving the availability to use Fast Fourier Transformation (FFT) that can
speed up the computational time.

Keywords. track irregularity, power spectral density, rail vehicle dynamics, Discrete Fourier
Transform, Fast Fourier Transform

1. INTRODUCTION

One system input that influences the rail vehicle dynamics is the track on which the vehicle
runs. The track geometry is not plenary but contains intentionally and unintentionally
variationsdescribed in four irregularities, i.e., cross-level, alignment, vertical, and gage track
profile [1, 2]. Different classes of track quality exist depending on the influence of the
parameters on track/vehicle interaction aspects such as vehicle performance, passenger
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comfort, and safety issue analysis compared to a safety threshold. The Federal Railroad
Administration (FRA) divides the track into six classes [3], whereas the German high-speed
train engineers classify two classes of the track [2]. Depending on the speed of the vehicles,
track quality in the European network is represented under three quality levels defined as
QN1, QN2, and QN3 [4]. Due to the importance of the geometry variation, researchers and
designers have studied two interrelated aspects of the subject, i.e., the measurement of track
irregularities and the dynamic response behaviors of rail vehicles to the irregularity.

The first aspect states the design of the device structure to measure, record, and interpret
the irregularity information. The track measurement devices range from human pushed
trolleys to fully automated measuring Track Recording Vehicles (TRV). TRV equipped with
sensors records data that requires a fast algorithm to transform data into helpful information.
In all cases, PSD is the appropriate mathematical expression that concludes the track
irregularity [5]. The latter aspect of the subject involves some methods to generate the track
model at a specific level of required irregularity understudying. The main approaches to
developing random rail irregularities are either time integration [6] or spatial integration
methods [7]. A transfer function that relates the frequency domain of an irregularity to a
white noise signal with constant PSD can be derived directly from a determined PSD
function. After applying the appropriate integral transform, they obtained differential
equations to be integrated numerically. The other approach employs a discrete-time method
using a state-space transition matrix. The derived transfer function is the shape filter whose
frequency response magnitude squared matches the PSD [8].

According to the Weiner-Khinchin theorem, two-sided PSD is the Fourier transform of
autocorrelation of a time- domain function [9]. Given the PSD, one can determine the
amplitude of the real signals using the application of the Inverse Fourier transform. In the
discrete sense, the computation of the Fourier transform can be accomplished by the FFT
algorithm, which speeds up the calculation of the integrals greatly. The Fourier transform
methods or spectral methods provide an efficient computational tool in an extensive field of
science and engineering. Indeed, the vast application is possible due to the FFT algorithm in
approximating the integral numerically. This paper applies the FFT algorithm to create
irregularity with the provided PSD data format. The method is suitable for transforming
measuring data to classify track quality onboard in various classes of tracks in the USA and
Europe.

2. DESCRIPTION OF TRACK IRREGULARITIES

Many aspects of rail vehicle study require an analytical representation of the track geometry.
The quality of the geometry could be described in vertical (v), alignment (a), cross-level (¢),
and gage variation (g) [1, 2]. These parameters are expressed in Fig. 1 and mathematically
in (1) — (4). Among the irregularity, cross-level and alignment variation strongly influences
lateral vibration, whereas the gage controls lateral stability. The other vertical irregularity
has little impact on lateral vibration.

v =(z, +2g)/2 @
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Figure 1 Track irregularity schematic diagram [1]

Due to the random nature of the quantities, PSD in the form of (5) is an appropriate
statistical representation of the irregularity [5].

A
S == %)
The equations of the PSD described by German high- speed train applications [2] and

ORE B176 [10] are expressed for cross-level ( S¢ ), alignment ( S, ), and vertical ( Sy )
irregularity in (6)-(8).

_ AyQEo? (6)
Sc(Q) =3 (Q?+02)(Q*+02)(Q? +Q%)
_ A% @)
Sa(Q) = (Q2+02)(Q2+02%)
_ AyQZ (8)
Sv(©) = (Q2+02)(Q%+02)

in which Q.= 0.8246 rad/m, Q_= 0.0206 rad/m, Q.= 0.4380 rad/m, and Q , = 0.8246

rad/m. The values of A; are given in TABLE | for the lower and higher interference track
classes [2, 11].
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Table 1 Track Parameters [2, 11]

A; Lower Higher
Ay (mrad) 4.032 x 107 1.080 x 10
A, (mrad) 2.119 x 107 6.124 x 107

Fig. 2 shows the PSD of the alignment irregularity analytically obtained from (7) with
the provided constants. The recommended wavelength considered in EN13848 to describe
the geometric irregularity acceptable levels is in three different ranges of [3, 25], [25, 70],
and [70, 200] m. The wavelengths are between 2 to 100 meters for a demonstration to cover
all shorter and middle track lengths. This range covers the lowest sampling rate of 0.01 to
0.5 sample/m or the wavenumber (Q2) from 0.0628 to 3.1416 rad/m. However, for the other
end of the sampling rate, if any supposed two separated irregular indicators are statistically
0.2 m, the corresponded Nyquist frequency is five samples per meter or 15.57 rad/m. In
conclusion, the lowest sampling rate is randomly selected in 0.01 to 0.5 sample/m for each
section, whereas the highest sampling rate is more than ten sample/m.

P8 5 0 N N s Higher interference | ]

10 Lower interference
< 10°
S
1
-
£ 10?8
)
S

10710

10-12

107" 10° 10!

Wave number (rad/m)

Figure 2 PSD of the two quality levels of alignment irregularity

3. THE CONTINUOUS REPRESENTATION OF THE PSD

Any track irregularity parameters can be described in a continuous function in the spatial
domain as A(x) or in the wavenumber domain as H(s). The two quantities are by mean of
the following Fourier transform pair as represented by (9) and (10).

H(s) = [ h(x)e?™s*dx ©)
h(x) = f_mw H(s)e ?mis*ds (10)
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In order to get an expression of PSD, we rely on the correlation theorem of g(x) and
h(x) , which states that Fourier transformation of corr(h, g) is G(s)H*(s). According to
the Wiener-Khinchin theorem, Fourier transformation of the autocorrelation of h(x) is
[H (s)|? or two-sided PSD, ®(s).

d(s) = [ corr(h, h)e 2™*dx = |H(s)|? (11)
A one-sided PSD or S(s) is defined in (12).

@0), ifs=0

S(s) = {ZCD(S), ifs+0

(12)

4, DISCRETE REPRESENTATION OF PSD IN A FINITE LENGTH

In a discrete form of A(x), the signal values are sampled evenly every interval A in (13). For
a finite length, L is equal to NA in which N is an integer and the power of 2. For a N
consecutive samples, a discrete approximation of (9) is (14).

h, = h(x,) = h(nA);n =1,2,3,..,N -1 13)

H(s) = AY 2o hpe?™en/V (14)

N

. . N . . .
in which s, = %, n===, 5= 1. We can ignore the scale factor A. It is only considered

when we need to interpret the result in a physical interval in space. As a result, the formula
for the discrete Fourier transform for a set of pair of N samples becomes

Hk — Z Z;(l) hnezmkn/N (15)

hn _1 Zﬁz—ol er—Zn:ikn/N (16)

N

A relevant total power to our application is the mean squared amplitude (¢2), i.e.

0? == [7h()[2dx ~ ~ ZNZ3|hy 2

= S INZUH P = 30, (17
As a result,
( 1Hol?
Sy = %i |Hel? + [Hy_i |2, k=12, ..., (g —~ 1) (18)
2| o’
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5. DFT SYNTHESIS METHOD FOR ALIGNMENT IRREGULARITY

Given the power spectral density either from track measurement system or track
classification spectrum, a selection of S, in the discrete sense should represent S(€,) for
the equivalent power of the bin covering the wavenumber range of AQ = 2n/L.
Consequently, S, is calculated in the integral form over the window function centered of its

S(sk)-
_ _ 1 Qk+% 19
2

in which k=1,..,N/2. We assume that the total power of the signal is zero; thus,
f_°°00 a(x)dx = 0orS(sy) =S, = 0. The magnitude of a discrete quantity in two-sided PSD
can be derived directly from S, as

|l = 250,k =0,..,N/2 (20)

Since h,, is a real signal, this leads to H_, = Hj. To create a set of stochastic data from
the one-sided PSD, a random phase angle set, ¢,, of N /2 data is generated and substituted
into (21), by which we can generate the signal for the whole wavelength range k =
0,1,2,..,N/2.

Hy. = |Hy|(cos(ey) + isin(ey)) (21)
A spatial signal, h,, is generated after we apply the Inverse FFT algorithm to (21).

6. DESCRIPTION OF THE PROCEDURE FOR ALIGNMENT IRREGULARITY

The section presents the approach to synthesize the track alignment PSD given by the
German high-speed railway description. The total energy can be determined from (17), of
which the square root is the standard deviation corresponding to the track quality level stated
in Table 1. The interchange of the irregularity expression in Germany and the USA to be
qualified as UIC518 become possible by finding a scale factor A,y from (22) given Sqn,, =

Aqn Sy by substitute (20) in (17)

AQN = (GQN/Gref)z (22)

in which g, = % /Z’,Xﬁ S and gy is given in [4]

The development of the process is described by stating the total track length Lipta:
having p section, each of which has a constant length L; and L;p¢q; = Zf;l L;

Leotar ={L1 Ly L3 ... L, } (23)

L; is also divided into k sections; thus, L; = le Im;

L; = {lm; Im, Im; ... Imy }, Im; € [Imp, Iy, ] (24)
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in which lm, to Imj_4 have a random length except lm,, is determined by the remaining
length. Each section has its own sample length (sa;) and quality level (gn;)

sa; = {sl; sly sl ...l };, Slj € [Slin, Slinay] (25)
qan; = {01 0, 03 ... Uk}i' Uj € [Umin'amax] (26)

After setting up the requirement, we have a restriction for each im,, to be sampled by N
data to be the power of 2. This can be implemented by m; = ceil(log,(Im;/sl;)) and N; =
2™i. Equation (25) is revised by the expression, sl; = Im;/sl;. The algorithm for each
section Im; for alignment is as follows

For j=1tok
m = ceil(log, (Im;/sl;))
N =2m

xsub; =21{012 .. N — 1}

wsub; ==-{012... N/2}
]

Q, = wsub;,

S = {SO Sl SZ ...Sﬂ}
2

0; (=0
S, = AQ%(QF+02) N
! S(Q) = —Q?Z(Q%lm;) ; 1=1,2, o

1 f N
— = 2
aref N k=0 Sk

Generate a random phase angle (Uniform distribution)
@ ={<p1 ®2 ---wg}, ¢, € [0,2m)

Generate stochastic wave length complex number
A = {AO Al A2 "'AN—].}'

0,1=0

Lo o-igpx | — N
A= /lee wl=12,..,7
Es,v_le-ww—w,l =Z+1,..,N—1

—



Generate a random number a,, (Normal distribution)
asub; = apy IFFT[A]
end

Our algorithm can specify the separation error length and section length. In this
demonstration, we set the sample length to be less than 0.1 m to capture the minimum
separated errors at 0.2 m and random section length between 2 to 100 m. The section length
is uniformly selected except for the last one, which has a restriction to complete the total
length and is greater than the minimum section range. Nevertheless, our Matlab scripts can
change the section length range according to EN13848. Once the above algorithm is
implemented for lower interference track quality, the algorithm has been verified by
comparing the back-calculated one-sided PSD of each section to their original data in Fig.
2.

A pseudo-stochastic function is quickly introduced by randomly choosing a,y with a
provided normal distribution. We set the mean equal to o,y /0, and the standard deviation
is equal to 5% of the mean. For demonstration, five km-length tracks with different
alignment qualities of QN1 and QN2 are generated according to the German PSD function.
The standard deviation at 80 < V < 120 km/h is 1.20 mm for QN1 and 1.50 mm for QN2
[4]. An additional parameter of the track is the range of the irregularity wavelength of [2,
100] m and sample length of 0.2 m. There are 359 track sections within the wavelength
range. A cut-off 500 m-length of the generated track is shown in Fig. 3. From (2) and (4),
we are then able to synthesize the lateral displacement of the right/left rail for further study
in the field of railway vehicle dynamics.

To verify the algorithm, we use (17) to evaluate ¢ of each section. There are 359 sections
for the generated 5-km test track. Fig. 4 shows that the distribution matches the Normal
distribution in which the average value complies with the requirement of track quality QN1
at 1.2 mm and QN2 at 1.5 mm. This verifies our algorithm to generate track irregularity at a
required track quality.

7. CONCLUSION

The Discrete Fourier Transformation representation of the random irregularity offers an
attractive computational form to be implemented using the Fast Fourier Transform
algorithm. In addition, the parameters involved can be interpreted in various track quality
requirements that relate to the method used to measure the track digitally. The track
wavelength stated in EN13848 is the lowest sampling frequency, while the standard
deviation stated in UIC518 is interpreted as the root mean square of the amplitude of the
irregularity. The irregularity synthesized by the algorithm has the flexibility to conform with
both UIC518 and EN13848 upon the given PSDs. This work has to be implemented to
further study the influence of the irregularity on railway vehicles dynamics and the track
quality measuring system verification.
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Abstract.

The reuse of wastewater reuse has been hailed as a possible alternative solution to cope with
the global water scarcity. Reclaimed wastewater may be used to restore the natural water
bodies, maintaining the water quality while being environmentally friendly. Industries are
demanding a higher quantity of water, which at the same time produces waste. Thailand is
a major exporter in the world natural rubber latex production, it has been ability for rubber
industries to seek appropriate measures for producing environmentally friendly rubber
products. This research aims to study the possibility of reusing the wastewater from
production and process in the condom factory through a wastewater treatment system and
recycle the water using an loT with a reverse osmaosis method for zero discharge. The result
of the study showed promise by lessening the environmental impact and decreasing the
operation cost for water treatment. The financial analysis of the RO system was calculated
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to have a discount rate of 20.99% with a NPV of 679,759 THB/annum while having a
discount payback period of 27 months, indicating that the project was feasible to invest. The
ecoefficiency of the project was measured to be 1.47.

This can be a promising strategy but inherently associated operation and maintenance
costs need to be considered to fully assess their potential cost-effectiveness.

Keywords. wastewater, 10T, Condom Production, RO system, Reclaimed water

1. INTRODUCTION

The Eastern Economic Corridor (EEC) development project is an extension of the success
of the Eastern Seaboard under the Thailand 4.0 strategic plan. Thailand's great leap forward
in the industrialization of new s-curve. Clean water and sanitation is the sixth item listed in
United Nations Sustainable Development Goals with implementation of circular economic
principles within the water sector a widely regarded approach to achieve this goal [1]. Goal
6. 3 specifically addresses the target to increase wastewater recycling and safe reuse. The
3Rs (reduce, reuse, recycle) of waste management are apprehensively analyzed for obtain
recommendations and successful implementation of Circular Economy (CE) in the water
sector.

Water reuse has become an effective economic solution to tackle the environmental
issues for industries. Reusing effluents improves the industry’ s image in terms of
environmental impact and also reduces cost for the company as less treated water is
purchased and there is less reliance on local water sanitation companies. Industrial water
reuse and recycling is the process by which wastewater produced from one source is treated
to be reused in the same process or recycled for another difference is effective in permeation
through a membrane [2]. Opportunities for wastewater reuse and recycling in a natural
rubber latex condom manufacturer plant includes a water management system to treat the
effluent waste water. It has been demonstrated that a transmembrane pressure difference is
effective in permeation through a membrane [3]. For a highly porous membrane with large
pore size, the pressure required is lower than for a nanoporous or dense membrane such as
the following structure (1) Reverse Osmosis) (2) Nanofiltration (3) Ultrafiltration and (4)

Microfiltration [4].

Thailand is currently the world’s largest natural rubber producer in the world. As the
global leader in natural rubber latex production, it has been a challenge for rubber industries
to implement appropriate measures to manufacture environmentally friendly rubber
products. Condoms manufactured in Thailand are exported worldwide to many international
markets such as China, United States, and Europe. Majority of condoms are made from
natural rubber latex (NR condom), with some alternative non-latex synthetic condoms for
people allergic to the natural latex protein [5]. The process for manufacturing both NR
condom and synthetic condom are similar and follows the steps below; (Fig. 1.) [6].

Incoming materials: the primary raw material used in the production is rubber, which
the company employs 60% latex as the main ingredient.
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Compound latex: The latex will be homogenized with chemicals into a prevulcanized
compound latex and allowed to mature to the appropriate swelling index to obtain a
proportionate latex used to produce each type of condom.

Dipping: Starch and dried in a dryer.

Visual inspection: Primarily, our well-trained staff will visually screen the products by
checking the condition of the condoms, such as leaks, the edges of the condom, unmatched
color, etc.

Electronic testing: Arrange a capacitive hole tester forour testing to meet international
standards.

Foil & Packing: The condom is foiled into individual package and packed into consumer
boxes as per customer.

Quality Assurance, Quality Control (QA/QC): focused on identifying quality issues in
manufactured products.

Figure 1 Process of condom production.

Reclaiming water is an effective option for reducing environmental impact on the world
by saving scarce water resources available through reuse of water treatment effluent.

Nowadays, research and practice in the digitalization of the water sector to create a smart
water system: 10T (Internet of Things) is a flexible solution designed for the water utility
industry, allowing for smarter decisions while optimizing the use of existing resources and
investments. Interoperability is one of the key aspects of the loT that contribute to its
growing popularity. Connected or “smart” devices — as “things” in the [oT are often called
—have the ability to gather and share data from their environments with other devices and
networks. Thus, they need a special method to classify and recycle. In order to address these
issues, we implemented the 10T for a wastewater managing system, which detects pollutants
mixed in water using 10T and processed in the wastewater treatment into recycled water for
reuse. The aim of this research is to study the possibility of reuse of the wastewater after
processing the natural rubber processing (condom production) through the wastewater
treatment system.
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Many industries are concerned over the cost to comply with the stringent regulations set
by industrialized nations over water quality. In order to tackle this issue, effective water
treatment methods through the use of the latest trends, treatment technique, and alternative
treatment technology is required to drive cost down for water treatment while providing

quality water.

The activities to provide water and wastewater services result which harm to the health
of people and the environment. Therefore, reducing water costs and moving to a sustainable
water cycle, is a priority for water utilities. This study used ecoefficiency to analyze the
effectiveness of the water utilities. Eco-efficiency is defined as the creation of more goods
(outputs) and services with fewer resources (inputs) and a smaller environmental impact.

2. METHOD

There are steps, as follows (Fig 2): 1) as a first step to finding the design, 2) Installation
process 3) Implementary of research, and 4) evaluation of research that has developed and
analyze methods. The wastewater reuse system is presented in Figs. 3 and 4. Fig. 3 shows
the process flow chart of the condom production wastewater reuse system, and Fig. 4 shows
the point of sensor and meter controlled by IoT.

Lesign

Installabiove

Figure 2 Step of case study method.
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Figure 3 Process Flow Chart — Wastewater treatment
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2.1 Ultrafiltration (UF) System

A pretreatment system is a pre- filtration system designed to remove turbidity, sediment,
suspended solids and other compounds such as Chlorine and organic substances that are
harmful to the UF system or can result in the UF system not working properly.

It is a tube- type membrane filter cartridge that combines several tubes to trap sediment
before use. It has the structure of the rewinding tank made of plastic There are pipes to use
on 3 sides, with the top being the bile duct or Permeate, and the sides will have two sides.
On one side is the water pipe into the system. On the other side is a water pipe or sewage.
There is a filter that used a membrane with a size of 0.1-0.3 microns inside the cylinder. To
filter sediment and impurities in the water. (Fig. 5)

Figure 5 Ultrafiltration (UF) System

2.2 Reverse Osmosis System

The feed water will be pumped from the water storage tank into the system through a
series of filters starting with the 5um sediment filter. Afterward, the water is filtered through
a membrane filter, which separated the clean water into the RO tank and concentrated water
which is directed to the waste collection tank for recycling. The feed water value is measured
using the feed conductivity meter and the permeated conductivity smart meter with loT
device gets real-time water consumption (Fig. 6-7).

L
yoL

Figure 6 Reverse Osmaosis System

CIP for RO system will be done in case of high Concentrate Flow and low permeate flow
or in case of inlet-outlet pressure of 5 microns filters having unequal pressure.
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Figure 7 Ultrafiltration and Reverse Osmosis System

2.3 Eco-efficiency analysis

Eco-efficiency refers to the ability of firms, industries, regions, or economies to produce
more goods and services with fewer impacts on the environment and less consumption of
natural resources. It is measured as a ratio of useful outputs (products and services) to
environmental inputs (e.g., water consumption and energy consumption) or undesirable
environmental outputs. For our study, eco-efficiency was defined as follows: [7]

Economic performance

Eco-efficiency = . s
Y™ Environmental impacts

2.4 Discounted Payback Period: DPB

The discounted payback period (DPB) is calculated from the conversion of accumulated
future cash flows received in the future to the present value before calculating from the
equation [8].

5DPB = Amount before the payback period + (Unrefunded portion/ Cash flow incurred
in the year of payback)

3. RESULT AND DISCUSSION

3.1 Control of the wastewater treatment system, chemical quantity, and origin of
wastewater.

Wastewater from the production process has a total flow rate of 100 cubic meters per
day. The wastewater is contaminated with natural latex, chemicals used in the latex mixing
process, chemicals in the cleaning of latex tanks, various machines and containers. The
wastewater is treated by a combination of sedimentation and chemical treatment through the
coagulation-flocculation method with aluminum sulfate and cationic polymers. At the end
of the wastewater treatment, the treated water is analyzed to ensure that the pH is within the
range of 7 £ 0.5, the COD value not greater than 300 mg/ L and the total dissolved solid
value (TDS) not exceeding 2,000 mg/L. The treated water conformed to the specification
with the TDS value measuring to be 200 mg/L.

3.2 Production Processes and Water Balance

General water balance of the factory is illustrated in Figure 8. Annually 113,983 m3 /day
of water input is required, approximately 64,175.23 m3/day of production processes,
49,807.77 m® /day water resource for consumption, 6,060.98 m®/day of condensate for water
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reuse. 22,797.00 m® /day (20%) of water in production processes. The water source is well
water which have been subjected to softening. Part of the softened water (102,755 m? /year)
is directly used in the processes while the other portion (142,075 m?® /year) is passed through
a reverse osmosis unit to obtain the required water quality for certain production processes.

WATER BALANCE DIAGRAM (WBD)
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11598100 mididay

Canteen 1.214 m3
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Figure 8 Water balance diagram
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Figure 9 Financial analysis of smart reclaimed water management system

3.3 Financial analysis

A preliminary financial analysis showed the feasibility of the proposed system. The
discount rate was calculatedto be 20.99% with a NPV of 679,759 baht per year. The discount
payback period is 2 years and 3 months, indicating that the project is feasible to invest. (Fig.
9.). This concept's utility is illustrated in the article.

The capital costs for recently completed smart reclaimed water were also reviewed to
validate the cost curve. Water is also used in many large scale industrial processes, hotspot
of water consumption in the factory as presented in Fig. 10.
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Hotspot

Production process

o 171 ma/day
\ I

The manufacturing process where water is used the most The process that uses a lot of water

is part of the dipping process and the washing process.
Figure 10 Hotspot: water consumption in condom production

3.4 Eco-efficiency

In this study, we analyzed eco- efficiency trends by analyzing the environmental pressure
and economic growth from 2019 to 2021 while aiming to find efficient ways of achieving
sustainability.

We used clustering and regression techniques to help us understand the eco-efficiency
drivers. Our study result showed that we were able to improve the eco-efficiency of our
water treatment process in comparison to 2019 with the eco-efficiency value for 2021 being
1.47 (Fig. 11).

Water

eco efficiency -@-environment load point

% EFFICIENCY X 100%
o
=)

0.6 0.69 0.68

2019 2020 2021

Figure 11 Eco-Efficiency of water reclaimed water

Industrial water quality issues have been addressed in this study through water treatment
methods by studying the use of the latest trends, treatment technique, and alternative
treatment technology is required to drive cost down for water treatment while providing
quality water.

This study analyzes the 2019 — 2021 eco-efficiency trends with the aim to contribute to
the sustainable development of the Eco-factory. While eco-efficiency of all of the indicators
that we analyzed showed improvements during the study period, a gap remained in
comparison to the more advanced eco-efficiency observed both domestically and
internationally. Decoupling indices were introduced in order to examine the decoupling
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relationship between environmental pressure and economic growth. This analysis
demonstrated that some progress occurred during the study period resulting from the
implementation of existing policies and measures entailing resource conservation and
reduction in the emission of pollutants.

4, CONCLUSION

The present work examined and confirmed the possibility of using membrane technology
for effluent treatment from an industrial wastewater treatment plant with the goal for reuse
of the treated water through a combination of ultrafiltration followed by reverse osmosis.
The study demonstrated the effectiveness of the treatment technologies of the reclaimed
water system. The results of the study shows that the proposed smart reclaimed water
treatment system is effective for our condom manufacturing plant and has the potential to
be applicable for similar industries with similar volume and wastewater contaminants types

[9].
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Abstract.

The objective of this research is to study the effect of microwave power on the quality of
dried unripe banana including energy consumption. The microwave power was varied from
0-2,000 watts combined with drying temperature of 50 °C. The sliced of unripe banana with
the thickness of 3 mm was used. Sample was dried until the a, was lower than 0.6. Then,
color values in term of L* a* b*, whiteness index and viscosity was determined. Result was
found that the trend of L*value was decreased when microwave power increased. In
addition, the viscosity was the highest when using the microwave power at 1,000 watts.
Moreover, the increase in microwave power resulted in the decrease in energy consumption.
When considering in quality and energy consumption, the drying at microwave power of
1,000 watts combined with hot air at 50 °C is recommended for unripe banana drying.

Keywords. dehydration, electromagnetic energy, flour.

1. INTRODUCTION

Unripe or green banana (Musa spp. L.) is considered as healthy ingredient with a potential
source of bioactive compounds and can be used as a functional immunostimulatory food
ingredient [1-2]. It contains high resistant starch which is an excellent probiotic growth
promotion [3-4]. Volunteers who consumed unripe banana flour for 6 weeks found that
significantly reduced hunger and increase satiety with glucose homeostasis in health. This
might reduce risks of certain non- communicable diseases owning to its high resistant starch
level [5].

Drying is one of important process of green sliced banana into flour. Nowadays,
microwave techniques have been applied to reduce moisture content for fruit and food


mailto:lamulwiset@hotmail.com

23

products. This is due to high drying rate which reduce the drying time as well as energy
consumption reduction [6-8]. Apart from considering in energy consumption, quality of
product is considered as important variable for consumer and product user in particular
texture, appearance, flavor, color and rehydration in some product e.g. mushroom. Products
have been dried with microwave assisted hot air drying had acceptable quality [9-12].
Moreover, consumers are interested in bioactive compounds and antioxidant activity.
Microwave-hot air drying could maintain these compounds which was better than only hot
air drying [13]. Also, there has been reported that phenolic compounds of dried saskatoon
berries with microwave vacuum drying was not significantly different with freeze drying
[14].

In this work, we are interested in drying unripe banana using microwave assisted hot air.
Quality of dried unripe banana and energy consumption of drying are studied to find the
suitable microwave power.

2. MATERIAL AND METHOD

2.1. Microwave-hot air dryer

a) The pilot scale microwave assist hot air dryer

Magnetron 1 Magnetron 2

Air outle:

<=

avs .\_l,!x!l_eLmU‘M&_{#
Air inlet ——— ﬁ
o D G~ G
L0\ | | I
I — ! J

~._Electrical Heater_~

Drying Chamb: =
rying Chamber

— W\

<<\L}

Blower

b) Schematic of the dryer

Figure 1 Experimental dryer
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The pilot scale microwave assist hot air dryer was constructed at Faculty of Engineering,
Mahasarakham University, Thailand. A schematic diagram of this dryer is shown in Figure
1. Drying chamber size of this equipment was 80 (L) x 80 (W) x 80 (H) cm and manufactured
with stainless steel No. 304. The four of 1000 W magnetrons were used to generate
microwave with the frequency of 2,455 MHz. Hot air generator and circulator used 9 kW
electric heater and 1.5 kW centrifugal fan with electric motor. Hot air duct was connected
to drying chamber with flange and perforated plate was installed for microwave shielding.
The circular trays with driving system were mounted to the bottom of the drying chamber.
The turning speed was adjusted by using frequency inverter.

2.2. Sample preparation

Banana cv. Namwa was purchased from local market in Maha Sarakham province. Banana
with green color and unripe stage was only used in this study. It was boiled for 45 secound
before peeling and then soaked in 1% sodium metabisulfite solution for 30 minute to prevent
browning reaction. Then, it was sliced using slicing machine to obtain the sample with
thickness of 3 mm. The sliced unripe bananas of 500 g were placed on tray as shown in
Figure 2.

Figure 2 Tray sample and arrangement

2.3. Drying condition

The microwave power was varied to 0, 500, 1,000, 1,500 and 2,000 watts combined with hot
air at drying temperature of 50 °C. Unripe banana was dried until the ay less than 0.6 to
prevent the microbial growth. The drying was conducted for 2 duplications for each
treatment. After drying, sample was ground to pass a 45-mesh sieve to obtain homogenous
before quality analysis.
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2.4. Quality determination
Moisture content

Unripe banana was chopped to small piece before determining moisture content. It was
used oven method at temperature of 103 °C for 24 hr. Moisture was calculated from the
water evaporation divided by the fresh weight

Water Activity (aw)

Dried sample was measured the ay using an AqualLab water activity meter (Aqua-Link
3.0, Pullman, WA) which was calibrated with distilled water to obtain aw in the range of
1.000 + 0.003

Color values

The color of sample was measured by a Hunter Lab Colorimeter (type Color Flex, USA).
The Hunter L*, a*, b* scale gave measurement of colors in units of approximate visual
uniformity throughout the solid. The L* value measures lightness and varies from 100 for a
perfect white and 0 for black, a* and b* when positive measure redness and yellowness,
respectively. For whiteness index (WI), it was calculated as following

WI= 100-[(100-L)? + (a2 + b?)]¥2

Viscosity

Unripe flour was mixed with water at the ratio between flour (dry weight) and water of
20:500. Mixing sample was controlled the temperature of hot plate at 30 °C with magnetic
stirrer for 15 minute. The solution was measured the viscosity using Brookfield
Viscometer Model LVVDV-E with the probe number 61. The highest torque was recorded
as the obtained viscosity.

Energy consumption

Energy consumption from 3 phases was determined using digital electric meter (brand
Eastron model sdm 230-8i) with 5% less error. The energy consumption was from
different sources i.e. blower, heater, motor and microwave power.

3. RESULTS AND DISCUSSIONS

Table 1 presents the drying time, initial moisture content, final moisture content and ay, of
unripe banana drying. You can see that the drying time is decreased when the microwave
power increased. This due to the microwave power could accelerate the moisture
evaporation from inside to environment. This finding is agreed with the previous report that
drying time of using microwave combined with hot air was reduced in particular increasing
microwave power [6-8]. The ay in all treatmentswas lower than 0.6 which is safe for further
process and longer storage.
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Table 1 Drying time, moisture content and water activity of unripe banana drying

Microwave Drying Initial Final Water

power time Moisture moisture Activity

(W) (h) content content aw

(% w.b.) (% w.b.)

0 6 68.81+0.33 7.99+0.47 0.27+0.02
500 4.5 67.61+0.98 7.49+0.11 0.25+0.03
1000 3 69.19+3.13 6.86+1.40 0.25+0.07
1500 2 67.84+1.08 6.92+0.76 0.22+0.05
2000 15 68.36+1.03 7.98+0.40 0.30+0.07

After drying, the product was ground to become homogenous before measuring the
color. The color values are shown in Table 2. The significant result is L* value. The L*
value represents the brightness, the product from the study is brighter than the product
purchased from the market. This might be the drying method was different which caused
the different color. However, the increase in microwave power results in the decrease in
brightness and increase in redness (a*). This might be the browning reaction occurred when
increased microwave power. In overall appearance, the whiteness index is used to assess
the color quality. It is found that all treatments show significant higher than commercial
product. This could be implied that the drying by microwave combined with hot air drying
is good in color assessment. However, by visual evaluation, the picture of product is shown
in Figure 3. It is illustrated that all products are similar appearance.

Table 2 The color values and whiteness index of dried unripe banana

Microwave L* a* pyns Whiteness
power (W) index
Commercial 84.42+0.37¢ 2.05+0.012 10.41+0.06  80.98+0.27°
product
0 90.41+0.342 0.11+0.07¢ 10.80+0.95 85.55+0.942
500 90.51+0.122 0.16+0.27¢ 10.92+0.70 85.53+0.612
1,000 88.72+1.79bc 0.63+0.51° 11.89+1.73 83.59+2.50P
1,500 89.74+0.50% 0.13+0.08°¢ 10.91+0.97 85.02+1.05%
2,000 88.45+0.63°¢ 0.51+0.52b¢ 11.30+0.33 83.85+0.70%

ns=non significance different

Means with the different letter withina column are significantly different (p<0.05) by DMRT
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b) 500 W

c) 1000 W d) 1500 W

e) 2000 W

Figure 3 Dried product from different microwave power combined with hot air at 50 °C

Viscosity is one of an important factor of power to be considered for further use in
ingredient mixing with other components to make the product. If the viscosity is still high,
it means that the property of flour is still good for using as ingredients. It is implied that the
longer drying time and higher heat cause the disruption of internal structure of product. The
drying at 1,000 watts had the best viscosity in this study with the drying time only 3 hr.
Also, the viscosity is higher than the product from the market.

Table 3 The viscosity of solution prepared from dried unripe banana

Microwave power (W) Viscosity (cP)
Commercial product 21.31+0.94°
0 15.29+1.77¢%

500 18.90+3.58"¢

1,000 24.59+2.05°

1,500 17.51+3.43%

2,000 14.10+0.54°

Means with the different letter within a column are significantly different (p <0.05) by
DMRT
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You can see that the total energy consumption is considered from different sources i.e.
blower, motor, heater and microwave. The highest energy consumption is from heater. This
is the reason why drying without microwave has the highest energy consumption.
Therefore, the increase in microwave power results in the less energy consumption.
Therefore, to produce the dried product, the producers have to consider in the quality as
well as the energy consumption. In this study, when consider in quality and energy use, the
drying at 1,000 watts combined with hot air is appropriate

This finding is an alternative process for potential producer. With this method we could
control product with good quality. However, the only 500 g sample was used in this
research. Therefore, scale up process is necessary for mass production. Considering in
energy consumption, we can replace heater by using LPG to reduce the processing cost

Table 4 Energy consumption of drying with different conditions

Microwave leyl ng Eblower Emotor Eheater Emicrowave Etotal

pmg” “(g‘)e (kWh) (kWh) (kWh) (kWh) (kWh)

0 6 141 0.84 15.33 0.00 17.58
500 4.5 1.05 0.63 11.49 2.25 15.43
1,000 3 0.70 0.42 7.66 3.00 11.79
1,500 2 0.47 0.28 511 3.00 8.86
2,000 1.5 0.35 0.21 3.83 3.00 7.39

4, CONCLUSION

The unripe banana was dried under different microwave powers assisted with hot air at
drying temperature of 50 °C. It could be concluded as following.

*  Thedrying time was decreased from 6 hr without microwave power to 4.5, 3, 2 and
1.5 hr when used microwave power at 500, 1,000, 1,500 and 2,000 watts,
respectively.

*  The trend of L* value was decreased when the microwave power increased. While
as a* value was increased.

*  Thedrying at 1,000 watts had the highest viscosity.
*  Theincrease in microwave power resulted in the decrease in energy consumption.

*  When considering in quality and energy consumption, the drying at microwave
power of 1,000 watts combined with hot air 50 °C is recommended for unripe
banana drying.
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Abstract.

Eri silk has economic significance. It can make fibers into silk threads which shiny distinct,
and unique. Producing silk fibers begins with the silk fiber peeling to prepare for the cutting
process and silk carding. Silk stripping is currently stripping by hand. The survey found that
it can peel an average of 150 grams per 1 hour. This research aims to create a silk fiber
stripping machine from the eri cocoon to increase the rate of fiber stripping. The fiber
stripping machine is 70 centimeters wide, 100 centimeters long, and 105 centimeters high.
The cocoon conveyor belt is responsible for conveying the eri cocoon to the fiber stripping
core. The fiber stripping core is used to peel the fibers that surround the cocoon. A motor is
operated to transmit power to the spinning axis. And the cocoon flick core transports the
cocoons that have been stripped into the support container. The rate of fiber removal is 1
kilogram of cocoon per hour from the experiments. The results showed that eri silk peeling
using a machine could give a 6.66 times better rate of fiber removal than manual peeling. In
addition, the development of this fiber peeling machine from this research can increase the
rate of fiber removal from the nest, reducing the labor even more. Moreover, the cocoons
that were still clean. Therefore, it can increase income for the farmer of silkworm community
enterprise.

Keywords. eri, cocoon, fiber, peeling striping, machine.

1. INTRODUCTION

Eri silk has economic significance. The eri cocoon produces fibers surrounded by sericin, a
sticky substance that binds the fibers into a silkworm cocoon. Eri cocoon has a long, slender,
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white color. The cocoon is relatively flat, with an average width of 2.1 centimeters and an
average length of 4 centimeters [1, 2, 3]. Eri fibers are shorter and looser than mulberry silk
[4, 5, 6, 7]. Pulling threads from the cocoon uses a spinning method. There are both hand-
spinning and machine-spinning. Fiber production begins by taking the eri cocoon to peel off
the fiber. Then cut the cocoon to separate the pupa, boil it to degumming, and spin up the
yarn. Spun yarn is a raw material that the industry needs a lot. Peeling fibers is essential for
cleaning cocoons. In addition, it also separates the black and dirty parts to increase the price
cocoons. Removing the silk fibers from the cocoon is similar to today's traditional wisdom.
It is peeling by hand, using human labor, which requires a long time to remove silk fibers
that can peel an average of only 150 grams per 1 hour. Therefore, the silk fiber peeler will
help to prepare the cocoon into the cutter. From various data surveys and study the problems
regarding cocoon preparation; accordingly, there is an idea of creating a silk stripping
machine that can give the rate of fiber peeling better than fiber peeling by hand
[8,9,10,11,12]. Moreover, farmers will get clean cocoons, increase income, and reduce
human labor.

2. MATERIALS AND METHOD

The study of data on eri fiber production found that eri silk fiber removal by hand. The outer
part of the cocoon has a section called the fiber wrap, causing the cocoons to clump together.
Therefore, separating the pupa from the cocoon is difficult. By cutting the cocoon to separate
the pupa, farmers need to use their hands to pull off the silk fiber. Therefore, removing fibers
from the cocoon is essential in fiber production. The threads can be removed by hand, as
shown in Fig. 1. The design of the stripping machine (as shown in Fig. 2) used the
characteristics of eri fiber wrapped.

Figure 1 (A) The cocoon before stripping

(B) Cocoon after stripping
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Filament core

Conveyor

Structure

Control -
cabinet

‘ Tray

Figure 2 Design of the eri silk fiber stripping machine

The components of the machine are as follows: 1) structure of the device is made of 0.1
cm thick stainless steel. The dimension of the machine is the width of 60 centimeters, length
of 60 centimeters, and height of 125 centimeters. The peeling device is covered with a
stainless steel sheet on all four sides to increase safety for use. 2) The filament core has a
diameter of 1 .2 centimeters, 4 7 cm in length. The core is attached with anti-slip tape
wrapped around the core. A gear motor is used to send power to the fiber stripping core. The
engine can adjust the speed from 600-2500 rpm, responsible for peeling the silk fiber
wrapped outside the cocoon. 3) Conveyor is transmitted by a gear motor. The velocity of the
conveyor belt can be adjusted from 17.27 to 69.11 meters per minute. It is responsible for
transporting the silkworm cocoon forward to the fiber stripping axis. 4) The control cabinet
consists of an on- off switch to adjust the speed. 5) The silkworm trays are then peeled off
and served as containers to support the cocoon eri.

3. EXPERIMENTAL DESIGN

In the experiment, to find the efficiency and working rate of the silk peeling machine, results
are compared to fiber peeling by hand. Experiments are divided into three parts. In the first
part, the speed of the stripping rod is adjusted to 600, 1250, 1800, and 2500 rpm. The second
part is the conveyor speed adjusted by 5 rpm, 10 rpm, and 20 rpm. The third part is that the
variety of cocoons is changing. There are two types of eri cocoons, 1) fresh eri cocoons. The
appearance of the fresh cocoon is a stable, hard shell, with an average weight of 1.85 grams
per nest, making it easier to transport on the belt. 2) Dry cocoons in which the outer shell is
not hard. The nest will collapse according to the compression of the belt. The experiment
will take one hour to remove fibers and check the quality of eri cocoons that have been
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stripped. The results are used to find the average rate per hour and the cleanliness of the
cocoon.

4. EXPERIMENTAL RESULTS

The eri silk fiber stripping machine is constructed (as shown in Fig. 3) to increase the rate
of fiber removal from the nest and reduce human labor. Moreover, it can increase the income
of the farmers. The comparison of the fiber stripping rates is shown in Fig.4-6. The rates of
peeling by machine are presented in TABLEL. It can be analyzed as follows. The best rate
of peeling is 1088.23 grams per hour when the speed of the belt is five revolutions per minute
and the speed of the stripping axis 1800 revolutions per minute. On the other hand, the
quality of the striated cocoon is 146.71 grams per hour when the belt speed is 20 rpm, and
the speed of the fiber stripping core is 1250 rpm. From the experimental table, it can be seen
that if the belt speed is too high, peeling fiber will not have good quality. The experiments
of peeling the dry cocoons found that the rate of peeling is 18.51 grams per hour. The belt
speed is adjusted at 20 revolutions per minute, and the speed of the fiber stripping axis is
2500 revolutions per minute. From the experiment, it can see that the cocoon is dry cocoons
are not able to peel the fibers due to their lightweight. The dry cocoon has no hardness and
soft appearance, so it is easily compressed. From TABLE 2, it was found that the fiber
extract from fresh cocoon has the best efficiency, able to peel 96.1242 grams per hour when
using the belt speed of 5 revolutions per minute, the fiber peeling axis speed of 1993. 66
rpm. The minimum peeling rate is 28. 9909 grams per hour. After adjusting the conveyor
speed to 20 revolutions per minute and adjusting the revolving speed of the axis at 1610
revolutions per minute, the desirability value is 0.192. The best of the experiment is the
machine can peel 28.132 grams per hour when the belt speed is 20 revolutions per minute,
peeling axis speed of 2500 rpm. The minimum stripping rate is 4.735 grams per hour when
adjusting the conveyor speed at five revolutions per minute and then adjusting the revolving
speed of the silk stripping axis at 600 revolutions per minute.

Peeling axis

Structure

Conveyor
belt

Control
Cabinet

Figure 3 The eri silk fiber stripping machine
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Figure 4 Dry cocoon before peeling fibers

Figure 5 Fresh cocoons before peeling fibers

Figure 6 The cocoons completely peel the fibers
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Table 1 The results of the rate of peeling

Speed of conveyor Speed of peeling axis Rate of peeling
(rpm) (rpm) (grams per hour)
600 404.7
. 1250 944.18
1800 1088.20
2500 600.00
600 174.95
1250 274.70
10
1800 222.10
2500 432.38
600 200
1250 146.71
20
1800 212.65
2500 256.98

Table 2 The results of the rate of peeling in the various speed of the peeling axis

Speed of conveyor Speed of peeling axis Rate of peeling
(rpm) (rpm) (grams per hour)
1993.66 962.24
. 2015.08 962.19
2022.13 962.16
2089.02 960.32
1866.72 958.59
10 1763.34 950.84
1538.67 970.20
20 1595.82 28.99
1610.00 28.99
5. CONCLUSIONS

The test of silk fiber removal by eri machine found that removing the fiber from the machine
can give a 6.66 times better rate than the fiber removal by hand. The advantage of this
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machine is that it can help solve the problem of cleaning pupae before boiling them for
degumming. In addition, the stripped fibers can also use for spinning yarn. The disadvantage
is that it is difficult to set the peeling axis distance because Erie cocoons are thin and soft.
Therefore, the peel-axis setting must be set to suit the size of the cocoon. In further
developments, suitable materials must be found to make the peel core and set the exact
distance for the eri cocoon. In addition, it can increase farmers' income, reduce human labor,
and obtain a clean eri cocoon.
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Abstract.

Thailand has a railway system with more than 2,500 railroad crossings, and these railroad
crossings are generally made of concrete. The truck will reduce speed during passing
through to avoid strong vibrations. The material used for comparison with concrete in this
research is a rubber compound with a strength additive to absorb the vibration. The chemical
composition of the rubber compound is Chloroprene Rubber (CR) 75% and Natural rubber
(NR) 25% blended with additives such as carbon black (CB), magnesium oxide (MgO), and
sulfur (S8). This research compares the effect on quarter- car models of a truck under
dynamic load conditions using the finite element method. The analysis is divided into two
steps, as follows: In the first step we applied load, that is unsprung mass and sprung mass of
the model, which was obtained from the State Railway of Thailand, and in the second step
we set the velocity are 10 km/hr, 20km/hr, 30 km/hr to this quarter-car model. The analyzed
results at 10 km/hr, which is the average speed of a vehicle moving through a railroad
crossing, showed that the max y-axis displacements of sprung mass when a truck passes
through rubber and concrete panels are 11.83 mm,14.265 mm. the max y-axis displacements
of unsprung mass are 14.01 mm,21.8401 mm. and the internal spring forces are -26,611 N
and -29,897 N, respectively but when the truck's velocity increases the rubber panels are
more deflated than the concrete panel resulting in the spring force increasing more than the
concrete panel.

Keywords. car suspensions systems, quarter-car model, finite element method,
hyperelastic material, compound rubber.

1. INTRODUCTION

Thailand is the world's number one primary processing rubber producer and exporter
because Thai rubber has high quality and is recognized worldwide. Currently, Thailand has
weaknesses or problems with the rubber industry, such as Thailand still relies mainly on
rubber exports. when the global economy slows down, it will affect exports to the main
markets. The volatility of raw rubber prices is beyond control. and many countries,
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especially Cambodia-Laos-Myanmar- Vietnam (CLMV) countries, have started planting
more rubber cause the world rubber supply exceeds the demand. Therefore, Thailand must
support and promote to use of rubber in the country. Including value-added rubber
processing, which will help increase income for farmers.

The railway industry is growing due to investment in rail developmentin Thailand. That
is developing a long-distance railway network from single-way to double-track, covering 47
provinces. So that in the future, the double-track railway will increase to 3,157 kilometers.
Currently, there are more than 2,500 railway crossings across the country made of concrete.
Therefore, cracking is a disadvantage because concrete is not resistant to repetitive loads,
and concrete is a hard and brittle material. When the vehicle passed through the railroad
crossing, there was a vibration causing a reduction in driving comfort and loud noise so that
the car would reduce speed. All these reasons lead to accidents and cost the repair budget.

For this reason, this research used rubber compounds as an excellent alternative to
shocking, and withstand repetitive loads. so the rubber can absorb shock. we study on effects
of the Quarter-car model of a truck, which divide the analysis into two steps, that are
assigning loads and setting velocity to pass through a railroad crossing for analyzing the y-
axis displacement of unsprung mass, the y-axis displacement of the sprung mass, and the
internal spring force for comparison between the rubber panel and the concrete panel. If the
research is successful, the rubber panel can use instead of the concrete panel. That will result
in the value of the domestic rubber industry has increased, designed and produced by Thai
companies for value-added rubber processing, which will increase revenue for rubber
farmers. and there are also promoting the use of rubber in Thailand.

2. METHODOLOGY
2.1. Quarter-Car Model

In order to study the effect of variables in the suspension system of trucks, a quarter-car
model is a model that considers only one of the four corners of the car. It is the most widely
used model because it has two degrees of freedom, which is easy to calculate because this
model consists of only two equations of mation. which is shown in Fig. 1. A quarter-car
model is used for this research. The model is determined that the unsprung mass has a mass
equal to m4, which consists of the mass of the wheel and axle. which is in contact with the
rubber pad which has the function of the rubber pad as if there was a spring with the spring
stiffness coefficientequal to k.. The rubber panel has a spring stiffness coefficient that varies
with each position. Then, the sprung mass is equal to m, , which consists of the mass of the
vehicle body and the weight of the driver. which compares the operation of the truck’s
suspension system as if be spring and a shock absorber with a spring stiffness coefficient
and the damping coefficient of the damper were k; and c», respectively. Let m; , m, be a
rigid body to make it easier to calculate. And we don't consider the deformation of vehicle
body, wheel, axle and tire Therefore, if the tire is a rigid body, we do not need to consider
the spring stiffness coefficient and the damping coefficient of the tire in this research.
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Figure 1 The quarter-car model of the vehicle.
The parameters of the quarter-car model for this research are shown in table 1.

Table 1 The vehicle system parameters for the quarter-car model

Sprung mass m, 2250 kg
Unsprung mass my 320 kg
Spring stiffness k, 160 kN/m
Damping coefficient Cy 1500 Ns/m
Variable a}c_cording to
Rubber pad stiffness k, each position of the
rubber panel

The mathematical model for the motion of the sprung mass (m,) and the unsprung mass
(m,) as shown in Fig. 2. and Fig. 3, respectively.
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Figure 2 Free Body Diagram of mass m,.
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Figure 3 Free Body Diagram of mass m,.

The purpose of the modeling was to study the y-axis displacement of the sprung mass
and the unsprung mass, and the forces acting on the springs to study the effects of the truck
suspension when the truck passed through rubber and concrete panel.

2.2. Material Propperties

Initially, we must determine material properties. The compound rubber has been researched
and developed a formula to absorb the impact, this rubber panel composition is given in
Table 2.

Table 2 Chemical composition of rubber

CR/INR carbon magnesium

ratio black oxide sulfur

Ingredient

Composition 75/25 60 phr 1 phr 1 phr

The properties of hyperelastic rubber use Yeoh’s model to be considered in this research.
The mechanical properties are obtained from the curve fitting value of the tensile test data.
As shown in Fig. 4.

7

Fig. 4. Tensile test result of rubber.

From the curve fitting process using ANSYS, the Yeoh 3rd order model parameters are
C10 = 82.595 x 10° Pa, C2 =15.303 x 10* Pa and C3 = -54.453 Pa, this constitutive model is
given in equation (1).
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W =Cyo(I; —3) + Cyo(I; — 3)% + C3o(l, — 3)3 (1)
The components of the model used are shown in fig 4. and mechanical properties of other
materials are shown in Table 3.

Table 3 Chemical composition of rubber

Ultimate Yield Young’s Poisson’
material Tensile Strength modulus sratio
Strength (MPa) (MPa)
(MPa)
Structuralsteel 460 250 20,000 0.3
Concrete 5 0 40,000 0.18

Figure 4 Model components.

2.3. Loading and Boundary condition

The finite element method analysis of 3D problems by ANSYS workbench program. We
have divided the analysis into two steps: first step, Assign the load to the model. The load is
coming from two parts that are 1. sprung mass. The load value is 22. 5 kN, 2. unsprung mass,
The load value is 3.2 kN, and the second step. Assign the car to move on the -z-axis at
10km/hr, 20km/hr, and 30km/hr. as shown in fig 5.

The contact relationship of this model has cases that is 1. bonded contact, 2. Rough
contact, 3. Frictional contact and 4. frictionless contact. The truck body and wheel on this
model are assumed to be a rigid body. We set fixed support at the concrete sleeper, concrete
support, and rail. The contact condition and fixed condition are shown in fig. 6 and 7. These
settings were set to the same in both the concrete panel and the rubber panels to compare the
effects of the truck suspension.
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Figure 5 Loading condition

Figure 6 Contact condition.

Figure 7 Fixed condition.

3. NUMERICAL SIMULATION

The result is displayed in two steps. The first step is to balance the internal spring force
between sprung mass and unsprung mass by setting a step time equal to 2 s, causing the
system to enter equilibrium. Then the second step is to determine the duration relative to the
speed of the truck, which is 0.98 5,0.491s, and 0.327s.

The result is as follows: the y-axis displacement of sprung mass, y-axis displacement of

unsprung mass, and internal spring force at a speed of 10 km/hr are shown in fig 8,9,10,
respectively.
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Figure 8 Y-axis displacement of sprung mass at 10 km/hr.

s displacement of unsprung mass ot 10 knvhr

Figure 9 Y-axis displacement of unsprung mass at 10 km/hr

Figure 10 Spring force at 10 km/hr.

Then, we study on the effect of the spring force by analyzing the simulation results in
the second step, which this step shows results when the truck passed through the Railroad
Crossing in the -Z direction for a distance of 2.725 m. The results were compared between
the Rubber Panel and the Concrete Panel at10km/hr, 20km/hr, and 30km/hr. shown in fig
11,12,13, respectively.
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Figure 11 Spring force at 10 km/hr

Figure 12 Spring force at 20 km/hr

Figure 13 Spring force at 30 km/hr.

From the analysis results, the change in truck speed had a greater effect on the collapse
of the rubber panels than the concrete panels. Therefore, the impact of the truck's suspension
was analyzed, and compared the y-axis displacement of unsprung mass, and internal spring
force when the truck passed through the rubber panel at all three speeds. shown in fig. 14,15,
respectively.
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Figure 14 Y-axis displacement of unsprung mass (rubber panel).
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Figure 15 Y-axis displacement of sprung mass (rubber panel)
deformation of the external rubber panel shows as a sample because this part is most

deflated shown in fig.16. and this reason resulting in the force in the spring is the most
valuable when wheel impact with railway shown in fig.17.

Figure 16 Deformation of external rubber panel

Figure 17 Max spring force at 10 km/hr.
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4, CONCLUSIONS

According to the comparison results sample, at 10 km/hr as the average speed of a vehicle
passing through Railroad Crossing has approximately 10 km/hr. The data values shown are
the values added from the equilibrium point in step 1. as shown in table 4.

Table 4 The simulation result at a speed of 10 km/hr.

Rubber Concrete
Results panel panel
Max y-axis displacement of sprung
mass (mm) 11.83 14.265
Max y-axis displacement of unsprung 14.01 21,8401
mass (mm) ' '
Max spring force (N) -26,611 -29,897

From the analysis results at 10 km/hr, when a truck passed through rubber panels. It
appears that the two masses are moving down the collapsing of the rubber panels, which
max displacement in the y-axis of the sprung mass and unsprung

mass collapse from the equilibrium point is 11.83 mm, 14.01mm. but when a truck
passed through the concrete panel, unsprung masses impact the concrete panel, causing it to
bounce back, which max displacement in the y-axis of the sprung mass and the unsprung
mass bounce from the equilibrium point is 14.265 mm, 21.84 mm. It was concluded that the
maximum displacement of both systems showed that the amplitude of the sprung mass, when
passed through the concrete panel, was 20.58% higher than the rubber panel, and the
unsprung mass of the concrete panel was 55.89% higher than the rubber panel.

Then considering the spring force when it passed through the rubber panel, the spring
force is reduced, but when the truck at the neck of the rubber panel, which has the most
collapses. Causing the wheels to impact the railway, and there is bounce. This is the reason
why the force in the spring is increased to -26611N, but the concrete panel, when the truck
passed through the railway, there is an impact with the concrete panel which is a hard
material, resulting in the spring force increases and leads to vibration. The spring force of
the system is up to -29897 N, so the spring force of the truck when it passed through the
concrete panel was 55.89% higher than the rubber panel.

From the analysis, when considering the impact of the suspension system when the truck
passes through the tire panel, it was found that As the truck’s velocity increases, the tire
panels are more deflated, resulting in the spring forces increase. so that should improve the
neck of the rubber panel to collapse less
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Abstract.

Energy saving in residential buildings and global warming situations has a potential to
interest of thermal comfort. ASHRAE thermal sensation scale (ASH) is considered the
thermal comfort in this work. An automatic speed control and object tracking fan was
developed and tested. Field thermal comfort tests both of natural ventilation and air
conditioning rooms were also assessed. The results revealed that an automatic fan can
function both of speed control and object motion capture with 100% accuracy. This is helpful
to enhance thermal comfort for sedentary and non-sedentary activities in daily life.
Occupants satisfied in distance not over 1.5 meters and ASH was almost in the neutral zone.

Keywords. object capture, thermal sensation scale, sedentary activity, variable fan speed,
Arduino.

1. INTRODUCTION

Thailand is a country in Southeast Asia, located at the northern hemisphere. The average
maximum temperature in the hot season can be reach to 35°C. Especially, the northeast region
of Thailand climate all year round is almost hot and humid, except between mid-November
and mid-February. The people feel bad in this time interval. A solution of more comfortable
feeling is always turning on a fan.

The fan evolution is now happened in many versions. It is designed by criteria of air flow
rate, air pressure, and user purposes, e.g., centrifugal, axial, pedestal, ceiling, table, tower,
misting, and evaporative cooling fans. A kind of fan, pedestal fan, is often seen in household
appliances.

Recently tropical climate researches mostly studied the effect of air movement by fan
assisted air conditioning on thermal comfort for many activities, e.g., classrooms,
laboratories, sedentary and non-sedentary office activity levels, living room and bedroom [1-
7].
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The experimental airflow is classified as three main patterns: constant mechanical,
pulsating, and sinusoidal. Increased airflow in indoor space led to increased mean and
standard deviation of air speed but decreased mean and standard deviation of turbulence
intensity when compared to without sources of increased airflow or natural ventilation [8].
The sinusoidal pattern at more than 40% turbulence intensity, the 0.5-1.0 Hz fluctuation
frequency and a constant 0.6 m/s average air speed under condition of 28-30°C and a constant
35% RH, is studied in 2012 [9]. The thermal sensation vote (TSV) showed that human feel
cool at the 28°C air temperature whilst, feel hot at the 30°C air temperature with a range of
0.5-1.0 Hz frequency. Later in 2018, intensified global warming periods, human feel cool at
lower than 25°C (air temperature decreased around 3°C from 2012) while feel comfort at
25°C under condition of 50-70% RH, 0.2-0.6 m/s and 0.016-0.1 Hz [10].

Additionally, the constant mechanical and pulsating patterns (turbulence intensity < 40%)
and sinusoidal pattern (turbulence intensity > 40%) at a constant condition: 27.5°C, 50% RH,
and 0.65 m/s is compared on thermal comfort. TSV vote of the constant mechanical and
sinusoidal patterns are positive (slightly hot) and negative (slightly cool) for pulsating pattern
[11].

The people would like decrease the air velocity after 30 minutes exposure in variable
airflow direction [12]. The comfortable air speeds are between 0.25 m/s (at 27°C and 40%-
60% RH) and 1.17 m/s (at 30°C and 60%-80% RH) and between 0.12 m/s and 1.31 m/s for
2 beds of healthy young people in the 20 m? bedroom area with pedestal fan coupled with
3500 W air conditioner [7]. The optimized air movement in University classroom can enhance
the thermal comfort satisfaction from 62% to 94% of totally 34 persons [13].

The current deteriorated developing global recession resulted in the reduction of net
income. Many undergraduate students necessary to select the lowest cost of accommodation
by renting fan room with natural ventilation (no air conditioner). They feel hot in summer
season, therefore, this study aims to develop and build a 360° object tracking fan to enhance
thermal comfort of student’s accommaodation. The thermal comfort under pedestal fan speed
control complied with air temperature and relative humidity was also studied in student’s
accommodation and air conditioning faculty office.

2. MATERIALS AND METHODOLOGY

2.1 Design Principles

A pedestal fan is design by using 6 sets of ultrasonic sensor HC-RS04 (working
temperature: -15°C to 70°C, sensing angle: 30° cone, angle of effect: 15° cone, and ultrasonic
frequency: 40kHz) for detecting the object tracking and a sensor module DHT22 (measured
temperature range of -40 to 80°C with + 0.5°C accuracy) for measuring and displaying the
air temperature and humidity. We used the Arduino Uno R3 microcontroller board for
controlling the operation of 360° object tracking by stepping motor and variable air velocity
with air temperature and relative humidity.

2.2 Accuracy Test

A prototype of 360° object tracking fan as Fig. 1 is tested in 6 different directions of
ultrasonic sensor and 3 different levels of distance between sensor and object: 0.5, 1.0, and
1.5 meters.

The variable air speed testing, fan speed level is adjusted corresponding to air temperature
and relative humidity condition as shown in Table 1.
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2.3 Field thermal comfort
The operation testing of 360° object tracking and variable fan speed starts from 2 students

came in their accommodation (2 beds fan room size: 20 m? and opening space for 2 windows
with natural ventilation) and fill thermal sensation scale questionnaire. Each student was done
for 3 time intervals: morning (9 AM-11 AM), afternoon (12 PM-2 PM), and evening (4 PM-
6 PM) in the same day. The temperature and relative humidity of air in tested room and fan
speed number is recorded in every 10 minutes for each time interval. At a 64 m? equipped 2
sets of 1 tons air conditioning faculty office, we have test in the morning and afternoon.
Thermal comfort is assessed by ASHRAE thermal sensation scale (ASH). This scale is
divided into 7 levels of -3 to 3 as presented in Fig. 2.

: microcontroller

: ultrasonic sensor

: stepping motor

: temperature and humidity
sensor and LCD display

S $U0 0 e

Figure 1 A fan speed control and 360° object tracking based on microcontroller.

Scale Sensation

3 Cold

2 Cool
-1 Slightly cool
0 Neutral

1 Slightly warm
2 Warm

3 Hot

Figure 2 ASHRAE thermal sensation scale.
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Table 1 Criteria for adjusting fan speed level

Room condition fan speed level
T < 25°C, RH<70% No. 0
T 25-29.9°C and RH<70% No. 1
T 30-33.9°C and RH< 70% No. 2
T > 34°C and RH< 70% No. 3
T 25-27.9°C and RH>70% No. 2
T 28-32°C and RH>70% No. 3
3. RESULTS AND DISCUSSION

3.1 Accuracy test of the direction sensor

Ultrasonic sensor was turned towards 6 different directions to detect moving and static
objects at the radii of 0.5, 1.0 and 1.5 m. The accuracy tests of the direction sensor showed
that 100% accuracy was achieved at the distance of 0.5 and 1.0 m. However, the accuracy
slightly dropped at 1.5 m.

3.2 Accuracy test of the temperature and relative humidity sensor

DHT22 Temperature & Relative Humidity Sensor was used as a key component of the
developed automatic fan. It could automatically change the fan speed according to the set
temperature and relative humidity. The accuracy tests of the sensors were conducted in
triplicate. The test results were tabulated in Table 2. It is clearly seen that the sensors could
completely control the fan speed level in accordance with the specific conditions.

3.3 Thermal comfort via thermal sensation scale (ASH)

The ASHRAE thermal sensation scale was developed for use in quantifying people’s
thermal sensation. The sensation scale expressed from -3 to +3 corresponding to the
categories “cold (-3),” “cool (-2),” “slightly cool (-1),” “neutral (0),” “slightly warm (1),”
“warm (2),” and “hot (3).” [14]. People voting +2, +3, —2, or =3 on the thermal sensation
scale are assumed that they feel uncomfortable.

The experiments were performed in the summer of Thailand (March — April 2020) at
three time intervals viz. in the morning (9 AM — 11 AM), in the afternoon (12 PM — 2 PM),
and in the evening (4 PM — 6 PM). During the day, air temperature tended to increase whilst
the relative humidity tended to decrease. At 9 AM to 11 AM, air temperature gradually
increased from 29°C to 33°C and relative humidity drastically decreased from 72% to 62%.
Mean value of ASH (ASHRAE thermal sensation scale) in Fig. 3 illustrated that at the
beginning of the experiment, the occupants felt slightly warm and then they felt indifferent.
Generally, tropical climatic regions have high temperature and humidity levels in the
summer season. However, in the morning interval of this research work, the level ranges are
not an extreme condition therefore the feeling is mostly in neutral sensation. Most of
temperature and relative humidity are in the air conditioned zone [15].
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Additionally, it was depicted in Fig. 4 thatat 12.00 PM to 12.20 PM the thermal sensation
scale was 1 (Slight warm). After that, the fan speed level was automatically elevated from 2
to 3. This led to the neutral preference during 12.30 PM — 12.50 PM. Nevertheless, after
01.00 PM the temperature gradually increased and reached 35°C at 01.20 PM. Such a
relatively high temperature resulted in the positive side of thermal sensation scale.

As depicted in Fig. 5, during 4 PM — 4.30 PM, thermal sensation was considered slightly
warm (1) and warm (2). Thereafter, the air temperature seemed to be maintained at 34°C.
Although the air temperature is rather high, thermal sensation was still in the neutral zone.
This was because the fan speed level was automatically changed from speed level 2 to speed
level 3. The increased air velocity resulted in the pleasant feeling. Furthermore, occupants
felt more comfort for an automatic fan than the general electric fan, especially in case of
non-sedentary activities in fan room.

The experiments of variable fan speed in air conditioning faculty office were executed
in the summer of Thailand (mid-April 2020) in the morning (9 AM — 11 AM) and in the
afternoon (12 PM — 2 PM) as shown in Fig. 6-7. The ambient air temperature tended to
increase whilst the relative humidity tended to decrease during the day. At 9 AM to 11 AM,
room temperature gradually decreased from 30°C to 25°C (set point temperature of air
conditioner) and room relative humidity drastically decreased from 70% to 46%. Mean value
of ASH at the beginning, the occupants felt slightly warm and then they felt comfort -
slightly cool - cool at 30, 50, and 60 minutes, respectively

In the afternoon 12.00 PM to 12.20 PM, the thermal sensation scale was 1 (Slight warm)
and then the fan speed level was automatically stepdown from 2 to 1. This led to the neutral
preference during 12.30 PM — 02.00 PM. Nevertheless, the room temperature gradually
decreased and reached 25°C at 01.00 PM. Such a relatively mild temperature resulted in the
comfortable thermal sensation scale.

Table 2 Accuracy of the fan speed level according to the specific conditions

The given conditions Fan speed level Accuracy
T <25°C, RH < 70% No. 0 100%
T=25-29.9°C, RH < 70% No. 1 100%
T=30-33.9°C, RH < 70% No. 2 100%
T >34°C, RH < 70% No. 3 100%
T =25-27.9°C, RH > 70% No. 2 100%
T = 28-32°C, RH > 70% No. 3 100%
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Figure 3 Temperature and relative humidity of the air and thermal sensation scale voted

by occupants in the morning period of fan room student’s accommodation
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Figure 4 Temperature and relative humidity of the air and thermal sensation scale voted

by occupants in the afternoon period of fan room student’s accommodation.
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Figure 7 Temperature and relative humidity of the air and thermal sensation scale voted
by occupants in the afternoon period of air conditioning faculty office

4, CONCLUSIONS

An automatic fan was developed and tested in this research work. The fan could
automatically turn to the direction of object existence with almost 100% accuracy. In
addition, it could automatically adjust the speed level according to the temperature and
humidity of the surrounding air. Thermal comfort via thermal sensation scale indicated that
when temperature and relative humidity were in the uncomfortable condition, the fan would
automatically speed up. Consequently, thermal sensation scale were mostly in the neutral
zone. The tests in other case, air conditioning faculty office, this developed fan could help
to enhance the airflow movement and comfortable preference.
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Abstract.

The objective of this project is to build an automatic shrimp size measurement machine. The
method that farmers currently use to measure the size is to use a fishing net to catch shrimps.
This method will cause injuries and accidents to the shrimp. To solve this problem, we
design an automatic shrimp size measurement machine to help measure the shrimp safely.
The machine will have a plate to catch and raise shrimp above the water surface. The
machine’s camera will then capture a shrimp image on the plate and send it to a deep learning
algorithm to analyze and evaluate shrimp size.

Keywords. Pacific White Shrimp, Deep Learning, Object Detection.

1. INTRODUCTION

At present, the Thai vannamei shrimp farming industry generates a lot of income for the
country. In 2019, Thailand produced more than 260,610.08 tons of white vannamei shrimp
in the farm system, and exported more than 134,737.85 tons, worth 39,815.52 million baht
[1]. In terms of production and exports, lifting the shrimp up to measure the size is one of
the reasons for a large reduction in output because shrimp is fragile and must be in the water
at all times. Lifting it up will expose the shrimp to air exposure and other stimuli, but the
raising of white vannamei shrimp is necessary to provide the right amount of food for each
stage of the shrimp age. In addition, human labor is scarce, expensive, and labor’s skills
cannot be controlled either by looking at the size with the naked eye and on cleanliness.

Therefore, if there is research and development of automatic white shrimp size
measurement, Vannamei can make Farmers can greatly reduce their labor usage. In addition,
production costs can be directly reduced, and the exact size of white vannamei shrimp can
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be realized without direct contact with the shrimp. Make feeding possible most appropriate
for each age group resulting in higher efficiency and productivity in production.

2. THEORY AND RELATED RESEARCH
2.1 Characteristics and rearing of white vannamei shrimp

Vannamei white shrimp [2] is a Pacific marine shrimp species. Scientifically known as
Litopenaeus vannamei or Penaeus vannamei, it is widely cultivated in many countries due
to its vigorous nature. In Thailand nowadays, Thai farmers tend to raise this type of shrimp.
Because it is a fast growing shrimp species and takes a short time to raise. General
characteristics of white vannamei shrimp The body is white with 8 segments and one
segment of the head. The greek is triangular. reddish brown Shrimp intestines can be clearly
seen. And when adults are 9 inches long, they are fast moving shrimps. Able to adapt to
salinity in a wide range from 3-35 parts per thousand, can eat many types of food. Therefore,
it grows and adapts to dense development culture in deteriorated pond conditions better than
black tiger shrimp. White Vannamei Shrimp can be raised in both natural systems and semi-
dense system This type of shrimp can be familiar with and adjust the habits under various
aquaculture systems well. It has a habit of being sensitive to changes in water conditions in
the pond. and easily startled Farmers need to have a good farm management system in order
to produce good yields in large quantities. The proper form of shrimp farming depends on
the location of the farm and on management issues and disease outbreaks that may arise
during raising. The development of white shrimp farming in Thailand prefers to use coastal
areas or areas with access to sea water. The pond used for raising at present is a rectangular
pond. The width and length are not much different. Currently, there are 2 types of popular
styles, which are clay ponds and polyethylene fabric ponds.

2.2, The size according to the age of the shrimp is important to the amount of feeding

Food is an important factor in successful shrimp farming. Therefore, it is necessary to
manage the nutrients and the amount of food that the shrimp will receive appropriately
(Table 1). divided by the weight or size of the shrimp itself Developed shrimp farming It is
commonly used as a readymade pellet food. The deterioration of the shrimp pond was caused
by poor feeding management leading to accumulation of food waste from the chin and
excreta. There were continual problems concerning raising management and preparation of
the pond to have a suitable environment. In addition, shrimp production costs come from
feed, approximately 50-60%. Mismanagement of feed that leads to too high a meat exchange
rate increases feed costs. Therefore, good shrimp feeding management is necessary to The
most efficient shrimp production. The criteria used must ensure that the shrimp are fed the
right amount of food at the right time. Every meal during the party The rate of feeding
depends on the amount of food you eat. growth rate and shrimp mortality feeding too little
causing the shrimp to grow slowly and causing cannibalism especially high-density shrimp
farming overfeeding causing the quality of water and soil to deteriorate This made the
stressed shrimp weak and the chance of infection with shrimp disease increased. and the
growing bacteria use insufficient oxygen in the water for shrimp growth. Daily amount of
food Calculated from shrimp quantity and feed rate [2] are: Feed amount (kg/day) = total
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shrimp quantity x percentage feeding/ 100, Total shrimp volume (kg) = total shrimp in pond
x average weight, Total number of shrimp in the tank = number of shrimp released x percent

survival / 100

Table 1 Feeding rates according to shrimp weight

Average  Feeding Average Feeding Average Feeding
weight rate weight rate weight rate
of (% of of (% of of (%  of
shrimp weight / shrimp weight / shrimp weight /
9.) day) 9.) day) (D)} day)
<1 35-25 5.0-5.9 5.5-5.0 %38 3.0-2.75
0.1-0.24  25-20 6.0-6.9 5.0-4.5 ﬁl-g- 2.75-2.5
0.25- 20-1 7.0-7. 4542 15.0- 2.5-2.
e 0-15 0-7.9 5-4.25 129 5-2.3
0.5-0.9 15-11 8.0-8.9 4.25-4.0 %28 2.3-2.1
1.0-1.9 11-8 9.0-9.9 4.0-3.75 %;8 2.1-2.0

i - 10.0- } 18.0- .
2.0-2.9 8-7 109 3.75-35 18 20.-1.9

i - 11.0- ; 19.0- .
3.0-3.9 7-6 119 3.5-3.25 199 1.9-1.8

i - 12.0- ; 20.0- .
4.0-4.9 6-5.5 129 3.25-3.0 209 1.8-1.7

2.3. RetinaNet

RetinaNet [3] is a simple one-stage model unlike Faster R- CNN or Yolo, it uses Feature
Pyramid Network (FPN) [4] (Fig. 1). It detects objects based on multiple scaled image data
to improve detection accuracy but takes more time and memory than other detection models
to create images of different sizes. RetinaNet performs two functions: 1) identifying what is
inside the frame of detection and 2) analyzing the built frame of detection against the ground

truth.

(b) feature pyramid net

Figure 1 Architecture of RetinaNet [3]

(c)class subnet (top)  (d) box subnet (bottom)
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2.4. Shrimp size measurement method

To measure the shrimp size, we have to detect the shrimp inside the picture that we
captured. We use RetinaNet to detect the shrimp. After that, we can use similar triangle
properties to calculate the shrimp size.

3. THEORY AND RELATED RESEARCH
3.1 Main structure of the machine

We use PVC pipe as the main structure of the machine which is lightweight, durable and
does not erode in saltwater conditions. In addition, the PVVC pipe is cheap and easy to buy
compared to stainless steel and aluminum (Fig. 2).

For buoyancy, we use floating foam attached to the frame on all sides to help keep the
machine balanced. And we use a square shape to maintain balance when the waves hit the
machine

Figure 2 3D model of the machine.

3.2. The shrimp net and motor system

We use an acrylic sheet (Fig. 3) for the shrimp net because it has a smooth surface,
making the shrimp size calculation process easier. But the acrylic sheet will not drain water,
so we drill holes on the sheet, allowing the water to drain and reducing the water pressure
when lifting. For the motor system, we use 2 motors to control the shrimp net on the left and
right sides. When the system sends a command to lift

Figure 3 Acrylic sheet design for the shrimp net
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the net, both motors will be activated. And when we want to release the shrimp, the motor
will tilt the net to one side for the shrimp to be released.

3.3. Processing system and control unit

The automatic shrimp scale processing system is based on the Raspberry Pi. Raspberry
Pi is the most popular single- board computer that is widely available and small. It can also
be connected to the camera of the Raspberry Pi, allowing to take pictures of the shrimp and
the shrimp size can be measured locally after imaging. The camera system and the Raspberry
Pi are packaged in a water and dust resistant case, which can prevent salt vapor from the
shrimp pond. The bottom box is transparent so that the camera can take pictures. Which will
use a glass coating that is resistant to salt vapor.

3.4. The detecting and measuring shrimp size

In this paper, we have developed a system to detect and measure the size of shrimp. The
image obtained from the shrimp imaging was used to detect the shrimp inside the image
using RetinaNet, an object detection model. The captured shrimp was analyzed to measure
the size of the shrimp by image processing technique.

Developing a RetinaNet model requires the preparation of images before using images
to teach the model using the fastNIMeansDenoisingColored [5] technique. It is a technique
for reducing noise by adjusting the colors around each point of the colored pixel, which is
better than image segmentation with KMean clustering. The image is scaled to fit the model,
with the result of the RetinaNet model being the coordinates of the shrimp in Fig. 4

Figure 4 Detect shrimp in images with RetinaNet

Shrimp size measurement uses image processing to analyze the image data to obtain the
length of shrimp within the image captured by using RetinaNet. The initial analysis step is
the preprocess data.

Preparing the image before being analyzed to measure the size of the shrimp inside the
image will convert the RGB image to a grayscale image. It is easy and convenient to analyze
by reducing the data size from RGB 3 channel color image to 1 channel grayscale image,
reducing processing time and power of computing. The grayscale image is then blurted to
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reduce the details of the image to make it easier to see the shrimp inside the image and to
reduce noise, making it easier for further analysis (Fig. 5).

Crop image

0 50 100

Convert to grayscale Use blur for preprocess image

Figure 5 Convert RGB image to Grayscale image and use blur with shrimp image

Once the image preparation is complete, we will separate the shrimp image from the
background of the image. It uses an Adaptive threshold [6] algorithm for filtering image data
between objects and backgrounds. This allows us to get a black and white image that clearly
distinguishes the subject and the background of the image. After obtaining an image that
distinguishes the object and its background, two methods were used to measure the size of
the shrimp.

1) Shrimp size was measured by using a shrimp image that was separated from the
object and the background and then finding the points on the shape of the shrimp
using the findContours [7] algorithm.

2) Shrimp size was measured by using a shrimp image isolated from object and
background and then used to find the bones of the image by thinning technique [8],
[9]. It finds the object’s axes within the image before using the findContour algorithm
to find points on the shape of the shrimp.

We will use those points to find the points that are farthest apart when forming a straight
line to get the shrimp’s longest straight line. The shrimp’s longest straight line assumes that
line is the one that passes through the shrimp’s rostrum and telson, which is the size of that
shrimp (Fig. 6).

4, EXPERIMENTAL RESULT

Development of an automatic shrimp size measurement as mentioned in the Methodology
section. It consists of photo-graphic equipment and a system for measuring the size of
shrimp. The results are as follows.
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Use Adaptive Threshold. Find shrimp skeleton Find contour of shrimp. Find max distance of 2 point.
using thinning method

Figure 6 Flow of find shrimp’s length

4.1. Automatic shrimp size measurement machine

We’ve built the machine as designed on the 3D model but we’ve reduced the size of the
machine to better suit real-world usage (Fig. 7).

Figure 7 The shrimp size measurement machine

4.2. Result from the detecting and measuring shrimp size

Performance testing of the shrimp detection system within the image with RetinaNet. It
was found that the RetinaNet model was able to detect shrimp inside the image (Fig. 8a),
but was less effective when the image was noisy and underexposed (Fig. 8b). We trained the
model with 300 shrimp pictures and validate it with 100 shrimp pictures, then we took the
trained model to test with a test set that contains 100 pictures. The precision, recall, and F1
score value from loU of the model is 57.28%, 31.98%, and 41.04% respectively, which
we’re focusing on the precision value because detecting only some of the shrimp is sufficient
enough to measure the overall shrimp size.

o
100 100
0 20
00 %0
o <0
00 w0
0 100 0 0 ) £ ° 100 EN P 0 wn

Figure 8 Shrimp Detection Test Pictures
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From testing the efficiency of shrimp size measurements using various techniques, the
results were as follows in Table 11

Table 2 Table comparing the efficiency of shrimp length determination using different
techniques

Contour technique Contour technigue with Thinning

‘B

According to the results, the contour technique together with thinning [8], the shape of
the shrimp can be seen effectively. Using thinning will help to find the shape of the shrimp
better.

5. CONCLUSION

The automatic shrimp size measurement machine is capable of measuring shrimp size
efficiently by taking shrimp pictures. The machine relies on object detection technology to
detect shrimp, and the machine uses the information to analyze shrimp size. The machine
collects pictures at a specified time every day, then calculates an average shrimp size using
the pictures. This will let users know the proper amount of shrimp food, and as this process
is fully automatic, it can reduce human workers. This automatic shrimp size measurement
ma- chine consists of two components: The shrimp net controller component: It uses two
motors to lift the shrimp and release it by tilting the net to one side. The detecting and
measuring shrimp size component: The process starts from taking a shrimp picture and pre-
processing it. After that, the picture will get into the object detection process using
RetinaNet. When completed, we will crop it to measure shrimp size by using thinning to
find the skeleton and then take the information to compute contour to calculate the shrimp
size. The precision value from the RetinaNet model, which was trained by 300 shrimp
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pictures and tested with 100 pictures, is 57.28%. We believe that the performance can be
improved further by increasing training set pictures and tuning parameters.
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