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Abstract

This research aimed to develop and test the efficiency of a prototype of the loT sensing system using
solar energy for vegetable plots. Development tools and methods consisted of 1) Microcomputer
Microcontroller Circuit (MCU) and Plant Sensor. 2) Evaluation form for the prototype of the loT sensing
system using solar energy for vegetable plots through the internet and web application development. One
crop cycle plant was evaluated. The system was used by experts in agricultural science, energy
engineering farmer fields and person who visited the vegetable plot learning base, Phetchaburi
Rajabhat University. The research results were as follows: 1) Developing a prototype of the loT sensing
system using solar energy for vegetable plots could be used to perform the functions specified in all 5
sets. 2) The efficiency of the loT sensing system using solar energy for vegetable plots of users is at the
highest level (X = 4.61 S.D. = 0.50). The values measured by the sensor can be used to make

decisions in the cultivation of table vegetables. In addition, it can reduce the cost of cultivation. This

system should be promoted to more farmers.

Keywords: Sensing system using solar energy, Plant sensor, Vegetable plots, Internet of Thing
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® Solar Energy ® The efficiency

Development of a

® Environmental Prototype of loT of the SMVP.

conditions (light L 3| sensing System Ly ® The cost of the

femperature using Solar Energy SMVP.

humidity)

for Vegetable Plots ® Benefits for use

® Vegetable Plots in cuttivation.

Figure 1. Conceptual framework for the
development of a Prototype of 10T Sensing

System using solar energy for vegetable plots
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Figure 2. Research and development of a
Prototype of 10T sensing system using solar
energy for vegetable plots, according to the

system development life cycle (SDLC) spiral
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d
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Pi4 local data logs

Water pump

Figure 3. The prototype of loT sensing system using solar energy for vegetable plots (SMVP Model)
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Table 1. Estimated Cultivation/Production/Income and calculate the break-even point of SMVP Model

Estimated Cultivation/Production/Income 1 plot

Cultivation _ . Total income Calculate break-even point
Yield Price per
No. Plant type eriod er 1
P P (KQg) kilogram P (45,000 baht) **
lantin
(Baht)* P 9 (year and day)
cycle *
1 Spring onion 40-45 day 15 60-70 1,050 )
45,000/1,050 = 42.86 planting cycle
break-even point 5 year 104 day
2 Celery 70-80 day 20 120-130 2,600 )
45,000/2,600 = 17.30 planting cycle
break-even point 2 year 46 day
3 ) 40-45 day 2 150-200 400 )
Coriander 45,000/400 = 112.50 planting cycle
break-even point 255 day
4 Green oak/ 30-35 day 15 100-120 1,800 )
45,000/1,800 = 25 planting cycle
Red oak
break-even point 2 year 34 day
5 Cos 25-30 day 20 100-120 2,400 45,000/2,400 = 18.75 planting cycle
break-even point 2 year 34 day
6 Lettuce 30-35 day 15 60-80 1,200 45,000/1,200 = 37.5 planting cycle
break-even point 2 year 34 day
7 Cantonese 35-45 day 20 30-40 800 45,000/800 = 56.25 planting cycle

break-even point 2 year 34 day

* The quoted price is the price of organic produce, calculated at a high price, in order to find the break-even point as quickly as possible.

** Total value of the prototype set does not include the cost of building a vegetable plot
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Figure 4. User case Diagram; The prototype of 10T sensing system using solar energy for vegetable plots
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¢ id :int(11)

@ device_id - varchar(15)
# air_tempC : float

# air_humid - float

m dt - datetime
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@ device_id : varchar(15)
# soil_tempC - float

# soil_humid : float

[ dt - datetime
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@ id - int(11)

@ device_id : varchar(15)
# ligth_val - float

m dt : datetime

7

)
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2 id int(11)

2 device_id : varchar(15)
# air_tempC : float

# air_humid : float

# soil_tempC - float

# soil_humid : float

# ligth_val - int(11)

[ dt - datetime

ﬂ & ottest fuzzy_LMH_config

4 cid ;o int(11)

# automatic - tinyint(1)
# npk_low : float

# npk_medium : float

# npk_high : float

# ph_low : float

# ph_medium : float

# ph_high : float

# mois_low - float

# mois_medium : float
# mois_high - float

# ligth_low : float

# ligth_medium - float
# ligth_high : float

Figure 5. Class diagram; Prototype of loT sensing system using solar energy for vegetable plots
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2. TURmIITUL (Construction) gWamun ldaglgarzesiie ginsnl Anidnwuemininismingu

Y o

wazaanFai g 5a Table 2

Table 2. Work characteristics, tool properties of SMVP Model

Tool Kit/Equipment

Feature/Function

Software/Library

Air Temperature and Humidity ® Measure temperature and humidity in the air Arduino IDE 1.812
Monitoring Kit
9 ® Measure the temperature in the air. Air ESP8266WiFi.h
® Microcontroller Node MCU .
temperature range 0-50 degrees Celsius ESP8266HTTPClient.h
ESP 8266 v3 e ) .
® Measure the humidity in the air, showing 0-100% Wire.h
® SHT-20 Sensor i2c
® Show messages on the LCD 1602 screen. DFRobot_SHT20.h
® | CD Display 1602 i2c )
® Send http request JSON data with POST method LiquidCrystal_I2C.h
to Pi 4
Soil Temperature and Humidity ® Measure temperature and humidity in the air. Arduino IDE 1.812
Monitoring Kit
g ® Measure the temperature in the air. Air. ESP8266WiFi.h
® Microcontroller Node MCU )
temperature range 0-50 degrees Celsius. ESP8266HTTPClient.n
ESP 8266 v3 o ) )
® Measure the humidity in the air, showing 0-100%. Wire.h
® STH-20 Sensor i2c
® Show messages on the LCD 1602 screen. DFRobot_SHT20.h
® | CD Display 1602 i2c )
® Send http request JSON data with POST method

to Pi 4.

LiquidCrystal_I2C.h
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Table 2. Work characteristics, tool properties of SMVP Model (continue)
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Tool Kit/Equipment

Feature/Function

Software/Library

Light Monitoring Kit and Data

logger

® Microcomputer Pl 4 8GB

® GY-30 BH1750FVI Sensor
(digital light intensity light
module) i2c

® | CD Display 2004 i2c

WWW port 80 service.

RDBMS port 3306 service.

SSH SFTP port 22 service.

Node-Red NodedS port 1880 service.
PHP Interpreter.

http request JSON date service.
Light sensor range 0-65535 (lux).

Show Light (lux) Temperature (C) and Humidity
(%rh) at LCD 2004.

Send http request JSON data with POST method

Raspbian GNU/Linux
10.9

Thonny Python IDE 1.812
VNC Server/Viewer
Bitvise SSH Client
Apache 2 service
MySQL Database
service & phpmyadmin

PHP 5 interpreter

to Pi 4.

JpGraph 4.28

® SHT20.py (lib)

® ph1750.py (Iib)

® RPi_|I2C_driver.py (lib)
®  Smbus (lib)

®  Mysql (lib)

21 ARUNTARTIRTAGUNNNUAE
AauTulue N (Node MCU ESP-8266 v3)
@'ﬁuﬂ'ﬁqmmﬁmemu%ﬂuﬁmm:mmﬂ Tne
4T1/sunsn Arduino IDE Gaiflulisunsadawe
7%@ (Open source) TUn3TEUAN &N Gt
wazdanldlaun? (Library) 22908410 FILAS
Lsnwfnm*'@qmuqﬁl,mzmw%u

2.2 TARIIAIAAI NN LA/ AL L
daya (Data logger) luinsnanfiaimasuasn
Raspberry Pi 4 ¥itinaiA218an 4GB ieviuing
\iudesa (Data logger) WASUARN BRI UYH
AYNT Y Tmﬁﬁmﬁ”’ﬁ:uuﬂﬁﬁﬁmi Raspbian
GNU/Linux 10.9

2.3 1411 sun9u Bitvise SSH Client

an'ldde Pi 4 data logger server Ingidianse

WU sftp BN port 22 el An s Apache 2
web service, MySQL DB service, PHP interpreter
WAL phpMyAdmin ‘71' Pl 4 Data logger Server

2.4 14Tsunsa phpMyAdmin (3en
N1 http://localhost/phpmyadmin U7 pia
Data logger #5195 1udeyanupaialagzunsy
sagtl Figure 5. 7 ldeanuun/ly
25 liauseaanaillnesnig HOMI niald
Tulsunss NG Viewer lonsaidn il Pi 4 Data
logger a1nsuan 4 sunsy Thonny Python
IDE 181N Python Heidua1uAIwgsan
GY-30 BH1750FVI Sensor W aA 41 & 114 A1
GRIVE LATAINNTUANN STH-20 Sensor LAY
deuierduiuAILas Aguugl AnARNTY

avlugudaya MySQL Asuanlu Figure 6.
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+* o c H o

New  Load Run  Debug

Sht2010L.CD2004.py %

mylcd.lcd_display string('SHT20 Sensor read..', 1)
mylcd.lcd_display string(dt_string, 2)
mylcd.lcd_display_string('Temp.(°C): ' + '{:.2f}'.fo
mylcd.lcd display string(‘Humi.(%RH): * + '{:.2f}'.f
sleep(5)

mylcd.lcd_clear()

def save lightdata(lightlLevel):

(a)

Thonny - /home/pi/SMARTGreenTable/sht20toLCD2004.py @ 62:21 v ~ x

PBRU SCIENCE JOURNAL
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Figure 6. (a) Python script for get data from sensor and (b) phpMyAdmin to manage light, soil, air, and

configuration in MySQL database table

26 deauldsunsuniwi PHP
\Touse MySQL 81UATLAY A1gUNHN AN
AINTY Ang1udeya MysQL Banldlaun?

JpGraph luntsuanansinaALas ngaw A

grun)i/ANTulueInIA uaznaWAIgUNN/
ANTBIUAY H1unng wandimes # URL

http:/localhost/testiot AYLL&AAS LY Figure 7.

de: Temparanare - 38,06 {C) Tamidiny - $8.028 (tark)

Seil Ligth sensor({lux)

Figure 7. (a) PHP script for get data from MySQL database and (b) Graph page for show air, soil, light data

2.7 ARFN Node.JS WWALARLY Pi 4
data logger 18 @5149 Node-Red flow \iaNFa

MySQL BMUALAS ANGIUNNH ANAIINTU UARY

nsIW 3 ATUULATL @FA (Dashboard)
Ina@1u190FaNn6W URL http:/ms.pbru.ac.th:

1880/ui AILARS MU Figure 8
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2

-ﬂoal-a;\ﬁ‘m@ﬂoﬂﬂiI

.
+ o
20 Air g
9692 —— ‘ 2483

SHT20 Air Temp.

CPU Tempie)

SHT20 Soil Humi,

(a)

(b)

Figure 8. (a) Node-Red flow and (b) dashboard page for show air, soil, light data, control manual light

switch(on/off) and water pump switch(on/off)

v v
o a o

3.4UN1TAARSTEUU (Installation)

v
o v

W lda 1 fdun1sinfegAfuuLLIZIY

o2

9925AUAY QU A NTY wilaeinanifs

=

v '
a o o o =

ARAYAIRLLTEULAIAdRY NigaunisEauulas
dnenlfy Audizaufinumsdunsed annaneiade

912791 Aawanaluy Figure 9

Figure 9. (a) The station of loT sensing system
using solar energy for vegetable plots., (b) Wi-

Fi camera from smartphone

3.1 Andelansairailugniingadn
Usenaumlela1ussesiing 2 Wns Auu
WEIAN AR R AR TR 340 SAET (W) x
2 LB BLUTUNY IUAIANTIAAREN LazRAnmn
ks 2 fu ey

3.2 ﬁm%@ﬁmﬁhﬂmumb\lﬂﬁmﬂ%
AuUafAaTLLLNAN (Hybrid inverter) 111 500
W 220 VAC 50Hz 30A MPPT 12VDC 1 61 Waz
LuALAe3d13041 65 Ah 12 Volt x 2 69 WA
130Ah (Ampere-Hour) %QLL@NLLﬂﬁf—%@INQ Aa
mmﬂ-gﬂnmmemﬂ?:'luﬂwmmwﬁqmu

3.3 ﬁmrﬁ?@mdwﬁﬂmﬂ%ﬁuﬁmimﬁ
1 §afinLn 200 AR7 ieanm 0.5 T HiaiR
inasuuuLlas 4 A2 alsunaslanasan 4 6a

3.4 ﬁmﬁ?\mmmmﬁmmwLﬁTﬁJLLm/fqm

\Wiudaya (Pi 4 Data logger) IARTIATAYDINLHN
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warA N Ul Y 1ANTIATAGUNNHUAY
Al

3.5 gALATaINUdTY I BN BFTIR
(Wi-Fi Access Point) lng ld8umasiinisyines
wuvla@N(SIM Router)

3.6 Aarandndadasilalians (Wi-Fi
Camara) Feuretnuaumesidnines

4. %uwmmu F¥UU (System Testing)

way U3u139 (Maintenance) TARULULITUY
R9I9374 (SMVP) ﬁﬂmmiﬁﬂu;ﬂmmﬁﬂmiﬁx
puRuAN Uz uazAnaNTRR T a1y Tneld
warlunmeaeumesaslgnisuldauazisniin
1 78UNTNELgN

4.1 NARAUATNATUANTUTUAY
AnuatTR ToeAuansnnsldnaslniflgann
wasenfingresgnananszualnindunesines
WULNAN (Hybrid inverter) Tuiaa1na1adugn
Funtuszuufanmaday azldnasanuliinns
anugsafine wazlunanapuvise llilugsenfine
avldndasuannuuamesgnsadlil TaaAuan
Panrunisane i liiugansadauasiiy
dayaldusadulia 5 Taas (Vo) grudas
nezua i 3 wanil (Amp) (5Vx3A=15W)
AR AS AT 15 Smsl (Watt)

AnsERnunnzang Wi ldiuge
dneii (lwaannanedu) tEnnaalndn 370 dmsf
w1smae A w AN 220 Taasl (Volt) (370 W/
220V =168 A) Aalunszualndild
1.68 wanil

&:\

A 7

([
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\'s

AR unizans Wi liuge
m‘qﬁmqmmﬁmemmﬁu‘luﬁu‘hﬂmﬁTu"LWﬁ']
3.6 Taasl grusnanszualvidn 12 Fauesdl) (mA)
(3.6Vx0.012 A = 432 W) Anuflunszua i
14 43.2 st

AR unnsans Wi liiuge
mmm‘fm@qmuqﬁmefam%ulummﬁ
Idusedulnin 3.6 laasl Aoudaanszualvii
12 auaxtl (mA) (3.6 Vx0.012A=432W)
AuTunszualWin il 43.2 Smst

AuanaLERunnzang WA T e
naaagasilalfane ldn1aslnin 11 Tnef uns
poausaaulWii 12 Taast (11 W/ 12V =0.92 A)
AuTunszualin il 0.92 wesh!

Aualnindesadnengaatsanus
fTaaradddnnsaliindluda 1 A29 auA
AW A1 20 K wnssaauseauliin 220
Toad (20W/220V=009A) Antidu
nszualiinild 0.09 weshl

Faun1f B IA NN 1E luaan

'
o

AANNAY 6 T2 1N WNAY {(15 SRH) x 6 TN.} +
{(43.29m6) x2 gALTULTDF(AW/@1NA)
X6 %Tm} +{(11 3m67) x 6 11.} / (s u AN
LURLAE X 0.6 (% sldaunszualninielu
mem@ﬁi) x 0.85 (U9z@nsn1waad Inverter)] Am
111 110.20 Ah Gaifaanasan1aldnaaan
wupAesnAL 130 Ah d1vsuluneunansiy
watideuntsaedlisunsussuunsaaday Taildlsy
sinalFanefludainainatsauaslaidin

ANUNTLAE AaLARI LU Table 3
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Table 3. Energy used and test results, characteristics and qualifications of the tool kit/equipment

Tool kit/Equipment and Feature/Function

Energy used

Function Test

Results

Solar, inverter, and solar panels kit
® Able to supply electricity during the day during the time of sunlight.
® Able to supply electricity at night During the time when there is no

sunlight, all night.

Battery

65 Ah 12 Volt x 2

set

= 130Ah

‘/matoh

attributes/functions

Air temperature and humidity monitoring kit
® The sensor can measure air temperature. Air temperature range 0-50
degrees Celsius and air humidity display value 0-100%, display text
on the LCD 1602.

® Able to send http request JSON data with POST method to Pi 4.

Air sensor kit

3.6Vx0.012A

=432 W

‘/match

attributes/functions

Soil temperature and humidity monitoring kit
® The sensor can measure air temperature. Air temperature range 0-50
degrees Celsius and air humidity display value 0-100%, display text
on the LCD 1602.

® Able to send http request JSON data with POST method to Pi 4

Soil sensor kit

3.6Vx0.012A

=43.2W

‘/matoh

attributes/functions

Light monitoring kit and Pl4 data logger

® Able to store values from light sensor 0-65535 (lux) into database

® The data logger can store values from the sensors, enter the

database, and retrieve the historical values as an optical graph with

Pl4 Data logger

5Vx3A=15W

Electric lamp

20 W /220 V = 0.09

\/match

attributes/functions

browsers A

® Able to view the statistics of the sun, temperature and humidity in the
past as a light graph with browser

Dashboard monitor and planting grow camera Water pump v match

® Able to control on/off Automatic water pump according to conditions, 370 W /220 V attributes/functions
Temperature/Humidity/Light —168A

® Able to manually control the water on/off (manual) with a browser via

IP Camera

IP address

® Able to watch the growth of table vegetable plots via

phone/smartphone

1MW/12V =0.92

A

PBRU Science Journal
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42nnaauannguldanansel 5 9¥A1 AU 30 AU uanansduazInAns

A1 TN HATAIAATUASAIUNITIAINTTN 12 au uineas/gAnegau 30 aulue 3 41
WA UNANHIA1T1TT NN HATAIERT UAS Aanandlu Table 4

Y ¥ K v a
MNEATNTHILIANT AN PRI SIETE1 A

Table 4. Performance results of the SMVP model

Result
Assessment issues Mean Standardization
(X) (S.D.)
1. The efficiency of the SMVP model
1.1 Solar power supply unit: Able to supply electricity during the day throughout
the time of sunlight and can supply electric power at night during the time 4.66 0.47
when there is no sunlight all night. Available all day (24 hours)
1.2 Air Temperature and Humidity Monitoring Kit: The sensor can measure air
temperature. Air temperature range 0-50 degrees Celsius, air humidity display
0-100%, display the message on the LCD 1602, and send the data to Pi 4 99 002
data logger. Available all day (24 hours)
1.3 Soil Temperature and Humidity Monitoring Kit: The sensor can measure air
temperature. Air temperature range 0-50 degrees Celsius, air humidity display
0-100%, display the message on the LCD 1602, and send the data to Pi 4 had 07
Data logger. Available all day (24 hours)
1.4 Light Monitoring Kit and P14 Data logger: Able to store values from light
sensor 0-65535 (lux) into database, and show the statistics graph in the past
of the light, temperature, and humidity with browser. Available all day (24 4.66 0.47
hours)
1.5 Dashboard Monitor and Planting grow camera
1.5.1 Data logger able to store values from sensors into database and retrieve
historical values as graphs through a browser. Available all day (24 4.83 0.37
hours)
4.50 0.50
1.5.2 Data logger able to control on/off, Automatic water pump according to
conditions, temperature/humidity/light
1.5.3 Users can control the water on/off manually with a browser. 466 0.47
1.5.4 Users can watch the growth of the table vegetable plot through the
phone/smartphone. Available all day (24 hours) 4.83 0-37
Average efficiency of the SMVP Model 4.64 0.50

PBRU Science Journal
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Table 4. Performance results of the SMVP model (continue)

Result
Assessment issues Mean Standardization
(X) (s.D.)
2. The cost of the SMVP Model.
2.1 SMVP budget for design/build/installation with a budget of 45,000 baht
which consists of: 1) Solar power supply unit 2) Air temperature and
humidity monitoring kit 3) Soil temperature and humidity monitoring kit 4) 4.50 0.51
Light monitoring kit and P14 data logger and 5) Dashboard monitor and
planting grow camera is appropriate in the budget.
2.2 SMVP budget for design/build/installation with a budget of 45,000 baht
which estimated cultivation/production/income and calculate the break- 4.36 0.61
even point (Table 2) to be appropriate.
Average cost of the SMVP Model 4.33 0.56
3. Benefits for use in cultivation of the SMVP Model
3.1 The SMVP model can be installed and used with vegetable plantations,
4.83 0.37
raised tables and other areas.
3.2 The SMVP model is useful for monitoring the growth of vegetable plots
4.86 0.50
leading to public relations for sales through online and offline markets.
3.3 The SMVP model is useful to use statistics that are the factors of
vegetable cultivation, light value, temperature and humidity accuracy of 4.66 0.47
each vegetable. as information for the next cultivation.
Average benefits for use in cultivation of the SMVP model 4.78 0.45
Average of all aspects 4.61 0.50
4.3 Ufudgeudly (Maintenance) fayaasgiudeya nianldudenadenim
NANUTOL WENIAITNIUNIZANAN Python “try: except as e:” INamsaadeu
% a P g o & v a A = %
ANNUIARBNATITBINUN UL AY A9l AANANAIA error NTEUDTU/AUYLUAD Haann
4.3.1 d5unisuasnanlunis gudayallls
= 1 £ ¥ 1 o 4 1
FIEIU/DNY m@g@mgmmmﬁmmmmLﬁﬁum@ﬂm 4.3.2 Ufuseae/Aunianngng
nM9guLIan 5 wiiliieananisruiulunisden w9inas inanisimansiedoy iyt o Wi-Fi 28990
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SARaasdtynynnd Wi-Fi ldmaaiiu 80 lwms

433 fasfuinanadianes
Tilive s lnumumesiag [dnasatiuh

4.3.4 15y 1 99 Node-Red Ul
Flow TWannsnzeng lauuuaisnsne Tnedeu
A& Python Waridufl Pi 4 Data logger
Wﬂ'qﬂ'f]ﬁwmmLﬁuﬁffqim%wﬁﬁuimuu
41851908 ¢ (Public Domain) ﬁ URL http://ms.

pbru.ac.th:1880/ui

NAN15IAE

NIRRUITARULLLTEULRIIATRASE
nEsuLasa g drudumefidalugnis
Arnsuudasdnanife (SMVP Model)
fuandasaneluld

1. MW U YAFBULLTTLUATIA TR
mmm‘lﬁﬁv‘hmumu@mﬁm:rm:ﬁﬁmum%”ﬁi 5
1n 1) gaa1ewaN Ul Inuaseingd 204
FUNETNDT LATLHATTIATAE 2) TARNTIALN
@qmuqﬁm:mw%ﬂummﬁ 3) TANTIAIA
qmmﬁuazmw%ﬂuﬁu 4) 1ARIIRTAAINNN
wav/gaLiudeya (Data logger) WAz 5) TALANAS
anmeuaumesiin uazugnannilastgneinu
NABNHIRBTMIILIITe ThazaN1InIny
arusaligniniuinreudasdnanide ae
(FangANAT ALY Dashboard Hnudumesiinle
ynfinniaan

2. uanssziiulssAnsnang Ay
szuumsada Tnasaaiidniad 4.61 Aidieaw

N1M93IU 0.50 nan13sziiiulsz@naniniae
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' o

gaananava ulddrainuasefing

a - s

AU FADTUAT LA ITAIAR AR 4.66 AN

Jeiuuunnggau 0.47 gangaadngungiuay

_€

& o A
ANTUIUeINAATRAY 4.53 ANdaainy
NIRTFIU 0.62 TARNTIRATAUMRUATAIINTIIY
AUANLRRE 4.44 ANDEULUNIATIIN 0.72 1A
pgradnANdNLAILAs AL UTay A 1R A
4.66 ANDENILUNIATIIN 0.47 TALAASATIF UAZ
wanannulaslgn edngnisiauinataae
4.71 ANDEUUUNINTTIU 0.43 79099 5 7a LA
ANLaAE 4.64 AdlELUNIATIIW 0.50

2) susuuudasnnzignidnantsy
= [y °
Hanumunzanlusiueulsznnnl uazAuIn

'
2 I

ﬁgmmnuwmmﬁlﬂ 4.33 ﬂ'm'j'ﬂ\uuummgm
0.56

3) fudszlandsanaslulyld
wnzlgngadanuuszuuRgaadaY arunsnin

Ansauarldiuutlaanizlgninenifenungu «

b

fiFiaie 4.83 mlﬁmmummﬁm 0.37 1A
wuuszuunmadnailsrlaaienisldidignis
Wiy Auinaasndaedn fiAnlade 4.86 AN
Lﬁﬂuuummgm 0.50 LATTARQIUULTEUL
pavadniulsglemiientsldadnnulasunis
wnzilgniln Auas gauuni AT U Tusiuin
eeinuAaTTiin mﬂm?mg@‘lumﬂwnﬂzgﬂm%ﬂ
siala) 7iAiade 4.66 r-w'ﬁl,ﬁ'mmummjm 0.47
ﬂiziﬂmﬁmmqw{’wL@ﬁﬂﬂﬂi:ﬁumﬂﬁm

NARAY 4.78 AdauD U UUNIATFIY 0.45
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Abstract

Lod Chong Singapore is a dessert made from partially cooked cassava flour to soften the
dough. Therefore, the cooked flour content in dough is an important factor for product quality. The
objective of this research was to study the effect of cooked flour level in dough mixing on the sensorial
attributions, color and texture characteristics in different 3 formulas of Pandan Lod Chong Singapore.
Each dough was prepared by mixing the cooked flour paste with 30%, 35% and 40% cassava flour with
pandan juice extracted with saturated limewater. Then, it was kneaded with 70%, 65 and 60 percent of
raw flour. They were called sample recipes no. 1, 2 and 3, respectively. Sensory evaluation results
revealed that recipe no. 1, which contained 30% and 70% of cooked and uncooked flour, respectively,
showed the highest acceptance score in terms of appearance, color, odor, texture and overall liking
(p<0.05). Color values revealed that the brightness (L*), yellowness (b*) and green color value (a*)
increased with a decrease in cooked flour level and an increase in the raw flour in flour dough. This
indicated that the green color from the pandan leaves was the most stable in the Lod Chong Singapore
recipe no. 1. Texture analysis result was shown that Lod Chong Singapore noodles contained low
cooked flour and high raw flour level in dough mixture, resulting in the tensile strength and elasticity
increased. This study demonstrates that Singapore Lod Chong recipe no. 1, containing cooked flour
30% and raw flour 70%, is a formulation that ensures the product has an appropriate physical quality

and thus received the most sensory acceptance scores in all aspects.

Keywords: Lod Chong Singapore, Cooked flour, Cassava flour, Pandan-leaf green color
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Table 1. Formulation of Lod Chong Singapore recipe No. 1, 2, and 3, containing different cooked flour

to raw flour ratio for dough

Recipe No. Percentage of cooked flour ~ Percentage of raw flour (%) Volume of pandan juice
(%) (ml)
1 30 70 100
2 35 65 100
3 40 60 100
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Table 2. Sensorial attribution scores of Lod Chong Singapore recipes containing different cooked flour

to raw flour ratio for dough

Sensorial attribution Recipe No. 1 Recipe No. 2 Recipe No. 3
Appearance 7.97+0.91° 7.11£1.17° 7.112£1.30°
Color 7.86+0.99° 7.42+1.05° 7.47+1.06°
Odor 7.47+1.30° 7.2841.14% 6.97+1.46"
Flavor 7.50+1.18™ 7.00+1.41"™ 6.97+1.54"™
Taste 7.03£1.76" 6.75+1.81™ 6.72+1.70"
Texture 7.61+0.99° 7.19+1.21° 7.08+1.00°
Overall acceptance 7.86+1.07° 7.06£1.17° 7.28+0.97°

Note: Values are prepared as mean+S.D. Values with different superscripts in the same row are significant differences (p<0.05). ns

is presented that there was no statistically significant difference.
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Singapore recipes containing different cooked

flour to raw flour ratios for dough
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Table 3. Color values of Lod Chong Singapore recipes containing different cooked flour to raw flour

ratios for dough

Color value Recipe No. 1 Recipe No. 2 Recipe No. 3
L* 48.26+0.92° 47.75+2.58%° 47.26+1.48°
a* -19.01+0.86° -18.32+0.97° -17.90+1.21°
b* 44.42+0.91° 42.70+1.62° 42.21+1.58°

Note: Values are prepared as meanzS.D. Values with different superscripts in the same row are significant differences

(P<0.05).
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Table 4. Textural properties of various Lod Chong Singapore recipes containing different cooked flour

to raw flour ratios for dough

Textural properties Recipe No. 1 Recipe No. 2 Recipe No. 3
Tensile strength (FNUL39494R, g) 17.711.87° 16.8521.69%° 16.57+1.55"
Elasticity (AMA2MNEALEL, mm) 62.11£9.93° 57.83+7.86™ 55.44+7.54°

Note: Values are prepared as meanzS.D. Values with different superscripts in the same row are significant differences

(P<0.05).
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Abstract

The objectives of this research were to: 1) develop the waste bank application to manage
community waste 2) evaluate the performance of a waste bank application to manage community
waste and 3) evaluate the usage of satisfaction of the waste bank application to manage community
waste. Application development with the SDLC system development cycle by using PHP language for
programming. The research instruments utilized in this study were 1) the application of a waste bank to
manage community waste 2) the performance questionnaire 3) the satisfaction questionnaire.
The statistics used for data analysis were mean and standard deviation. The development result was a
waste bank application to manage community waste. The application effectiveness was evaluated by 5
experts. The assessment was divided into 5 areas: 1) Functional requirement test 2) Functional test
3) Usability test 4) Performance test and 5) Security test. The result showed that the application
efficiency was at a very good level, the mean was 4.59 and the standard deviation was 0.46.
The application was evaluated for satisfaction by 100 samples. The satisfaction evaluation result
showed that the samples were satisfied at a good level, the mean was 4.26 and the standard deviation

was 0.71.

Keywords: Application, Waste bank, Waste community
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Table 1. The application effectiveness was evaluated by 5 experts

Evaluation list X S.D. Meaning
1. Functional Requirement Test 4.72 0.49 Very good
2. Functional Test 4.87 0.26 Very good
3. Usability Test 4.29 0.61 good
4. Performance Test 4.24 0.70 good
5. Security Test 4.85 0.25 Very good
Total 4.59 0.46 Very good

a1n (Table 1) a3dualsziliulne
a;d' o ] -=ll ¥ a o
AT TN0Y AU 5 YU Nlfuetnardusunang
2ezNeA ANtz NTs wud tnasanes lusedu
= a 1 dl 1 o ] lﬂl
ADINNANTN ALAELYINAL 4.59 daulieitu
WAL 0.46 TaniAanngeqn 3 SuAL

A v v o v d‘
WIN A8 ANUANNGNABSIUNITNINIUAINENT

' o = . =

289920 8¢ JUITAUNAMAINANIN ATLaRE
Winriy 4.87 dauidiaaiuuunnsguminay 0.26

90989K1 A8 AUNNEINEIANUaendE Bty

FrAUNAMNINANIN ANRAWINGY 4.85
daudeuuunInggIumagy 0.25 uazAy
% ¥ I

ANTHANNIOANAINAINABIN 7109 1 2l
srAUNAMNINANIN AR WINAY 4.72
dauleuuuNInTgIumMAAL 0.49 nadsziiin
AINATAL

3.2 uatlssidunanuivanalagaedldanu
da - . .
naseuelnARTUsUIANTIE NI ANIT LY

T

Table 2. The application was evaluated for satisfaction by 100 samples

Evaluation list X SD. Meaning
1. Information 414 0.68 good
2. Usability Test 4.29 0.75 good
3. Design 4.23 0.72 good
4. Utilization 4.41 0.70 good
Total 4.26 0.71 good
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Abstract

The objective of this study is to find the new method to get the analytical solutions of nonlinear
partial differential equation, namely Bateman-Burgers equation which have the form U, +UU, =0U .
The simple equation method is chosen to find the answer. The results of the study show that this
method is effective at achieving the solutions of the Bateman-Burgers equation with both Bernoulli

equation and Riccati equation.

Keywords: Simple equation method, Nonlinear partial differential equation, Bernoulli equation, Riccati

equation

Introduction

Nonlinear partial differential equations
are very important in both mathematics and
physics. They describe a lot of systems in
terms of mathematics equation. In 1915, Harry
Bateman proposed the equation which is well-
known in many areas of applied mathematics
such as gas dynamics, fluid mechanics and
traffic flow. The equation was studied later in
1948 by Jan Burgersj. So, we got the Bateman-

Burgers equation in the following form

u, +uu, =ou,,, (1)

where U is a function of variables X and t, v
is the viscosity of a fluid®.

The research objective is to use the
simple equation method ( SE method) with
both the Bernoulli equation and the Riccati
equation to solve the analytical solutions of
the Bateman-Burgers equation. Next, we will

introduce the simple equation method.

Simple Equation Method

In this section, the process of simple
equation method will be shown *°.
Step 1: Given the nonlinear partial differential

equation in the form

PBRU Science Journal
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P(u,u,u,,u,,u,,..)=0, (2)

where U is the function of Xand t.

Step 2: To transform U(X,t) =U (&) we set
& =X—Dbt and use this to transform equation

(2) into an ordinary differential equation
GU.U,U.U.,.)=0, @)

where b is nonzero constant of wave velocity
and G is a polynomial of U (&) and its

derivatives.

Step 3: The solution of equation (3) can be

express in the form
N .
UE=YaF'. @
i~0
where F =F (&), @ are constant and
ay #0.

Step 4: Find the value of N by balancing
between the highest order derivative and the

nonlinear terms.
Step 5: For Bernoulli equation we use
F. =cF (&) +dF*(&), (5)
where € and 0 are nonzero constant.
For Riccati equation we use
F.=aF*()+p, 6)

where @ and [ are nonzero constant.
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Step 6: Substituting N from step 4 into
equation (4) and then collect all terms which
have the same power of F and set them to
zero, the solution of equation (5) and equation

(6) are described in two cases.
For equation (5) Bernoulli equation

Case 1:¢>0, d <0,&,and v are constant,

[c(£+5)]
ce
F($)= 1— geletEan - (7)

Case2:€<0, d>0,&,and v are constant,

[c(£+&)]
ce
F(5) = T 14 deltE T (8)

For equation (6) Riccati equation

Case 1: aff <0, & >0 and V==1,
F(&) = =% ann([Cape —V'”—fo)) .9
o

Case 2: aff >0 and & is a constant,

F() =@tan<@(é+éo» - (10)

Solutions of Bateman-Burgers equation with
Bernoulli equation case

To transform equation (1) into ordinary
differential equation (ODE) we set the wave
variable £ = X —bt where b is nonzero

6-8 .
constant of wave " velocity so we get

—bU§+UU§—uU§§:O, (11)
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the solution of equation (11) is defined by

equation (4).

Find N by balancing between the highest

order derivative and the nonlinear terms

N+2=N+N+1

N =1

there for equation (4) will be

U(&)=a,+aF. (12)
Differentiating

U, =acF +adF?, (13)
U.. =ac’F +3acdF? +2ad’F°, (14)

UU, =a,acF +a,adF’+acF?+a’dF°®.  (15)

Substituting equations (13), (14) and (15) into

equation (11), we obtain

—ba,cF —ba,dF?* +a,a,cF +a,a,dF’
+a’cF? +a’dF® —va,c’F
-3va,cdF’® - 2va,d’F* =0.

Collect all terms which have the same power

of F and setto zero
F': —bac+ajac-vac =0, (17)
F?: —bad +a,ad+a’c—3vacd =0, (18)
F*: a’d-2vad?=0. (19)

Solving the system of equations (17), (18) and
(19), we get

PBRU SCIENCE JOURNAL
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a=2vd,b=a,-uvC. (20)

Substituting equations (7), (8) and (20) into
equation (12), the solutions of the Bateman-

Burgers equation may be considered as,

Case 1: ¢>0,d <0,

ZUdce[c(x—(ao—vc)t+§O )|
1-de

u(x,t)=a, + (21)

[e(x-(ap—ve)t+£p)l

Case2: ¢<0,d >0,

2,dcel (B o)l
1+de

u(x,t)y=a,— (22)

[c(x~(ag—v)t+¢p)]

For case 1, using parameters
c=1d=-11<x<151<t<15¢, =0,8,=0
and U =1 the solutions of the Bateman-

Burgers equation can be demonstrated as in

figure 1.

Figure 1. The solutions by the SE method with

Bernoulli equation in case 1.

In the second case, using parameters
c=-10,d =10,1<x<151<t<15,£ =0,a,=0

and U =1 the solutions of the Bateman-

PBRU Science Journal
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Burgers equation can be demonstrated as in

figure 2.

Figure 2. The solutions by the SE method with

Bernoulli equation in case 2.

Solutions of Bateman-Burgers equation with

Riccati equation case

For Riccati equation, we use ng from
equation (6), since we consider the same
equation then N =1 and U (&) is the same

as equation (12).

Differentiating
U,=aaF’+ap, (23)
U, = 2a1052F3 +2a,00F, (24)

UU, =aaaF’+aaf+a’aF’+a/fF . (25

Substituting equations (23), (24) and (25) into

equation (11), we obtain

PBRU SCIENCE JOURNAL
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—ba,aF? —ba f+a,aaF?
+a,8,0+a'aF’ +a’BF (26)
—2va,a’F*® —2va,afF =0.

Collect all terms which have the same power of

F and set to zero

F°: —baf+aaf=0, (27)
F':a’8-2vaaf =0, (28)
F?. —baa+aaa=0, (29)
F3: a’a—2vaa’=0. (30)

Solving the system of equations (27),
(28), (29) and (30), we get
a =2va, b=a,. (31)

Substituting equations (9), (10) and (31)
into equation (12), the solutions of the Bateman-

Burgers equation may be considered as,

Case 1: aff <0, & >0 and v==1,

u(x,t) =b —2v\—aB tanh(\-aB (x-bt) —Lf”)) - (32)

Case 2 : aff >0 and & is a constant,

u(x,t) =b+20\Jaf tan(JaB (x—bt +&,)) - (33)

For case 1, using parameters

51

a=1L=-11<x<151<t<15¢ =1b=1

and U =1 the solutions of the Bateman-
Burgers equation can be demonstrated as in

figure 3.

PBRU Science Journal
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Figure 3. The solutions by the SE method with

Riccati equation in case 1.

In the second case, using parameters

a=1L4=11<x<151<t<15¢,=1b=1

and U =1 the solutions of the Bateman-
Burgers equation can be demonstrated as in

figure 4.

Figure 4. The solutions by the SE method with

Riccati equation in case 2.
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Conclusions

The simple equation method is applied

to solve the Bateman-Burgers equation with the

wave variable &= X—Dbtin both Bernoulli

equation and Riccati equation. The solutions

may be defined in equation (4) along with the

help from equation (5), (7) and (8) for Bernoulli

equation and equation (6), (9) and (10) for

Riccati equation. After some balancing and

calculating, the solutions are achieved in

equation (21) and (22) for Bernoulli equation

and equation (32) and (33) for Riccati equation.

The simple equation in both Bernoulli equation

and Riccati equation shows that this method in

both cases is effective for solving Bateman-

Burgers equation.
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Abstract

Phosphate in municipal wastewater affects water quality and aquatic organisms. Therefore,
wastewater must be treated before being discharged into water resources. The water treatment
process of tap water production produces large amounts of water treatment sludge (WTS) containing
polyaluminium chloride (PACI) used in the process. Therefore, this research studied on the removal of
orthophosphate (OP) and turbidity from municipal wastewater by using PACI and WTS. Various factors
such as PACI concentration, WTS dosage, reaction time and settling time were studied. The results
showed that the optimum conditions were as follows: 1) OP and turbidity removal under the condition of
PACI 30 mg/L by 1 min rapid mixing and 10 min slow mixing were 96.06% and 96.03%, respectively, 2)
OP and turbidity removal by using PACI 10 mg/L and WTS 6 g/L with 1 min rapid mixing and 15 min
slow mixing were 93.43% and 84.95%, respectively, and 3) OP and turbidity removal under the
condition of WTS at 15 g/L by 20 min rapid mixing were 81.12% and 80.47% respectively. When
considering the treatment efficiency, the chemical cost and the utilization of waste, it can be concluded
that the use of PACI with WTS is the most appropriate condition. Moreover, this condition could be
applied to treat COD, total suspended solids (TSS) and total phosphorus (TP) in wastewater to produce
water that quality is conforming to the effluent standards by the Ministry of Natural Resources and
Environment (2010). This research indicates that WTS can be recycled for municipal wastewater

treatments increasing the value of WTS and to reducing sludge disposal costs.

Keywords: Municipal wastewater, Phosphate, Chemical coagulation and flocculation, Chemical

precipitation, Water treatment sludge
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Table 1. Experimental conditions of OP and turbidity removal by PACI

PACI conc. Time for Rapid Time for Slow Settling time
(mg/L) Mixing at 120 rpm Mixing at 30 rpm (min)
(min) (min)
Rapid mixing 5-120 - 10-35
Rapid and slow mixing 5-120 5-30 10-35
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Table 2. Experimental conditions of OP and turbidity removal by water treatment sludge

Sludge Time for Rapid Mixing at Time for Slow Mixing Settling time
dosage (g/L) 120 rpm (min) at 30 rpm (min) (min)
Rapid mixing 1.0-35.0 - 10-35
Rapid and slow mixing 1.0-35.0 5-30 10-35

Table 3. Experimental conditions of OP and turbidity removal by PACI and water treatment sludge

PACI conc. Sludge Time for Rapid Mixing Time for Slow Settling time
(mg/L) dosage (g/L) at 120 rpm (min) Mixing at 30 (min)
rpm (min)
Rapid mixing 10-35 5.0-10.0 5-30 - 10-35
Rapid and slow mixing 5-30 2.0-13.0 1 5-30 10-35
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Figure 4. Effect of PACI concentration on OP and turbidity removal at pH 7. (a) sludge dosage 15 g/L,
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mixing at 30 rpm, 30 min
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Figure 5. Effect of sludge dosage on OP and turbidity removal at pH 7. (a) PACI concentration 10 mg/L,

Rapid mixing at 120 rpm, 30 min (b) PACI concentration 10 mg/L, Rapid mixing at 120 rpm, 1 min and

Slow mixing at 30 rpm, 30 min
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Materials Method PACI Sludge Reaction Settling  Orthophosphate Turbidity

conc. dosage time time removal removal

PACI Rapid mixing 30 mg/L - 10 min 15 min 96.06% 96.03%

- slow mixing

Sludge Rapid mixing - 15 g/L 20 min 20 min 81.12% 80.47%

PACI and Rapid mixing 10 mg/L 6 g/L 15 min 15 min 93.43% 84.95%
sludge - Slow
mixing
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Abstract

The preparation methods of rice flours are very important for making bakeries. Hom-nin rice flour
was prepared by dry-milling, wet-milling, and extrusion methods to determine the effect on the quality
of gluten-free brownies. The result showed that different flour preparation methods significantly affected
the crust color, crumb color, specific volume, texture properties, and sensory attributes of Hom-nin rice
flour brownies. Color measurements revealed that the crust color of the wet-milled Hom-nin rice flour
brownie exhibited a higher a* value and b* value, compared to those prepared from dry-milled and
extruded flours (p < 0.05), while the crumb color of the brownies made from dry-milled rice flour
showed higher L* value and b* value than that of the others (p < 0.05). Brownies made from dry-milled
Hom-nin rice flour showed a greater specific volume than those made with the other flours (p < 0.05).
Texture properties (hardness, springiness, cohesiveness, gumminess, chewiness) between brownies
made from wet-milled Hom-nin rice and wheat flours (control) were not significantly different (p >
0.05). Sensory evaluation showed that taste, texture, and overall acceptance of brownies made from
wet-milled Hom-nin rice flour were similar to the wheat flour brownie (p > 0.05). The microbial quality
determined by aerobic plate count and yeast and mold count in all samples complied with Thai

Community Product Standard (TCPS) 459/2555.

Keywords: Gluten-free brownie, Hom-nin rice flour, Dry-milling, Wet-milling, Extrusion
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Table 1. Basic Recipes for Brownie Production

Ingredients (% w/w) F1% F2%° F3*
All-purpose wheat flour 11 15 6
Unsalted butter 22 17 27
Sugar 38 32 26
Fresh whole egg 18 16 18
Cocoa powder 10 - 7
Chocolate bar - 20 15
Salt 0.4 - 0.5
Vanilla flavor 0.6 - 0.5
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Table 2. Sensory scores of brownie prepared from basic recipes

Sample F1 F2 F3
Appearance 6.56£1.73° 5.64+1.82° 7.38+1.35°
Color 6.52+1.72° 5.501.58° 7.58+0.95°
Flavor 6.38+1.96" 6.16+1.82° 7.58+1.23°
Taste 6.38+2.00" 5.42+2.07° 7.22+1.43°
Texture 6.04+1.90" 5.24+2.05° 7.20+1.63°
Overall acceptance 5.74+1.69° 5.44+1.95° 7.7241.03°

Means within the same row bearing the same letter are not significantly different (p>0.05).
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Table 3. Proximate compositions (g/100g) and caloric value (kcal/100g) of wheat flour brownies and

brownies prepared from dry-milled, wet- milled and extruded Hom-nin rice flours

Sample Moisture Ash Protein Fat Fiber Carbo- Calorie
hydrate

All-purpose  13.89£0.39°  1.56£0.04° 6.73:0.09° 37.60:0.42°  0.28£0.01° 53.03£0.35°  579.48+1.25°

wheat flour

Dry Milled 15.74+0.25°  1.62+0.08° 6.96:0.24° 34.09:0.47°  0.91#0.04° 56.43x0.21° 556.72+1.52°

Hom-Nin rice

flour (DMF)

Wet Milled 14.54+0.05" 1.78+0.07° 7.53:0.13° 36.21#1.81% 0.59+0.05° 54.69+1.70° 569.24+5.33%

Hom-Nin rice

flour (WMF)

Extruded 14.44+0.90° 1.80£0.10° 8.46:0.32° 35.63:0.40 0.7620.04° 53.35+0.30° 564.87+1.05"

Hom-Nin rice

flour (EF)

Means within the same column bearing the same letter are not significantly different (p>0.05).

aa s
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Table 4. Water activity, specific volume, and color of brownies made from wheat flour and Hom-nin rice

flours prepared by dry milling, wet milling and extraction methods

Crust color Crumb color Water Specific
Sample L* a* b* L* a* b* activity volume
(a,) (ml/g)

All-purpose  14.73:0.05°  7.76£0.16"  5.42+0.17° 17.87:0.12°  7.94:0.33°  8.35:0.21° 0.76£0.00° 1.210.06"
wheat flour

Dry Milled 13.61£0.23°  5.38+0.40° 2.21:0.22° 14.850.04° 5.85+1.01™ 6.59+0.30° 0.80+0.00° 0.95+0.08"
Hom-Nin

rice flour

(DMF)

Wet Milled 15.25+0.15"  5.62+0.24° 2.59+0.50° 13.46+0.15° 5.28+0.68™" 5.72+0.73° 0.77+0.00° 0.53+0.11°
Hom-Nin

rice flour

(WMF)

Extruded 12.25+0.32°  3.88+0.32° 0.96+0.61° 13.77£0.22°  4.20+0.32°  3.76+0.38" 0.76+0.02°  0.24+0.02°
Hom-Nin

rice flour

(EF)

Means within the same column bearing the same letter are not significantly different (p>0.05).

WF DMF WMF EF

Figure 1. Brownies prepared with wheat flour (WF), dry-milled (DMF), wet-milled (WMF), and extruded
flours (EF)
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Table 5 Texture properties of brownies made from wheat flour and Hom-nin rice flours prepared by dry

milling, wet milling and extraction methods

cohesiveness

gumminess

chewiness

Sample hardness springiness
(9)
All-purpose wheat flour 4,152+638.36° 0.78+0.05°
Dry Milled Hom-Nin rice flour 5,505’;924.81b 0.48+0.06°
(DMF)
Wet Milled Hom-Nin rice 3,106+£328.53°  0.82+0.08°
flour (WMF)

Extruded Hom-Nin rice flour 7,932+656.01° 0.64+0.08°

(EF)

0.46+0.03°

b

0.23+0.04

0.42+0.02°

0.39+0.09°

1,916+317.36°

1,263+£167.72°

1,294+133.45°

3,052+643.39°

1,501£305.28"

602+131.62°

1,064+195.79™

1,998+648.86"

Means within the same column bearing the same letter are not significantly different (p>0.05).

4. AMANHUENNUSERINANAAURILSIIY

¥ a
anuilsinavasiia

199N wTENAN WMF ALUULANNTa L
FIUTATR e dNEE wazANTaulagsanly

WANFN ANnUT1AHANWTNETA (p > 0.05) WAl

ANANNTRLAUANHIUTLIING B WASNAUAAN

191 (p < 0.05) wariAzuuuANTauine Nl

WANFAN9AINLIIIRANNLTa"A (Table 6)

Table 6. Sensory evaluation of brownies made from wheat flour and Hom-nin rice flours prepared by

dry milling, wet milling and extraction methods

Overall
Sample Appearance Color Flavor Taste Texture

acceptance
All-purpose  wheat  8.32+0.89° 8.30+0.78° 8.36+0.94° 7.84+1.30° 8.18+1.36° 8.08+1.21°
flour
Dry Milled Hom-Nin  7.70%0.65" 7.62+¢0.65°  7.57+0.56°  6.12+0.74°  5.4620.56°  6.40%0.40°
rice flour (DMF)
Wet Milled Hom-Nin  7.7521.01° 7.70¢1.02°  7.73+1.10°  7.89+0.98°  7.81+1.14°  7.87:0.73
rice flour (WMF)
Extruded Hom-Nin  6.25+1.50° 6.16+1.45° 5.96+1.56° 5.26+1.94° 5.00+1.99° 5.44+1.66°

rice flour (EF)

Means within the same column bearing the same letter are not significantly different (p>0.05).
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Abstract

A discrete distribution has been widely used for count data. This study aimed to present a
simple discrete-weighted exponential distribution and some statistical properties, such as the
cumulative distribution function, probability generating function, expected, variance, moment
generating function, survival function, index of dispersion and coefficient of variation. The method of
estimation of the parameters was maximum likelihood estimation. Furthermore, the simple discrete-
weighted exponential distribution was applied and compared to other distributions on over-dispersion
data sets. The results indicated that the simple discrete-weighted exponential distribution could be

used as an alternative to over-dispersion data.

Keywords: Discrete distribution, Probability mass function, Survival function, Exponential distribution

Introduction

Lifetime data is the time of occurrence
based on a topic of interest for endurance,
such as the period from epidemic beginning to
illness recovery, mobile lifetime, the light bulb
time period for use, and time of death in
cancer patients. Lifetimes are sometimes
referred to as ‘survival times" or "failure
periods" depending on the event of interest.
Popular distributions for lifetime data, such as
Weibull, exponential, Pareto, and Lindley

distributions, are commonly used to generate

modeling data for lifetime data. In many cases,
data contains the frequency of an event of
interest at the time of occurrence or count
data, such as the number of coronavirus
infections in a month, accidents, and
consumers. So, count data is a data type that
describes the frequency of events or items that
occur within a fixed period of time'. For
modeling count data, the Poisson distribution is
the most widely utilized. The conditional mean
of occurrence is equal to the variance in the

Poisson distribution assumptions, which is
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known as equi-dispersion. In most situations,
however, the variance is larger than its mean,
which is referred to as over-dispersion . The
discrete distributions are utilized for over-
dispersion count data.

A variety of studies have been conducted
to deal with the discrete distribution of count data.
In 2015, Nekoukhou and Bidram® introduced the
exponentiated discrete Weibull distribution and
presented some basic distributional properties,
moments, and order statistics. In addition, the
exponentiated discrete Weibull distribution was
applied to a real data set. In 2017, Borah' used
the general approach of compounding for quasi-
Poisson Lindley distribution. The result showed
the properties of the quasi-Poisson Lindley
distribution such as moment, skewness, and
Kurtosis. In 2018, Mahdi et al.’ suggested and
evaluated parameters for a discrete weighted
exponential distribution. The discrete exponential
distribution, developed by Chakrabortye, was a
generalization of this distribution. The discrete
weighted exponential distribution exceeded the

exponentiated geometric and  generalized

geometric  distributions. !

Khongthip et al.
proposed a discrete weighted exponential
distribution. A discrete distribution was generated
from a corresponding continuous distribution by
applying Roy's method for discretization. In 2020,

Diandarma et al.’ presented a discrete Lindley

distribution which was generated from the

. PBRU SCIENCE JOURNAL
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discretization method. The result found that a
discrete Lindley distribution could be used as
an alternative to the Poisson distribution in
modeling over-dispersion data.

The aims of this paper were to present a
simple discrete-weighted exponential distribution
and to describe some properties of the simple
discrete-weighted exponential distribution. For
the rest of this paper, the second section
presented methods and materials. In the third
section, results such as the simple discrete-
weighted exponential distribution, some statistical
properties, parameter estimation, and the
application of two data sets were shown. Finally,

the last section provided a conclusion.

Materials and Methods
This section presents the discretization
method for generating new discrete distributions

and the weighted exponential distribution.

1. Discretization method

A discrete probability distribution
function can be generated from a continuous
probability distribution function using the
discrete technique. Methods for producing
discrete probability distribution functions from
continuous probability distribution functions

were demonstrated by Chakraborty®. In this

paper, the method based on the continuous
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survival function was used.® The probability
mass function (pmf) of discrete distributions is
f(y):Sx(y)_Sx(y+1)' (1)
where y=0,12,... and S, (y) is the survival
function.
2. Weighted exponential distribution
In 2016, Bashir and Naqvi9 derived a weighted
exponential distribution. The probability distribution
function (pdf) of the weighted exponential distribution
was given by
f(x;4,0)=(2-w)e ", (2)
where x>0,4>0,1>w, and O0<w<1.
The survival function (sf) of a weighted
exponential distribution was given by

S(x)=e 3)

Results

In this section, the pmf, cumulative
distribution function, and some statistical
properties of a simple discrete weighted
distribution  and

exponential parameter

estimation are presented.

1. A simple discrete-weighted exponential
distribution

Theorem 1: If Y be random variable of
a simple discrete-weighted exponential
distribution with parameters A and w are
scale and shape parameters respectively. The
pmf of the

simple  discrete-weighted

exponential distribution is

PBRU SCIENCE JOURNAL
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f(y)=e"* [1—e’“"”)] , (4)
where y=012,..., A>0, A>® and

O<w<l.

Proof: Equation (2) shows the pdf of a
weighted exponential distribution when Y is a
random variable. The survival function is
S(y)=e (5)
and  S(y+1)=e 0 (6)
From the discretization method, the
Equations (5) and (6) are plugged into the
Equation (1). We will obtain
Fy)=S(y)-S(y+1)

— ef(ﬂ.ﬂu)y _ef(lfw)(yﬁl)

=g [1— e‘““”)] .
The properties of probability function are

f(y)=0 forall y and Zf(y)z
f weyl(o —(2-w)
2= e }

lei(uj|

[
[-et 11%}

<

Thus, the pmf has the properties of a
probability function.
The cdf of the simple discrete-
weighted exponential distribution is
F (y) —1_g (*@ly+) ‘ 7)
where y=012..., 4A>0, A>eo and

O<w<l.
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The cdf of the simple discrete-weighted

exponential distribution is the following:

—1_e o)y
Figure 1 and Figure 2 provide some
possible plots for the pmf and cdf of the simple
distribution.

discrete-weighted  exponential

A=0.1, omega=0.01

S
a ‘[
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Figure 1 presents the pmf plots of the simple
discrete-weighted exponential distribution for
different values of A and @, and the
distribution is skewed to the right. Obviously,
the scale parameter A varies with the shape
parameter @ . The pmf decreases as the shape
parameter @ increases. Figure 2 presents the
cdf of the simple discrete-weighted
exponential distribution for different values of

A and @, and itis increasing function.
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Figure1. The pmf plots of the simple discrete weighted-exponential distribution
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Figure2. The cdf plots of the simple discrete weighted-exponential distribution

2. Statistics properties
This section showed the probability
generating  function  (pgf),  expectation,
variance, and moment generating function
(mgf), survival function (sf), index of dispersion
(ID), and coefficient of variation (CV).
2.1 Probability generating function
In statistical theory, the pgf is more
important. This function can also find the
expectation and variance of a random variable.
Theorem 2: Let Z be a random
variable with a simple discrete-weighted
exponential distribution, then the pgf is given
by

1-g
T1ge

G(z2)

where y=0,1,2,... , A>0,1>®,0<w<1
and z is areal number.

Proof: The pgf of the simple discrete-weighted
exponential distribution can be shown as

follows:

G(2)

©

2 ()7

y=0

0

S (1-e )

y=0

1-e*
T1_z.e 0
2.2 Expectation, Variance and Moment

Generating Function

From Theorem 2, the expectation of Y is
ef(ﬂ'*w)

E(y) = G'(l) = 1_e o 9)
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The variance of Y can be derived from Theorem 2. We obtain
Var(Y)=G"(1)+G'(1)-(G'(1))
26—2(1—(0) e—(i—w) e—Z(/l—a))
+ —
(1_e—u—w>)2 1-g (1_e—<z—w> )2

—~(A-o)

2

&
(1— g+ )2

So, the variance of Y is —_—.
(1-e )

Set z=¢"' and we will obtain the mgf.
G(e')=E(e¥)=M,t

1— e—(&—a))

Thus, MY (t)—m (11)

2.3 Survival function Figure 3 shows some possible plots for

The sf of the simple discrete-weighted the sf of the simple discrete weighted-

exponential  distribution is the following: exponential distribution. It can be seen that the

S(y)=1-F(y), then the sf is sf function could be decreasing with respect to
S(y)=e 0 (12) the value of Y based on the different

parameter values.

A=0.1, w=0.05 A=0.5, w=0.2

1.00 1.00-

pmf
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Figure 3. The sf of the simple discrete weighted exponential distribution

PBRU Science Journal
Volume 20 Number 1 January-June 2023

90



2.4 Index of dispersion and coefficient of

variation

The ID is a measure of dispersion (over-
dispersion, under-dispersion and equidispersion)”.
The variance to mean ratio is the most basic
definition. The ID of the simple discrete-

weighted exponential distribution given as

1
ID:W. (13)

ID>1,for A1>0,A>w,0<w<1.
Therefore, it follows that the simple discrete-
weighted exponential distribution is over-
dispersion.

The CV is expressed as the ratio of
standard deviation to the mean. The CV of the
simple discrete-weighted exponential

distribution is given as

CV=—r——. (14)

3. Parameter estimation

This paper will discuss parameter
estimation based on the maximum likelihood
estimation (MLE) method. Let Y,,Y,,Y;,...,Y,
denote random samples drawn from the simple
discrete-weighted exponential distribution with
parameters A and @. The log likelihood

function L(y;/l,a)) is given by:

n

In L(Y;/l,w):—(/l—w)Zy,+n|n(1—e’“"”)) (15)

i=1
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We cannot obtain explicit expressions of
estimations, so numerical analysis, such as the
Newton-Raphson algorithm, can be used to

estimate the value of parameters.

4. Applications

In this section, the simple discrete-
weighted exponential (DWE) distribution will be
examined for two real data sets and compared
with the Poisson, negative binomial (NB), and
discrete Lindley (DL) distributions. The analysis
involved in this research was performed with
the R program and estimated the parameters

12

using the package’s name “maxLik” “. The
criteria for comparing models were the log-
likelihood (LL) and the Akaike information
criterion (AIC). The log-likelihood is calculated
as; LL=2(InL, —InL,)"™. Where L, and L,
are the log-likelihood under the respective
hypothesis. The AIC is the most used fit
statistic. Let L be the model likelihood, P is
the number of parameters. The AIC is
AIC :—2In(L)+2p2. In addition, we compute
the expected frequencies for fitted DWE,
Poisson, NB, DL distribution.

The StrikeNb dataset, which is included
in the Ecdat R package (Website data:
http://CRAN.R-project.org/package=Ecdat), is
the first data set. The

number  of

contract strikes in US industry was reported

PBRU Science Journal
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monthly from January 1968 to December 1976, the mean, indicating that there is over-
which included 108 observations. The sample dispersion. Table 1 shows the estimated
mean of the data is 6.75, the variance is 21.93, parameters, LL, and AIC of the StrikeNb data
and the ID is 3.25. The variance is greater than set.

Table 1. The number of contracts strikes in the US manufacturing observed data set and its expected

frequencies, estimated parameters, LL, and AIC

Count  Frequency Expected frequencies
DWE Poisson NB DL
0 5 141 0.6 5.0 5.6
1 12 12.3 3.2 9.3 8.7
2 14 10.7 8.3 11.5 10.1
3 11 9.3 14.3 11.8 10.4
4 9 8.1 18.4 10.9 10.0
5 14 7.0 18.9 9.4 9.2
6 9 6.1 16.2 7.8 8.3
7 4 53 11.9 6.2 7.3
8 7 4.6 7.7 4.7 6.4
9 10 4.0 4.4 3.6 55
10 6 35 2.3 2.6 4.6
11 1 3.0 1.1 1.9 3.9
13 3 2.3 0.5 1.0 2.7
15 1 1.7 0.2 0.5 1.8
16 1 1.5 0.1 0.3 1.5
18 1 1.1 0.0 0.2 1.0
Estimated A=0.87 1=5.15 f=3.20 6=0.26
Parameters &H=073 p=0.28
LL -47.68 -309.26 -279.97 -59.20
AIC 99.36 620.58 563.94 120.40
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Table 1 shows the first data set and the
expected frequencies of DWE, Poisson, NB, and
DL distributions. The comparison between the
DWE distribution and other distributions based on
AIC values for the StrikeNb data set. In the set of
competing distributions, a distribution is selected
as the best fitted distribution to the data that has
the smallest AIC values. We observe that the AIC
and LL values of DWE are 99.36 and -47.68,
the AIC value is the

respectively, and

smallest. The DWE distribution is a better
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distribution. The MLE of the parameters of the
DWE distribution fitted to the data are A = 0.87
and ®=0.73.

The second set of data is the number of
fires in Greece from 1 July 1998 to 31 August of
the same year ° The sample mean of the data set
is 8.20, the variance is 19.03, and the ID is 2.32.
Since the sample variance is larger than the
sample mean, this data set has over-dispersion.
Table 2 shows the estimated parameters, LL, and

AIC of the second data set.

Table 2. The number of fires in Greece data set and its expected frequencies, estimated parameters,

LL, and AIC

Count Frequency Expected frequencies
DWE Poisson NB DL
0 16 13.4 0.8 12.2 4.7
1 13 11.9 4.0 9.2 7.6
2 14 10.6 10.2 6.9 9.2
3 9 9.5 17.0 52 9.8
4 1 8.4 21.4 3.9 9.9
13 7.5 21.6 2.9 9.5
6 8 6.7 18.1 2.2 8.9
7 4 6.0 13.0 1.7 8.2
8 9 53 8.2 1.2 7.4
9 6 4.7 4.6 0.9 6.6
10 3 4.2 2.3 0.7 59
11 4 3.8 1.1 0.5 5.1
12 6 3.4 0.4 0.4 4.5
15 4 2.4 0.2 0.2 2.9
=16 3 2.1 0.1 0.1 24
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Table 2: The number of fires in Greece data set and its expected frequencies, estimated parameters,

LL, and AIC (cont.)
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Count Frequency Expected frequencies
DWE Poisson NB DL
Estimated Parameters 1=0.66 4=5.03 f =166 6=022
=054 p=0.25
LL -47.44 -401.79 -329.41 -51.95
AIC 98.88 804.57 662.82 105.90
Table 2 shows the second data set and
the expected frequencies of DWE, Poisson, é & ./"'\. * Poisson
S . 2 1550-v, o N = DWE
NB, and DL distributions. The comparison § e i \:},izfgg;:\:ﬁ;;}krh Yﬁtésever
between the DWE distribution and other E Z ) :/° R Sviae. :.D‘L‘_‘

distributions based on AIC values. We found
that the AIC and LL values of DWE are 98.88
and -47.44, respectively and the AIC value is
the smallest. The DWE distribution is a better
model. The MLE of the parameters of the DWE
distribution fitted to the data are 1= 0.66 and
@ = 0.54.

Figure 4 displays a comparison of
observed and expected frequencies in a fitted
distribution; Figure (4a) shows the fitted
distribution of the StrikeNb data set, while
Figure (4b) shows the fitted distribution of the

number of fires in the Greece data set.
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Figure 4. Data and expected frequencies of

fitted distribution with difference distribution

Conclusion

The discretization method is used in this
paper to create a simple discrete-weighted
exponential distribution. The pmf and cdf of the

simple discrete-weighted exponential distribution
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are obtained, some statistical properties are
presented, and the index of dispersion and
coefficient of variation are included. Furthermore,
the simple discrete-weighted  exponential
distribution is applied to and compared to the
Poisson, NB, and DL based on maximum
likelihood estimation for two over-dispersion data
sets. The result, based on AIC and LL values, is
that the AIC value of the DWE distribution is the
smallest. Form this paper, we can conclude that
the DWE distribution is better fitted to the data
than the Poisson, NB, and DL distributions. So,

the DWE distribution can be used as an

alternative to the over-dispersion data.
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Abstract

Quantum Key Distribution (QKD) is developed to improve the security network in key exchange
field. There is several success network equipment in implement QKD. However, the key distribution is
limited to use in point-to-point scope. In this paper, a network in quantum cryptography network is
simulated based on actual Thailand broadband services that will extend the ability of number of users
in present quantum cryptography network from point-to-point to multi-user network and sustain the
security of the network. The developed system is implemented based on the existing quantum
cryptography by managing the pairs joining of QKD system and real data of last-mile infrastructure and
services of rural and remote broadband development in Thailand. The result of simulation is proven the

feasibility to implement the proposed concept in real implementation.

Keywords: Quantum Key Distribution, QKD, Network Management, Network Management Simulation,

Cryptography and Security, Thailand broadband.

Introduction

The key distribution is an initial step in
several security protocols that provide the key to
the specific host securely. Currently, cryptography
is used to assure the confidentiality and integrity
of key distribution. Therefore, all key distribution is
based on mathematical cryptography1. However,

there is a proposed alternative key distribution

by using quantum cryptography. This can
ensure the confidentiality in transmitted key by
relying on the properties of quantum. Since
quantum information cannot be sniffed nor
recreated, key distribution adapted this feature
to develop Quantum Key Distribution (QKD)**
The quantum communication network

system’s channel is divided into two channels:

PBRU Science Journal
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the public channel and the quantum channel.
The public channel is used to exchange the
encrypted data, and the quantum channel is
used to transmit the keys, or QKD, as shown in
Figure 1. The limitation of QKD is strictly
transferred only two nodes or point-to-point
connection. Currently, there is research that
offers several methods but mainly focuses on the
physical layer, for example, a quantum router,
which can route the quantum signal but has
challenges with data loss, connectivity, and
distance.*®

Hence, our objective is to develop a
network management system for QKD based
on the actual infrastructure that provides the
extended ability of using QKD as a network as
well as convenient management and relatively

low cost.

Background

a) Quantum Cryptography

Metwork node Metwork node
Mode module MNode module
(Hassical channdg
Node memal Boce roprmal
MM A O abion
OKD device | QKD device
puartum channdl

Figure 1. Data Communication in QKD System.

Quantum cryptography contains a key

distribution system that uses the laws of

7
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quantum mechanics to guarantee secure
communication. The crucial element of quantum
mechanics, such as Heisenberg’'s uncertainty
principle  prevents anyone from directly
measuring the bit value without introducing
errors that can be detected. A single photon is
indivisible which means that an eavesdropper
cannot split the quantum signal to make
measurements covertly. Quantum cryptography
has a quantum no-cloning theory. This theory
shows that it is not possible to receive a single
photon and duplicate the photon without giving
notice to others. There are two dominant
schemes for quantum key distribution protocols
which are the BB84 protocol and the B92
protocols’g.

BB84 protocol is the first quantum
cryptography protocol which was proposed by
Bennett and Brassard in 1984 °. This protocol
employs two polarization bases for a single
photon; rectilinear basis and diagonal basis.
The single photon may be polarized in four
states: horizontal |h>, vertical |v>, left circle
polarized |lcp>, and right circle polarized
[rcp>. Polarization state horizontal |h> and left
circle polarized |lcp> represent a ‘0’. The
polarization states of vertical |v> and right
circle polarized |rcp> represent a ‘1"

B92protocol is proposed by Bennett and
Brassard in 1992 9, similar to BB84 protocol but

uses only two non-orthogonal gquantum state |h>
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represent a ‘0’ and |rcp> represent a ‘1’, half of

the BB84 protocol to transmit the key.

S P

Routing management P( Quantum transmisston machine

Figure 2. System Design

b) Rural and remote broadband in
Thailand

In this paper, simulation is based on the
real infrastructure of rural broadband in Thailand
providing last-mile technologies for 15,732 rural
villages (Zone C) and 3,920 remote villages (Zone
C+) implemented by National Broadcasting and
Telecommunications Commission (NBTC). This
paper illustrates new tailored last-mile technologies
that are suitable for these types of areas. The
technologies are aimed to be the base on which
to construct a regional system for distribution
of broadband accesses at 15,732 rural villages
and broadband/mobile accesses at 3,920
remote sites locating around the country as
shown in Figure 3. It is noted that Ministry of
(MDES) is

Digital Economy and Society

{\“ PBRU SCIENCE JOURNAL
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responsible for the broadband implementation

of remaining rural villages (24,700 rural
villages).

The broadband data presented in this
paper is the last-mile implementation for the
3,920 remote villages in Thailand served by
NBTC. This broadband development and
implementation are to: 1) provide high-speed
broadband internet services in the areas; 2)
extend infrastructures and services to the
areas so that remote people will have equal
access to digital technology and information;
3) create the so-called "digital economy and
society" in the areas; and 4) leverage digital
technologies and services for the areas. The
3,920 remote villages implemented are in all
remote areas of Thailand, as shown in Figure 3.
Most of them are in the north of Thailand, a
mountainous area where there are parallel high
mountains with steep river valleys and high-hill
areas that surround the central plain. While the
15,732 rural villages (details are shown in
Table 1) are more widely distributed
nationwide and most of them are easier to
access compared to the remote areas,
However, approximately 20-30% of the areas

have the same constraints as the remote.
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Figure 3. Broadband infrastructure (color dots): rural villages (Zone C) and remote villages (Zone C+)

Table 1. Descriptive Information of the rural villages in Thailand (Archived from NBTC survey

information)
Average
Targeted Approximate no. of no. of
Area: Zone C population per
villages population Teachers Students
village

North 4,140 2,460,432 594 19,716 241,340
South 2,052 1,713,722 835 14,288 182,610
Central and East 3,367 2,202,084 654 18,489 239,028
North-East 6,173 3,823,091 619 29,559 392,074
Total 15,732 10,199,329 648 82,052 1,055,052
North 2,027 868,041 428 11,351 148,760
South 459 239,526 522 2,757 33,919
Central and East 349 182,122 522 1,755 27,237
North-East 1,085 534,209 492 5,120 66,473
Total 3,920 1,823,898 465 20,983 276,389
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Management system for quantum distribution
(QKD)

Our system is designed at application
layer to support connectivity, convenience, and
cost. We assume that each QKD machine is a
trusted host and our system has physical
protection from anonymous which is based on

10,11 . .
. Quantum transmission

structured network
machine uses BB84 for default protocol.

A. Hardware

From the physical connection, there are
3 main parts: 1.) Group of Network; 2.) Routing
Management PC; 3.) Data Transmission
Machine, as shown in Figure 2. In our system,
we use encryption hardware and a quantum
key distribution hardware, so each group of
networks is connected to Routing Management
PC then connected to Data Transmission
Machine as shown in the Figure 4. For packet
routing part, we design and develop our
system by using open-source software and
necessary library and install to Routing

Management PC.

Wouting Fanagerent P

[ata irsswsmissson maching

© PBRU SCIENCE JOURNAL
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Centauris CypherMNET Classical channel Centaurnis CypherNET

Ethemet encryplor Ethemet encryptor

Mode iniernal
it

Cerberis Quanium

key distributor

Cerberis Queantum

key distributor

Cuantum channel

Figure 4. Network Connectivity in Testing &

Structure of Data Transmission path.

B. Software

In our system, management software is
deployed on Routing Management PC. The
routing decision software is developed on
Linux Ubuntu 9.04, Netbeans IDE 6.7.1,
JNetPCap library and iproute?.

There are two main parts of the control
software: 1.) Path selection software; 2.)
routing software the path selection software is
the first part where packets are filtered. It
screens only secured packets are travelled
through the QKD system and also verifies that
secured packets are passed from the
appropriated interface. The key method is to
split secured packets to the QKD system and
let the non-secure packets go to the general
network, as shown in Figure 6. The routing
software is the inner part of the QKD system.
This is involved only selected secured packets

which travelled in QKD system. The main
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operation is to route secured packets and

manage the queue and buffer.
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Figure 5 Packet Screening for QKD System &

)
™) Second thread Thisd thread

Queuing and Buffer System.

C. Operation

The operation of system on Routing
Management PC is filtering and routing packet
to the appropriated destination. In the system,
each job is separated into threads. In each
thread, queues are created to support storing

and queuing with First-in First-out System
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(FIFO) as shown in figure 6 and the pseudo
code is shown in figure 7.

This system requires the packet to
encapsulate with a new header for two main
benefits in our QKD system. The first benefit is
to use this new header for support our QKD
network, routing can redirect quicker in our
designated network. The second benefit is to
guarantee that the secured packets are only
travelled in our secured QKD network.

Queues are created to support each
interface separately. There are two parts of
queue in our system and each queue has its
own duty. The first queue is the buffer for
receiving packets. The second queue is the
buffer for sending packets.

The thread of the management system
is separated into three parts based on the job.
The first thread handles incoming packets from
its own interface and puts captured packets
into the first queue. The second thread
removes packets from the first queue, finds
their destination, and then replaces the
Ethernet header with an appropriate header
and inserts the modified packet into the
second queue. The third thread removes

packets from the second queue and transmits

the packets to the corresponding interface.
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Broadband Implementation and services

For the remote villages, most of the villages
are on the mountains or surrounded by mountains.
From Table 1, there are approximately the total
of 1,823,898 populations with the average of
465 people per village. Household locations
are scattered and unevenly. Some of them can
be found as a group of 20 to 30 average
households. In the rural area, as shown in
Table 1, there are approximately 10,199,329
populations, with an average of 648 people per
village. In summary, the remote villages are the
areas with very low density, while the rural
villages are the areas with sparse residential
density, as shown in figures 7 and 8, respectively.
In the last mile of implementation for both types
of areas, descriptive rural and remote locations
can have a relatively higher total cost of
ownership in terms of transportation and
maintenance, including labour and construction
costs, even though prices for hardware and

software are dropping.
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Figure 7. A remote village in the north of Thailand

Non-availability of reliable power supply

The reliable grid power supply in
Thailand has not been developed as fast as the
spread of telecommunication and broadband
infrastructure, especially in the remote areas.
About 5-10% of the 3,920 villages do not have
any electricity or do have insufficient power
source. In this case, optional power supply
such as solar power is considered to be a self-
sustainable and capable power to broadband
and mobile equipment. Nonetheless, according
to our survey information, there is only 1-2% of

the rural area with such power constraints.

Infrastructure issues

As seen, the growth of broadband
penetration in remote areas is one of the
challenges since there is insufficient infrastructure

or backhaul. Implementing a broadband or
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mobile infrastructure in the remote area needs
more specialists and higher cost of ownership
for which private network operators find it
unlikely to justify the investment over that long-
distance network with low population density12.
Therefore, last-mile implementation should be
reliable, affordable, scalable and financial
viability. Various technologies may be suitable
for last-mile broadband implementation as the
backhaul in the remote areas such as fiber
(Passive Optical network: GPON), satellite or
microwave. Each of these technologies has its
benefits and drawbacks in terms of
affordability, performance and total cost of
ownership (TCO). As a result, no single
technology solution can fit all scenarios in
remote areas. About 60% of the 3,920 villages
do not have any existing internet access (no
available network connectivity previously).
However, according to our survey information,
there are no such obstacle for most of the rural

area where internet accesses thru public

and/or private network providers already exist.
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Broadband model in simulation

With the mentioned technical constraints
in the previous section, for broadband
implementation, there are two main considerations
needed to find solutions for the remote area.
Since in the rural area there already has been
existing network infrastructure and access, the
second solution is the only aware. The use of
geographical distribution is derived into a
development plan with clustering techniques
such as K-means Clustering or Self-Organizing
Map™. With these clustering approaches, the
broadband infrastructure can divide the remote
villages into several clusters in terms of
infrastructure issues and a lack of knowledge.
In order to achieve economic constraint, an

optimal location in a cluster is determined by

solving an optimization problem:

Maximize utility functions U = Sum (w*f(x)),
Subject to g(x) <o,
h(x) = 0, (1),
where x = considered factors shown in Table
2, g(x) is inequality constraints and

h(x) is equality constraints.
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Table 2. Considered factors in the optimization problem
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Factors

Description

Users
Physical
Hospital, etc
Social
Facility

Infrastructure and Communication

Stakeholders, Gender, Age, Internet experience, Self-efficacy, Education

Location, geographic limitation, Accessibility, Landmarks) School, Temple,

Usages, Activities, federal, state, and local agencies
Electricity, Water, Energy

Current Broadband and mobile service

Cost Implementation and Maintenance

As a result, the broadband implementation
solution provides two layers of services: 1)
network infrastructure (backhaul) and 2) digital
services and applications via Wi-Fi technology
and a learning center. For the remote villages,
first, if applicable, the fiber (Passive Optical
Network: GPON) technology is exploited with
an optical line termination (OLT) that is
installed at the optimal location in a cluster as
shown in Figure 8. There are a total of 881
OLTs to support 4,760 services (customer-

premises equipment (CPE) or optical network

units (ONUs)) in the 1,909 remote villages

(previously, there was no existing internet
infrastructure). This technology can support
high-speed internet access with more than
30/10 Mbps data rate (download/upload) per
service point (ONU). In case of geographic
limitation over too long distance for the fiber
technology in terms of technical and cost
limitations, the broadband satellite capacity
can be exploited to provide an internet
backhaul for broadband services with more

than 30/5 Mbps data rate (Download/Upload)

per a service point (CPE) at remote sites.

New Network infrastructure (FTTx)

GPON / OLT

Operator’s Existing nodé
Ex. >
in Outdoor Carbinet on Pole

An optimal location

in a cluster

ONU/ONT/CPE
30/10 Mbps.
OFC 12-core SM (ADSS) -
1!8 4’
[ ONU/ONT/CPE
Drop 2-core SM 30/10 Mbps.
ONU/ONT/CPE
30/10 Mbps.
Remote villages
in a cluster

Figure 8. GPON network infrastructure (backhaul)
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Discussion

The simulation is to verify the concept
algorithm from three main perspectives: 1.) Data
Transmission: To verify an end-to-end connection

is feasible for the actual implementation.

(\“ PBRU SCIENCE JOURNAL
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2.) Security: to verify that system does not
expose the information to the outside network.
3.) Performance: to compare with general
Ethernet network in high and low traffic

scenarios.

Construct Queue[ ], Queue2[ ]
THREAD1()

THREAD2( )
REPEAT WHILE true
IF Queue1 is not empty

THEN

Construct Thread1, Thread2, Thread3

int_Name <¢— getavailable interface number
Pkt_cap <@— capture packets from int_Name

Insert pkt_cap to Queue1[int_Name]

Pkt_Queue! €— packet removed from Queue1
Proper_Int q— find proper interface for send
packet from Queue1
pkt_Edited € replace a new Ethernet header
of pkt_Queue1
put pkt_Edited into Queue2[Proper_Int]
ENDIF
END REPEAT
THREAD3( )
REPEAT WHILE true
IF Queue2 is not null
THEN IF Queue2 is not empty
THEN
Remove packet from Queue2
Send the packet off
ENDIF
ENDIF
END REPEAT

Figure 9. Algorithm of Queuing System for QKD system
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Figure 10. Graphs show a comparison of network throughput between the QKD system

(s1) and normal traffic (s2) in high traffic situation

A. Data Transmission

The result from the system is shown that
all connected QKD system is able to exchange
the data in the shortest path appropriately. The
queue is required to be prepared on a large
scale in case high ftraffic is generated;
otherwise, it may cause packet loss. During the
simulation on a large scale, at least 100 MB is
recommended for a buffer in case high traffic
occurs.

B. Security

Key is relied on QKD system which is

distributed by Quantum channel so sniffer
cannot trap the distributed key. In the case that
the sniffer traps the key, the QKD system is
detected, and the key is ignored and resent. If
the attacker attempts to trap and recreate the
key, QKD can detect this key as an error
because of the quantum property in BB84.
Therefore, the key transmission can be trusted
with the system. However, the transmission
and queuing system is required to be trusted;
otherwise, it can be manipulated or attacked

by the intruder.
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Figure 11. The comparison of network throughput between QKD system

(s1) and normal traffic (s2) in low traffic situation

C. Performance

We compare the general network using
Ethernet LAN and our QKD system by using
NS-2 simulation. The simulation uses the actual
delay and behaviour that has been recorded
from the real hardware (Ceberis) as well as the
packet encrypter (Centauris CypherNet).

Figure 10 shows the comparison of
network throughput between QKD system (s1)
and normal LAN (s2) in high traffic situation.
The raw data result shows that QKD system

has lower throughput than general normal

network approximately 12%. This is caused by
the delay of key distribution and packet
application (e.g., video conference), which
impacts to the total time of large file transfers
(e.g., 4 GB file size). As a result, a complex
network structure with high traffic may need an
improved concept of QKD system.

Figure 11 shows the comparison of
network throughput between QKD system (s1)
and Ethernet LAN (s2) in low traffic situation.
The raw data result shows that QKD system

does not has lower throughput than general
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normal network on average. As a result, the
QKD system with mixed contents in low
volume does not impact the throughput
performance when compared with normal
network. Therefore, as a secure channel with
low volume, QKD system has a sufficient

performance to operate.

Conclusion

In this article, we propose a network
management system for QKD. This system is
using the high security of a point-to-point
quantum channel to connect a network based
on actual broadband infrastructure in Thailand.
The objective of the system is to provide
connectivity, convenience, and low cost at the
application level.

Since the quantum protocol can provide
the strong security shown in BB84 and B92,
key distribution is used in this secured
channel. Quantum cryptography can provide
the feature that guarantees no sniffer. Once the
sniffer traps the quantum message, the QKD
system can be detected. Also, the recreated or
cloned quantum message is infeasible with
current technology. Then, quantum channel
provides the strong security for our QKD
system.

Our QKD system is designed by using
routing management PC and data transmission

machine. The design is based on the assumption

. . . PBRU SCIENCE JOURNAL
= S T 20 aduil 1 uns1Ax - AUy 2566
that quantum channels are trusted hosts and
physical protection is provided for the machine.
These two devices are designed to connect the
quantum channel as a network as well as filter and
routing packet.

The simulation in our system uses the
actual data from Ceberis and Centauris CypherNet
and actual infrastructure of Thailand’s broadband
infrastructure. The result shows that QKD system
provides connectivity, security and performance
in low volume scenarios. However, during the
high traffic is generated the delay from encrypter
and key distribution is impacted the result by
approximately 12% compared to normal network
and recommend at least 100 MB channel for
QKD system. Therefore, QKD system is
acceptable and feasible in secure network for
low volume from our simulation. In case of high
usage, the results are recommended for at
least 100 MB bandwidth channel for QKD

specifically.
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