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Abstract

This article proposes the automated composter machine to treat the organic waste from the
household or enterprise. The medium-size composter can convert the food waste to organic compost at
the local site so that the volume of organic waste is reduced faster. In this work, the automation systems
have been utilized in the composter prototype such as the programable logic controller (PLC) to deal
with agitator, exhauster, and temperature control to optimize the treatment process period. Moreover,
the graphical user interface (GUI) displaying with a 7-inched touchscreen is also introduced for
monitoring, operating, and setting the composter machine, according to the raw material condition.
Working with a touchscreen and GUI, the user can easily configure the required temperature and the
operation of the agitator to mix the raw material with microorganisms from the cow dung. By
maintaining the temperature in the chamber, the experimental result shows the performance of
temperature control which the average error is less than 10% for several treatment processes. For
various types of food waste, the performance of composting is evaluated by weighting which shows
that 50-kg food waste can be composted to the fertilizer within 24 hours.

Keywords: Composting Reaction, Composting Chamber, Hot Composting, Automation systems

Introduction

Today solid waste is one of the biggest problems in the community. Around 50% of the waste
is organic waste (Jayaprakash et al., 2018) such as leaves from the gardener, food waste from the
household, cafeteria, and fresh market, which all can be converted into compost. The process of
composting requires wet organic matter such as leaves, or food waste as known as green waste, and
waiting to break down into humus for a certain period. It occurs by using microorganisms under specific
conditions. Generally, there are two types of composting: anaerobic and aerobic composting. For
anaerobic composting, there is no need to use oxygen to process, resulting in sludge, carbon dioxide,
and methane. The treatment period is usually 20 — 40 days which is suitable for energy harvesting.
While as aerobic composting uses oxygen for the process resulting in the composted matter, carbon
dioxide, and water. The treatment period is usually 20 — 30 days so it is suitable for producing fertilizer
(Tchobanoglous et al., 1993).

A programmable Logic Controller (PLC) is a programable device that is mostly used in
industrial applications because of its durability and reliability. It can be programmed in several
programming languages such as graphical language like Ladder Diagram (LD), Sequential Flow chart
(SFC), and Function block diagram (FBD), or textual programming language like Instruction List (IL)
and Structured Text (ST) (John & Tiegelkamp, 2001). Nowadays, not only turning ON/OFF but also
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reading information sensor, implementing an advanced control algorithm can be archived by a simple
PLC device such as the main controller for a robot manipulator (Bonfe et al. 2009), fault detection
system (Isik et al., 2016) and Fuzzy based temperature controller (Wei 2017).

Research Objective

To introduce the alternative design of an automated composting system for supporting various
types of food waste where the composite rate can be increased by applying a programable logic
controller and environment control.

Literature Review

The design of the composter for the community considers the requirement of how to eliminate
the ordure, accelerate the treatment process and result in the composed matter friendly to the
environment. Thus, the composting reactor is usually designed to control the environment for
composting such as temperature, and humidity by adding the air or stirring the matter to reduce the
treatment time. Jayaprakash et al. (2018) proposed the design and development of compost bins based
on the Quality Function Deployment (QFD) and Product Design Specification (PDS). For delivering
design, the user’s requirement is transformed into technical voices such as floor space area, less cost,
ease of use, maintenance, lightweight, durable. In this work, the prototype of the composter has mainly
three parts: compost-stater storage part, composting bin, and compost collection. It uses a rechargeable
battery for mixing blades and calcium dioxide for heating. Even though this prototype has been
validated in terms of product design, the processing time of the composter is not mentioned. Several
works proposed the use of automation systems with the composter so that the user can operate and
monitor, remotely. Elalami et al. (2019) proposed the smart composter controlled by several sensors
such as NH3, PH, humidity, and temperature sensor to obtain the compost within 4 weeks. The actuator
will be activated when the control variables are less than the setting conditions. Ahmadi et al. (2020)
proposed a prototype reactor to compost agricultural wastes. This work applied a PI-controller to control
temperature and humidity in different working conditions. The operator is also monitored and
manipulated via a human-machine interface (HMI). Siti et al. (2020) proposed the rotary autonomous
composter powered by solar cells. The consumption of energy has been addressed for component
selection.

In Thailand, research on composting for a household has been proposed and conducted.
Bumrungsalee (2011) proposed the design of a household composter with a 2-kg capacity. The proposed
work used HDPE (High-density polyethylene) plastic dumb sized 40-cm diameter and 80 cm in height.
Inside the dumb installed the pitch-blade agitator driven by the handwheel. The organic matter which
has a combination of food waste and dried leaves with a weight ratio of 60:40 is mixed with
microorganisms. After the treatment process for 24 days, the quality of composted matter was measured
by the C/N ratio. Seeramai et al. (2014) proposed the product design approach-based garbage grinder
for producing fertilizer. Nine experts in product design, mechanical design, and organic farming were
assessed in terms of separation efficiency, grinding, and comfortable function. Soralump et al. (2019)
proposed a small-size composter for municipal organic waste. This work shows compared the
performance of compost bins with or without aeration. The average temperature during composting of
two configurations is not different, but the average moisture content of the composter without aeration
is greater than composter with aeration.
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Methodology
1. Overall system design

1.1. Mechanical design
In this work, a composter was designed and constructed for the community with a
capacity of 50-kg, as shown in Picture 1. It consists of a chamber, heating elements, agitator blades, and
an exhaust fan. Composting chamber is made from stainless steel size 300 liters, diameter 800 mm. Two
2100-W heating elements are installed under the chamber in which heated matter was mixed with other
sections by agitator blades. These removable agitator blades are attached to the shaft, which is laid along
of the chamber. This part is driven by 1.5-HP single-phase AC motor and the 1:100 worm gear to reduce
the speed at 15 rpm, approximately. A 4.5-inch diameter exhausting fan is attached at the front of the
chamber with the carbon filter to vent the air out and eliminate the ordure. There is a lid on the top for
put food waste into the chamber and another hatch for releasing the composted material.
Two thermocouple sensors are used to measure the temperature of composting
materials and air inside the chamber.

Food waste

Exhaust Fan

Agitator

Composted
Material

Thermocouple

Air out

Airin

Strip Heater

Picture 1: Components of composter
1.2. System architecture

This section describes the system architecture of the composter as shown in Picture 2,
in which all components are controlled by PLC. In this work, PLC board FXIN-14MR is chosen as a

1121

RS



[} (]
The 12 National and the 7 International PIM Conference 2022 ‘{Q@f
N

July 7,2022 Sfemas

main controller which has eight inputs/six outputs for controlling all actuators, two analog inputs for
reading the thermocouple sensors, and a serial communication port for interfacing with a 7-inch
touchscreen. The user can set the configuration of compost condition, operate, and monitor the compost
chamber through the touchscreen panel. There are two cabinet boxes containing the instrument
components and high-power components, separately. As shown in Picture 3, the control box has PLC
board, relay for fan control, solid-state relays for heater control, and 24-VDC switching power for
providing the DC voltage to PLC, thermocouple transmitter, and touch screen panel. The power box
has AC power terminal, motor terminal, and two magnetic contactors for motor direction control.

7-inch PWM
touchscreen Period 2 mins
: Heater
0-10V FWD
Thermocouple sensors x 2 e—f PLC 15.HP
P REV > AC motor

ON/OFF

|  Exhaust fan

Picture 2: System architecture of composter

Main breaker 24VDC switching

power supply

Power terminal

PLC board
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Qn

Solid-state
relavs

Magnetic
contactors

Picture 3: Components of composter
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1.3. User interface and operation
The advantage of using a touchscreen panel over the traditional panel is that the users
can monitor and operate the composter via a single device. Thus, it reduces the number of electrical
parts applied so that it makes the system be compactness. Several screens can be included and switched
by pressing the button on the side screen.
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Temperature
MANUAL - -
SETTING
o

@ Heatert
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Press OTOR FW
«SETTING~ MOTOR BCH 3
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[ minute 000 [
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Picture 4: The user interface of the composter
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Picture 4 shows the design of graphical user interface (GUI) screens and their flows.
There are three main screens: MAIN, MANUAL, and SETTING which can be selected individually.
In MANUAL mode, the user can turn ON/OFF each equipment manually for service purposes. In
SETTING mode, the user can configure all parameters that are suitable for each food waste such as the
setpoint value of temperature, the period time for turning ON/OFF agitator motor and exhausting fan,
and the time for composting of each batch, Lastly, in RUNNING mode, all actuators are operated
according to defined configuration. During composting process, the user can monitor all parameters
such as measured temperature, state of agitator blade, and fan as time history plots.

2. Organic matter preparation
The raw material consists of food waste from either a fresh market or cafeteria, mixed with
dried cow dung. Picture 5 represents the example of vegetable waste and dried cow dung that used for
the experiment. To verify the performance of the composter, the organic matter was prepared at a
capacity of 50 kg. Table 1 and Table 2 describe the weight ratio of raw material for each batch.
Observably, the raw material batch No.2 has more moisture than batch No.1’s.

Table 1: Weight ratio of raw material (Batch No.1)

No. | Type of organic matter | Weight (kg)

1 Vegetable waste 20

2 Dry cow dung 30

Table 2: Weight ratio of raw material (Batch No.2)

No. | Type of organic matter | Weight (kg)
1 Vegetable waste 18
2 Food waste 12
3 Dry cow dung 20
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@ Vegetable waste by Cow dung

Picture 5: Organic waste preparation

Results

This section compares the result of temperature control when the raw material of the composter
has difference moisture and ratio. Soka¢ et al. (2022) proposed the mathematical modelling and
statistical optimization techniques for enhancement of composting processes. The temperature is greater
than 45 °C leading to another composting phase but must not exceed 65 °C. In this experiment, the
setpoint value of is set at 50 °C. The system measuring temperature was recorded every hour. The
working period of the composter is 24 hours. Picture 6 shows the time history of the temperature inside
the chamber during the batch No.1 process. Initially, the temperature inside the chamber was at 34 °C
and slightly was increased to the final value by heater elements after 6 hours.

60

Temperature °C
[¥}]
=2

0 5 10 15 20 25 30
Process time, hour

Picture 6: Temperature response of chamber during batch No.1
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Picture 7 shows the time history of temperature in which the raw material Batch No.2 has more
moisture. The result shows that there 25% overshoot of temperature in the chamber after 10 hours of
composting. However, the steady-state value reached 50 °C after 17 hours of treatment.

Temperature °C
5 ¥
¢

Process time, hour

Picture 7: Temperature response of chamber during batch No.2

To test the operation of the composter for a long period, the treatment process period was set
for 48 hours. In this experiment, the raw material has a ratio like batch No.2 and the setpoint temperature
was set at 45 °C. Picture 8 shows the time history of the temperature inside the chamber that was
recorded every hour.
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Picture 8: Temperature response of chamber for a long period experiment

For the appearance of composting material, both batches provide the dried black color material
as shown in Picture 9. However, there is a small lump in the composted material.

1126



[}
The 12" National and the 7™ International PIM Conference 2022 ﬁ@
RO

July 7, 2022

@ Batch No.1 (by Batch No.2

Picture 9: Composted material after 24-hour treatment

Discussion

The performance of temperature control during composting is evaluated in the steady-state
region. According to Picture 6, the average error between setpoint and actual temperature is 0.11 °C
which the percentage error is 0.22%. For composting in batch No.2, the average error between setpoint
and actual temperature is 0.19 °C which the percentage error is 0.38%. In Picture 8, the setpoint was set
at 45 °C and the treatment period was set for 48 hours. The average error is 3.02 °C which the percentage
error is 6.04%

The performance of 24-hours composting is compared and evaluated by weighting. The result
in Table 3 shows that food waste in Batch No. 2 produces the composted material due to the loss of
moisture. Table 4 compares the weight of composted material for the difference treatment period.

Table 3: Comparison of the composted material in weighting

Batch | Before treatment After treatment | Weight loss
No. weight (kg) weight (kg) (%)
1 50.0 46.0 8.0
2 50.0 44.0 12.0
Table 4: Comparison of the composted material in treatment period
Treatment time Before treatment | After treatment | Weight loss
(hours) weight (kg) weight (kg) (%)
24 50.0 46.0 8.0
48 50.7 37.15 26.73

During the 48-hour treatment process, several parts of the composter were observed that can be
summarized below list:

1. The blade of the agitator can mix the raw material for 50.7 kg which is greater than the
maximum capacity. The result shows that there is no crack or any damage in the mechanical part.
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2. In the electrical system, the torque provided by the motor is required proportional to the
volume of raw material. For the 48-hour treatment process, the motor-operated normally. However,
their contamination such as bone or sticks in the food waste may lead to the problem. Thus, the raw
material should be grinded or separated from this impurity before put in the chamber even though there
overload relay to protect the exceeded current of the motor.

3. For temperature distribution, the amount of food waste has affected to distribution the
temperature from the heat source to other sections. By using a bidirectional agitator, the overall
temperature was slightly increased due to the moisture from food waste. Temperature control is applied
to compensate until the reading temperature reaching to the setpoint value

Conclusion

In this work, the PLC-based composter has been proposed to convert the food waste be a
composted material. Working with a touchscreen and GUI, the user can easily configure the required
temperature and the operation of the agitator to mix the raw material with microorganisms from the cow
dung. Comparing the traditional method, the machine applied temperature control and a bidirectional
agitator so that the environment inside the chamber matched with the composting condition
automatically. To verify the performance of composting, the raw material from the different sources
was composted for 24-hour and 48-hour treatment processes. The result shows that the prototype of the
composter can operate automatically for a long period of treatment and provide the composted matter
that can used as fertilizer. For an environmental point of view, the volume of food waste is reduced by
8 — 12% within 24 hours and the ordure problem is eliminated by a carbon fiber filter. In summary, the
automated composter is developed to reduce the amount of food waste and provide the natural fertilizer
faster by control the composting condition.
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Abstract

This study aimed to investigate the effect of the post-curing process of dental commercial grade
resin on mechanical properties under compressive load. The commercial-grade resin under
consideration was Dental SG which was fabricated by Stereolithography (SL). Shape of test specimens
was cuboid, their dimensions were 12.7 mm (length) x 12.7 mm (width) x 25.4 mm (height) according
to ASTM D695-15. After SL fabrication, all samples were clean and dry before undergoing the post-
curing process. The samples were divided into 4 groups, i.e. uncured group (no post-curing process),
1-hour post-curing, 2 hours post-curing, 3 hours post-curing, and 4 hours post-curing. All post-curing
conditions were done at 50°C. The samples were tested by using a compressive process, performed
according to ASTM D695-15. The crosshead speed was 1.3 mm/min, termination criteria were until the
sample breakage. Mechanical properties including elastic modulus ultimate stress elongation at break
yield stress and elongation at yield were extracted from the test. It revealed that the mechanical
properties of the sample after post-curing were higher than an uncured sample. After 1 to 3 hours post-
curing period, the samples were enhanced in all mechanical properties. At four hours post-curing period,
elastic modulus and elongation at yield were dropped. This finding provides a recommendation to
perform post-curing not to be over 3 hours. This is a benefit to a dental laboratory to optimize the
processing time where dental devices using SL are manufactured.

Keywords: Stereolithography, Post-curing, Dental Device, Mechanical Properties

Introduction

Current design and manufacturing of various intra-oral dental tools have been digitalized,
the obsoleting conventional method of making which may be inaccurate due to uncertainty of
workmanship by a dental technician. One of the technologies which have increasingly gained
importance in dental applications is Additive Manufacturing (AM). This process is done by adding
material continuously layer-by-layer to build a 3D physical model. The AM technology provides
personalized medical devices to be manufactured in a short time (Marchack, 2007). It relies on that this
AM technique used for dental applications, especially the surgical guide, can improve accuracy in the
treatment process (Giacomo et al., 2005). In addition, it can also reduce complexity in treatment (Zhang
etal., 2021).

Stereolithography (SL) is one process important for medical applications because it provides
good surface finishing, high accuracy, and high mechanical properties (Azari and Nikzad, 2009). In
dental applications, devices manufactured by SL should have sufficient strength to provide stability of
use during intra-operatives. (Unkovskiy et al., 2018). The mechanical properties enhancement of SL
parts can be performed by post-curing processes such as using ultraviolet, high temperature, or gamma-ray.
(Jindal et al., 2020; Chantarapanich et al., 2013; West et al., 2019). Since gamma-ray post-curing
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processes are not cost-effective, difficult to perform, and involve hazardous radiation, therefore, recent
studies on SL focused on SL fabrication parameters and non-irradiated post-curing processes.
For example, (Jindal et al., 2020) focus on optimal post-curing temperature and time of Dental LT resin
by using a suction cup, and (Chantapanich et al., 2013) studied the effect of printing parameter and UV
post-curing period on Watershed 11122 resin.

Dental SG resin is one of the commercial currents and widely used for medical device
fabrication (Unkovskiy et al.,2018; Whiley III et al.,2016; Salmi et al.,2020), and has been certified
material for medical uses. Mechanical influence on Dental SG resin and post-cure 15 min with UV and
store in light impermeable on 12 h and 48 h respectively (Unkovskiy et al., 2018). A current
complication of SL medical device uses is the strength which some of them are broken during intra-
operative. This may be from an improper post-curing process. In order to fulfill this related gap, this
pilot study focused on finding the optimal post-curing condition of Dental SG based on different curing
parameters. This would raise awareness of dental laboratories in the fabrication of medical devices
related to dental applications.

Research Objective

The aim of this research was to investigate of influence of different UV post-curing times on
mechanical properties of commercial dental graded resin Dental SG fabricated by SL technique.

Literature Review

AM is a fabrication technique to build a physical model without molding and or removing
materials. This could reduce the amount of waste material including the cost of taking part.
(Milovanovic et al., 2021; Chantarapanich et al., 2013; Whitley et al., 2016). SL process is one type of
AM, which builds part by continuously laying material layer by layer. (Alharbi et al.,2015;
Chantarapanich et al.,2013). SL can fabricate a physical model by migrating 3D Computer Aid Design
(CAD) model in STL format to pre-processing software for G-code command preparation for
controlling the SL machine (Véyrynen et al., 2016). Before part building, the SL machine may build
support structure as necessary (Kalaskar & Schmidleithner, 2018; Chantarapanich, 2015) before each
thin layer of resin was solidified by UV laser a, stacking up resin layer-by-layer (Chantarapanich, 2015;
Touri et al., 2019). There are two building principles of SL i.e. conventional SL and up-side-down SL,
as shown in Picture 1. For the conventional SL concept, the UV laser source is above the resin surface
and the laser exposes directly to underneath resin on the platform (Han et al, 2008). The up-side-down
SL concept is reversed of the conventional SL concept in which the UV laser source is below the resign.
UV laser projects upward to the platform above it (Kalaskar & Schmidleithner, 2018). There are various
dental use SL resins, for example, Dental SG resin (Unkovskiy, 2018; Rubayo, 2020), Dental LT clear
resin (Jindal et al., 2020), high temp and black resin (KreB et al., 2020). For dental SG resin was low
cytotoxicity when compared to the example above (KreB et al., 2020).
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Picture 1: SL process (a) Conventional concept, (b) Up-side down SL concept

Typically, each type of SL resin requires certain process parameters, thermal curing temperature,
and post-curing time that optimizes cost and part strength (Jindal et al., 2020; Kalaskar; Schmidleithner,
2018). SL in dental applications was suggested to build in 0 or 45 degrees orientation (Rubayo et al.,
2021). In a previous study relating to the post-curing process, it has found that post-curing of PMMA
over 60°C does not improve mechanical properties whereas a post-curing time of 10 minutes is
sufficient for part strength (Reduko et al., 2021). Additional post-curing time does not improve
mechanical properties. However, the work of (Chantarapanich et al.,2013) shows after 4 hours of the
post-curing time of Watershed XC 11122 insignificantly improves mechanical properties. In addition,
previous studies on Dental SG resin are relatively limited to a post-curing time of 15 min under UV
radiation.

Methodology

Photopolymer epoxy resin

The photopolymer resin used in this current study is photo-cure Dental SG (Fromlabs Inc, USA)
since it is commonly used in dental applications due to its biocompatibility (Formlabs, 2016). The liquid
resin is stored in a supply tank made of plastic, the resin’s appearance is yellowish transparency. The
Dental SG is certified EN-ISO 10993-1:2009/AC:2010 (Biological evaluation of medical devices — Part
1 — Evaluation and testing), EN-ISO 7405: 2009/A1:2013 (Dentistry — Evaluation of biocompatibility
of medical devices used in dentistry) and ISO 20795-1:2013 (Dentistry — Base Polymers — Part 1:
Denture Base Polymers) (Formlabs, 2016). The mechanical properties data of Dental SG is provided in
Table 1.

Table 6: Material properties of Dental SG

Description Values
Flexural Strength >= 50 MPa
Flexural Modulus >= 1500 MPa
Hardness Shore D >=80
Charpy Impact Strength Unnotched 12 — 14 kJ/m?

Source: (Formlabs, 2016)
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Specimens, 3D printing device, 3D machine parameter

The specimen geometry for the compressive test was according to ASTM standard D695-15
(Standard test method for Compressive Properties of Rigid Plastics) (ASTM, Standard D695, 2015)
which dimension of the specimen is 25.4 mm in height, 12.7 mm in width and 12.7 mm in length, as
shown in Picture 2. Computer-Aided Software (CAD) (VISI, Hexagon AB, UK) was used to create a
3D digital model in STL format.

Picture 2: Specimen dimensions according to ASTM D695

PreForm (Fromlabs Inc, USA) was used for manipulating 3D CAD in preparing support
structures and creating printing code (G-code) for SL machines. Specimens were fabricated in the
vertical direction with a 0-degree orientation. Support structures were automatically generated using
Preform (Fromlabs Inc, USA). Layer thickness for the part building is 0.1 mm. The 3D printer employed
in this study is a Form 2 machine (Formlabs Inc, USA), its maximum printing volume is 145x145x175
mm. The SL 3D printer employed in this study operates based on the up-side-down concept. The
machine received G-code from Preform (Fromlabs Inc, USA) via LAN. Prior to fabrication, it is needed
to verify the resin remaining level from the supply tank. After that, the 3D printing automatically builds
the physical part until complete. The fabrication process was in a dark room without an external light
source to prevent unintended curing. The room is temperature-controlled at 26.4 +/-5 degrees and
humidity at 55% RH +/-5 %.

Post-curing times experiment

After printing was finished, all specimens were cleaned with 70% Ethyl Alcohol to remove the
excessive uncured resin. After that, the support structure was removed by using a flush cutter prior to
undergoing the post-curing process. The curing was performed FromCure machine (Formlabs, Inc.
USA). The specimens were separated into 5 groups, each group contained 3 samples. The specimens of
each group were identified as an uncured group, 1-hr post-curing group, 2-hr post-curing group, 3-hr
post-curing group, and 4-hr post-curing group respectively. For the post-curing group, the specimens
were cured according to the group’s designated time. The specimens were located in the post-curing
chamber as shown in Picture 3.

1133




[} (]
The 12 National and the 7 International PIM Conference 2022 &@&
N (o

July 7, 2022

Picture 3: Form cure machine and placement location

Compressive test

Universal Testing Machine UTM (UH-1000, Shimadzu Corp., Japan) was used to test the
mechanical compressive properties of 3D printed specimens. The test protocol referred to ASTM
standard D695-15 (Standard test method for Compressive Properties of Rigid Plastics) (ASTM,
Standard D695, 2015). The specimen was loaded under a cross-head. The specimen was located at the
center of the cross-head, as shown in Picture 4. The compressive test speed was constant at 1.3 mm/min.
The termination of the test was until specimen damage. All datasets after the complete test were
exported to CSV file format for mechanical properties analysis. The mechanical properties consider
include elastic modulus, yield stress, ultimate stress, elongation at yield, and elongation at break
respectively. All the mechanicals above by analyzed by using an in-house developed program.

Picture 4: Specimen compressive before and after test
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Results
All 3D printed specimens’ dimensions were in good condition without incomplete geometry.
After post-curing, the color of the sample was less transparent and more yellowish, as shown in Picture
5. Mechanical properties reported in each group were provided an average of 3 samples (n = 3), as
shown in 2. The mechanical properties of post-cured samples were higher than uncured samples. After
1 to 3 hours post-curing period, the samples were enhanced in all mechanical properties. At four hours
post-curing period, elastic modulus and elongation at yield were dropped. The average stress-strain
curves of each group were shown in Picture 6.
Before
Test
After
Test
Uncured 1 hours 2 hours 3 hours 4 hours
Picture 5: Specimen before and after compressive test
Table 2: Compressive mechanical properties
Description Uncured 1 hours 2 hours 3 hours 4 hours
Elastic Modulus (MPa) 719.8 +32.0 1614.8+170.0 1656.5+£16.6 1779.0+£33.6 1603.4+11.5
Yield Stress (MPa) 2161+ 175 37.03+£9.70 57.15+2.75 59.53+1.11 72.14+0.37
Elongation at Yield Stress 3.22+0.36 2.59+0.91 3.65+0.19 3.54+0.07 4.28+0.48
Ultimate Stress (MPa) 240.3+28.5 146.5+£10.8 147.147.5 178.2+8.4 206.2+9.6
Elongation at Break 47.03+1.43 34.68+0.89 32.63+0.77 35.13+0.91 36.99+0.58
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Stress& Strain Curve
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Picture 6: Stress & Strain average result compared to each post-cure process
Discussion

Additive manufacturing widely has been widely used for fabrication in dental applications,
especially SL (Jockusch & Ozcan, 2020). This is because SL is cost-effective, and produces accurate
parts with low surface roughness. (Abarna et al., 2019; Alharbi et al., 2015; Chantarapanich, 2013).
Dental SG resin is commercially available and widely used for medical device fabrication (Unkovskiy
etal., 2018; Whiley et al., 2016; Salmi et al., 2020). However, the studies on mechanical properties after
post-curing is limited. This study aimed to find the optimal post-curing time for commercial Dental SG
resin that produces sufficient mechanical strength.

The mechanical properties reported in Table 2, i.e. elastic modulus and yield stress increase
linearly in their values after post-curing and reach their maximum at 3 hrs. This can be explained that
the longer time of UV exposure, it activates more chemical reactions via the photoinitiator contained in
the sample, inducing a crosslink of monomer which produces polymer inside the sample (Bayarsaikhan
et al., 2021; Santos et al., 2014).

After 3 hours of post-curing, mechanical properties were slightly dropped. Relation between
elastic modulus-post-curing time, and yield-post-curing time between 1-3 hours are linear (Elastic
Modulus (MPa) = Post-curing time (Unit: Hour)*321.94 + 637.66), Yield Stress (Unit: MPa) = Post-
curing time (Unit: Hour)*12.36 + 12.42) which R-square values of 0.73 and 0.95.

In addition, the Dental SG became more brittle after post-curing. The result from this study
may not directly comparable to the previous studies (Chantarapanich et al., 2013; Reduko et al., 2021),
that was conducted on tensile load. However, the optimal post-curing time reported by (Chantarapanich
et al., 2013; Reduko et al., 2021) is different approximately 2 hours and 50 minutes. According to this
pilot study, the optimal post-curing time for Dental SG is 3 hours which is also different from other
materials (Chantarapanich et al., 2013; Reduko et al., 2021). Thus, it is suspected that each resin may
have a different optimal post-curing time for enhancing mechanical properties.
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Conclusion

This study presents the investigation of mechanical properties of Dental SG resin under
compressive load affected by different post-curing times. Based on the experimental results, mechanical
properties are greatest after 3 hours of post-curing whereas some of the mechanical properties such as
elastic modulus and yield stress were dropped after 3 hours of post-curing. Relations between elastic
modulus-post-curing time and yield-post-curing time are linear.
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Abstract

With the change of seasons, public health problems occur frequently. The emergence and
spread of infectious diseases have had a severe impact on public health security. Once the control is
not timely, the community, as the most permanent and fixed population gathering area in the urban
functional module, will bear the brunt. The main reason is the confusion of information and unclear
regional division in community governance. Therefore, reasonable and effective division can make
the community more efficient and orderly in the face of sudden health problems. As a new urban
governance model, community division governance model has been widely used all over the country
because of its scientific and reliable division method, which divides communities from each other, but
connects them to a certain extent. For community division, based on the data set of 1000 remote
sensing images of community functions, this paper uses ResNet50 network model to divide
community functions, reasonably plans urban functional areas (such as industrial areas, residential
areas, industrial areas, etc.), and integrates the divided data sets into Mixup algorithm to realize data
enhancement, which can better complete the task of community division.

Keywords: ResNet50, Mixup Algorithm, Community Division, Image Remote Sensing, Public
Health
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I EE AN ITE R G A B IREN T AR KB Tk . (SR A etal., 2018)
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(2) AlexNet
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EIRERAY KA BRI, DUIREEN 6 ZIERME ML, $Em 7Rl nl ks, FIR
AR5 AR N [R]
(3) VGG-16
KH VGGNet JHA IR [EENALZE T VGG-16, % 5L, &7 T HAE#E
R, HiERIR 1L 92.832% (3415, 2020).
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o RS Mixup DASGHEEVERT, TSRS petE, JF H 2 REUIER, HAT A
S PR R 4 B AR 2502 LU B G5 X 4412 AL RE JT 10 H 1 ARV 78 [ 3 B VG G-16 %]
L5 . ResNet34 ML BEITH M SLIG T Lth, Wk 1 FrRn, WASHLER: G2 kiR
Jii, ResNet50 247 (K AERG 2 B 77, Resnet34 Pk > . BT 7, VGG-16 1
TR, ResNets0 %1%, (H=#F 2 [AIZEER/N, XTARSEI M B MEmMAKR, R T
Mixup 5% 1¢] ResNet50 BB fER RS2 E T 0.49%. FF H.3IN TR ZERILH ResNet50 1% G
WP AR R N 2k 22 RTTHE R Ie) 8, (15 2 2 B W iR B[R B, SOAS 5B A B2 /R
FBHRIENE . AV 7 32 BB I — T 2 5K A R X 3 T i i A TR R 2y, BR T T
B, FHEZ. 1 ResNet KU1 MIZZ A0 HE 1 F XS/ 1 2 50 v] DAAE PRAE HERF 2R (1 (R
FEEAR B s AN SEIR AU R R . BUOAR IR SE G F 2R B AN Mixup 5351 ResNet50 1E
AR

R 1 UM R e EE

WA RE HEBER /% FEHER /% A EZE/% F15%0U% BATIA)/s
VGG-16 7057 86.9 89.3 0.88 180.03
ResNet34 8156 939 96.8 0.95 185.27
ResNet50 82.32 947 97.0 0.96 205.06
Mixup+ResNet50 90.98 96.3 97.0 0.97 223.16
MRER
HAEHIRE KA
1. BoEgEmik

ACi@ IS Google Earth Pro $ At 1y & MG /E s IR, (ERER 10 M EE &1
Wl g, IWHEECOFAE A F A ANFESE TR EE A, X for SO A FE RS, A
[ b3l R 3 T X 3dh AT G A, B30 B ARSI AR B 2 A ZPPRIREE, b AR 2L
AL BENLIE . Egi1R, A SHIXENER 1500 7K. TOlXEME 106 k. 3k ii R X &
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1% 114 5k PL R AR EME 217 5k, it 1937 skEdE4E . o 500 akA X EUEAE Nl ghde, Flax
1000 5K FHAERI DR 585> Fds S an &l 2 Fiow

(119°26°E,32°24°N) (104°26°E,23°15°N)

B 2: &y SR as dd

T ResNet5ORLALFIMixup B0 i X R B 5 R4
1. B3R DIREIX O T HE X 1R 51
BTG RIRRINS Rk 2 fn. WA LA, AILER ResNets0 A% %
W T REIX O T4 X AR BRSO AT, ~PIIRCIAS S (AP) SN 81.8415%, o {jj BT #ERT
24 0.41s. A ATEIRATA, ICTF Toll X 2 Ho A DX I 1R 50 B AN BEAR, AR A J IR & AR
YNGR X FRRAE, T AR T ThRE X AR R R . (REFE I EA AR 2R, R EIET
B AN i X R K

R 2 A IXR LR

&®¥

Y MM’

W TREX #X TavX PRA X TR

AP/% 82.8415 62.1441. 72.5836 56.2478

2. Mixup fl A ResNet50 157 {4t [X %I 73
(1) RsrmviAbE TAE
FEXT NG P BE SR AT R 2 R R T, 28 5 77 A — M ff 120 S8 FUHA (9 Rl 285
B, B AP EBEE TR E R R L ERE, #K3E et al. (2020) 45 H H BRI
I DR H AR BELE BEAR T 0.7 JR DRI B A5 R 5 R SR AR X UART AR P 1) X S (B2 RS 1 5 4
TSI A A X, X VRIE TSI H S e DR b R o B AR A TR e i NS
%%J PRI R A . BARE PP RN 3 s .
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B 3: iR A 5 B KR R IEOR

R 3 ERHIREEK R AP

FRARIPIT SR

AP WHESCAF OS24 1 70 R EE R (L bre s BIEDN 0, 1, 2, 6) MR BAEEE 4.
AR MR B SR, HARSERRAN 0, WHATH =, &N EHm AR

A= R R AR T A IR B R T B SR S (E 0y O f) FARKGIN B3 FE AP IEHEAT EL e, B8] —
AP BEEBRIIAR S . WERAREAE Y 0 1 HARF I BEKPBOC, WA 0, 75 4t P A oAt AR i b2
fE.

AR BHOP R =PRI E, B N IR AR

(2) XKD
S TSI A X X 35k H AR LL Google Earth Pro 32 8 P k6l 5 1 K8
Ui, EJE R A R A R HE . Blgs R 4.

B 4: X

ENEE Al =745 EF5EIREL, #%H NVIDIA RTX 2080Ti K&, 2.4.1 iiA
(1) TensorFlow JNHEZE, 55 5L N Python3.8, 4mi¥#% y jupyter notebook. T4 5 EIG Hd 45
AT, B4 Gamma RRIE. BURIE R, BEELALALEESE, ACEEEG K 5, K 6 fis. it
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IR (Shuffle) BENLATALEHE 10T, 45 5E5K B # AeBE AL B AL 2 . R 54 % A\ 3L
PEEE 73 A T batch, AERUERIIIZR B I Rk BRACIE I ResNet50 #81. Fifi f5 4 K 4ELI 5k
EUEAL AL PR e AR R, AR R IR RR ISR A, 19 21— HAFAE R . BEE R AE B AT 4 N 154 -
B XS R AR it Al S RRAE B o B X B AR AE IRk AT e, it Mixup Bk
ATRFAE P PR AR 38 i - ) e 28 (R R 0 85 3, AT 58 BSOxsS 8% 3T Dy e X o A7 S DX p ke i el
(5 =iz etal., 2021).

& 6: 1AL b

(3) ERLIRS M
H T2 [ VT P % DX R R KT R R IR 22 5, X Rt DX F A X 73 A 2 B AR R
Vo AT PR R AN P9 TR R S5 R 7 .
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] 7: 2K B4 54 2 S

I ST A5 R /M, UERH T RN Mixup H% ResNet50 Y EE 2 A

2 R RN H AR HLACR R4

g

ARICHET 1000 FRAL X REIK UG ISR, B0 AN 7] R K F f X P Jag v X AT 4
FIK 7, SRR 9% Gamma BZIE . AR A0 T A At 18 o G332 X R kAT K T
A3, RO T RAS GRS FIREXS VGG-16 A1 ResNet34 S5 HIAT ) W 28 14 A 1EAT
AR LE, RIRE T Mixup HE) ResNet50 W25 15 AU £ K| 4 HERA R AITHI S R BE R R
LGP, RENG9R TR RRTE, SR T RREE. S SR, A XRI I HER R IR
T 0.49%. RERAF Lt — L IHALIX T W A (M R, AR IX 2 ) AR AR AE SCH AR SRR,
X S ORI TR A AL G VE AN IR S AS & B AR IR S 1) s — R
FIAT R o T A T ) L R A S i R T A A AT ISR

SR

SRR, RDK, B, BEE, & F2EAL. (2018). B TIRBE S FRN R I 245 (1) %1 Ao 2R 44 R 1 A
5. $kiE#7, (6), 60-65.

I3, (2020). 5 177 20 GEIX 61 77 B85 5 T B (L AL 07 70 (R 3. 7 2R
https://kns.cnki.net/KCMS/detail/detail.aspx?dbname=CMFD202101&filename=1020138537.nh

B, & XK. (2022). 5EFANT AL TAEE R KRB HLHI B, A LI Z AR AT, (6),
109-111. doi:10.16619/j.cnki.rmltxsqy.2022.06.014.

Bk FE, SIS, R0, AR, & AEA. (2020). TR Ak X I8 AR 4R X 45 1 ML X oA
M. Bot5 08 771/, (10), 211-221.

SR, ATHE, T, & ABKE. (2021). M BHARTE S SV B O KOT IR RERIR. 1 PRI SR
. (6), 1038-1048.
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ER, XL, gkiE, X, & R, (2021). FET Mixup B 558 ) LSTM-FCN B8] 5 51 43
K. WHFIEE, (2), 8-14.

Tk %%, & EVLV. (2021). J:T 2 R EE SRR 28 F135 Y Mixup $0E BIRE FO2R 1R =R, 77
FHLI T, (1), 275-279.

o R AR /N (2018). [ 5¢ 2 P AEHE A %) (2018-2022 7). H LR AN ARSI S /N 7

P——
NE.
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— PRI A5 B BB B A R VP AL TR 7 v%
A PREDICTION METHOD FOR HF CHANNEL MODELING AND FIELD
STRENGTH PREDICTING

5

Qi Li

Hh ] Bt ML RS AT VL A2 B
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W

EXEGEN 2, 2 WM. 28 8P SRR, WS T Watterson 71, 1TS 4
M, o3Wr IR R S RATIE, SR T AT DRI R E RN AN [F) TR R R 2 B fE 1
PR, FESERLAL b, 0 SBIBRI B A5 AT T 1 58 55 Th R S B S SR PPl 7 ik, BUE
PIERM, A7 5m I EE RAEN KA R 5 N398R, hR SRAERNR R, WS
ke Db LN =R (A E

SCE: JEULIEE Watterson B ITS B matlab {7 £

Abstract

According to the characteristics of multipath, Doppler frequency shift and Doppler spread of
shortwave channel, Watterson model and ITS model are introduced and their advantages and
disadvantages are analyzed. A segmented channel model that can reflect different sky-wave and ground-
wave losses in shortwave communication is proposed. On this basis, the loss characteristics of ground
wave and sky wave are studied respectively, the basic sky wave propagation parameters are studied,
and the field strength and power prediction method of ground wave and sky wave is proposed.
Numerical simulations show that the field strength prediction results in this paper can reflect the
relationship between the field strength, power and latitude and longitude in different scenarios, and at
the same time, the position of the transmitter point can be inverted according to the field strength and
power of the receiving point, which plays a guiding role in the research on shortwave channel modeling.

Keywords: HF Model, Watterson Model, ITS Model, Matlab Simulation

5]

i [[3

Foe B ] o v B % [ A R P L B R S, GBS R PR AR AE 3-30 MHz 2 i), JKAE
10-100m 2 [A] ) — B L2kl s 77 2. 35 etal. (2020) 465 0EAS R AR S M BE, AN 5
%, B K, EEFIL. FRAELSEGEEANTTERMIER CERA&E /NS, 2014) .
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GBI R S(EIE, FEESRMN. K. 2SR, MAFIERE S 5
BT IREIER, LR BAE B IEVPAL T FEMERAE R BGR 5 2 AT AN AT 2> () — T Ak
Watterson et al. (1970) $2H T £ #4557 Watterson #5171, Bernard (1998) 7£ Watterson 157 j5
IS0 B ATLES E LA N 7 Watterson 5 TE X HL 252 AR PR A B . Mastrangelo et al. (1970)7E
SrHT st Watterson {5 TE AR [ Ll EHR W T 00— AN IR A SUBED ITS B8, SCERPLEE I et
al. (2020) MK R AN e 28— A, 1 —2DA0AL 1 ITS 1AL

ASOK B S 5 TE I FE R, 0 Bt Watterson AR ITS AL K FL kb AL kAT
ST SRIR, R THE T BISGE 1ITS B8, 20 Bx KM 750, ThRe T ER7RE
TR T KA EAE R . MO EAS RN, OB RS BT 0T R U - I A 3R AT
SRS . TR, X TR EEEMENIHAREFRESE L.

W]

e LB E BRI AR, PR EA A BN BOE .. Pk B,
ZRNHE T R R Er e, B i TREB(EEMIE R %, JCH R 2 B R
BR8] P AR S A P A0k FL R 5 P A FH R8T AT AN W] 2D ) — T LA

SCHRERIA

Ao S B £ 1 7 308 135 B B LA 52 A R R AL S 0 R, TR ST — AN A AL S,
FEA D S R (S TR . SR b 28 S (S T AR B R
R G
1. Watterson # %
Watterson H5% fi Watterson 45T 1970 £EHRH, & — bl 25 37 IO 14 25 ik JE SR AT
AR A T N2 1 T SR DA 10 % 1« BEVERN 2 2 820 S, 7951 T CCIR (1) 2 HE2
R AT (3 1 RPN, ETEA FRAS5E (10 KHz) RIS BRI (10 min) 79, JE3(5 i
TR T RIS . BT (2018) Watterson B [IFEALE A : Sk BB 4. £ BRBEALMERS K 2F
92 Sk R SRS S AL
ZR TR S, MNP RFRGE, 4 BI7E n AN A, SRtk
1255035 G O errimml, FeEmm Sk, ARmhEe O, mhee TOnk
TA
r(t) — i A1 ('[) ej(2ﬂfo (t-7;)+ fpit)
= (1)
A, AD T RBEIE SRR, T O RBEOHREE, © REi %
B A 1) 2 AR
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MARS
—

CYEL PN itifa s

s e —

&l 1: Watterson 15 18 #5 A HE
1B At 4 42 iR, Watterson 1518 78 Wl F TR B E R K356, HA R

2. TS 7

ITS A58 —Phid A T 5 i R0 A5 7y P R 5L AR A D (5 T B, T 8 Watterson B2
[f)—FhyfE . Mastrangelo et al. (1970) ITS & 3F A5 7Y rb () At 28 g 2\l LR IR A
h(t,7) = ;\/%Dn (t, o)y, (t,7) o

o, R, T JgRHERE, N, P ) mehs i, Bt o)
e, Vo0 JbabLiE .
(1) WIS
i SE D)5 B R T B AL, TN

a+l

P,(r)= A— 2%

AT (a +1)

(3)
Kb, ANEKBIRIIR, @ RIRET, H0mEsaieE, TO %
Gamma B, HA, ZA[FRRN

7=L"% 41
o )
X, TOANTREARE, AR IETh O TR R, T A RE DR K
B BB ZEAE, PTERR N
r =2 h§+(%] h,
¢ ©)

rh, C Rk, DB R STHLIEE S, e A RO R
(2) WhEAEALEREL
A Oo (B T) iy ok iiesz b kI 0 B K, SR T BRANERAR Y R
YERT I 2 B ATRS, TEROR A
D, (t.7) =exp{ j2x[ f, +b(r—7,) ]t}

step, TSIt IE R To I E MR, D 2 W R R I L.
(3)  FEALI I R £

(6)
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AA\.;/'LL

L B Y (80D S T 48 n 2B 4% Y I 2 e TR AN AR 327K . TS R
AT Watterson K70 B 25 2 B0 S HAE AL 00 10, AELZE A FTT DR AE IR, 5 B A K B I Sl 5
%,

B
S O R T
1T ERE ITS B
9977 A ITS BUABE LG5 5 20 L) T DUAOAS A, ABIIS R A — A,
et 75T A EREHE ITS BUSIEALEL, T 0
(. 7) =D RS - 7,)
= ™
S, NORZEHIE, AR, P AR T, T s

et Es o) yBek BT . S I T AR R B BB
| B0y, () > HiuEB
ha(t) = 0 . HIX
7, () , RUB

(8)
Ko, B yrRssevs, T s T B B E S
(In ﬁwn‘ﬂ)z
1 T 52,
f, (f)=————e 7
2ro, 8 Y] )

Ko, T8 g s sk e RS A . 7o) R eEvE, s
51, RS T M B RN T SRR REVE, T U BB T B RIS v%, RSB P i Flr Nakagami 4375
KA ELZ AR RETE . HoAE A 2% RV S A 26 25 o b BT 4 B

f(r)= i(m)m r2mlg 2" m>05,0<r<w
I'(m) Q (10)
H m-1
fy((p)zl"(m)lsmi]w , 0<p<2n
ZmFZ(—)
2 (11)

sopr, Q= ey, M= B0 -Q°1205 5 Nakagami
% T TO %R Gamma 3. 3% T HHUEARR TE S 02 RIEERRE. — ok, T
b A AE, M>L1, b TR LE, M=1, s NF ™ E . & 2 20 014 T Hhi 1535
ROV A HB T S0 2 4 RV B 4
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FARIAAE T Loy BN
P+G +G, —L, , B

P“(dB)Z{F; +G 4G, -L, , KB 1)

o, RoyRgkmthz, Conkut Rz, O mialimgmag, b fbih ik
Fedikes Do R B

o S O A U 1 A S R — B RGBS B X, Tk R ROE A

WIS SETIEFNE, FUARGEAEEIE. THEE X R E R E A BT e 5 T B (s =

PR

T A R B RS 5 T L R AEAE IO OC R, WL Al Ry, LB 3k PR B
I8 A% 5 £ 2 2 52 1) T S T A R A e s SEBe A H i B M LA BB A DA B o R
S BRIk R B N S AR R AR S A AT PR OC R, A At m, R RORAE ke, el
WA DAY POEE B X B TR BOR R “RR A AE DX G R . ARSI 1A R 3
B, HBEZERO, BEXEEBARME, —BEHLARE T A BZE, WX B et
TR E S SRR AL, GG IR B AMEREE, T IO RGBS X 0T T A G E

T IX M0 TR B R A A 0B 40y Qe 70 o g,
{WW=MR=P) » HB

sen

dfar =d(f = fFZ,MUF) » KB (13)
soh, Pl O pmim: Pe Bl 0E: | odhing, R

%ﬁQE%Mmu%ﬁ%ﬁﬁ?@ﬁ%ﬁ%%%iﬁ%%ﬁ%%%dm,%EB%@E%;%

S 38 4 R B S T G e i R, g oo ) X A B 5

B R BTN 80 dB, fLIEIAE Ak (0 =3%107S/m, & =40y mm i appm oy |-
HE(121.5°E, 31.3°N), DUl Y80 o B AN R e Th 2R B P B AR AL B 26 1 3 o

MEIFRTLLE H, BRI SR G RBUE N -100 dB, 40815882 KT 360 km B,
i U Th RN TG REUE, TEEERI IS5, MR RALTE 7 208 E RO BBy 481
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2. fEARIE T I
FEATE FEHER M AR E A0 T, s o 5 M I A ISR FE ) 8 R AT BAAEF AR 22

K7~ Error! Reference source not found. :

_113JRG,

’ d Equation Section (Next)(1)

sork, Romaioha, Conkghig: d JymiEimes: ARMEDHERE 7, TR
_ 2+40.3x

© 2+ x+0.6x Q)

Hr, XNHBI S &,
o \/g 1)’ +(6040)’
A ¢ +(60m) 3
Horr, € NHTAAEMT A, o NI B SR, SRmE TREF, ik E
F] ITU-R P.368-7 FrifEfe H AUHEAL RE 21T 5. 1xX BL25 AN [R) b T PR i b7y 5 B0 B ok
%, WK 4 Fros.
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ANTE] b TR PR T M AL S i AE 5 FE S Ok R TZE W Error! Reference source not
found.fli7~. [ Error! Reference source not found. 7] %11, HujbAissk e, FEAAL TR 5
oz ke, R RPURE AR

TE DRSO i R ERRF M 55 RS DRSS B, Hup 35 5 BIA B LIN A A
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