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Abstract

The objective in this study was to compare the environmental impact of waste management

from longan production by burning, producing fertilizer and producing biogas. From the study, it was
found that the management of waste from longan production by burning strongly resulted in global
warming environmental problem. The amount of greenhouse gas emission by burning 1 kg of waste from
logan production to the atmosphere was 1.48 kgCO,eq. Whereas, the management of waste from longan
production by producing biogas had 70.28% lower greenhouse gas emission and did not affect much to
global warming aspect. Moreover, the use of biogas for electricity generation might be better than the
use of natural gas in term of lower both environmental and human wellbeing impact for example, low

carcinogen aspect and low respiratory organics aspect.

Keywords: Environmental impact; biogas; natural gas; waste management; longan production
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Abstract

This research discusses the development of Data Logger for temperature and moisture in soil and airborne in

the offline low energy type. It can send the data remote online but still use low energy consumption and installed in
forested areas without basic electricity. All devices utilize high-performance electrical batteries that are charged with solar
panels. The operating system uses the nodeMCU micro-controller as the operating and processing unit. The sensor devices
consist of two conductive principle soil moisture sensors connected to a 16-bit analog transducer. There are also soil
temperature sensors, air temperature and humidity sensor, OLED display, real time clock device and memory card module.
A general offline system uses 1.15, 3.45 and 14.42 watt hours of power each day. if the measuring system sends data to
the cloud in Google Sheets, the power consumption has been increased to 2.02, 6.05 and 70.19 watt-hours for
measurement and data acquisition every 30, 10 minutes and all the time, respectively. System optimization to measure
and record data into memory and send data to the cloud once daily it was found that reduced system power by 42.9
percent when compared with sending data all time. This developed system actually works and can be applied to measure

and record data with other low-power consumption Internet of Things systems.

Keywords: Soil Moisture Content, Smart Farm, Google Sheet, Remote Data Logger
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Abstract
Innovative developments in renewable energy are used in agriculture to improve farmers' lives. This
research work on Area Based Approach (ABA) with the Organic Agriculture Promotion Group, Community
Enterprise, U-Thong, Suphanburi Province by using Participate Action Research (PAR) method. Which

emphasizes research, area-based approaches and innovates in response to local solutions. In addition,

NSASINMSWANIUNGINUFEUBY | 25



26

innovation modelling can improve the quality of life and regional strengths. Using renewable energy
technologies in integrated farming from upstream to downstream to promote sustainable organic agriculture
is a random act of organic farmers with a Participatory Guarantee System (PGS). There are 13 households
through brainstorming and Focus Group Discussing (FGD) with operational empowerment assessment and
data analysis using qualitative synthesis. The results showed that farmers had developed innovative
renewable energy and sustainable management for organic farming. They were developing innovations to
improve soil quality in agricultural areas (upstream), producing compost from farm waste and water
hyacinths, such as agricultural waste decomposition accelerators. Subsequently, participatory management
processes have been developed to increase productivity and care for organic vegetable and rice plantations
(midstream) such as Solar Energy-Based Insect Pest Trap. Finally, product development and online marketing
plan (downstream) in this process are innovative, including Multipurpose Solar Dryer and dry rice vermicelli
machine. In this regard, participatory performance strengthens the member group and increases the income
of the community enterprise group. There are four innovations created in the community. There is also a
gathering of youth to develop the craftsmanship of 8 artisans who can create innovations in the community

for future sales.
Keywords: Organic farming, Participate action, Innovation, Renewable energy, Sustainability
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Abstract
This research proposes to study the performance and economics evaluation of solar
photovoltaic systems (Solar PV) together with conventional electricity for fish breeding farm. The

system design was found to use four-panel of 450 W, mono-crystalline silicon solar cell half-cell type

g5
€5
58
i3

which used to supply electricity to an aerator with a power of 1.2 kW. The results found that the solar

PV could produce electricity equal to 8.30 kWh/day or equal to 63% of the electricity that was used in
the aeration system, and the performance ratio (PR) was equal to 94%. For evaluation of annual
electricity production, it was found that this solar PV system could produce electricity equal to
1,872.50 kWh/year, representing a saving electricity cost of 7,864.50 Baht/year and the solar PV
investment was 54,500 Baht as a results the payback period, the net present value (NPV), and internal
rate of return (IRR) were 6.93 years, 33,391.10 Baht, and 12.52%, respectively.

Keywords: Aerator, Solar photovoltaic system, Performance ration, Fish breeding farm, Economics
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sruundnlil S e iinduuuideudedusruuliihiiugu Iunagseduaserfindvhmeiinannssualiin
N3EUans (DC) W1 On Grid Inverter ulasdunszualwiaduazuuaaduluiin 220 VAC 1 wa fisioidaiy
syuulnilmiegdaiuaulnilt (MBD) lngldunawaduasorfindvuinniidslafia 450 W deuns ¥iia Mono-
crystalline silicon solar cell wuu Half cell $1uu 4 wue Mivdunesinasauin 2,200 W Aatdundslai

g4an 1,800 W daguuuumsvieniluning 2 uagseasidenvesgunsal fawnsiai 1

Solar PV

Utility Grid

MDB 220V

- TR

MWd 2 szuundalnihndsuwasenindsauiuszuuliiinugu

M50 1 SwanBengunsaifildlussuundnliihmdsruaenfindsaudussuuliihiiugu

Item Specification

UNILAALAITRg | vlla Mono half cell $1u3u 4 panels
Model TR 60M Mono half cell

P 315,V 331, |

mpp 7 'mpp 9.53

Efficiency 18.67%

Inverter 2Un 2,000 W, 500 Volt
Efficiency 97.5%
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Abstract
The objective of this research is to up the level of organic salad cultivation and efficient

planning of operations, application of solar cell system and smart organic farming platform on mobile

:
g
g
8

m
2
g
g
g
g
g
£l

phone for growing lettuce in Maha Sarakham Province by using a specific random sample, which is 1)

Community Enterprise of Healthy Vegetable Group, Chiang Yuen Sub-district, Chiang Yuen District 2)
Community Enterprise of Integrated Agriculture Group Wiang Saat Subdistrict Phayakkhaphum Phisai
District and data collection using in-depth interviews and questionnaires.

The results of the research were as follows: 1) The group of enterprises also have their
opinions on the application of solar cell system and smart organic farming platform for growing lettuce
in Maha Sarakham Province. To assist in planning the effective implementation of the overall
information quality improvement at the highest level (X = 4.61) 2) The group of enterprises has
opinions on the application of solar cell system and smart organic farming platform for growing lettuce
in Maha Sarakham Province. The display aspect is at the highest level (X = 4.78). 3) The group of
enterprises have opinions on the application of solar cell system and smart organic farming platform
for growing lettuce in Maha Sarakham Province to help in planning effective operations The accuracy of
the program is at the highest level (X = 4.92). 4) Farmers of the Enterprise Group have opinions on the
application of solar cell system and smart organic farming platform for growing lettuce in Maha

Sarakham Province to help plan efficient operations. The accuracy of the program was at the highest
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level (X = 4.42). 5) The group of enterprises have opinions on the application of solar cell system and
smart organic farming platform for growing lettuce in Maha Sarakham Province to help plan efficient
operations. the correctness of the program At the highest level (X = 4.60) And after community
enterprises have used the smart organic farming platform, the Return on Investment (ROI) is 16.47
percent, the Social Return on Investment (SROI) is 2.18 times, and the 90 of new generation farmers
(Young Smart Farmer) who can to be used as a model for smart farming as a model to transfer

knowledge to other provinces.

Keywords: Solar Cell System, Smart Farm, Lettuce Cultivation
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Abstract

This research was conducted to study the usage of a solar-powered propeller pump, which used

oo

(Energy Innovation)

a 2-horsepower electric motor to drive a 5-inch diameter propeller pump. The experiment used 18

panels of 94-watts solar module with a total installed power of 1,692 watts, without a battery backup.

The electricity generated from the solar panels will be supplied to the inverter to convert the DC power

:
]
7
&
.

into AC power (220 volts, 3 phases), and then supplied to the electric motor for driving the propeller

pump. The study showed that the 2-horsepower motor has sufficient power for driving a 5-inch diameter

EV

propeller pump. The system can operate from about 400 watts per square meter of solar intensity. The

average water flow rate is 10.38 cubic meters per hour. The flow rate of water is directly proportional to
the intensity of the solar radiation and changes with the time of day. Changing the motor to be a smaller

size helps to save on the cost of the motor, solar panels, and the inverter.
Keywords: solar water pump, propeller pump
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Abstract

This paper proposed the application of solar energy to generate electricity to drive water turbines in wastewater

treatment by aeration of water. The researcher has designed and built a solar-powered water turbine. Using a brushless

DC motor (BLDC) 2800 rpm, 350 W, 36 V, 10 A and use the power supply is a polycrystalline solar panel of 260 W, V. 37.4

_=
59
M =
a2
[T=7,
55
:
<
=2
23
=

V, Vip 30.4 V, 15 9.11 A, Imp 8.55 A to drive the motor. The experimental test was divided into 2 parts: In the first part,

the researcher measured the oxygen concentration in the water before and after installing the solar water turbine. From
the results of measuring the oxygen in the water before and after installing the water turbine, it was found that the oxygen
in the water When the wastewater treatment turbines were installed for four weeks using a total of 10 turbines, the oxygen
value in the water increased by 47 percent. The second step is to calculate the economic value. It was found that the
net present value (NPV) was calculated at 257,142.34 baht, and the internal rate of return (IRR) was 28%. The discounted
payback period (DPB) of the installation was calculated. 10 solar water turbines, which is 42 months or 3 years and 6

months to pay back, even though the researcher did not take the discount rate and inflation rate into account.

Keywords: Photovoltaic, Dissolved Oxygen, Discounted Payback Period
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Abstract

This research paper presents developing a smart solar panel that recognizes the environment
and works by itself. The system measures the environment and the work of solar panels using a total of
6 types of sensors, air dust measurement device (PMS7003 G7), light intensity measurement device
(BH1750), temperature measurement device and Humidity (DHT22), solar panel temperature sensing
(DS18B20), current sensing (ACS274) and voltage divider circuit sensor. Using LoRa32u4 board to receive
data from sensor and transmit data wirelessly by wave. 433.00 MHz frequency to the laboratory to collect
data in cloud computer format (ThingSpeak) collected every 30 minutes and display the measurement
results from the measuring device in real-time and historical graphs. From the experiment, it was found
that The amount of light intensity and temperature of the solar panel Affects the power generation for
the load. At 11:00 AM, the power was 26.48 W at a solar panel temperature of 38.93 °C and a light
intensity of 32,319 Lux, and at 11:30 a.m. the power was 24.95 W. at a solar panel temperature of 50.43
°C and a light intensity of 44,338 Lux.

Keywords: Solar Panel, Cloud Computer
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uneided tiauensiawsedLatenfing SraSerfinsnianmandeuuar n1svineiudae
auas lngszuunsaninanmnuiIndauuarn1snauTe s eaduatefingldgunsaingaata wedu 6 vin
Usznausie gunsalnTadauSinarulueinia (PMS7003 G7) gunsalnsaainusunamnuduuas (BH1750)
gunsalnsItagamgiuazaudu (DHT22) gunsainsratngaugiukaeaduacening (DS18820) gunsal
asvinnszualiin (ACS274) uazavasnsiainussauluili (Voltage Divider) wazldvesalulasnoulnsaaes
LoRa32ud $urangunsalnsiniauazdsteyauuulianesiondunid 433.00 MHz lugsiasfdanms e
Viudeyaluguuuuaanidreuiiames (ThingSpeak) lneiiudayayn 4 30 w1l wasuaninan1snsIainain
gunsalnadaluguvunsminanasaiazdounds 9Innsneaenudl Uiinaa il iuagun)luaYas
uasorfing fnasionisudnidaluihliiuinan Tastaanan 11:00 u. fdfdsluiivindu 26.48 W figaumniiuss
\wadiaseiing 38.93 °C uazANATILAT 32,319 Lux wazdas 11:30 u. Eidalwiwindu 24.95 W figaumai

LHALYARLEAINTIAE 50.43 °C LarANLULES 44,338 Lux
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anmuIndeuvetnTasuaeIfing 1wy guvnifigduunaeaduaeindazdmaronistienseudlaiiionn
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Aarududsindluonea efudeyalugiuuuaantdaenfumes (Thingspeak) Tneifiutoyauazuansuanis
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]

TAUTHIUAY PM 10 UTLINLHI UaglguitoTingaumniiuge dausddiaaan 7:30 w. fs 18.30 u. lneduiindeya
uuAa1IdANNINeT ThingSpeak nn 9 30 w19l wazivoyau1dufinadluni1s1ed 1 §en1snaassin
ANNLINADNUTIULRITAA LA MR LAz NaveInadlnin Fadspuiisuiasinive snagadauasoningnds

I Auvinaenudusaazrgungunaeaduasonind lu 1 Julagldfiumusidauivalmdunisenia

Tl

A15797 1 Annieuges Jaussdunszualninveusa InaamalinarAnnuTuunuNe InUsualy PM 10

NAN15IWLATBAUIIUHNANITIVY

UIVIRUUAS wazluiwe s Ingaumaiiuae ¥2aian 7:30 . §ia 18.30 u.

]

UNYAUATANUY UUTIIUUKI

wsatullalfh | nseudlnidn | dslih | gamgll | avudu | du PM 10 Al e
oy WA et
V) (A) (W) O (%) (MM/m3)
O (Lux)
7:30:00 5.28 0.05 0.26 271.3 86.5 22 28.62 5133
8:00:00 5.19 0.14 0.73 217 86.2 19 30 5381
8:30:00 25.79 0.56 14.44 295 80.5 22 30.62 6833
9:00:00 37.03 0.72 26.66 313 72.3 16 41.31 7545
9:30:00 36.84 0.69 2542 36.2 60.5 15 46.12 22774
10:00:00 36.26 0.82 29.73 40.4 a7.6 14 48.87 34508
10:30:00 33.09 0.74 24.49 35.2 554 16 38 16460
11:00:00 35.78 0.74 26.48 35.2 54.2 21 38.93 32319
11:30:00 36.69 0.68 24.95 40.1 435 17 50.43 44338
12:00:00 34.63 0.66 22.86 329 60.6 16 34.68 17030
12:30:00 36.36 0.7 25.45 40.2 4a4.3 30 48.75 52658
13:00:00 36.26 0.69 25.02 39.7 4a4.2 14 49.56 54612
13:30:00 36.17 0.76 27.49 40.4 42.1 16 50.37 44338
14:00:00 36.26 0.76 27.56 39.4 41.8 8 47.25 28538
14:30:00 36.31 0.72 26.14 36.7 445 16 43.21 27128
15:00:00 36.41 0.75 27.31 353 49.9 16 38.06 27706
15:30:00 34.58 0.69 23.86 34 54.6 18 35.68 23934
16:00:00 35.21 0.68 23.94 324 58.4 10 335 17264
16:30:00 33.77 0.62 20.94 31.6 62.4 15 325 11794
17:00:00 27.89 0.57 15.90 31.2 64 20 315 8049
17:30:00 11.24 0.27 3.03 30.8 64.7 20 30.62 4214
18:00:00 1.87 0 0.00 30.3 67.5 12 29.68 462
18:30:00 0 0 0.00 29.8 70.7 15 29.06 0
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Abstract

Energy conservation aims to reduce the energy used for residential homes, office buildings and
industry, which is cost-saving and reduces environmental problems caused by energy source usage and
production. Therefore, the load monitoring technique of using electrical appliances or electrical loads has
been developed to be an intelligent device to support the energy conservation system. Non-intrusive load
monitoring (NILM) is recently a research area interested in measuring electrical power consumption. This
paper presents a new NILM design for electrical appliance classification by using the transient current pattern
when each electrical appliance is turned on and off and recording current data with a high sampling rate
using the Field-Programmable Gate Array (FPGA). These current characteristics are classified with the
kurtogram technique and analyzed with the Convolutional Neural Network (CNN) based on the AlexNet
model. The proposed system was tested on five different appliances for analyzing the accuracy of appliance
classification and operation in the on-off state of the appliance. The results showed that the proposed

system provides an accuracy of 98.56% of the load operating conditions

Keywords: Non-instructive load monitoring, Kurtogram image, Convolutional neural network, Deep learning
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aagaamnss dadunsuszudaalitieuazantymiundoudiinnunaeilfuasdndsu dfunada
ms3udannzmsltauvenaiedslnimielnaamsliinludldninsdnsiaunlvdanueaaiiesessussu
nseyin¥ndanu Yagtunimmsraaouluanuuuliiaasd) (Non-ntrusive load monitoring : NILM) tfusuidei
Fsuanuaulafio lldfansldndsaulni lunafediiauonisoonuuy NILM wuulmidienisduunsia
gunsallulinlasnismsrasugunuunszualuliiudsunlasiivasuuunsiaioud (Transient Current) vaizidn-
Tngunsalliirusazduaziinisduiindeyanszualiindrednsnisdudiog1ennumiigedae Field-
Programmable Gate Array (FPGA) R]’]ﬂﬂgu‘a’@y‘aﬂixLLﬁiWﬁ’lﬁ]SQﬂLLEJﬂLL‘EJzﬂiuayﬂ‘meLQW’]Bf;f’JﬁQEJL‘VIﬂﬁﬂ kurtogram
uazitasesidayadinds Convolutional Neural Network (CNN) wila AlexNet szuuiithiauslddfiumsnageuiy
w3esldlitviudn uazlddinszianugndeslunsduunsiagunsaluaznmsiavluannizda-Ingunsal

iy

Han1sITenuszuumiaueidinnugnaedlunsnsaaesuanzmsinueddvaney sz 98.56

Ardfiny: n1snsvaeulranuuuliiasan, aw Kurtogram, lassiedszanniieuwuuaauligi, n1siseudidedn
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o1msvualvg uaznmgeamnssuAansasdumseysnvndanuld msdanmandsoudaiuiBuieignialy
dmiunseusnyndsny dansdidunulivssg fegussasdlunsnmseudnyndanuldds szuuuinisda
n19W&3971 (Energy Management Systemn : EMS) wangfeszuusalusiaiividmnldlunisavaunisndandsa
nsdandsa waenslindanuliivszandaniige ludiuvesnisuimsdanimmdseludiuvesdlolai v
tuFeuinendes e1a1sdiniu wazn1agaaIvnsTl N15UIMTIANIINE1IURENINETITEUUUI MR
msndenulutiuEeu seuuuimsian1sndanulueins wagssuuuimsiansndanululssnugaamnssy lng
mMsvhauresszuunMsiamandanuanfunisemuaunslindanuegravnzaniian ssuvuimsdanamdny
mdwﬁyﬁwLﬂumsv‘hmui’mﬁummqﬂﬂsaimaﬁli’mwé’wm (Sensor) a@unsnillnas (Smart Meter) kagszuuaIUAY
gunsalln18wlugd® (Actuator 5 Controller) Fehauuuszuuinaluladansaume (Information Technology :
M) szvuUdmssansndanuazfudeyasngunsalnsiaiasing 9 Anszatemegialy 1wy Usununisldluives
gunsaiufeszuuing 4 lutrsnandulfidusu nedeyadildrgninnuqudludunanaiionisuansuaegnaiy
szuuselluiyh i dad langAnssunsliwdanuvesnuemnniu Sso1vazsilvaninsnssyuums
viednanmiiiululdlumsusuiasumsldndamliomnyaunntu wenaind ssuuarlideyafinusmanlunis
Uszanauazlinsizsinailemiuimisnsuimsiamsndanuiivnzasiigndnde

FEUVUTMTINN1518 99Ul T 0U (Home Energy Management System : HEMS) LagsguuUInIsin
n1swdaslueans (Building Energy Management System : BEMS) agidaulavgunsaiiad aaldliin uagszuy
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HEMS agfianafitnnin BEMS usfidnwaiznismunauiiuiloudy daazgnaiuausiiudiunansiaendnudidsiign
AuAnlun1sdan1snIsidndsnufan1sauaNssULUTUBINIA SEUUYIIAIINToULAL TEUI8DINTA (Heating,
Ventilation, and Air Conditioning : HVAC) uagszuuaiuauuasainsluatanidudu lueuwandefnisldunds
wasunaunui i dulramdsnus i wulvawauundsnn (Rooftop solar cell) N159A@aTINSINE1UAINEDS
Lma'aﬁ]"mLﬂduf‘rﬁazqﬂﬁmﬂﬂﬁwuﬁ’u dmiuszuunsuimsiansnaanudmiugnaingsy (Factory Energy
Management System: FEMS) Lﬂuﬁswﬁﬂm5wé’nmuﬁ1ﬁ?muqmm5w§m 11388 N13d9 M58 waznnsle
wdalun1snszuiunsnanvedlss fanadilvgninszuu HEMS wie BEMS Faflanududeusnnnit uenann
M3dMsnszvIuNsHaRLEL e1amnesiudanigeinmszuudndig waznisaiuaueRIsuluunssIeaud

W3e3IAUd Tuegiun1seenwuUIEUY WieglsnAisnmsinnsldndinuidneguuiiugiuveinisinusiuiy

Y

[ '3

seinsgunsalnsianaan, auniniwes, wazssuuniuaugunsalliihgnlul, wasnisviauuussuumalulad
ansaume deuluanuideddlanndunuideuunugiudnatd wilanauigunsainldluniseuamdinuwag

Bmswaszmsldndanuluguuuu NILM Jaduiiugruvesmsihdeyaluldlunsdanisndsnusely

99UsLaIANI5IY
Tumeuituguusiienuddganndenaifiaszans ammslindanuiasmsssadandsmluthudoud
ogody neluoimsdtinmu uasnagaamngsy Aensmsreasunslindsny tethinamuaunislindnuseis
fuen dadulunmsasaaeundanuiignlinnnisvhaoueaededdluihusasisidudesfinduniesfandsnuliity
3ot lnihmniidsdaududionnn wideiimanmasoundsnusuiiinannisldaugunsallafiafome
mesn1InsTRaeulnaauuy NILM gnmibhunly lngagszymsldndanuveusdazgunsallaginnisfinnundanusi
figaqudnarafissgaiien mnduiwenuoznisldndsnudmivgunsaludazialagldinadanisiousuvy

e UsEAns (Artificial Intelligent : Al) Tusuffslawaurssuu NILM §1ususzuuuimsdnnswa sy Sanaun

o o«

ce

v

VURUFINNNIYINUYRY aunimilnes e luussendldiunisvinnuvesssuumiuangunsalliidnlul® dessuy

ldoyansiurnunlun1sUssalauag AT e iNaion 1IN INSUTMSIANIS AU s auigasoly

ad a o
B/N13I98Y
N1391191ure9sEUY NILM duagyinisdundigunsallwihildanuaingluuunssualniiniignldlag
w3edldluihudazsa nsvihaudulngjeguuiiugiuresnisiisuivea’adng (Machine Learning) 350139y

SuannsianszualiiivseidsnuliiiaignldlasiaIedldluin anduvinisadailiaesvesdeya (Feature

v o w

Extraction) vieanfifvestoyauazliladoyaiidudunurennsodldlviiusasdy nsianszualniimsefdsnu

v o

v P

Inieesgunsaldudeyadildannisinzifudeyauuy 1 38 winisdnavedeyaiiiavinisiinseidudnens

Y

a o v

vauedeyauuu 1 47 wazuuy 2 fd lunsdifiviavedeyauuu 2 47 sadeyanselriiiwdondaauling inld
awgminauslugluvuvesdoyanin deuaniwisadudunuveaeiedldlniusasfdduiiziFonin “aana”
(Class) fadfunmitldannisinnssudlriiivierdsnulniwonedoddiniusasaaraazunnssiul awdlad
agninanafinfiiaed (Feature) wavazgninlfineusilupailddmiudanguioyariely fedunuiitnauonount

Idnaueisniminisadailiaesuuunie warlinsiiauensiivdeyaiunnaisiuiie nsfivdeyaldisnisdy
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(sampling) dayayas Fsluusiazanuldvanalumsdudyauiunndieiu waeilszernailunstufindnszualwih
vidondanuiliriunnsnafuse lumideneumhiinmsinauenisuenviiavesgunsaifionisasaaounsida/da
gUnsal [1-2) Fdldnsdudyanusaesnndu (0.1 Ho) wiideldoyanuimaifiae fuesdoyaiigminnlids
\Wusziundanuuazszeznada/Unvesgunsal iliiAndesesvesszuufeazamsansiaduldianzgunsalild

NN wagesliianlunmsnrideuuiionTiaandsnuiiiadu sgrslsinuieuidywidslaiinng
Wannsiawuvazileadioiudoyaniddnsnduadu uazdnisiesizideyadidudouniniu wu nsinsien
SnwazveInTusIiu-nTzLE (V-) [3-7] n9asizsiensiuiln [8], msilasiziaiutsznouadnud [9] andeygia

o o

11380172 AIN (Steady state) VOIFYYPIUATLLAUAZUITINU LAZNITIATIZNVOUVDINAII1U (Power Edge) [10] &9

o o

JudyaanszuaiiiaturazidagunsaluazUngunsallui nsiiesizivevremdsiuvesgunsalidunisin

= v A

wasulihlugrausngavesnisinunasdimganisinnuvesgunsallii Fadudeyadiinduingalunis

v P '
o = a

nsvAeUanUrMIvesgUnsaifiulumAe il adunsieneitoyaiistuiivouvemdanuilesninu
foyafiAndusaitan
oldeniliaesvesdonaniudrfarmnsnilUldduisnslunalunisdanguiieifaeuisdnmesn
LNMBSWUNTU (Support Vector Machine : SVM) [4,5,11], 35auliisindula (Decision tree classifier) [12], 350159
iioutulndfian (k Nearest Neighbor : kNN), [2] w3e38lasarnguszanmiiien (Artificial Neural Network : ANN)

[6] sUnuuvasnsidlumalunsdnnguivaniazidunsaeulimadefiwesiinarundrsiu widniswilefiuandisfie

= aa

nsldmslEslasstneUszamiisnuuuaeulagiu wie CNN [8,13-20] 5638 CNN fiunisadnfivaesasifudiues
nsvhAeulagdu (Convolutional) melulstaaves CNN FeyaiildannisasisaeusUuuvrsmasaudldazgn
vyt laeulviuluna CNN lelnonss g dlunuidefiuanfviausguuuuduns (nput) wagnisudasguuuy
Sunafinannvans WU Xia wazane [14] léufindeyansldnszualrlihussgunsalusazdaunu 120 unit wédamn
waudu attention map dfidnuusdudoys 2 i ileidudunaly NN witlymuessuifeldaunulunis
tuiindeya Insiausnuiannatlumstufinveyaasdu 1wt [21] egnslsAnudsnadodddnauulunis
Sufindoya nsUiuusivszuuinuitulgnliitnsduiedsisauiiguarannardeyaainda 150ms

Ingmsguiignnssuafiintuvaznsyhauluanizei mntudnsesdeyaun 80 x 1 wedudunalyd CNN

=

[16] egalsAnunsuszyndld CNC DifiuszdnSamasgnihunld Taenmsudadunnlu 2 ddvsedudeyanin e
Wluldneseusauiu CNN wuu 2 8/ [15] wilusnumaifasieniufegsroudeuu (Jundnund) wisanian
lunsdusitegedalaldisnisuszgndldnisuuas 2 SALUUAUUANUTEENSAIN 1WUNTYINNTINLSIRY - NS

Wl IuBunadmsu NN [18], msudas dyaranszualiihgasanizasiinaeds gramian angular field Matrices

aa v a

(GAF) 1l 91911520 ulAT9Y18 CNN wuu VGG16 [17] tiudu n1sudasdoya 910 1 916 10u 2 TAd8T5uda

a

Kurtogram [22 23] gnihanldlunisasiaaeudygia wunisdanudasdygrandsadunmiedinsiziaing

Y

v
Aawv A= o

Anunfvegndu (Rolling Bearings) sy Janisudasiifivse@ngaings dauaidetfaiuuinnudanisuas
v o o Y] A v L @ ' 1% Y] | a A & a
Kurtogram anysgendlddmsunisuasdyaranssualniiilannnisguiegiwnednsduanuigaioiludune

'
a = aa

i CNN wuv 2 8 8e3snisillsdinegniiaueunneu
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N1SNARBIAZNITAIAINITNAAD

lutlagdu n1snsieaeunisldndsnuvedvanuuisenluisasan (intrusive approaches) wazuuulyl
82981 (non-intrusive approaches) NsasvaaunsLEnaInulnanuuuliaratuisnsladend wagyinliaunsa
Pvwdeyadniunsiaseiladinenin nswaun NILM lutagduimunldsiasauiiosainnsin Al unldendu

sa s Y o [ ¥ a ¥ (3 L 4 U ¥

sruvanmsiiwes n1siaun NILM 9nduseaianudilalussdusenaunanaiuusenis laun n1ssausaudeya n1s
Uszwranadoyaaimii wazn1sdiuundssian diuusnvessyuufediuiudeya (Data collection)Usznaudag
an Faduasedldnifignldanuneludiu nszudlnihiignivandsluldazgninfiyaaudnaisdieduigesin

nszualil Anszuaiinldvggnasdeididaszuuiiudeya (Data acquisition) Bslusuiluszgndld FPGA Lileuuas

Anszualindurfdnead udrludediuvenisussuiana diuiiaesfanisuszutanatoyailiasiu (Data

a v o

preprocessing) {udiuresnisulasteyansyualusy 1 47 Aldansyuuiivdeyadudeya 2 48 dadudas

1%

Kurtogram dwmisuidmagausie CNN wagduitaupe diuvesnisdnngudeya (Classification) Fsluauilldisnig

¥

UFuUse NN laea AlexNet Tnani1suseenald CNN wuudelaunisiSeus (Transfer Leaming) snl4lagnisusu

W58 03A19q iz anaiuUszans amlunisvinnu Tassasen1svineuYesszuy NILM Aauslansss

A9 1 518azdeatunmsvihauluwsizaiulsesuieluidedald

I 1
L Signal :
. i : Conditioning | , ;'. """ ‘F Data
: ' 1] reeA | o{ PC || Files
il I Signal | !______________f
: Conditioning | |
[
(eSS E T S e e ]
| D |
i eep I 1
Kurtogram Images el ieerring s|  Classification :
I
— 1 |

AN 1 LERININAINTINTD9TEUU NILM Tusideil

aunsalldlniuazanvaiznisineu

MnmsAnsmuinededddliifluszuu NILM Slnunnisyauiiusndrsiuluudasda Sannuuandiaia
MnnngAnssumsldlvihvesgunsaifiunndeiy waglassarmiossduszneumeluedadliliiiudazdaiiunnsns
fuly fafumahaueaadeddlivnssdaldnuegiunisoondu 4 vssiam deil

1. gunsallvifdsziamiianiznisviauwuude-Ua (On-Off appliances) 13u Lamp

2. gunsallwihUssuaniiidslivatvaniuganegyinau (Finite State Machines) 19U Microwave Oven

3. gunsallaliusziandiaslwinuAsunyasuagsianu (Continuously variable consumption device)
191 Water Pump

4. gunsallihussiandmalniaaeinasyinaunasniiad (Permanent consumer device) 19w Air

Condition
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deiaTedldluilvhau aneuautRvedlasiunndsiuinlinssuannadeudveandoddlnihudazdd
mnuuAnenafu nazualiitmsadsudiinanivasidamuauiaden L wie C EANGE| Fynaeisidnuae
Huaneiduvesgunsal (signatures of appliances) faugunsaiusazsFsgmiranldlunisiieszst NILM 1 il
2 wananszudlnivamsadoudvnz Uanies (Transient Power On) duinnszualwiinaidn (nrush Current)
daindadldliivienud sdlumuidedianldiesesianignsinusend edldliluaniunle uazumei
inFasldlnimgaianuasianszualutisi Fondvimaadsuduns Uainie (Transient Power Off) Fanszia

Tugitiaggnihudinsgiineseddlihlanganisvinem

Transient Power On Transient Power Off

100 100

/

Current (A)
Current (A)
(=]

Curvent (4)

-100 5} 1 100 R R . .
0 100 200 300 400 500 0 100 200 300 400 500

Time (ms) LA TN SN S N, Time (ms)

Time (sec}

2NN 2 wanansewablingimsadeudvaziUnnIosveansadltiidadnisyinau way anwasueansewa i

Frvsadeudunzraniaadainseddliiihveanisiem

Tuaidsuiineaeuse wisdldliih 5 MFaddnvasmadluihildunnseiy wisddlnii 5 dlei
M3 “fathe” (Label) Wu 5 Aanausznaume Air conditionl (Class1), Air condition2 (Class2), Lamp (Class3),

Microwave (Classd) kay Pump (Class5) 5188 UnUanIRINIT199 1

A15199 1 LAsesbttnialtlunisneass

Household appliance Description Category
Air condition (Class 1) 220 VAC, 7.5 Amp, 50Hz il
Air condition (Class2) 220 VAC, 3.4 Amp, 50Hz q
Lamp Set (Class 3) 220 VAGC, 0.431 Amp, 50Hz 1
Microwave (Class 4) 220 VAC, 4.8 Amp, 50Hz 2
Pump (Class 5) 220 VAC, 1.0 Amp, 50Hz 3

Uszsiamveaiadesldliinfigninunldlumside Sanuunnsinstuseisnn 1wy Air condition Fefldnwae
MSIIWANIURUY Permanent consumer device (Category 4) Wil Air condition & 2 4fia wASiAaIndLANA1aiY
Fawau wenanil, Category 1, 2 war Category 3 33l Lamp, Microwave, uas Pump Iagniuldlunisnaaey
sheiiteliilivaniisinumainnansyiia wazliszuuiiussansamanmsiSeusivaniiunnsieiu Amdanues

annamuagniiuiuiindlediuvesssuuiiudeyadananliluidedaly
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Y =2 Y o L4 a
ﬂ'ﬁL"U'ms‘i"UEJS;I‘aVI']\‘i’]uLLaSQ‘Uﬂii\Jaa’\]ﬂLL‘U‘UI‘UiLLﬂ‘SﬁJ

v
o

\osnnuidedinaueiznslivslovinnnssuansuafouddmsududunaliiu NN el
sULukarrLAvestayafinzantunsthuniesed Tuiuifedseenuuuasasfvanindyyia (Signal
conditioning circuit :SCC) iaUSuruadyaralimnzautiuniseuaifie FPGA 2935 SCC ldsunsaanuuud
wandlunndt 3 M msuinAussiuvesgunsnifld Tass Potential Transformer (PT) wag Current Transformer
(CT) wona1nil SCC gildsunsesnuuuaiiesesiuneundrneieasuazanda usuniu Usenoudieiswonnd
vheleafanrasdmiudygiauseiu wazdmiudyginnseig s nsvenedyainegluiig 0.1-10 w1 luleas
R1 gnetsrnasiily ud Rf annsnufuldeglurisainnuimumusening 1ko-100ke 101wnves1asio Vout uay

lout fidslUsa FPGA tilevinisenuaisely

s O Sano LoaD 1 LoDz LoaD3 LoD 005
2?3” L Gonditioning Air 1 Air2 Light Mcrowawe Pump
| Fuse ’
)

Cyelon IV Board

conned with USE

Fecel e and

tranemission

Al 3 Signal conditioning Board

U FPGA 10M50DAF484C6GES THiftoudluteyavesgunsaifiliann dedaneisuves FPGA uandlunsed
2 Vout wa lout 161g FPGA H1udumm SMA Analog (ADC1/2) Sevisuiiiesuuas nsaaeudeyavasgunsaliild
FPGA 81u Vout uag lout fisasin1sausiedns 10 ps Tng FPTA liudeyalilu S RAM wazdadesinu USB 1Juyae
10 Fedoyathazgnuuaadudoyanimlngliinada Kurtogram Tutunousioly

etsrnszualiihivuiinlsveaaieddliinluaniz ON veusazaanauansfanInd ¢ Faaznuind

pnuuanARiuegsinay Jadududiimsduaeduresgunsalunasild dnvardyamnssualiihivuding

¥

ATINEN 500 mS visesidIugUARY 25 JUAAU (50H2) FaawnsaannatlumstuiinteyaasldunndeIeuiiey

N

funwideneunii [13 21] dwueaunsadnseinaldegnmaiuiemnlidesaydenatunsiiudeya Joya

o 1Y

lataggnihlvuvasdudeoya 2 ARdwsuldnaaeuiu CNN wuu 2 17 mesaudas Kurtogram

Y Y
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100

50 50 . 50 _
- AAAAAAASASASAA AL | AMAMAAA,
; ] HE— g
-50 -50 ] -50 5

-100 -100 -100
0 100 200 300 400 500 0 100 200 300 400 500 ] A 0 100 200 300 400 500

Time (ms) Time (ms) e i) Time (ms)

Current (A)
Current (A)
Current (A)

(a) (b) () (d) (e)

=

A9 4 wanansewa bt ualdsudnvuiinleveaeseddlniiinazaanavazyinau (@) Air conditionl

(Class1), (b) Air condition2 (Class2), (c) Lamp (Class 3), (d) Microwave (Class 4) kag Pump (Class 5)

iesnlunmsliiaiedtlninafamaieuasfuuvuguiailenmaiagiinislinuiesiladmiafios
Fen videnanedandeuiu drdulunmsifunssatimauaifoudiialin-Un vesusazamaiegriiuniglfingmsal
floravedinisldnufissemafismionasnmandoutu fufulunsvessdldfaioullunnfvnssuansuadoud
Hadaedosaznszuansuaidudtdaniowosusiavaanadannsodnnguieyalsidu 10 gndeyafie Classi-
ON, Class1-OFF, Class2-ON, Class2-OFF, Class3-ON, Class3-OFF, Class4-ON, Class4-OFF, Class5-ON wag
Class5-OFF, dsiifimafiutoyauusonnidu 10 nadidil

1. Class1-ON n3aliliaia3dldluiin Class1 1130 Air condition1 iesiaiien wiefnslaedesldliihay
ognounin udwihnsdaaiedldlnin Class1 wazyinnsdudindn Current Tuvas Transient Power On w84
i3edldlniin Class1 waziudeyalidu Class1-On Tu Dataset

2. Class1-OFF nsdlillawdoslaloii Classt gnillaliilesdinfien viedimsiUanedldlnindusgdeunth
se 1esinsUniaTedldlui Class1 wagyhmstudindrnseualifinlutag Transient Power OFF woaia3osldlyiiin
Class1 waginudeyaliilu Class1-Off lu Dataset

3. Class2-ON nsdiidmndasldlniin Class2 %3e Air condition2 iiesiafien wiedinsiaedodldldindu
ogount udnhmadaededdlulin Class2 wazyinstudindinszualniinlugas Transient Power On wos
\n3esldlatii Class2 waziiutoyaliidu Class2-On lu Dataset

4. Class2-OFF nsallaw3adldluih Class2 gnilialiifivsdafion viedinsidaedodldlnindusgnounin
she 1esinsUniaTedldluiin Class2 wagshmstudindrnszualsifiinlutag Transient Power OFF woaia3osldlyifin
Class2uaziiudoyal il Class2-Off Tu Dataset

5. Class3-ON nsalllaiadasldluiin Class3 w3e Lamp Wissiaiiien wieiinsidaededdlnindueagrou
i wdvhnsaededddlnih Class3 wagvimstiufinannszualyiinlugis Transient Power On voainasldliiiin
Class1 LL@%LﬁU‘fJ’aaﬂaHLﬁu Class3-On lu Dataset

6. Class3-OFF nsalla3adldluiih Class3 gnilinliifivsiadion viedinsidaesoddlnindusgnounih
se 1esinsUniaTedldlui Class3 wagyhnstiudinArnseualifinlutag Transient Power OFF woaia3osldlyiiin
Class3 uagiiuteyaliidu Class3-Off lu Dataset

7. Classd-ON nsdliliaia3adldluiin Classa w3 Microwave Lilgsiafier viefimsdainiedldliiduey
Aeunti udwihnsdna3 edldludin Classa uagsinnistudinanszualnsinluzas Transient Power On ¥os

\n3edldliii Classa waziiutioyaliidu Classd-On lu Dataset
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8. Classd-OFF nsalla3adldluii Classa gnilialiifivsdafion viedinsiaedodldlninduegieunih
she WedinsTa3edldluii Classt uazvhnstufinannszualaiinlugag Transient Power OFF waaa3adldlylin
Classa waztiudeyal iy Classd-Off Tu Dataset

9. Class5-ON nsallaadasldluliin Classs w3 Pump LilBsdinfen visdinsiUaniedslnihdusgnou
i1 wdrvinsaededldliii Classs wagvimstusinenszualyifinlugas Transient Power On veaia3asldlyiiin
Classd LLﬁzLﬁU%’azﬂaﬁ'Lﬁu Class5-On lu Dataset

10. Class5-OFF nsdiidaeadlilulit Classs gnillaliifiesiudes viefimsidaniediluindusgounii
sy ledinsTaniedldluii Classs uazvhnstufinanszualniinlugag Transient Power OFF waaia3adlilylin
Class5 waztfivfeyal i Class5-Off Tu Dataset

Tuustagnsdiagyinistuiindeyaly 1000 aduflewduadoyaiitnlunagoudu CNN Tnevinnisutstoyalu
wiazdugndmsuihnisasu 80% wagyimsvaasy 20% deyarigniiuiinlidurnszualainiigneurildvasiln
wdaddliiusiassa szeznanlun1studin 500 ms fegwvesdnuasdeyaiivuiinuansdanini 4 andudoya
wiandargnulaadudeys 2 T Fefulas kurtogram Tugudaly
amadnaiusuunasiawnsa

Tudruiosu1eisnslunisudastoynssualnih Avuiinunsda-Jaed osldlninioudsuasidu
nszudlwihwesgunsallvidu Kurtogram Sadudeya 2 fRdeanunsnthlUld35AU3 CNN eghafiuszavsnm

Spectrum Kurtogram (SK) l4ifleeButsaddmsuanuasiuundideu Sk awnsauansdsaunis (1) fs (3)

[22 23] oW1 SK MR enileeiudygin de(f) inevaussaostuduianlsduniuian 1ay H(n, f) Ao

complex envelope 984 a(n) iAMD f A@NN157 (1), 110 a(n) AvasAusznaulinsivesdeyyu

atn)= [ “Hn, e ax(f) W
MANMUEIRUS VS SK 521U conditionally non-stationary (non-CNS), tHuiswdgygrasuniunuy
Gaussian Tuifu SK Feazlen
(Jrr ')

Ki(f)y=7—""-H5-2
<|H(n,f)|2>2 @)

Wiok, (1) Ao SKvesdyan a(n), f1aua non-CNS tluaasdi o liduduaiud, fmue Gaussian 104
SK 1Juaud way Liia Gaussian noise lUuwpaslawnsu lnefiansun SK s Noise azld

K (f) )
1+ p(NF
W8 o(f) Aw noise MuinluuL SK, p(f) Ao §n31dIuvad noise Han1591auvesgUnsalldluiin wans

Ky +o(f)=

#18813 Current TouA3asUsuaINel (Classl) Lﬁamﬁaué’ﬁgmmiﬁagiugﬂ Kurtogram $e@un1sd 1, 2 wazaunis
7i 3, nwanuaeslaunsuves Classl fanwdi 5 (a)

Toyafigniudinluiate 3 szgnihutviinisulasteyaidu 2 dAdiediudas Kurtogram aglenm
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nsssudidedanuuunauliguy

CNN 1 uaninennssu (Architecture) lugduuunisweslassisssamdouuvudeulunin (Feed-
forward neural networks) Gagnifmuiduiiofnguszaslununsdousdasnim nsvhanges NN diguves
nshaoulagduiiievinsadailiaesus efsdnwasiduiiddguesnmiegseenun Tagn1sAiuiauuy dot
product iwdwﬁuﬁdauﬂawmgﬂmw (Sub-region) fiuftawnes (filter) wieinasuea (Kernel) umidndafidnuay

o

Juun3nddnsa (Square Matrix) wuwwn 3 x 3 1usiu Faaagligadoyayalvniiiinain h*F Sendeyayalvaid

q

gnai 1 WuUIUHUNTIAT (Feature map) auminisvineuligudsaunisn 4

A*B(x,y)= ) AG, )BCx+i,y+ j) (4)

i
Wi A e 2 1, way K AsAasuea

HesvesnmluwsastuniiiunsadaiiaesuiudagnuiiunAuiur il dunsedu (Activation function)
WUV ReLu Feanunsamlanangunsi 5 wayinnis Feature Regularization A28 DropBlock (DB) tiieannisiiale

wesTinAsvetling (Network overfitting) Suillosnannyadeyanfvuindindsaunisi 6

Y;(n) = max(0,n) (5)
_ l—keep_p>< feat_s2
block _s  (feat s—block s+1)* (6)

ludiuvedlassrig ANN dn199191udaun1sf 7 lnendunainmeseaglunin x ={x,X,,...x,} waz
LVNABIHI9UNAD Wy =W, Wy, w, ), IUMsAuIMgnasanlvua () TUgaluun (k). Inea (b;) WJueluwes

LY z ABINUIUTITOU

: 7
Vin)= 07Xy b)) "
AneminaitagnAuduiianuinazlulag soft max function fsaunisi 8
exp(z;
sofrmax = —PC)
Zk eXp(Zk ) (8)

W15 fimasvaslaung AlexNet

Tumsnaaesiilfinimadeuiu NN adetiefithumageuie AlexNet \ulassneuszamidiendagn
vhanldegrannlusumsBeuiveanissneufiunes lasiamzlunmsuszendldmsBouiddnduuseduidu sus
N15UYITY ImageNet LSVRC-2012 [24] Lu%L%%ﬂﬁﬁﬂMumsﬂuﬂﬂﬂﬂwauwmlﬂu 227 x 227 x 3 lassaswsantnenssy
Usnaudetu (layen) avun 8 Fu Lﬁu%guﬂauq%’u 5 %uLLasﬁusﬁu’ul,%awiaaemamgiai (fully connected) 3 44 &3
Tusuildfmuadiuueaiavesoisingly 10 Class a1 Data Set $1uau 10 ¥a ludauves SoftMax 3sldrmue
Lmﬁwmﬂu 10 Class A@ Class1-ON, Class1-OFF, Class2-ON, Class2-OFF, Class3-ON, Class3-OFF, Class4-ON,
Class4-OFF, Class5-ON way Class5-OFF
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Convl Pooll Conv2 Pool2

MAX-POOL MAX.POOL
— . —
dx3 Bx5 dx3
=2 same 8=2

BoxE6 x 96 2Tx27 x96 2727 %2566 13x13 x256
Convi Convd Conv5 Pool5
MAX-POOL
- = — — =
3x3 ix3 axa dxd
BAME =2
13213 %384 13x13 %384 13x13 %256 6x6 %256

AN 6 N15YIN9UBBY AlexNet NanUszenaldiu aaw Kutogram [24]

o

Tudusaunisasusoainn1susuwaansseulitiuseansan Jadudiuveanisminunen wisiiwesad

o

#aq ey wnsiwesililumsmaaeuldannmsmaiivsngas (Optimization) JewnsfimesfilinansFousa
dmdunuiinansiinaned 2 warlunmameaeuuazinlUldlusuiadedld NN wuudieTountsideus (Transfer
Learning) [25] Tunisaiusu Tunisveaeuld GPU VNIDIA GEFORCE GTX 1650 tuniiguseaiana n1snageu
§vin1smnaey 4 assieldsnsinisiFeusiusiu (nitial Leaming Rate) 0.0001 $mffu MiniBatchSize 16, Initial
Learning Rate 0.0001 $9uAYU MiniBatchSize 32, Initial Learning Rate 0.001 39ufU MiniBatchSize 16 tag Initial
Learning Rate 0.001 3y MiniBatchSize 32 iileiUSsuiisunaiilddiian dmsumsiimesaulvinsiiniunsnad

2

A15199 2 M5 wasnlglunsnaasu

wisdimas iy
Total Image 10,000
Initial Learning Rate 0.0001, 0.001
Epochs 30
Momentum 0.9
MiniBatchSize 16,32
LearnRateDropFactor 0.1
LearnRateDropPeriod 8
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w3 addlniiuraring dldIsuiisunannnisnedeuianun 4 ae1nn1sUunisiitnesudn 2 dafe Initial
Learning Rate wag MiniBatchSize Usgnausienanisnadoudilaainnisld initial Learning Rate 0.0001 Suffy
MiniBatchSize 16, Initial Learning Rate 0.000159unU MiniBatchSize 32, Initial Learning Rate 0.001 FRFRLY
MiniBatchSize 16 wa Initial Learning Rate 0.001531U MiniBatchSize 32 nafllfuanisanis1adi 3 wasnanis

nagau NILM a1nmsdufinnsinuvesgunsalegiesiaiios

UszAndwavasluna AlexNet

ilonmaeuUszansnmnsldnuataddldtuiinnsisuvessgusailaiusaziluvag igunsalluiingy
msvhauuazgnda Fegndufinlidluaniieiifinisvhanmesgunsaiflafiiufewifemietnisinunientu
VGREL mmfuv‘hmﬁLLﬂaqé’zgﬁgﬂmﬁﬁuﬁﬂH%qL‘f’luﬁa;ﬂa 1 46 \Judeyanuu 2 17 nesudas Kurtogram 2Nty
ihluaeuliulsiulana CNN wuy AlexNet Fsgnianlddmsumsduunnisiauvesgunsalliiiudazds ns
dou AlexNet wazn1snaaaulsarnsvhanuvesgunsallnlil 5 f wisnsvhaoudu 2 anugde 1Ua du Ua gunsal
usiazsgniufinanurnsvhauunzlinensas 1000 Asa uazenrln 1000 afs Fuhlildyndeyaimma 10,000
Foya gadeyagniuiuuteenidu 80% dmsunsaeulissuuious uazdn 20% dmsunageunisinunay
UsEAVBAMNANTINIAADULARIAINI19T 3 waznndl 7

wansnaaeUlinuIield Initial Leaming Rate 0.00159/U MiniBatchSize 32 lrinnugnieaadeugaan
Wiy 98.56% nans¥iune Class3-ON uag Class3-OFF (Lamp) finnugndesgedianlaefinnugnies 100 % gy
e sinefifanugndesiaafie Classl-On fanugnies 94.8% nanisyiunefiiananinainnislusiunona
10U Class2-On uagluvhueafisaiunanisviiune Class2-On finanisvuneRadu Class1-On AauRianaiadanan

\inangunsal Class1 uay Class2 0w Air conditioner Falinsvhaudindneiu

A19199 3 HansNAaeUN1s Classify M3viauvegunsaliiels AlexNet-CNN

Initial Learning Rate Batch size Training time (s) Accuracy (%)
0.0001 16 2167 98.10
0.0001 32 1854 98.18
0.001 16 2210 98.52
0.001 32 1871 98.56
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Abstract

This research paper presents the objectives to study energy consumption and analyze energy
reduction in indoor air conditioning system installation. A survey to examine the loss of air conditioning
in the energy use, case study: Palace Adaman Beach Resort Hotel Building, Chumphon Province. If can
control the operation of the air conditioning system to have good efficiency, it can reduced the use of
electricity. Therefore, this research is study of energy efficiency to energy conservation by controlling of
using air-cooled and water-cooled water chiller. Adjust the temperature to suit the maximum power
demand. Measure the building's peak demand and control the system with collect data to analyze the
results. The results show that it was necessary to control, check the cool and air conditioning system
by reducing the refrigerant condenser temperature. Comparative results evaluation of the water chiller
control before and after the improvement found that the electricity cost was reduced by 10 %, which
can reduce the electricity of 15,249.78 kWh/year, and the cost of energy is reduced by approximately
106,748.46 baht/year, thus results in a reduction for use to help reduce the cost of electricity.

Keywords: air conditioning, adjust temperature, energy conservation, water chiller, energy reduce
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- doyainiesvimindu (Chiller) fusrAvsamgeengmslénu 3 9, winniszmisharnbureuniod
yniudu 500 TR (Fupandy) $1usu 3 1e3e it Control Monitor fifaetes SainduszuupeniumesSmludi
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L. L. auantArEaiEY
INNATIVIN AUTNATIIA CT-1 CT-2 T3
) gauniinTilzuis (*Cab) 34.0 34.0 34.0
annaes gauniinszizilen (*Cab) 275 275 275
gt (°C) 36.0 36.0 36.0
iy gaungiiean (:C) 32.0 32,0 32.0
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971 Pressure-Enthalpy Diagram vesansyianufuiiegumaiimainueeunuges anad 1F awviili
Usgdvdnmlunisvianuudvudszann 1.5 % dadunendinisusuusambivseaninimlunsianudud

TUUTTUI 3.78 % AIMAAIHAn157 5 amsatandsnulwihfigydsldvesasosininuiied

wiawlwihfigade (4.58TR x 0.825 kWh/TR) $1unu 11e389 = 378 kWh/A
wiawlwihiigydes  S1uou 2 edes = 15246 kwWh/A
Fohuannsoaamsldndenilwiile = 378+ 15246

= 15249.78 kwh/d
Al heas = 7 um/kWh
Andutuilusendald 15,249.78 x 7 = 106,748.46 U W/
nsUszmiai sz Yiinaniiigade = 4973 m>/A)
Amiuszin = 10 um/m?
Aoduiudivsevdale = 49,730 v A
sunfuduiiusendald Ao 106748.46 +49,730 =  156478.46 uw/d
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nsidsudniiuesesauindusin 3 we andudu = 45000 U
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JEULLIAAUY AR 45,000/156,478.46 = 0287 U w30 = 3ifiau
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) AuautAAIa Wiy AaEuURneInAIEY
oastaun CH-1 CH-2 CH-3 CH-4 CH-5 CH-6
nsglumsianudu (TR) 466 460 450 - - -
aussougnouUiuuse kW/TR) | 0.75 0.76 0.78 - - -
maslnineuysulss (kw) 351 349 353 15.2 15.4 -
aussaugvaeUIuUse (KW/TR) 0.72 0.73 0.75 - - -
maslnimdsuuge (kw) 336 336 340 14.8 14.7 14.5
Addliihideunas (W) | -15 -13 13 04 | 07 | -145
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