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ABSTRACT

The objectives of this research were 1. To study the factors affecting the
efficiency of analyzing, inspecting, and predicting the failure of centralized air
conditioning systems with variable refrigerant flow (VRF) 2.To develop a system for
analyzing, inspecting, and predicting the failure of centralized air conditioning systems
with VRF using machine learning. 3. To evaluate the efficiency of the system for
analyzing, inspecting, and predicting the failure of centralized air conditioning systems
with VRF using machine learning. 4. To develop an application for analyzing, inspecting,
and predicting the failure of centralized air conditioning systems with VRF.

This research is divided into two parts. The first part is qualitative research. The
researcher conducted in-depth interviews with seven air conditioning experts to
analyze and synthesize the factors affecting the efficiency of analyzing, inspecting, and
predicting the failure of centralized air conditioning systems with VRF. The second part
is quantitative research and the development of a system for analyzing, inspecting,
and predicting the failure of centralized air conditioning systems with VRF using

machine learning, as well as the development of an application for this purpose.



\Y

The research found that the factors affecting the efficiency of analyzing,
inspecting, and predicting the failure of centralized air conditioning systems with VRF
include six aspects: 1. Refrigerant pressure 2. Refrigerant temperature 3. Temperature
at various points of the system 4. Personnel 5. Installation standards and 6. The
technology used for inspection. The developed analysis system comprises three main
steps: 1. Data input related to the system. 2. Processing using four machine learning
algorithms: Neural Networks, Decision Tree, Naive Bayes, and Support Vector Machine.
and 3. Prediction using a Hybrid Ensemble Method with Stacking. When the researcher
performed Stacking with Neural Networks, Decision Tree, and Naive Bayes algorithms,
the accuracy was found to be 97.08%, precision was 96.60%, area under the curve
(AUC) was 99.60%, recall was 99.94%, and balanced accuracy was 99.24%.

Moreover, the researcher developed a system for analyzing, inspecting, and
predicting the failure of centralized air conditioning systems with VRF using machine
learning. Based on the evaluation by six experts, the system was found to be very
suitable and acceptable (X = 4.57). Additionally, the researcher developed an
application to evaluate the efficiency of the system for analyzing, inspecting, and
predicting the failure of centralized air conditioning systems with VRF using machine
learning. The researcher used Google Sheets for data recording and Google AppSheet
for creating the application. The application was evaluated by 30 users in terms of
efficiency, ease of use, and security, and it was found to have a high level of satisfaction

(X = 4.28)
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2.1 uuaAnsTUUUTURINIALUUTINALES

LLu’;ﬁmz‘UUm%"aw%’ummmwmamquﬂ (Central Air Conditioning Systems)
Tutssamdiuashanuuuysiu duagdldssd

53UVUTUBINIARUUTINAUE UszianUsuarsviainud uwsiu (Variable
Refrigerant Flow : VRF) (Elnaggar, M., & Alnahhal, M.,2019). WuszuuUsuaInIAkuUsId
Aud Uszneausaemiae Indoor Unitmateyalds1udy Outdoor Unit nil sy Tneld

ca o < v v Aa ¢ & v a H °
ﬁ@ﬂLWiﬁL%@iWUiUﬂ?qNLijia‘Ui@m?ﬂLWﬂIUIaEJ@umaL@@i SYUUUATUTUUTUIUUI8INN

¥ 1
A )

ANULEUMINAIILFBINITISIVRILAAEAUA Outdoor Unit ¥ntindszu1emInusaumazane
a15vauduluds Indoor Unit W1ua1dve1addLannseiing (Electronic Expansion
Valve : EEV) 1USUUSH1audn819 Ul ol iz aunun1seanusaulunnaziaq VRF

£ (%
= [

nANAUILASTILINGIN Toshiba lud 1982 \usruuuSuemeawuuTiuguiviunssendn

e

a o

nFukarAUgangulun1siaf Indoor Unit wingdiaiunsausugamgiuagyinula

a a

dasy Yrglinismivaugungiuiuguasiussdnsainas seuu VRF lasuniswmun

v [ v

W BRBUAUDIAIUABINITIUNITUSUBINIATULINIMYE UTUNNDIAe 81A15a1dn9nu

' [ ' o
A LY ° U (Y

lngangluaimsndnunindadmsuinsas Outdoor Unit fiaseuuiesiimsauauye Indoor

Unit wenannduladudasy dszuuivihnsideudevinaiusiuduetaisla (Building Manage

System : BMS) 3nnsguutasosusuannanesniuuludnwagiiu ddenlunisldaussuu
WU Usendand a9y 1H9991ndn15918US U1uansyinAuduN wolrung AUAUAINIS

lunsldnuresdlyd anmalulad Compressor Inverter addrgdanguluauinneszuy

v
(Y a A ! Y = k4

Asvuviliidadede Aldaglunudanidissuuisnmas Msvisessnwidanududeou

[ ]
A =

nTINgngUnsainigly Indoor Unit, Outdoor Unit NM588nluuAnRessuUdmsuiug

AoagnaBIkiugmUTENsAIWieYsEAnSamlunmsuTuemALazananaaY

2.2 ssianududmiuiniasuiuainia

ANt A ugIursaI s udmiue esusvomialugauad azdes
fmauaud® (AVP-R, & D, 2013) 14

1) ﬁ;ﬂLaaﬂﬁﬂLLazﬁmL@aﬂLL‘ﬁ\‘iﬁ’] (Low boiling point and Low freezing point)

2) muFeud e wagarmdouurgs

3) ANUALLALRUUNTINGAES

4) USUNURNIEA LN DaATUIATDIADLLNS ALY DS



5) mahanufeugsludaedesssveuazAoulnuItes

6) lifaln Tiszidn liluite wazlidnnseu

7) liviasela 4 fuiduvdeduluromnsaires

8) COP galugrtgaumgilunisvia

9) Whiiulafiudainuaniang g

10) Anunouldnunasauu

a1svmnudu R-410A Gld%unisandnidns lud 1990 m1ausE¥m Honeywell
International AnANYMEIANIEVDIA15YINANEY (Characteristics of Refrigerant) Tusguy

USuonafilaeu (Daikin, 2566) 5199 2.1

A13199 2.1 uaneruANaIEeA1TTIAILLEY

a'ﬁv‘hmﬁmsﬁu R32 R410A HCFC-22
.. HCFC-32/
NaRNUN HFC-32 HCFC-22
HFC-125
. CH2F2
AUNISN19LAY CH,F, CHCIF
CHF2CF3
a9AUsENaU Mass% 100 50/50 100
walaana 52 726 86.5
ALADA -51.7 -51.4 -40.8
adonuds -136 - 160
gauUnNYAINGA 78.1 72 96.2
LIIAUINGH MPa 5.78 4.95 4.99
AURUILUUING A kg/m’ 424 486 515
AURUILLUY VOUAAIDUAT kg/m’ 961 1059 1191
AMUVUILUY Va9lasEivie kg/m? 47.34 64.87 44.23
ANUVinvaIvaLnan mPa-s 0.116 0.121 0.178
AMunia luLsIAuUNG mPa-s 0.0126 0.0129 0.0128
aamilalugamgidnnie
YL kJ/ke-K 1.937 1711 1.256
YDIVDIHAIDUA
aMusaudwnzlalounsn
o - kJ/kg-K 0.848 0.818 0.662
Tunsenuund
AnuSaumaslulunisseme
kl/kg 382 275 233

(RALion)

nsihaudeuluveamialduda mW/m-K 125 87 87




A13797 2.1 UanIRaNYarresEIAILEY (o)

10

A15vAULEY R32 R410A HCFC-22
nsunausaulunssiuung mW/m-K 13 13 11
fnaawlunisvinanelelau CFC11=1 0 0 0.055
Ardnenmlunisyinldiinalaniou C02=1 675 2088 1810
anusnansalunisazanetin Massppm 3400 1600 1300

AavanURtuiunsinlnveansinnudy gia R-410A AULIRIFIUVEY Ashrae

(American Society of Heating, Refrigerating and Air Conditioning Engineers, USA) gninag/lu

Group A1 (National Refrigerants) %Tazgammﬁu—qmmﬁmmﬁmé’hﬁuaa R-410A (Saturation

Pressure-Temperature Data for R-410A) 138 ULBULSIAU PSIG (Pounds per Square Inch

Gauge) fugaumngd (Celsius : °C) azdAUSouiou Tun15m3337A Pressure Balance

a1unsninlaaingamgiseu 9 Ambient Temp (°C)iiiaiUSsuiisuiuALsafy Pressure

AR 2.2

M13197 2.2 Yayandnuiu-auninudumives R-410A M: https:/forane.arkema.com

Saturation Pressure-Temperature Data for R-410A (psig)*

Temp. Pressure Temp. Temp. Pressure Temp. Temp. Pressure Temp. Temp Pressure Temp.
(t) | Liquid Vapor| (€] {F) | Liguid Vapor] CC) (F) | Liguid vapor] <) (F) | Liquid wvapor| (C)
-49 5.5 54 | -450 1 497 | 495 | -17.2 51 145.8] 145.2] 106 101 3231 3221 283
-48 6.0 59 | -444 2 511 | 508 | 167 52 | 1484|1479 111 102 | 3277 3267 ) 389
-47 6.6 65 | -439 3 524 | 522 | -16.1 53 | 151.1f 1505 11.7 103 | 3324 331.4] 394
-45 71 71 | 433 4 538 | 535 | -156 54 | 1538 153.2] 122 104 | 3371 3361 ) 400
-45 7 76 | 428 5 552 | 549 | -15.0 55 | 1565 156.0| 128 105 | 3419) 3409 | 406
-44 83 82 | -422 ] 566 | 56.3 | -14.4 56 | 159.3| 1587 133 106 | 3467 3457 | 411
-43 89 28 | -417 7 580 | 57.8 | -13.9 57 | 162.1| 161.5] 139 107 | 3516 3505 | 417
-42 9.5 94 | -411 8 595 | 59.2 | 133 58 | 164.9| 164.4] 144 108 | 3565 3554 | 422
-41 10.1 | 10.0 | -4086 9 609 | 60.7 | -12.8 59 | 167.8| 167.2] 15.0 109 | 3614 3604 | 428
-40 108 | 107 | -400 10 624 | 622 | 122 60 | 170.7| 1701 ] 156 110 | 3664 3854 | 433
-39 1141 1.3 | -394 11 639 | 63.7 | -11.7 61 1737 173.1] 161 111 | 3715 3704 | 439
-38 12.1 | 120 | -389 12 655 | 652 | -11.1 62 | 176.7| 176.0| 167 112 | 3766 3755 | 444
-37 127 | 126 | 383 13 671 | 668 | -106 63 | 1797|1790 172 113 | 3818 3807 | 450
-36 134 ) 133 | -378 14 686 | 68.4 | -10.0 64 | 1827 1821 178 114 | 3870 3859 | 456
-35 141 ] 140 | -372 15 703 | 700 | 94 65 | 1858|1852 183 115 | 3923 3912 ) 461
-34 14.8 | 147 | -36.7 16 719 | 76| 89 66 | 188.9| 188.3] 189 116 | 3976 3965 | 46.7
-33 15.6 | 15.5 | -36.1 17 T35 733 | 83 67 |192.1] 191.4] 194 117 | 403.0) 4019 472
-32 163 | 162 | -3548 13 752 | 749 | 78 68 | 1953 1946 2000 118 | 4084 4073 | 478
-3 17.1 ] 16.9 | -35.0 19 769 | 766 | -7.2 69 | 1985 197.8] 206 119 | 4139 4128| 483
-30 17.8 | 17.7 | -344 20 787 | 784 | 67 70 J2018) 2011 211 120 | 4194 4183 ] 489
-29 186 | 185 | -339 21 804 | 801 -6.1 71 2051 2044 217 121 | 4250 4239) 494
-28 19.4 | 193 | -333 22 822 | 819 | 56 72 | 2084|2077 222 122 | 4307 4295 50.0
-27 202 | 201 | -328 23 840 | 837 | 5.0 73 |218f2111)] 228 123 | 4364 4352 | 506
-26 210 | 209 | -322 24 858 | 855 | 44 74 | 2152 2145 233 124 4421 441.0) 511
-25 219 | 18| -317 25 877 | 874 | -39 75 | 2187 217.9] 239 125 | 4479 4468| 517
-24 27| 26 | 311 26 896 | 892 | 33 76 | 2222|2214 244 126 | 4538 4527 | 522
-23 236 | 235 | -306 27 915 | 911 | 28 77 | 2257 2249 250 127 | 4598 4586| 528
-22 245 | 244 | -300 28 934 | 931 | 22 78 | 2293| 2285] 256 128 | 4658 4846) 533
- 254 ) 253 | -294 29 954 | 950 | 1.7 79 2329 2321) 261 129 | 4718 ) 4707 | 539
-20 263 | 262 | -289 30 974 | 970 | 11 80 | 2365) 2358 267 130 | 4779 4768 ) 544
-19 273 | 2771 | -283 31 994 | 990 | 06 81 2402 2394 272 131 | 4841 4830 550
-18 282 | 281 | -278 32 |1014]1011] 00 82 |2440| 2432 278 132 | 4903 4892 ) 556
-17 292 | 290 | -272 33 | 103.5] 1031 06 83 | 2478|2469 283 133 | 4966 4955 ) 56.1
-16 302 | 300 | -267 34 | 1056) 105.2] 1.1 84 | 2516 2507 | 289 134 | 503.0] 501.9) 56.7
-15 312 | 310 | -26.1 35 |1w07T 1073 1.7 85 | 2554|2546 294 135 | 509.4) 5083 | 572
-14 322 | 320 | -256 36 | 1099)1095] 22 86 | 259.3| 258.5] 30,0 136 | 5159 5148) 578
-13 332 | 331 | -250 37 21117 28 87 |263.3| 2624 3086 137 | 5225 521.4| 583
-12 343 | 341 | -244 38 | 1143] 113.9] 33 88 | 267.3| 266.4] 31.1 138 | 529.1]| 528.0) 58.9
-1 354 | 352 | -238 39 | 1165) 1161 39 89 | 271.3| 2704 317 139 | 5358 534.7| 594
-10 365 | 363 | -233 40 | 1188) 1184 44 90 | 2754 2745 322 140 | 5425 5414 60.0
-9 376 | 374|228 41 | 121.1)1207] 50 91 2795 2786 3238 141 | 549.3 ]| 548.3 | 60.6
8 387 | 85| -222 42 | 1234]123.0] 56 92 | 2836|2827 333 142 | 5562 555.2 | 61.1
-7 399 | 397 | -217 43 | 1258|1253 6.1 93 | 2879|2869 339 143 | 5632 5621| 617
6 41.0 | 408 | -211 44 | 1282|1277 67 94 | 29212912 344 144 | 5702 569.2| 622
5 422 | 420 | -208 45 | 1306 1301 72 95 | 2964|2955 350 145 | 5773 5763 | 628
-4 434 | 432 | -200 46 | 133.0)1326] 7.8 96 | 300.7| 299.8| 356 146 | 5845 5835) 633
-3 446 | 444 | -194 47 | 1355]135.0] 83 97 |305.1) 304.2] 361 147 | 591.7] 590.7| 63.9
= 450 | 457 | -188 48 | 1380)1375] 89 98 | 3095|3086 367 148 | 5990 5981 ) 644
-1 47.1 | 469 | -183 49 | 1406 1401 9.4 99 |314.0f 313.1) 372 149 | 6064 605.5| 65.0

0 434 | 482 | 178 50 | 1432|1426 100 100 | 3186 3176 378 150 | 6139 613.0) 656




11

o <
2.3 2995 TIAMULEY
J < v (X
19958198715v1ANLT Uz USEnaun 28 Compressor 1113358 ale (Vapor
Compression Refrigeration Unit) 13usiuvimiiniidale wssdusn Iiiduuseduas uag svune

gaunil A18A15WIU Condenser H1ULY1 Evaporator 3undulufl Compressor (Yun, &

11

|

Chang, 2021) fanwuseneud 2.1

EXPANSION VALVE COMPRESSOR

[~ o0
B!

] o <
AMNUTLNBUN 2.1 1ATANTNIANULEU

& 1 o <

gunsalduUsznauluiaasansvianudu

1) 13ee8nle (Compressor) paumsatwesidugunsalnldluszuuanuduie
dinanudulargamngivesasianudu Senuddglunszuiunisvhanudusienisdu
dnfineviaudulilvarwlugs Condenser Wioanaaumgiiausou (Wan et al, 2021)
(e, 2565)

& 1 ¢ & cag v % o  w
2) 1A38IAIULUY (Condenser) Aautauweiilugunsalildszureanusou dmsu
o < A v a S a v A ' o 3 v A

a1svihanuduiieligamgdanas duiiviinavwiuaisiaudu aguainaniug

Tomuniuduaniuzvoaval (Hermes, 2013) (auﬁ’ﬂﬁ, 2559)
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3) Mdranusadiu (Expansion Valve) fgunsalfiminfiruauusafuszning iaies
AIUWL U U Evaporator L7 wsesudl itnunzan wasusuimansviaanudusiuds
Prwangamniifieringnisiunszivanauieuain Evaporator (fan, 2548)

4) \3osszine (Evaporator) v fidusuaniudeuninudeu (Heat Exchanger)
Hugaiuaniud suaaiuyeuruarsiiaudu §9agiinnszuaunis Superheat

%uiuqﬂﬂsaiﬁy (Ding et al., 2009)

2.4 NaeMIaemAINTou (Heat Transfer)

ngein13a1emaIusau (Cengel, 1998), (Holman, 1986), (Rabah, 2023) 1¥u
nsguiu N1sdrAylun1sIAInssukazN STy naldlussuusing 9 lneaniglussuulsu
91N uasNIELILMIIEmeNSeu wlsoanidu 3 Snvae fil

1) Conduction Heat Transfer 1udnwaglunisiiniuiounuuniudinals aae

'
% =

nsdeuANTouaINTaNdinNTougendT ’uAInans ldviannddiugumgiininii

q

=l

Wil fhnansezimarnudumuanesise ildnshenudewilet vied

2) Convection Heat Transfer LﬂugﬂLLUUﬁmsﬁﬂwm’sm%’auﬁmuﬁaﬂawLﬁu'u
vouan vieufauiitu Mnuinaiigungiiganiluaiouedeuilusngumgiiisng
iAnnsivavegumgd

3) Radiation Heat Transfer 8z U0IN1T01UMANTOUINTIE nalnNIu5IE
wiwidn vl sanemenuousayamaldisuiu Ssliidosedesi

Mnnqui A sadestunisiudaainudeuluviinaivinisusueinia lae
A3 eeUsue N mazldiadeludnume Heat Conduction wag Convection Heat Tun1sti
AufousenaNUsnaiinsUuena fenssuiunsiiuniaes essee Judanans

AINNUTLNOUN 2.2

Conduction Heat Transfer

Convection Heat Transfer

s

i

Radiation Heat Transfer
F

>

AMWUSZNBUT 2.2 NMSENUAINUTDU
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2.5 nénn1sAdufeudieean (Superheat: SH)

yanmsamdeudeen vie guiesinilunssuaunmsiiansieanduluaniug
laéjauﬁfuqamﬂﬂdwqmmﬁéu@fﬂummﬁuﬁﬂﬂﬁ nszuILNTazAntunglulsasansvh
Asduiiedosszive vensasvhaudy lusswinmsszive sshanuduasuaniuz
nnvesvandule uazgaduanufeurniuiiiesnsiarundu arwiouiigadulneas
VﬁmmLﬁuﬁﬁwlﬁqquﬁmaqm%"mismaqaﬁu lefivenanniadesszivededgumgiginiy

o LY

PunNNIBUMINANAUUNR (Sencan et al., 2006)

e
.

®

EXPANSION VALVE COMPRESSOR

Fl_'*.__l.-l_—--l_I-

Superheat

AMNUIZNBUN 2.3 LansrumUsiAn Superheat N1USLIeL Evaporator

ANNSDUTIA LTUNTEUINNNTTUAMUSDU NANBULNITANEMAILS U N151N
AUTDULUUTAINa19 waza1ulUd 1T UNISUINIAIINS DULUUN 1 UAITVIAI1ULE U
AINNUSTNBUN 2.3

Junaulun1sinafe guniikudyaaIesseny luguniausaius @13vi

& & . . ' a ° I a
Aanuduianusiduvesnad (Liquid) wazluvmeniugaing 0dssnealsvinnnud uasl
I A a ° ] N v o Ao
anuziluloau Wanueenannyansessemeansviaudulsianwasilule (Vapor) 7l

L599UAT (Low Pressure) vianustivadunduludunsasdnladaly
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2.6 wé’nmﬁfuqa?ﬁ (Subcooling: SC)
nénmsdugads mnefansrurumsiiasiheuduluaniusveavaiduasing
gamnAdudaiimnudud fmua wind uflnounugoivaransriianudu lusening
nsmvLLY ashenuduaziddsuaniurainleuveanas Insudesaruieulsiiu
Aoszuisnniufou 1wy tivioeima anufeuiivdesseniniihlioumnivesneusuees
397y veuvmiieananaeuaugeiTaigauugiqanitgumgisudaf aruduii fmun
(Sencan et al, 2006)

Fugads duduAntuannszuaunsiinisdaledfiedosniuuiu arsvia
Wuilaanuzidule wsefugs (High Pressure) Wlerhuiisnansnssdansienanduasianiuy

Juveanaiusidiugs sunmuseznaud 2.4

Subcooling I .
EXPANSION VALVE COMPRESSOR

=

AMNUIZNBUN 2.4 LanIiIumUeAn Subcooling AUSLIal Condenser
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2.7 wundnlgyy1Uszhvg (Artificial Intelligence Concepts)

JeyanUsefus (Artificial Intelligence: A (Elliot, Kizzy, 2019) 13 uanvnil

<9

a v

Ya33IngIn1sAeNiIwesiyudulunnisasinasesdnshidanuaiusamouuywd wwifa

3

s LY Y

nuidnyaUseiug AddyldTunumddydernudlauasimunalulad iy uszhug
wazyafului msedursumAangul Jyyvseavg Wulusunsud dudunisaiuany
fineenisldaiuaainvesuyued 1wy nsifeus nsiased waznisdadulaves
Jayyusehug lﬁﬁ’umma"m‘”zy}aa’Nﬁlﬂuqﬂﬁﬁv‘i’a vl 999109280 WUSEANS A w
uazrUseansnalun1svinausng 9

ﬁagmﬂszﬁwﬁﬁmﬁuéﬁuﬁgﬂuﬁiﬂ 1950 1il0 Alan Turing léiausuwiaiedfunis
afanesdnsfiAnuazyhaumdeunywedlsd mafwuntyyssdvsldiunstamunluane
Pra2an AawAnsadslusunsudiiaunungnld wag Alan Turing Idiauaranuddayin
“.n5 999 nsa1u1safalausoli” luunAiruaenwid e “Computing Machinery and
Intelligence” (Turing, 1950) Bsléiauen1snaaay Turing Test WiataAuaaInvauesesdns
faulul 1956 John McCarthy, Marvin Minsky, Nathaniel Rochester, e Claude Shannon
I¢dnnnsUszam Dartmouth Conference fifeidugaiEusuvestiygusziuglugiuraivnin

¥

Uszianaasdgauszavgd uwusldidu 3dnvae 1) nisifeugidedn

a & v

2) msisguiveaaed 3) Uayausedvg danmusenaui 2.5

o9

Artificial Intelligence

Machine Learning

Deep Learning

s

Anwusznauin 2.5 Ussanuestyguszhvg

&9

fisn: https://aws.amazon.com/th/what-is/artificial-intelligence/
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1) ﬂ’liL%'EJqu@ﬂadﬂ (Deep Learning) (Polson & Sokolov, 2018) tJuinalulad

o

nlasuanuiensgannlunmsivermanideyauas TyaussAvglulagiu Wudwd ey

<

vosilygussAugililassdisussamdoumaesdulunafouiuazdssinanatoyads
Aududou vlireuiunesinnuldedsfivsz@niamuasszauanudnsalunaiasiu
yosmsUszendlinuate mafeudidsdnugiuuuvesnsiiouiveuaios Aldnslivana
wuuliidadulaeondensornelssamiioy a1usadnsisidadevalvegansouniy wu
NM303933UNM930 lumanisiseuiidsdniaududase Ieavidon wazaunsaveny

ualasnnIlunan1siseuiveuaIeanly

[ '
£y =

dane3iunisiseuiiddnadausuniituteyanmuanlasu Auwiudeya wagyi

Y

6 4‘ 1 U a o v dl' a 6 v d' U 24 v gf’ dyu
AsARNIsaltiiavlelun1sandula Yiliasealnsieidauandudeulsunniu uanandes

Y

P v ' | Yo o o wa
Wielduszandluausng 9 Wy nsuszanananin n133dndes warnisuuaniwdniuf

'
a & =

2) M3TEUVBNATOY (Machine Learning) nilsluuszinnvasdyguseivg Fed

unumdAgluniswauigsialulandagiu nsiSeuiveualesiuyigussuianauas
Insndeyadiuuinluna1dudy wazdiaunsassysusuuiazanuiaunile danesiiy

Jyyuseivgussianiifous ladlanaiiiuly wWeldsuteyauindu n1531a0auuy

¥
a =

[ a = 1 r-:glj ) 1Y a v P ) gj 1 <
vos9aneiiumattazidu ilildneudsulusunsuliiaIosineutdunss q wusesnidu
pa8UTELANA LA

Y Yy v

2.1 Maeugwuuiaou (Supervised Learning) lunisasuszuuliginiu
£ N o v = YY o ! 2/ ! o v & & 1
Yoyaniitheriiu (Label) Fuliimmauaimt wu nmsduunnndaiidunuinmy
2.2 mafeuguuuladeaeu (Unsupervised Learning) Ld un1sasuszuy
Tiaumsuuuuvisernuduiusludeyanliiidemiu wu msdnnguanAmunginssunisye
2.3 N1945 U WUVLATULSY (Reinforcement Learning) 1 unisaeuszuy
TSgusunsassiinaegn tneazla$usieda (Reward) nion1sasny (Punishment)
v s a dy ! (% 1 Y a v
ANUNAANSTLAATY 19U N1sRIL e ARl
3) Jyayruszhuglaaunaly (General Al) Jgyaussivgnlaaunialy iWunila

Tuswamsvasniswaundgyyruseawgn g wdulvipi eadnsniessuunouimnes

fnnuanansalunsAnuasuitdymigunywdls Jyaiussivgnldauniligadunisasia

&9

v Aa

a o d' v P
szuuiliauanunsaniluiiantunisussananateyanaznisandulalusuuuuivainvaie
wazdudou wurRnfeiudygIUseavgnluAnTuL1a1nANABINTlUNISE3 1952 UUNT
ANNEsatuNsuskazUTuRedluanunMsainliuuey Insiduuasimuisiegenin

nnsviauluanvsing 4 vesdygiuseaug Wy n19Seus8En nsUsTulana
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AM915554%18 (Natural Language Processing: NLP) Lagn15u0t A UA 18NN ILADs
(Computer Vision)
HyaseAvginarsUssianiidauasnsataznisussondldauiivainans
FudnsiFeusvenadesazniniouidedn lWeudinsUsvananan wsssuefnagnis
seadiusgaoufiames mevianudilafeadudseinneing q ves dygnuseivgasaasli
Li’]‘LfWL‘VlﬂiuiagL‘Vt’ﬁl’1ﬁyuﬂ"lﬂﬁlﬁ@Ui%l&%ﬁ%ﬂﬁﬂiﬂﬂ?iﬁ@ﬂ’]LLazLLmGUﬁEyMWII’N 9 Tu

FinUszirTunazlugnamnssusng o

2.8 WWIAAN1SI38U3LA9EN (Deep Learning Concepts)

walulagnisiSeus¥edn (Adedokun, 2019), (Neapolitan & Jiang, 2018) 1
nanaluiidendAgluisnismsdeuivenniodns Gudinsideuasiunuainnungluaivil
Tugrsnaliuuiiiiun nsseudidadnuandiiiudsdnenmiuiieninguuuuau q veq

= v a4 o A 1Y = % % M A = Yo
NsSeuivenAIedng lnglanzegreddusunmsssuinndeyanliiidiede uaglasuns
Uszendldlunanvaneann enudisaaigalunisdeuiidednddudidglunisimunan
e usehivg
= Y oo o I ' = y A S 9vo a =

N1seusLAeEn Wuavgesvenisieusiniesddlddanas iulunisussanana
Tayanaritaeinszuunsaatieiiaun Winalulagnisiseuiiddnlunisiseuinisians
Uaya Deep Learning ldtudanasfiulunisussinanateyalunisidilanisnavesuyuyduag

1Y

n1539n3unm Jududiunidweanisfeuisenas esdnsiignusznaudlgniuney

Y
YBILAS BITNT miﬁsuijﬁaﬁmﬂmmﬁﬂﬁﬂ°w§ﬂﬁ§’ummau1ﬁlaaﬁamﬂimﬂmi
JyayUseRvguagingimsaeuiines Wesnanuansatun1sinnsivteyandudau
° aa a a X = Ya = o ! v &
LAENISNIUIENUUSEENTNINUINTU iuﬂWiLi&JungaﬂuuLLmaaﬂlmL‘Uu 6 Usehan
1) 138U TTENANUIIUY I (Convolutional Neural Networks: CNNs)

LATRUBUTTAMAUINIUL druannins g msunisussianan nuazinle

1%
=

Inetiguisenin Convolutional Layers M19281Un15A0018NHAULIAUUDININDDNLT FIRLIY
MTUNUYL N1FINTININ N13ATIVIVIAG Wazn15UTUUTINIW (Wathrich & Merz, 2023),
(Osval et al., 2022)

2) Ih¥allmIsnuuuiundu (Recurrent Neural Networks: RNNs)

A o @ acs v o= Y o Aao oA

Tfadadsnuuuiundy laswairnldlunisussuianatayaniiadurions
Wousie Hwaanlden wazandiveyandainula wangdmsuaunieulesiuigy n1s

ULIIANANIWITITUYIR wazn1svinunenewiias (Withrich & Merz, 2023)
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3) Long Short-Term Memory Networks (LSTMs)

LSTMs (duusgianves RNNs Afmununiitondtyminisaudoyalunisiuedsl
ANENYeIERUTEN TeuannsalunmsiFeuduazanirdoyafifianududeunazeuiy
(Staudemeyer & Morris, 2019)

4) Generative Adversarial Networks (GANs)

GANs fllassasafivszneuselunadiudeduiu Seszneusmelunaiiainedoya
vl (Generator) wazlainaisuasiaaey (Discriminator) fnsldaulunisasianimuas
foyaiaiiouaseifinanings (Goodfellow et al,, 2020)

5) Transformers

Transformers 1JuluiaaifinisaianifiennsUszanananwsssuvAnagnudi
mnududou danuannsalunisyiunedeyasdionisld Self-Attention Mechanisms %3¢
Intiuszansamlunsussaianauaznisiseus (Kamath, Graham, & Emara, 2022)

6) Autoencoders
Autoencoders iulsinaiildlunisanifvesdoyauariSousdnuasiduvostoya

dingnihanlglunuiifeidesiumsaniifvesdoya waznisaiadeyalainaunings (Baldi,
2012)

2.9 LUIAANITESILUUIIAB T 9IU8 (Building Predictive Models)

nsyunelazuuusiaemisaia (Vell et al.,, 2020) Wudiudrdgfdaelmiune

panainmgmsaiviedsiistuluouanldesutluuaziinuindetiogs thuaedatiunis
W wuusaowe@dnf arunsou Ul vunsnaesnssurunisus odn12s 7 fonIs
asraaevlunainvansanuinermansuasmealulad Selumanisviunsnuurhunsduanen
”Lw'ﬁ'ﬂ"wa“qL@“U‘EmfluﬁlwammammaiuiaE‘Tﬁ'ﬁaqLLazmﬂIuIaéﬂwﬂL‘ﬁ'ami’ﬂﬁmaiﬂ
NNYAMBYNNTIALSILATTWAIUIFILUY AL8N1TE5 1 uUTe0adiunadunssuIuns

(Y] [

Juuuans 9 FadenldiueyAudnvuryesdayanazingUuszasAvaenig

Y RY) 9

AaINVaneLazil

e ol

MUNENADINTT TVUNBUNITASILUUINADINIT

2

1) wsgudeya n1siwseudeyaiiivinzauuazmsiaLareInteya
2) W@enuuvinassiinuigay dndauladenlduvudiassimunzauiudeyninay

Joyanil Mailfideladonsnun 4 wuudnaedlaun
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2.1 Naive Bayes (Viet et al., 2021) JudnwagesdanesnunleisnsAnuuy

anvazvesmuandunsenfeasdeiiosananisaineunidiulnglunisdnnguuas

[

wenUsznnenenisldaunis (2.1) (@sens lveduns uazene, 2564) TunisAum fall

P(x|c) P(c)

P(clx) = ==pr3

(2.1)

nefl Plc|x) wneds anuivzilures cdlansiuadoya x Ailviue

P(x|c) vnefs muiasiduves x diensiuamdeya ¢ Aldvine

P(c)
P(x)

Wi Anuasduneunthvesanuisiu ¢

Wi puasiduneunthvesauufsy x

2.2 Support Vector Machine (Akbani et al., 2004) dnwaglunsiuunyataya

¥ as 2 o (% [ a (% a 1 (% 1 | < .
AILITNITNN Hyperplane Isljﬂ?ViULLUQGUE]JJ“aVIWNﬂu LWE]M']“Q@G]N?’IN?%‘VDNLLG]@S“Q@LUN Margin

1Y

e =)

CEY,

nuaglunsTunfININUTENBUN 2.6

2 I

Maximum

Maximum
Margin Positive
J Hyperplane

Py
44 ¥
<\ o
Al .
»

Margin~
Hyperplane

e ® ®
N ® ¢

Negative Hyperplane

Support
Vectors

»
'o

nwUsznaun 2.6. nMsdnaulaluu Support Vector Machine

fanunienniige uazilvenveansiuundnuaeiae drmmansalunsiuunteyaiiila

2.3 Decision Tree (Charbuty & Abdulazeez, 2021) wuudnaoilaselaseasig

suliifldlunisdndula deinisuendeyasenidun

| aa

qunlanwaizAa

[

1eru Tuwsazlnuaie

Mlunsihwena nsdedulall dnsdndulandeuwuunyed wasinladie Tanwarlunis

Sun be wA 1) Root UszenyNode 2) Decision Node 3) Leaf Node S8n®uen1597hUN

AINTNUSENOUN 2.7
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‘ Root Node ‘
_
e e

= 2

- .

‘ Decision Node

Decision Node

R .

St N =
N o \\
P 5 i

& N i a . B & . . Ca

‘ Laaf Node

‘ Leaf Node

[ Leaf Node ‘ Decision Node

.

2
Pe
o “
s -

[ Leaf Node 1 [ Leaf Mode J

AwUsenaun 2.7 msenaulanuuaulel

o v dy 4 Yo % o v A
n1siuednwuziinlalddig dnldlunisduundssianvesgnamse
nsandulagy MysudRaue

2.4 Neural Networks (Miller & Guido, 2016) wuusiasudsaniildinalulad

N15138uFean Wenmsiuedeyandudeu ddngamlunisisouswazlinsgideys

Y U

=

7 gugoun1n Neural Networks 1 udanasfiudl Lasunuun1sAndAseibuuuyue

Mndnwarlunsinilunaves Sanesiviezidiudszneundn 3 @uuszneusie 1) Input
Layer \ugmiisuyadeyauazdads daudseneudl 2) Hidden Layer finthitlunsiinsies
foyafisunandu Input Layer 1y n1sdnnis msBestoya Wus vilsiaslunsdnula
1653 3) Output Layer Wuduuanwalunisduunyssinvlunisindulavesdoyaildsy

#eu191nYU Hidden Layer duiisuuuulunisAndanindsznaun 2.8

Hidden

mwﬂ'a'::na*uﬁ 2.8 nsinaulawuu Neural Networks
fan - (Krishna, 2020)
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mikuvInaedluldazuuulnuaudRnanIszamInzaiunsIwg

[y [

wazdayyfuananeiy mMsdenldhuudtassnmunzanidtuegivinuvazvosteyaiiioguay

Y

InquszasdvesmsihunefidesnmsmiuisiukazUssansnwiigegn
3) RnuazUseidu Anuuuiaesieteyatazseidulsednsnmveawuuinass

Mglayanaaay

1) mslideyanaaeu enaaeunnuaisalunisiuisveuuiiass
lefn eglddoyannaouilillaldlunisiin uwudaengiunenadnsnmudeyanaaey
e iauszansam.

2) MhATinadns nMvsudiudinslinseiandmuninuasaids
USunaw 1wy n1sldanarnuuaiy (Accuracy) Araanuiies (Precision) Aausedn (Recall)
uay AEana (F-Measure) iloUseidiuyszavsamaesnsviiune

mMsilnuazUszifiuwuuiaesdsinedunssuiunsiidesietaseunsy

ielilahuuinaesniiussansnmguazintetistunsiuenadng

2.10 N15UsANUSZANSAINALUU (Model Performance Evaluation)
Tun1sUseiuuseans nnmakuy (Model Evaluation) (hitexts, 2023) 211015
SeudveumsesansanuinsUszdiuliidu 2 sUuuu Classification wae Regression
lugUuuu Classification 97uuniSendn Confusion Matrix @191 @16 Y71 A3
A093 AanmUsEnaun 2.9
. & A = v a o a v v a
1)True Positive (TP) WuA19in1siseusveansssanunsadndulalagndesniui
AR IS
. & A a v a v a o 1 ay vy
2)True Negative (TN) LuA19n15i58 U3 v04LAT 09a10130ARFUATIAUATT L LA
AN I
3)False Positive (FP) LﬂumﬁmiﬁaufﬁumLﬂ"%’@ﬂﬁmﬁu%ﬁmwmm LARTINUAIT

AN I

oA

A)False Negative (FN) iuAfinmaiseusvenaiondulainnain wagassiuaii

Tailaminnda



22

Actual Values
Positive (1) Negative (0)
< TP FP
>
@ = True Positive False Positive
2| &
(U
>
o
Q
k]
'c —_
2 = FN TN
ol I
= False Negative True Negative
()]
(]
b

AUSENaUT 2.9 Confusion Matrix

Walam1 TP, TN, FP, FN ka2 un15uUsetiudseansninai835 Confusion Matrix

Alalun1sUsEEY Accuracy, Precision, Recall, F-Measure wag ROC curve

A1 Accuracy I dmsuTadiduvuduaiuisafiazdndulalagndssualuu
Y ng

wa ldaunsarazladnlavinainauiniu 2 wuudubuldaiuisaldauls 35n1sA1uluan

v
v A

Taunns (2.2) sl

TP+TN

Accuracy = (2.2)
TP+FP+TN+FN

AN Precision 1TAS19@0UD AL 89A5INUAIN dUld AIRASNISAIUIUAN

Precision taunns (2.3) lasadl

TP

Precision = —— (2.3)
TP+FP

A1 Recall Tddmiunmiagiviuuuannsaviiunglagnaeuelny 1438n1samwIu

A1 Recall Toaunns (2.4) lagadl

P

Recall = TP (2.4)
TP+FN
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A1 F-Measure updildlunsdndulalunisideniumainlaafifign auuails

¥
=]

PMNFUNT (2.5) lan

(2 X PRECISION X RECALL)
F — Measure = (2.5)
(PRECISION+RECALL)

A1 ROC Curve Wunsmiidmune1ssninednsduiiviiunegnies wazdnsidiu

Mueia AsENns (2.6), (2.7) NlalunisAuiungil

TPR = £ _ (2.6)
TP+FN

FPR = £ _ 2.7)
FP+TN

A1 AUC Curve Wunsinusgansnmuedlumanisiiuneg fenisgainiiuileidu

ROC (Receiver Operating Characteristic) luina#iil AUC gedluse@nSainnisviiungia fn

A 1o

AUC 8¢5 0 e 1 lumadidl AUC 1nlng 1 Susg@vznng andldenndn 0.5 duualidaily

NsLANE

2.11 2993NITWAIUISZUU (System Development Life Cycle: SDLC)
N3¥UIUNTNTTINVBINISWRILINFWIS Tunumdrdgidunssuiunsnd

(%
(%

lassasiandrslunisaiendndusigenduiiamnings iauduneuninualisg1eangue
NNTINUNUIUTITNITTINIUNTNAGDUAN 9 NT2UIUNTT SDLC Usznaumieluinasig o L
lutna Waterfall, Model Prototype, Model Spiral, Agile, Incremental wagRapid Application

Development (RAD) @441 aE 3 UDBNKUULLN DA UAUDIAIIUADINITLALTOAINUAVD

[
(K%

Juagiutemmuaianig

s

TATIN1TLANANAUNISIEDNUAE 2995TINVDINITHAIUIGONALS
Yodlasinsiliosanusazsulidefuazdedevasduesiiludsddydmsuinimuniioz
& oA a
NenJunN v zauIan

aglsfiny Anud1dgyed1vBsiontsadimdndurvenduisidauninguas
MBUAUDIAIINADINTITUBIK LT LADE19QNABILATATULIY 2ITTINVDINTHAILILENH WIS
agr8lunsuisn1svaeenlud unoun1e 9 98198aau WU NSINURY NISILATIZIA
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YaaATa (Machine Learning) gatayai 3 Iddmsunisvadeun1siseuivanases Tunoui
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(D) Data collection
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____________________________ e Y |
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e : | = -
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(B)Fault diagnosis

! : :
| |
: Optimized parameters | |
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|
|
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| Fault diagnosis results »| Output report |

amUsznavit 2.11 Tassasalunisideludnuay Deep Belief Network d1w$u VRF
17 (Guo et al,, 2018)

Hvidelaiauenagninisidendeyadmsuiuuinasimsitadeanuianain e
151438 DBN FathelumsuszgndlidsnsiFouidednludoyanisifededefianainves
J8UU HVAC

Jiangyan Liu, Yunpeng Hu, Huanxin Chen, Jiangyu Wang, Guannan Li, &WenjuHu
(2016) IgvhmsiseiEos A refricerant charge fault detection method for variable refrigerant
flow (VRF) air-conditioning systems ll438nsmsadafildlunisnswiuanufianaislussuy

Usuona VRF eademsiasizvidiulsznaunan (Principal Component Analysis: PCA) uag



28

WHUQAAIUANA1LRA BLAd auT L UUE U T nwUUNIA L (Exponentially Weighted Moving

Average Sign Control Chart: EWMA) flanwusznaud 2.12

Offline Model Training Online Fault Detection
“~ e ae eSS —“\\)
= —— e ——
:Lh_—“’_._/') == ————
Data from Data from practical
cxperimental system systems
—_— —— e =
i 1. Data preprocessing
| | Fault data set | I Normal data set
—-{ Data preprocessor - l
\ Normalized matrix ‘
- z "~ Practcal daa
2. PCA model training | T Lonking et i residual vectors e \
B ¥ [
Fault data | Normal data T ——
2 = o “V A
residual vectors e” ‘ residual vectors e BN alcontzol
|
q I ' A
| 3. EWMA model validation 1 7 e
! EWMA control charts ' < Out of control? >>—
i S ' T~ = N
| TSRS H ~ 0
: No S Yes Yes
< Out of control? > T -
. v Fault alarm
] > I
Fault detection
results i

AMWUTZNOUN 2.12 LanITUmDuUATYINIIUUee EWMA Model

fign: A refrigerant charge fault detection method for variable refrigerant flow (VRF) air-

conditioning systems (Liu et al., 2016)
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Foyavualvglld snAfeisuandifuiiBnstiluussgndldiussuy VRF 18
Jiangyan, Liu., Chen, Huanxin., Jiangyu, Wang., Guannan, Li.,, Haorong, Li.,
Wenju, Hu. (2016) Igvinsidedos Fault diagnosis of refrigerant charge based on PCA
and decision tree for variable refrigerant flow systems.Ummmﬁjﬂ,{QLﬁjul‘dﬁlmﬁﬁﬁlﬁ'a
JoRanainlunisuszgansvitanuduluszuy Variable Refrigerant Flow (VRF) sgld38n1s
wHu9n1sAndulaluy Decision Tree mueane3viu Classification and Regression Tree

(CART) s mdsenaunt 2.13 fIdelddayaanszuu VRF naassienaaaulsednsamees
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| extraction remove
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|
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Experimental e e
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Online data set
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Online applicaiton

AMUszNaufl 2.13 Flow Chart uans33 CART vesdayatounnioseslszgansinnanuiy
1: Fault diagnosis of refrigerant charge based on PCA and decision tree for variable

refrigerant flow systems (Liu, Chen, et al,, 2016)
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HaasURITulald 38 CART wuu Decision Tree lun1s3Asesilininugneesio
JaRananlun1sysausunaarsyinanuduliliieane vse nsvsaiu Tunuidednisasne
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Zhengfei Li, Shubiao Shi, Huanxin Chen, Wentian Wei,Yuzhou Wang, Qian Liu,

Tao Liu (2020) l#veuiddeisos Machine learning based diagnosis strategy for refrigerant
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Yang, M., Cheng, L., Cao, M., & Yan, X. (2022) ¥"41u1 3 ¢ 1509 A Stacking
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Arsov, N., Pavlovski, M., & Kocarev, L. (2019) TAvn193 3815 09 Stacking and
Stability" I¢sjaiunsuszgndldinaiansieuiuuudou (Stacking FadumaiianisiSeus
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Bayes Hu5IAL59n31A30918 Bayesian 9819110 Inglaniziiisldisniseene Gibbs Sampling
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91MsidgveRAT RS URINIAKUUTINALY UssianUsuarsianuduudsdu lagldnis
ISu3U0NATEN

ada v o

TuanAdeessillilunuidenldsadeuisidednuarnuidodauna wasaunm

Yya v o

1198 39811581599 UA AL UIINNG UAIDE1UUULRNIZLIIZIT WU URDY

3
TusuAde Feilduneundn 7 Suneu fail

3.1 Usgrnshaznguiiegg

3.2 FupeunsAIuNUAT

3.3 |a3asiloniay

3.4 guUnsoifltluaAde

3.5 MFIATIRNTRYA

3.6 IA1UTEUTEANTANUDITEUY

3.7 MSUSZIHUANUANNZAULAZNITIOUSUTDITEUU

3.8 993NNAVBIUITY

3.9 a3y
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3.1 Yszvnsuasnguiiegng

1) Mafnuited I8lETeyanniadesfuemauuuTiugud Ussanuiuans
anuiuwlsiu VRF Ingldyadeya samglivie gaumgiennia ussiuansiauiu uas
$1udn-Uaves Indoor Unit Teyafivuiindlddinalinisiianuvenndesusueinia
wuurmausiimaiauiunndsesntluudazaanmehauvesszuy fegadeyatldly
yadoyanInNIeUiEy wamed ga 91n duteyadsuiu 479 isareda Tugadeyailldi
mafiudeyaanszuuyiuenan fillinunesdieu 3 4a uas SruauLiuABEd 16 Y0

2) nqudeyafiegaililunsfinu fe deyagumnivietnen Toyaguugiines
usadluszuuiATesUSueIne

3) {ilermaluszuuind osufuenauuusanAud Ussandiuansriiamudy

LUSHY VRF

[

3.2 YUABUNITAIIUINUIY

a

Tuauddeasslfidulduladunouuarisaniunuideeondu 5 Tunoundn
U TgUszasdlueide dedseandendomsil

1) NMsfneuaziinszitym

N 330ldvn15@ nuded e dnaneUszdnsamnisiasevienniside
yoaazesnMsiivieya ethultlunsisgimnszuaunslunsasaaouuazyinung
9In151@8v0aia3 paUfueInia dedruunaudnunzyesnisiinaluladuiuseegndld
Tunsiinsedt uagdontge Wellinussavsnmuazdesiunsifineinisideainnisiney
YesszUUIAIBsUTUBIMIAT A nUTInua ey feismsnunudeyan

¢ v ‘:4'

1W3Te 1530n530 uney sawiideyaniadvled deyaiihunAnwfiTiuiudeya 479

Y

o =

Mog1e Jaldyadayailaunain usen wamest aa 911 Feunglugadeyatiuusenausiy
Toya Wi Yoyagaumil Teyausaiu dnmsivuaveulwanisfinudssieluil

1.1 ieRnwidadenilnaseussdnsn mnsiiasied aTvdeu wagyiuigeIns
= & U L4 [ o < (Y
LEBUDILATOIUTUDINALUUTINAUY UTznnUIUaTvIA g ULy sy

1.2 Waru1seuudiasieyd asi9asunasyuIenaa19ny181n151de

& U L4 [ o < (Y ¥ a k% d'

Yo4ATRIUTUDINIAKULTINALE UssinvuTuansvianudundsiu TngldnisSeuiveunies

1.3 Ysziduszuudiasigy nslvasuLaziIuienaa 19118101518

dl U 6 U [ < U ¥ a v d‘
“UaﬂLﬂﬁ@ﬂﬂﬁu€1’1ﬂ7ﬂLLUUi'3Nf}u& UeANUIUENIITNIAULE ULUIHY Iﬂﬂi%ﬂ?ﬂi&]ﬂ?ﬂ@ﬂmiaﬂ
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1.4 evmsiauenaindudmiviiegei asedeu wagviugnaaamih
o Madsveaa3 0sUfueINIALUUTINAUS Usstandsuaisiannafunusiu Tngld
M33euiveNaie

1.5 insusziuanuienalavesditnuneundindudmiuinget asvdey
uazviunenadmthonsdveanissUiuenanuuringud Ussamuivansyharandu

wUsiu IngldnisiSeuiveanies

2) M35UTIUTRYA sﬁ'umaumii’miam’fayﬁﬁ?ﬁaléflﬁmwim%’agaﬁLﬁms{’faa
ﬁ’uﬁa%’aﬂdwadaﬂmﬁﬂmmnﬁsﬁuaaLﬂ%w%’ummmwmam@ué Ysznnusuansvinany
< Y ] a H v § < . . . a1 H '3
Wuwdsiu W gaumgiiviedreireedifu (Liquid Pipe Temp) aumgiivieiieneenneegd
Wy (Gas Pipe Temp) gaungdnigluiesuiueinia (Room Temp) gaumaifiviavdn
ABILNTALES (Suction Pipe Temp) aaungiluneanaeulnsaiwes (Discharge Pipe Temp)

9 Y

aamglyaniuuiiu (Condenser Temp) WuiwasTausewigs (High Pressure Senser) uies
TAWSeAUA (Low Pressure Sensor) ¥adayafsiunidlatudundnuaeveytayaiy
Audeyalduu daaiesliveiniaaiuisaiauldund wazgininenisdeves

isesUsueMALUUTINALE Ussanusuansvianuduwdsiu VRF dsnmdsenaud 3.1

11 et & ¥
T ——— o
S

COMPRESSOR

EXPANSION VALVE 1 T 1, \\\\\\
na

EXPANSION VALVE

i o o i

— NN

awdsznaudl 3.1 sunds dringamnll Wuwesiaussiu melussuuniesdiuennia

wuuTamAud Ussianusuansvihanuduwdsi VRF
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3.3 1A9893AN5IY

[ 5

Tuhdeirdesiionsidet findesdleldlumuise dusvuiadumdendn 3 vhde
et

1) FILUUNIIATIVABURAZIMUIERAGIINT 18171548 8709LA3 89USUDINA
nuusImgud Ussiamusuansvimnudundsiu VRF

2) FILUUL 8vn5UTE I UUTE AN ANFIRUUN S BRAE 1T 8175V E e
yoaATeIUFuoIMALUUTINAUS Ussnviu3uansvinansiduuusiu VRF

3) WaUNALATUIINAILUUT LA W T ud T uriutenas1ant101n1518 e
YourdsUiueMALUUTIAUES UssinvuSuansvianudunysiiu VRF fanmsznoudl 3.2
Tun1sWAIILEUNE LATUIINFLUULA Dn15YuoRaa rsnd 1 il dunaulunswaun

v
v

WOUNRLATUAUIRITDA I

va o ¥ £

3.1 AATENTLA LR8P TDUARILUIULNIATIEANDES 19w UNALATY

Y RV

=3

3.2 NseanuuuiauszuvInmMsitanalnezunsuduunasgiuldidunim
uanaszuy el landnuesszuumendung Tnglduanimuduiussenineldauszuy
Prglsiffeenuuuannsadoasiuglfuazszuu

Tumsasaueundiaty Inisesnuuvgainalaszunsy lifanmuszneud 3.2
Pntnslda axfimyninldoaudmsugldaulu 2 seiu

3.2.1 Administrator Az lguniluntIfg 9 ¢4l LOG IN, ACCOUNT,
ACCOUNT LOGIN, PREDICTION STATUS, RESULT PREDICTION
3.2.2 Technician avildauniilundisng o &l LOG IN, ACCOUNT

LOGIN, PREDICTION STATUS, RESULT PREDICTION
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nsldunanesy Google AppSheet TunsiauweUnaAtudInsunIsiTuIeNa

A309USUDINA FININUSENBUN 3.3

AVE_HL
179.22

o)

SC_AVGT
1.83

@)

AV SH*
1415

o)

Power On {Cool)
16

am()

COUNT OFF ™

Cancel Next

FAULT

A L
175

16

COUNT OFF

WEIGHT Ch

0.000
NEIGH

0.451

WEIGHT Ava

1.765

=]
n

amUsEnaudi 3.3 feganslday AppSheet

THunannasu Google Sheets lunsinuaeidnmnudeya Data Record dw5u

nsifeuiiu Google AppSheet fanmusznaud 3.4
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T S COUNT ON COUNT 08 [MGILLW | COUNT ON COUNT OFF AW I AVG 50 [ [ i e |
¥ ™ 1. - T ) ] 1 L] = tm Bk
n + L 1 a ® e ok
2 u 1 L] ' 4 LY o skt
3 i 1 L) t LA e k.
2 4 i a t Y] € Tkt
14 a ] 0 L ok
“u 1 L t t L tw ok
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1 1 L} L a e fouk
a t L 1 LX) L] uh
18 1 [] 1 Lk t b
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amUsznaudl 3.4 §eee Google Sheets

3.4 gUnsaiililuauide
Tuuddedes nsiaszuUATed ATadeuLasIeRad T ReeIn5de
“UENLﬂ%aQU%JUE)’m’]mLUUiJNQUET UszinnuSuansianudundsiu Imai%’ﬂ'ﬁlf%suieuml,ﬂ%q
‘vm;;’j‘ia"]’almﬁﬁm%mﬁaiumiﬁwm‘i%’aﬁmif&’wLWﬂ”Lé’ﬁﬁ
3.4.1 915awS (Hardware)
wP3esnouiiamed Sdauusznaudid
1) nuleUszanananas: 11th Gen Intel(R) Core (TM) i5-1135G7
@2.40GHz, 64-Bit Operating System, x64-Based Processor
2) NMinuandua: Intel(R) Iris(R) Xe Graphics
3) NwAINIIVEN: 16.0 GB
4) KIANMUTIET9: NVMe UMIS RPITJTI512MEE1OWX 512 GB
3.4.2 gaWAIg (Software)
1) gaudkIsszuuUfuRn1g: Windows 11 Home Single Language
2) BNALITANSURAIUIAILUY: RapidMiner Studio 10.2.000 (rev:b1db29,
platform: WIN64)
3) Microsoft Office Home and Student 2019
4) Google AppSheet
5) Google Sheets
6) Google Form
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gateyailtlunsfnwadiswuuy wasnageudiuuuilunisiutayainssuy

w3sUsUeINIALUUTINAUY UssianUiuarsianuduundsdu lnesiusiudeyaldlulid

vrf_data_fcu_1-16 VRF.CSV &alasuanynie usem wawes aa 91in fsnindsenaud 3.5

oc DCTe 00 {657 A1 O] 6315 0C| THR 01506 THI O B3 THA 0508 THe OR{ 15 (51 Te DSJI61 E3HA1 05 5305 O8(R! Hx“‘lt‘Triaxg"‘»d |03 TH DS)05 THT 0505 THHS O6{( Tc 08653

#4443 13 4 1F 165 Wi 37 EE I | 138 T Wb By Bl (AT

¥ a3 19 4 4 N6E  BI 26 14 153 i 7 n B3 M

T oar 13 4 4 165 BY O BE B/ BT 383 ) ny BT #e  #r

73 a5 19 36 4 W52 BE O OBE BT B6 i ] B BHF 63 #By

i1 a3 15 36 M4 N2 BE B4 £ T T 7 ] B3I HE @5 48

£ (4 15 1F  #M M5E BT 4 #I  3 363 T [l BT T 46

£ U ¥ 15 4 MM MEE BE B/ WA 13 w7 B5 He &2 46

b 172 a6 15 4 14 165 ny B3 w4 12 16 a3 eri ] n1 o “l
L ¥#a 41 5 4 InA 165 ni 53 B4 12 s L az n6 M3
i3 a7 13 ¥ 14 NEE BA B3 /A Nl /T T L3 HE 81
bk} 1 @3 &l 19 4 4 N6F B4 BT /A Bl 356 u3 HE 23
3 63 2 &6 13 4 M ns BL B3 B\T N 151 364 7 BT 83
®5 K1 M4 33 T3 461 i AF 151 M5 B4 E T 16 36 Bl HBE &4
W6 K1 M4 364 73 das 13 [l HEs 14 ny Bl 32 1 5 1 AR BI &
ns *1 a4 363 TR ¥ 18 if mes a4 ur Bl a2 b} 081 124 3 A ni  HE 48
5 1 44 363 kI 11 L Wl a3 B4 Bl I ] 1053 3 BT £l Al B4 5
bk 1 44 64 33 4 11 22 081 BI B2 B4 E 15 § 3 W67 T ) nr B3 81
W5 361 M7 363 0 F3 &S 15 12 ms Ry 61 B H @l 3 g1 i BS nB 6 8.1
5 % U O T 18 15 Hes Bk 351 B/T B @l 5B 181 353 o 03 ue 83y
5 1 47 33 Erie I ) 18 16 ms  ws 6] B O LT -1 5 32 BES A2 HE 4
5 ¥oH4 33 £ 15 4 Ws R B3 - ¥ ¥ ns sl 1667 3 B/t b7 a1 HE 43
55 I T &) £t} L] 11 22 m|s B3 B By I @3 &Eh 166.7 il 1/l A4 Al Be a9
5 1 AT 363 ¥ &l 11 12 s Ry B BT EL I | % 16T EE .t 432 3 83
3 1 44 362 E ] 11 12 i1 S L | £ i 76 W3 6T 1 e 13 Al HY 83
5 ¥ M4 33 T[R4 1 1B 81 3y /1 BT EE I T 53 3 w3 BT Ny He [
i3 I T T T ] &7 1P H3F Rl BE 351 ¥F M IS W7 w053 3 M B3 nE B a5
H6 K2 M4 a4 NE 47 11 1B W53 1A 0nE 11 By 505 &3 53 45 G, I ny  H7 o
e E®3 M7 1A ni o us 11 2 W3 MBS RE I w7 Wy 5 &l 1667 51 By B3 A5 LR Hl
%6 ®A AT 365 T s 15 29 W1 IS R BI BT M3 @3 &3 095 13 £} & 34 nBI L3
B1 B4 M7 3T 3T N8 2 33 M 1833 RE OBI BT M3 IS &5 108 51 33 M3 23 Hs g4 23
HE  BA AT W7 36 it 12 13 95 1A ¥ B1 w7 Hy Il 45 3 1095 44 33 8 A6 HE @5 0 BL
ik £ S | R T | 4 5 6 M9S5S B3I BI /T M3 I1 M8 bR ot i7 0 B4 ma L5 By B 54

awdsznauil 3.5 Yadeyainiesusuenniauusingud Ussanusuansyhanuduulsiu

AINNUTENBUN 3.6 A9

VRF

1). ¥aregdseu 1 svuu Usenaudle CDU 3 ¥nausenaunigyngunsal

1.1 woslawasing JEUNY)
1.2 masmamai’mﬁgmwﬂu 19vie TH4 (Discharge Pipe Temp)

1.3 mesilamaTingamniiineinia TH7 (Ambient Temp)

(5%

119 TH2 (Suction Pipe Temp)

1.4 WuwesInwsIiuge High Pressure Senser

1.5 WuwasIinussius Low Pressure Senser




41

MwUsENaUN 3.6 Wuwas ALl 89-m

2). gapeedifiu 16 ga Usznaumeyngunsal daninusznauil 3.7 fsil

s ]

1.1 meslawmeiingmilinvie TH2
1.2 meslawmeiingmgilinvie TH3

1.3 moslawmesingamiline1nia TH1

MwUsENaUN 3.7 weslaweTingamgivie

3.5 nMsAAszidaya

'
Va v Av

menzideyadunszuiunsififeliingusrasdiieidoyauiesgidmiu
afemiLuUnsnsIRdeULaziueNasamdee M TdsYeAT o T UM ALUUTIAUS
Ussamufuansvhanadususiu Tnensutensinses fadl

3.5.1 59usiuveya waginIeudeya (Data Collection and Preparation)

nsdnnseudeyalunszuiumsianunsoudstuneulunssiuniudal
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3.5.2 Anviendoya (Data Selection) Toyagumad wazwssiuansvitauby
Tussuuansvharudureaaiesufueinia $1uau 110 Attributes fanmusznaud 3.8

3.5.3 yhArwareiadeya (Data Cleansing) lunszurunsiynsnmadeuuas
uiilvdeyaibiauysalvesyadoua fnmuszneud 3.9

6

3.5.4 Nsvansyadeyainiasusuomaluusngud Ussnnuiuansinanudu

2 a A

w5y wagndnmsvihanandy arwdeudsan guiesdn uastugads iledanisdeyald
AmuUsTiasnsaiinseild dsamuszneud 3.10

3.5.5 fmuasaAdieiiu Label dmduldasunisifouiveaaios (Machine
Learning)

3.5.6 wlasguuuutoya (Data Transformation) fimsudasfeyadudnuazdmiu
msihdhdeyadmsurensinag RapidMiner Studio dsyadeyafiidrdvdaludidu *.csv

(Comma Separated Value)

Import Data - Specify your data format X |
Specify your data format

+/ Header Row 1 File Encoding xwindows-874 v <+ Use Quotes |
Start Row 1 Escape Character \ Trim Lines |
Column Separator Comma ™" A Decimal Character /| Skip Comments #

1 TH2OC{... TH30OC(.. TH4OC{.. TH6OC{.. THTOC(. THHSO.. TcOC{0.. TeOC(0.. 63HS10.. 63LSOC.. TH20S8{. TH3OS{. TiI™!
2 265 363 414 36.2 384 433 33 4 1138 1166 339 357 3¢ |

3 265 363 414 36.2 38 429 29 4 112.4 116.6 39 356 3¢

4 26.5 363 414 36.2 377 427 29 4 1124 116.6 ckche] 356 3¢

5 26.5 362 414 36.2 37.3 4258 29 36 1124 1182 ek} 356 3¢

6 265 362 414 36.2 37 423 29 36 124 152 338 354 3¢

7 26.4 361 414 362 371 421 29 36 1124 1152 a7 354 3 :
8 26.4 361 414 36.2 371 418 29 4 1124 1166 336 354 3¢

9 26.4 36 414 36.2 37.2 418 29 4 1124 1166 3358 353 3¢

10 26.4 36 414 36.1 373 441 29 4 124 1166 335 353 3¢

1 265 36 414 36.2 373 447 33 4 1124 1166 334 353 3¢

12 265 361 414 36.2 373 451 29 4 1124 1166 334 353 a |
13 26.5 361 414 36.3 37.2 458 33 4 1128 1166 334 353 3¢

14 265 361 414 36.3 373 461 36 47 1152 1195 334 353 34

15 26.6 361 414 36.4 373 46.8 33 4 1138 116.6 334 353 3¢

16 265 361 414 36.3 377 473 18 26 108.1 11089 334 353 3¢

17 26.5 361 414 36.3 375 4758 1.1 e 105.3 108.1 333 35.2 3V

< >
O no problems

== Previous = Next x Cancel

amsznauil 3.8 didhyadeyainiosuiueniALuusnaug Ussnnusuansyianui

LUSHU



Import Data - Format your columns.

Format your columns.

Date format | MM/ddfyyyy

TH2 OC(051) % + | TH3 OC(051) # ~ | THA OC(051) # ~

¥ | 100%

Replace errors with missing values (&

THE OC(051) # + TH7 OC(051) # + | THHS OC(0... # ~ Tc OC(051) # ~ Te OC(051) #

real real real real real real real real
1 26500 36.200 41.400 36.200 38.400 43.200 3.200 4.000 s
2 26500 36.300 41.400 36.200 38.000 42900 2.900 4.000
3 26500 36.300 41.400 36.200 37.700 42700 2.900 4.000
4 26500 36.200 41.400 36.200 37.200 42,500 2.900 3.600
5 26.500 36.200 41.400 36.200 37.100 42300 2.900 3.600
6 26400 36.100 41.400 36.200 37.100 42100 2.900 3.600
7 26400 36.100 41.400 26.200 37.100 41.800 2.900 4.000
8 26400 36.000 41.400 36.200 37.200 41.600 2,900 4.000
9 26400 36.000 41.400 36.100 37.300 44100 2.900 4.000
10 26500 36.000 41.400 36.200 37.300 44700 3.200 4.000
11 268500 36.100 41.400 36.200 37.300 45100 2.900 4.000
12 26500 36.100 41.400 36.300 37.200 45.600 3.300 4.000
13 26500 36.100 41.400 36.200 37.200 46.100 3.600 4700
14 28800 36.100 41.400 36.400 37.300 45.800 3.300 4.000
15 26500 36.100 41.400 36.300 37.700 47.300 1.800 2600
16 26.500 36.100 41.400 36.200 37.500 47.500 1.100 1.800
17 26500 36.100 41.400 36.400 37.500 48.000 1.100 2200
v
anlnnran neann P Arann Az ann nrnn arnn annn S
o no problems
== Previous m— Mext x Cancel
dl U ¥ gj 1
AMNUIZNBUYN 3.9 AANITUDYALALHNIAN
Import Data - Select the cells to import. X
Select the cells to import.
Sheet: v Cellrange: A1F480 Select All < Define header row: 1.
A B C D E F
1 LABEL AVG_HL SC_AVG AVG SH COUNT ON COUNT OFF i
2 fault 179.217 1.833 14.150 16.000 0.000
3 fault 178.250 0333 14811 16.000 0.000
4 fault 148 867 -1.833 14.156 2.000 14.000
5  fault 121.617 -3733 8.956 2.000 14.000
6  fault 122.067 -5.033 6.439 2.000 14.000
7 fault 121117 -6.400 5522 2.000 14.000
&  fault 124683 -4.900 4817 2.000 14.000
9 fault 127.200 -3.200 4.339 2.000 14.000
10 fault 128 483 -2 667 401 2.000 14.000
11 fault 119.017 1.467 7.756 0.000 16.000
12 fault 148.867 11.400 65.406 0.000 16.000
13 fault 156.233 12.900 4156 0.000 16.000
14 fault 157.433 13.167 2872 0.000 16.000
15 fault 159533 13.500 2.061 0.000 16.000
16 fault 160233 13700 1617 0.000 16.000
17 fault 161.417 14.000 1333 0.000 16.000
18 fault 162583 14.200 1.100 0.000 16.000
19 fault 162.833 14.200 0933 0.000 16.000
20 fault 164.200 14.567 0.883 0.000 16.000
v
== Previous = Next x Cancel

] o 1% a a
AWUsENaUN 3.10 ﬁmmi%;ﬂaquwguazLLu’m@
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3.5.7 Msaseikuy (Model)
Fumsunszuauntsimaitendanigideldviinisrusuanaioudoyaud
Foimsuisgadoyaludnadiu Sosar 80 Mnsurutoyaviamualidmiunisiaufauuy
mMeviune wagdmiuyatona Sovay 20 elilunmsvedeunuunisiiune fanwdszneud
3.11

Tutunoudalumagidernisadrsfanuudseinn Decision Tree (Charbuty &
Abdulazeez, 2021), Naive Bayes (Viet et al., 2021), Support Vector Machine (Akbani
et al., 2004), waz Neural Networks Ll 0nA@ UM FLUUT S NAATA LI (Accuracy)
AL 89 (Precision) A1A11M3EEN (Recall) A ufildlda (AUC) wazA1a299a

(F-Measure) 31N9aNa3NLN9 4 USEANT19AU fan1ndsenaud 3.12

S Edit Parmmeter List: partitions ®

IETE
— Edit Parameter LisL partitions

— The pariitions that should be created.
ratio

08

Data I 'E'Z

e fv3
+ !

pr
¥

__'|_ Add Entry % Ramave Entry gf DK x Cancel

AwUsEnaudl 3.11 wusngudmiu Data Train wa Data Test
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AMNUSLNBUN 3.12 15UNTEUUNISIREsesLuulunIsyiune

3.6 NMIUTLAUUTEANSAINVDIAMUY
NAFDUUILANSANAILUU (Model Evaluating) Tuduneunisnageulsed@nsnin
Awuuty e Idedaldmsiananugalusunsunien1sld Confusion Matrix uag Area

Under Curves (AUC) slannsenaudi 3.13 89 3.20

accuracy: 98.56%

rue falt true normal class precision
pred fautt T4 o 100.00%
pred narmal 3 21 85.45%
class recall BE.67T% 100.00%

mwﬂ'a'::na‘uﬁ 3.13 Confusion Matrix of Neural Networks Model

accuracy: 98.56%

rue falt true normal class precision
pred fautt T4 o 100.00%
pred narmal 3 21 85.45%
class recall BE.67T% 100.00%

mwﬂiznauﬁ 3.14 Confusion Matrix of Decision Tree Model
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accuracy: #1.6T%

pred fault
pred, normal

class recall

e faul

89.33%

true narmal class precision
[} 100.00%

21 241%

100 00%

AmUsznaufi 3.15 Confusion Matrix of Naive Bayes Model

accuracy: 96.66%

pred fault
prea narmal

class recall

rus fault

72

85.00%

e nomal class pracision
100.00%

Fal BT.50%

100.00%

amUsznaudl 3.16 Confusion Matrix of Support Vector Machine Model

AL 1.000 (positee class: normalp

R RO [Trreshkls)

n’lwﬂiZﬂaUﬁ 3.17 Area Under Curve of Neural Networks Model




ar

AU 0,094 (positive class: normal)

— ROC —ROC {Theeshaids)

1o

m‘W‘U‘J:ﬂaU‘ﬁ 3.18 Area Under Curve of Decision Tree Mode

(
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A15199 4.7 Yadeyaaniuzni1sinnuressruulTuenaALuuTInaud Ussiandsuans

yAduLUsHu
AnTuLAIaq 3w dnsdu
Normal 247 51.57%
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Bookmaris File Name

#r — Last Directory B wil_data_fou_1-16csy
r CSV_AC

i Dovmloats

i data rapldminer

wi_data_fou_1-18.c5v

Al Filas

mMwusEnauin 4.2 mythynteyainiasuiueniakuuTIAud Usean

Select the data location.
|- % a8 =
Size Type Last Modified
13KB Microsof Excel Comma Se. Mar 7, 2024 i

-

The selscted fle will D2 imported as: C5V Changs

x Gancel

== Pravious — hext

USuansyhaudunuse

2) msdanistaya
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Tutupeundsaninmsihdyedeyawazy s s ad nuasdusiadoyads

AMwUsenaud 4.3

Impart Diata - Farmat your calums.

Data farmat | = i -
STATUS © * AVG_HIGH LOW..® =
potyromingl sl

1 fault 179220
2 fautt 17250
3 rfaull 148 B70
4 fault 121 820
5 fault 122070
6 fault 121120
T faull 124 830
B faull 127 300
g faull 128480
10 fault 119.020
11 normal 148 870
12 noimal 156 230
13 normal 157 430
14 normal 158530
15 narmal 160230
168 normal 161420
17 normal 162 580
18 normal 162,630

x
Format your columns.
Replacs srrors with missing values (11

AVG_SUBCOOLI... & = AVG_SUPERHEAT & o OoN o « OFF L
1zl sl Infeger Inagar
1.830 18150 16 0 s
0.330 14E10 16 o
<1830 14160 2 14 B
3730 2960 2 4
-5.030 6440 2 14
6400 5520 2 14
-4.600 4820 2 14
-2.200 4340 2 14
267D £010 2 1

.760 0 16

8.410 ] 16

£160 1] 16

287 ] 16

2.060 ] 16

1620 o 16

1230 a 16

1.400 a 16

0930 0 16 B

159 no probilems.

= Previous || = pled | 9 cancet

anUsznaudl 4.3 Uuusailnvesnudnunzuedeya
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ON/OFF sisenliuiindeya Integer

A1319% 4.8 wansviindayarinnisuiuuss

ARENEME viiadaya
STATUS Polynominal
AVG HIGH LOW_PRESSURE Real
AVG_SUBCOOLING Real
AVG_SUPERHEAT Real
ON Integer
OFF Integer

3) NMFATINAILUY
Fupounisadreduuy mefifelddduneulunisadreiawuy anduld
nsanaulaaindanesyiu 4 vila laun Decision Tree, Neural Networks, Naive Bayes Lag
Support Vector Machine
3.1 43 Set Role 1 adsAaan dmsunmudnumy STATUS iiteld

lumsiFeuiveanIsananmusenaud 4.4

B0 ccit Paremeter List: sat roles

4 i
Retrieve url_data fe.. T Fals i Edit Parameler List set roles

o _.-|','_) m - b ? This parameter defines new atiributs roles

atiribate name target fole

STATUS * | 1abal

4 ddEnty | 3 Remone Entry @ sppty | P cancel

MWUIENBUN 4.4 sarnAadnyay STATUS WWuaain
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3.2 yAANd e Split Data L @yN1suUsyAvayaludnsidiu 80% dmsu
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aanmusznaud 4.5 wazlunisuusgadeyaiin1sdaan Sampling Type 10U Automatic

N NUSENOUN 4.6

B0 cdit Parameter List: partitions =

LT
= Edit Parameter Lizt partitions

E _f The partligns that should b craated

Redrieve wi_datn_fc.. Sel Role _ Split Data i
y wip—Peow [ ea B = v
{ & i B =P feal, I_ 08
an g ]
W () |03

i

= asdenn | | 5 emove bty | o 0k || 38 Giancel

AMnUsznaunl 4.5 ulsyadeyameyadids Split Data

Parameters

T split Data
partitions =5 Edit Enumeration (2)...
sampling type automatic v |

use local randoim seed

nwUsznaufl 4.6 s Sampling Type

Nana1nA9AT Sampling TypeAinmusznauil 4.6 wal Tunsulunisnisasnedn
LUUMEYAANFIDaNaIANNT 4 Uselan Al
1) Decision Tree A9 unaulun1Ta@T 1AMV A4AINUTENOUN 4.7 A3l

TafynAnds Decision Tree Tunsinduls dwsuyadeyalunmsSeusiludnsndiu 80% Fui

2

aR1ds Apply Model snldlunisdndulagedeyaildlunisaaeuidudnsidin 20% uasly

Qe -

UABUINANUTLEANTN1NV99aNa3NAY Decision Tree A18m1519 Confusion Matrix #2g

'
o

ARMA9 Performance (Binominal Classification) #9A WUsEnaun 4.8
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AfeINTInmUTEANSAm TokA ALl (Accuracy) A1ANES (Precision) ANAIY
28N (Recall) Aiuilelas (AUC) wazenaana (F-Measure) Uanssian1nusenaui 4.13 v

T9l@ Confusion Matrix ¥aausoanasiuluwAaskuUaIl

Parameters

@

manually 28t positve dass

main cienon first

¢ | Boouracy

clasaimcation error

kappa

AU toptimistic]

LA

PG (pEasimisticy

L

pracision

- recall

It

Tailout

<+ tmsazure

AMNUSZNBUN 4.13 LAanA1NABINITIAUTEANT AN

Va v

Tunan15InA19ana3 NN 4 Uszunnil 91nm1519 Confusion Matrix vinle39e

Y

Tans1uAIUSEANSAINAINIT1N 4.6



79

A15197 4.9 WARIANUTEANSNNVDIF LU

Algorithm Accuracy  Precision AUC Recall  F-Measure
Decision Tree 93.75% 93.75% 81.83% 98.36% 96.00%
Neural Networks 92.50% 95.08% 93.44%  95.08% 95.08%
Naive Bayes 91.25% 96.55% 93.79% 91.80% 94.12%

Support Vector
82.50% 86.15% 50.00% 91.80% 88.89%
Machine
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2. Neural Networks lé@1auualuvinfu 92.50% A1mansfisavindiu 95.08%
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TAlAwviniu 93.79% A1ANTEANWINAY 91.80% uazA1a9nawiniu 94.12%
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Method Wuu Stacking Me3velavinnsasadanuumeyalsunsy RapidMiner Studio
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Algorithm Accuracy  Precision AUC Recall  F-Measure

Stacking 97.08% 96.60% 99.60%  99.94% 99.24%
Neural Networks 92.50% 95.08% 93.44% 95.08% 95.08%
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1INAINT 4.10 A1UTEANTAINVBIVBIAILUUBAaNa3 N Hybrid Ensemble
Method Wwuu Stacking lAA1AMNLLUYINAY 97.08% ANANULABNTINAY 96.60% AU
TalAawviniu 99.60% AAUTEANWINAY 99.94% wazA119AAWINNU 99.24% MERBNKUY
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Fanmdsznoud 4.16 ieldlunisadieszuuiingesi asvaouLaziuenaawmiide

ansdevetaseaUsuennAaLuuTnaud Ussinnusuasinanuusdsiu tneldnisseus

a
VDIATD
Row No. STATUS prediction(s... AVG_HIGH_... AVG_SUBC... AVG_SUPER... ON OFF
1 fault fault 127.300 -3.200 4.340 2 14
2 normal normal 161,420 14 1.330 o 16
3 normal normal 162.560 14.200 1.100 o 16
4 normal normal 162.820 14300 0.9320 o 16
5 Tault Tault 117.600 4.400 0.270 o 16
[ fault fault 120,180 4.820 0170 V] 16
7 fault fault 120.430 4.970 o220 V] 16
g fault fault 120.430 4.970 0220 o 16
9 fault fault 121.620 5170 0.190 o 16
10 Tault Tault 125.870 6.100 0190 o 16
11 fault fault 127.050 6.400 0220 V] 16
12 normal normal 130.620 7.230 070 o 16
13 normal normal 131.820 7.430 0.180 o 16
14 normal normal 122.050 T.530 0.230 o 16
15 normal normal 124.650 2 0.z210 o 16
16 normal normal 136.120 8.070 0.200 o 16
17 normal normal 135120 8.070 0.200 o 16
18 normal normal 135120 5.070 0.200 o 16
19 normal normal 125120 8.070 0180 o 16
20 normal normal 135.350 8.200 0120 o 16
21 normal normal 136.350 8.200 0.140 o 15
22 normal normal 135.350 8.200 0.250 o 16
23 normal normal 135.820 5.200 0.240 o 16
24 normal normal 1255280 8.200 0.240 o 16
25 normal normal 135.350 8.200 0.290 o 16

MwUsENaui 4.16 YatoyaildanmsiBeuiveyavedaios 1NYALUTHNTY
RapidMiner Studio

nyadeyaninnlsznaun 4.16 §3dulalduunanilesu Google Sheets Live
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E naive bayes % [B () saving.
File Edit View Insert Format Data Tools Extensions Help
Q o 2 & S 100% -~ | $ % O 0 | cabi - |—([n]+|B I
18 -
A B [+ D E F G
1 AVG_HIGH_LOW = &VG_SUBCOOLING = AVG_SUPERHEAT — oM = OFF = STATUS = Result -
2 127.3 3.2 4.3 2 14 fault Fault |
3 161.4 14 1.3 1] 16 normal Fault
4 162.6 14.2 11 0 16 normal Fault
5 162.8 14.3 0.9 ] 16 normal Fault
6 117.6 4.4 0.3 4] 16 fault Normal
7 120.2 48 0.2 0 16 fault Fault
8 120.4 5 0.2 0 16 fault Fault
9 120.4 5 0.2 0 16 fault Fault
10 121.6 5.2 0.2 0 16 fault Fault
1 125.9 6.1 0.2 0 16 fault Fault
12 127.1 6.4 0.2 0 16 fault Fault
13 130.6 7.2 0.2 4] 16 normal Fault
14 131.8 7.4 0.2 0 16 normal Fault
15 132.1 7.5 0.2 1] 16 normal Fault
18 134.7 8 0.2 0 16 normal Fault
17 135.1 8.1 0.2 ] 16 normal Normal
18 135.1 8.1 0.2 4] 16 normal Normal
19 135.1 8.1 0.2 0 16 normal Normal
20 135.1 8.1 0.2 1] 16 normal MNormal
aMwusEnaui 4.17 dndgadeyalu Google Sheets
Aannusenaud 4.17 nduIdelnldynmdsadly Cell iivarwanen Prior
Probability 3101514 Formular Tu Cell fsnmusznauil 4.18
H2 o Jr =COUNTIF( ,"Foult") /COUNTA( )
AMWUIZNBUY 4.18 @NN13ATUIUAT Prior Probability Tu Google Sheets
fanUsEnaun 4.18 vililaan Prior Probability waa3evinnnsAtuame
Likelihood Probability vedusagimikusananseisil dunmusenauit 4.19
J2 v | f& =if(COUNTIFS(F:F,"Foult" A:A,A2)>0 COUNTIFS(F:F,"Foult" A:A,A2),1)/COUNTIF(F:F,"Foult")

awUsznaudl 4.19 auniseuaae Likelihood Probability
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NNSAWILINEAN Posterior Probability Fsldgnsaunmusenau 4.20
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Jx =IfZ2*product(J2:N2)
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SRL 9: Many citizens purchased the product and supported the implementation.
SRL 8: Product commercialized and sales begin.

SRL 7: Product tested, and benefits confirmed by citizens and relevant stakeholders.
SRL 6: Solutions demonstrated in the relevant environment.

SRL 5: Proposed solutions validated with relevant stakeholders.

SRL 4: Initial testing of the proposed solutions with relevant stakeholders.

SRL 3: Possible solutions introduced to society.
SRL 2: Analyzed and determined the specific need of the society.

SRL 1: Identifying the problem society is facing.
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Abstract

The objective of this research was to develop a predictive model for failure events of variable refrigerant flow
air conditioning systems using machine learning techniques. The air conditioning failure events were attributed to
the amount of refrigerant. The researcher utilized the RapidMiner Studio software to construct models from four
algorithm types: Decision Tree, Naive Bayes, Support Vector Machine, and Neural Networks. The dataset used
consisted of 402 records of variable refrigerant flow air conditioning systems Better Cool Co,, Ltd., containing
features such as refrigerant pressure, subcooling value, superheat value, number of units turned on/off, and
operational status (normal or faulty). To evaluate model performance, the accuracy, precision, recall, and F-
measure metrics were calculated and compared across the algorithms. The Neural Networks algorithm
demonstrated the highest performance, achieving 95.04% accuracy, 94.17% precision, 100% recall, and 97.00% F-
measure, enabling accurate prediction of normal or faulty operational status.

Moreover, the researcher enhanced the model using the Stacking Hybrid Ensemble Method technique. This
involved combining the top three performing algorithms: Neural Networks, Decision Tree, and Naive Bayes, for
classification. Consequently, the performance metrics improved, with an accuracy of 95.52%, precision of 97.21%,

recall of 97.21%, and an F-measure of 97.21%.

Keywords: Variable Refrigerant Flow, Predictive Model, Deep Leaming
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Variable Refrigerant Flow Air Conditioners Using
Machine Learning
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Bangkok, Thailand

Abstract—This research is to develop a system for, analyzing,
inspecting and predicting failures in centralized variable refrigerant
flow air conditioners nusing machine learning. Researchers propose to
develop the prediction system through the Cloud for ease of use,
utilizing platforms such as Google Drive, Google Sheet, Google
AppSheet, and Google Cloud Function. TensorFlow is used with
Python scripts from Neural Networks algorithms, with a learning
cycle set to 500 rounds. Data is fetched from Google Sheet, analysis,
sent back and displayed through an application created with Google
AppSheet to show the prediction results of system failures.
Keywords— Variable Refrigerant Flow; Deep Learning: Predictive
Model

L INTRODUCTION

Variable refrigerant flow (VRF) air conditioners [1] have gained
widespread popularity in large buildings due to their high cooling
efficiency and precise temperature control. However, such
systems are complex in components and mechanisms. making
them prone to malfunctions and damages. affecting cooling
efficiency, energy consumption, and user satisfaction.
Therefore, developing a system that can analyze, inspect, and
predict potential failures in such air conditioning systems is
crucial. Applying machine learning techniques allows it to
efficiently analyze data from various sensors, detect patterns and
carly signs of anomalies, and plan appropriate preventive
maintenance. This leads to a longer system lifespan, reduced
energy loss. continuous operational efficiency, and increased
user satisfaction.

1. RESEARCH OBJECTIVES

The objective of this research is to develop a system for
inspecting, analyzing and predicting the failure symptoms of a
central air conditioner with variable refrigerant based on the
amount of refrigerant using machine learning.

I RELATED THEORIES AND RESEARCH

A. Neural Networks

Neural networks are mathematical models inspired by the
functioning of the human brain in processing information and
learning from experiences. They consist of numerous small

LIERTV13IS060146

processing units connected in a network, capable of processing
various types of input data such as images, sounds, and text.
The working process of neural networks [2], [3] begins with
receiving input data, which is then processed through
mathematical computations on different processing units.
Parameters such as weights and constants are set to control the
flow and transmission of information between processing units.
The learning process of neural networks adjusts these
parameters throngh supervised leaming or unsupervised
learning methods to achieve accurate results with minimal error.
This enhances the efficiency of neural networks in processing
and classifying data over time. The model structure is illustrated
inFig. L.

Fig 1 Newal Networks Dectsion

B. The Synthetic Minority Over-sampling Technique

The Synthetic Minority Over-sampling Technique (SMOTE)
[4], [5] is used to address the problem of data imbalance in
machine learning by creating new samples in the minority class
through synthetic data generation. The main steps involve
selecting samples in the minority class and generating new
samples using data from nearby samples. Using SMOTE helps
improve the performance of learning models and reduces the
risk of overfitting, However, it involves complex processing and
the risk of generating unreasonable data. The use of SMOTE
should consider the characteristics of the data and the specific
application of each case.

(This work is licensed under a Creative Commons Afttribution 4.0 International License.)
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Having balanced data is crucial for the performance of machine
learning. Imbalanced data refers to situations where the number
of samples in each class differs significantly, which can cause
the model to bias towards the class with more samples. SMOTE
is a technique used to create synthetic samples in the minority
class to increase the number of samples to be closer to other
classes, helping to reduce bias and improve model performance.
However, SMOTE has limitations in terms of computational
complexity, the risk of generating unreasonable synthetic data,
and is not suitable for high-dimensional data. Therefore, it
should be used cautiously and combined with other techniques
to achieve the best results. SMOTE is a useful tool for managing
data imbalance problems. helping to increase the accuracy and
reliability of the system.

C. Model Evaluation

In the model evaluation step [6], [7], the performance of the
model is assessed using various metrics, including accuracy,
precision. recall, and F-measure. These can be calculated using
Equation (1) —(4) as follows:

§ _ (TP+TN)
Accuracy = (TP+FP+TN+FN) )
sas TP
— . 2
Precision ) (2)
_ TP
Recall = TEFD (3)
ae= PrecisionxRecall
F1—Score = (Precislonﬂlnall) {4)
TP s the value that the machine learning can decide
cotrectly as expected.
N is the value that the machine learning can decide to
match the unexpected value.
FP is the value that the machine learning decides to be
negative but not match the expected value.
FN is the value that the machine learning decides to be

negative and match the unexpected value.

Accuracy s the accuracy value that occurs after the machine
leaming. equal to the total true positives and true negatives
divided by the total number of predictions.

Precision is the precision value, which is the value that
occurs when repeating the same thing.

Recall is the recall value, which is the value that is
interested in the prediction value that is true according to the
data.

F1-Score is the value that combines Precision and Recall to
give a balanced value between the two values.

D. Related Research

Z. Hou et al. [8] developed a strategy using data mining (DM)
principles to detect and diagnose sensor faults based on past
performance data in heating. ventilation, and air conditioning
(HVAC) systems. This approach combines rough set theory
and artificial neural networks (ANN). The reduced data is used
to develop classification rules and train the neural network to
infer appropriate parameters. The difference between the
measured thermodynamic state and the predicted state from the
normal performance model (residuals) is used as a performance
index to detect and diagnose sensor faults. Real test results from
actual HVAC systems show that only the temperature and
humidity measurements of many air handling units (AHUS)
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work well as the measurements distinguish between
simultaneous faults of the supply chilled water (SCW) and
return chilled water (RCW) temperature sensors.

Y. Guo et al. [9] used 22 expert rule-based diagnosis rules,
divided into 10 rules for the hot coil set and 12 rules for the cold
coil set. These rules were created from expert knowledge and
the operational characteristics of VRF systems. When tested on
nine types of actual faults, such as refrigerant shortage within
the system and pressure reducing valve blockage under cooling
mode, the method achieved an overall correct diagnosis rate of
85.13%. This demonstrates that the rule-based fault diagnosis
strategy is effective in identifying various faults in VRF
systems and can be applied to building automation systems.

IV.METHODOLOGY

In this research, researchers imported the dataset of variable
refrigerant flow (VRF) air conditioning systems into
RapidMiner Studio.[14] then created the model by using
SMOTE method to adjust the imbalance of the dataset, then
imported the dataset into Google Sheet and used Google
Cloud [10], [11] to create API for TensorFlow [15], [16] then
used Python language [12] to retrieve the dataset to train
Neural Networks model, then measured the performance, and
created Google AppSheet and used Bot command menu to run
API to predict the result of the failure of central air
conditioner with variable refrigerant flow.

A Conceptual Framework

The conceptual framework of the research consists of 3 steps
as follows:

L. Importing and managing the dataset.

2. Creating a model using machine learning.

3 Use the model to develop a system for detecting the
malfunction of a central air conditioner with variable
refrigerant using machine learning as shown in Fig. 2.

(This work is licensed under a Creative Commons Attribution 4.0 International License.)
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Fig. 2. Conceptual Framework

B. VRF Air Conditioning System Dataset

The dataset details include refrigerant pressure, average
superheat temperature. average subcooling temperature, the
number of units operating, the number of units not operating,
and the status of normal and abnormal operation. The dataset
consists of 402 records, with the data attributes detailed in
Table 1.
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Fig. 3. Operator SMOTE 1n RapidMiner Studio

As shown in Fig. 3, researchers set the Nominal Charge Rate to
0.5 to increase the number of records from 79 to 323, adding 244
records, resulting in a balanced ratio of Normal 50%: Fail 50%,
as shown in Table 3 comparing the Label Ratio.

TABLEIIL COMPARE LABEL RATIO OF SMOTE

TABLE1 DETAIL OF ATTRIBUTE

Label Amount Ratio SMOTE SI:::::E

Normal EE) 8035% Eps S0%
Fail 79 19.65% 323 50%
Total 402 100.00% 646 100%

Attribute | Attribute Description Detail
Pres HL Average Refrigerant Pressyre | Mim OPstg
Max: 316 73 Psifg
Average Superheat c
SH_Temp. ge Sup Min -185°C
Temperature Max 15.71°C
Mo 9017 °C
SC_Temp. Average Subcoel Temperature
==ch N i Max: 3293 °C
Start Total of Operation FCU MimORCH
N o Max 14 FCU
Min: 0 FCU
S
top Total of Stutdown FCU Max 14 FCU
Normal / Abnormal ratin,
Labied Operating Status
Status Fail/ Normal
TABLE I LABFL RATIO
Label Amount Ratio
Normal 323 80 35%
Fal 79 19.65%
Total 402 100.00%%

Table 2. shows that the “Nomnal” operation status accounts
for 80.35%, which is higher than the “Fail"” operation status at
19.65%. Therefore, researchers used the SMOTE Upsampling
command from RapidMiner Studio to balance the two
operation statuses to 50%.

LIERTV13IS060146

C. SYSTEM ARCHITECTURE

The system design and structure include three main components:
Google Sheet, Google AppSheet, and Google Cloud Function.
These components are used for inspecting, analyzing, and
predicting failures in VRF air conditioning systems based on
refrigerant quantity using machine learning, as shown in Fig. 4.
The details are as follows:

Fig. 4. System Architecture

1) Google Sheet: Used to record data for learning and
prediction. Researchers imported the VRF air conditioning
system dataset using the SMOTE Upsampling technique into
Google Sheet, totaling 646 records as shown in Fig. 5.

(This work is licensed under a Creative Commons Attribution 4.0 International License.)
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Fig 5. Example Data for Machme Leaming Training

2) Google AppSheet Uses data from Google Sheet to
create an application for recording air conditioning data and
displaying prediction results from the model. The connection
is set up using a JSON Credential file stored on Google Drive
as shown in Fig. 6.
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Fig 6. JSON Credential file on Google Dnve

3) Google Cloud Function is used to store Script Python
for writing Tensorflow [13] to create models for machine
learning with Neural Networks algorithms and set up the use
of Script by Bot in Google AppSheet as shown in Fig. 7.
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Fig 7. SetUpBot

D. Google Cloud Function

Uses Python scripts with Neural Networks algorithms and
uploads them to Google Drive to fetch data from Google
Sheet, as illustrated in Fig. 4. The commands are set for
model training as follows: 80% for training data, 20% for
testing, Learning Rate 0.03, Momentum 0.9, Shuffle ves. To
measure learning performance, researchers adjusted the
Epoch value in different amounts as shown in Fig. 8.

LIERTV13IS060146
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Fig 8 Script Python on Google Cloud Function

E.Model Evaluation

Using TensorFlow to measure Accuracy. Precision, Recall.
and F1 - Score by comparing different training rounds, as
shown in Table 4.

TABLE IV.  MODEL PERFORMANCE COMPARISON BY LEARNING

CYCLE
I‘%i{:::g Accuracy | Precision | Recall Sicl);e
500 0.91 0.91 0.91 0.91
400 0.89 091 0.91 091
300 0.85 0.89 0.85 0.85
200 0.86 0.87 0.86 0.86
100 0.86 0.89 0.86 0.86

Table 4 shows that the performance increases with the number
of training rounds, with Accuracy peaking at 500 training rounds
and decreasing with fewer rounds,

F.  System for Analyzing, Inspecting. and Predicting

The system for analyzing, inspecting, and predicting failures in
VRF air conditioning systems based on refrigerant quantity
using machine learning consists of three parts:

D o N )

I Google Sty

Anstyut
o
= =]
Wkl
Apglication

for Prudicive from
Machire | earring

Fig 9 System for Analyzing. Inspecting, and Predicting
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L. Importing the air conditioning data into the application for
analysis, inspection, and prediction.

2. Recording the data into Google Sheet and sending the
prediction results to Google Sheet.

3. Google Sheet records the learning data and prediction data,
then displays the prediction results through the application as
shown in Fig. 9.

V. RESEARCH RESULTS

This research aims to develop a system for inspecting, analyzing,
and predicting failures in VRF air conditioning systems based on
refrigerant quantity using machine learning. Researchers used the
SMOTE technique to balance the data and imported the dataset
into the developed system using Google Cloud, Google Sheet and
Google AppSheet.

In model creation, researchers used Neural Networks
algorithms through TensorFlow on Google Cloud Function,
dividing the data into 80% for training and 20% for testing.
The research results showed that the model achieved the
highest performance at 500 learning rounds. with an Accuracy
of 0.91, Precision of 0.91, Recall of 0.91, and Fl-Score of
0.91.

The outcome of this research includes the development of an
application that operates through the Cloud for predicting
failures using a Neural Networks algorithm to make decisions
based on refrigerant quantity in VRF air conditioning systems
as shown in Fig. 10.

s v v
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Fig 10. Apphication for Fatlure Preciction

VI.  RESEARCH LIMITATIONS

This research aims to develop a system for inspecting,
analyzing and predicting failures in VRF air conditioning
systems based on refrigerant quantity using machine learning,
The limitations include the diversity of hot coil and cold coil
quantities, as well as biased data in operational scenarios, which
may lead to prediction bias.

LIERTV13IS060146

ISSN: 22780181
Vol 13 Issue 06, June - 2024

VII. FUTURE RESEARCH

For future research on developing a system for inspecting,
analyzing, and predicting failures in VRF air conditioning
systems based on refrigerant quantity using machine learning,

researchers suggest the following:

1.The system requires a larger amount of data to improve

prediction accuracy.
2.1t can be used to predict failures caused by other factors.

3.The development of this prediction system can be applied

through the Cloud, making it more convenient to use.
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