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Abstract

The concept of this research is embedded system development for saving energy of
Split-Type Air conditioner by controlling the cumulative cooling of supply air. The proposed
embedded system consists of Microcontroller, temperature sensor and relay. The compressor
is controlled by relay with turn off decision algorithm. The cumulative cooling of supply air is
the indicator of compressor tumn off operation. If the cumulative cooling at evaporator reaches
saturation point, micro controller will make the compressor tumn off and then the saturated
cumulative cooling will be used to reduce room temperature. Since, the energy saving result
will come from operation time reduction of compressor. The experimental results of 3 Air
Conditioners number 101, 102 and 201 shown as follows: 1) Energy saving rates are 34.38 %
31.82 % and 14.29 % 2) Reduction of power consumptions are 13,169 kWh/year 16,760
kKWh/year and 11,972 KWh/year. 3) The money saving values are 39,507 baht/year 50,282
baht/year and 35,916 baht/year, respectively.

Keywords : Embedded system, Energy saving, Split type Air-Conditioner
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qquﬁuazmm%uamaswdw 22-27 °C udy 25%- 60% MUEAY dUSUAINTTULT 9
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Feanpdanann Wuannzemednsiluiossuona egndlsia Tuvssmalneduussime
Tuwpdoutu anmgieneoguontauieil ASHRAE fvun uazaulneBnidudaumnniill
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fldnaniluudriu Sxtuegfuruasiuenuiona anuasiuiomsuueime mafiny
et fatiu Tawemuazanuy [Khedari et.al, 2000] 34l¢ @il oasraunugianuauiediugy
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SN 1 gaungliauiefianauduivisuasANuS 18U s2AUA19 (Khedari etal, 2000)

Jl ar s [ = =
AMNTUTUANT (%) AMUTIAY punplauy

(waseaiuIf) O

50-60 0.2 28.01
0.5 28.81

1.0 30.56

1.5 32.48

60-70 0.2 27.17
0.5 28.30

1.0 30.15

1.5 31.46

70-80 0.2 27.20
0.5 28.29

1 30.27

1.5 31.24

50-80 2 33.47

3 35.53

MnmsnaziiuIgumgdauisvesaulvgluanizi bifmsusue meganing 197
ASHRAE i Tnwegjsewing 27-35 °C Susgjfuarutudinivsuasanudaay Feliidiuin
aulneAuAsivanneIMAdeu uazaansanug g illdAeudge wiidrnusaudies
02 wnsietundl gamnifisinaueaunsetuluis 28 C uaniloDainautuluds 3 wmsee
Fund wdeliaulnedanaunsldionmgligas 35 °C AisasiuldantuE eumiluiide
o Tnglsifindesusuenmansdnduauneld venmiy uullasian] uasaes [Yamtraipat
et al, 2005] lavihmsfnwmuinsgu annanedmvsuiosusuanndlulssmealng Taeyin
mafiutoyagamgll ussanuduoima neluenas uadlinuluoims drineuiaussme
nsenuUUABULANAEAna1e wasl deyamaiiumm msfinu uasmsitiaiesuiueome
Tutuitn wudn anu§iasiluenasusu emesialufiaedesening 0.2-0.25 wnsseiun
wazgangi meluesuiuemeaiianey szuring 20-27 °C uagarAud udLRVS Iz
40-70% waznMFATIzingavgRfiaudy ngianauie wuiegfiuszana 26 °C uas
wuih aufiiiesesuiuemeafithusasdeliidulsssavidnauefigumgdl 254 °C Feinnd
uilifisdorsuanmafitindeddnauieil 263 °C og 1 °C uonniu Saudnin fvideay
Sneneiigamgil 262 °C Tagandmaneiidnaneiionmgil 257 °C uaznNITILATIEN
NAYBIMIANWIR BT ANNAUNE WU AUT FeuseiuganinTygesazidnauied

gaumnll 253 °C FaniAuNFeusEAUNIndegia 08 °C andeyateauagnudn NIl
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msUsuenIATiAIS awen 9 Usssnas 02 wimssie 3unit aulnedanaunei 26 °C vauiingdl
lifimsuuomeakazanudaudeaiy aulnendy fanauefigamadl 28 °C Fegenigamad
fifhvualag ASHRAE (1992) uazgsningaumnifielnednilug azsugamgiiiedesiuennie
139 25 °C 8mnadena [Emaadena, 2007) Jednwiilaauamaialumsliinauunadni iy
wRosFunMAd S IUssmAlveuasud asnsauiugamgivesomameluiessiuenie
I¥gefls 28 °C Tnedeinauidntaefissdiu arudiousaud 0520 wws/Aund auaTey
vousiavau dsanunsaviiliauluioslfveimaddnifuauisld fudu luoias dwine
thuSeuniimadaedesuiuenma wniimsiwaaundafiediefiunsivaisuvesasly
izé’uﬁhjﬁﬂﬁﬂu%ﬂwﬂizmm 1 Wmseeiudl [ASHRAE, 1992] YR BLNNMIUANLAN YOV
wtelfannsodiugamgiuiuiuenissufuomealdia Ussna 3 °C 1 28 °C 18 Tnely
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ynusutsgamafivuenmaiiaszana 3 °C axgaely Ussudandanuliildgede 18%
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toounn esanilenudeuazailuui naveddutieiieg ssUsuomengavinau 3@
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JUN 2 wanamndsnunussndaidiainsesusvemailmsveavihaulussesiiairi 9 lag
ANUIUIINAS I NUIUDE 1M DL 89 1 FILNG FITANNINU 527.07Wh WUIINITHIUVD
A3 99Us U MIALDUNAT 10 U9 I WS 191vNAU 87.85Wh wandaauiiiud uilefin1sUa
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nsdivnaesiuiisgumgivubududneeoni 47 °F (833 °C) vemes 4 Yu Yuay 11
Falu9 103 09U uone Ch.1 [ndsuluitad snodwindu 21.21 vin/fHes was
A3 paUsuaIma Ch.2 Wandsaulniedssedwindu 27.70 vim/ves dewssudisunsly
WEUTRNAIBIUSUEIMA Ch.l wamedesUsumme Ch2 Amdsnulvianasinfu 6.49
U9
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ALy, 2541] lﬁv‘iﬁmiwmaaw%’uLﬁuqmwg:ﬁfﬁuﬁm'«jﬁaiﬁmmzauﬁ’umﬂ%qm LAYAINNIT
psewlimsuimnuiudfigamgithiduduaneeoninnni 48 FE88 0 wilnarians
anruduresmaneluiesiveima LﬁaaaﬂﬂqmuqﬁﬁwLéuéﬁ’Qﬂdwﬂﬂé’ﬁuq@ﬁ"”]ﬁwwaq

gamqiivies hlviesesufuenalianusaananuiuvesendlaegmanegan agluies
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USuanmeaziinaumiudu msasndsnulnilldlussuuusvanmeadsaninsaanannaludule
MnMsAnyItusumM s suisumslindsnulniivesesssuuanensalusuisg amgdl
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B9%0 FUJIBISHI wuusaunau auiamsvhemudu 12000 BTU/hr Ansaiiviossuin 134 91379
wns el 8 43lus (08:00 -16:00 ) wuimsAadeyagunsniangumgdnoud
AouAUILeY A3 osUfummAaINInsEUIeALToUlA R ANduUszAvS aussaus (COP) ves
sruuUiummalienwiiiy 542 AvdssAvsnmmevhanaduldwintu 14.78md s ldves
SPUUiAWINU 54483 kWh wagnsidwdsmulninanasnnifn 2092 % msfinwidSeuiiey
aussouzuarsndsnulwihuesiedssUsus mALUULNdLAIAT DI UDINALUULEN
duivhmsing Unsalangaumgiionenlflumsssuisnnudeuesnsuessnmnmszaiy
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msidFauiiausAl COP 2a955ul

7

6

5
3 4 —— normal
Q3 —— cooling

2

1

0

1 4 7 10 13 16 19 22 25 28
Cycle

JUA 5 wanemsiUsguiiguan COP

al

SUN

U

5 wanen1sil3suiisuan COP Favziiulannsiad wpananusaunoud
ABUMUES AN COP Wi awiniu 5.42 waymsltin esusuenmeunailan COP Wi ewinfiu
4.37 msRnRMsAnfsynanANuTeunautnAswauwes lvillAl COP WagWiuiy 105 An

Ju 24.48%

nswsauisuAn EER

—— normal
—— cooling

EER

1 4 7 10 13 16 19 22 25 28
Cycle

JUN 6 wansmsiSeuiieuan EER
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UM 6 uansmsilSeudisuan EER azmiuldinnsing swnanaiusounoudi
ARUAUILESHIA EER WwRewiniu 14.78 (svauwes 5) uasmsiiiniesliueniaundilal EER
WALWINAU 11.92 (S2AUluUes 5) Nsfnd wnananuisunaud1neuauwes vnlvdai EER

WASLTY 2.86 Aoy 24%

=l L=l s
maulEaugunnasanu
YDIADHINSRLLDS

34
32

o 30 _/\M A7 | —nomal
= 28 -'—'/\‘\//_Av\jﬂu/_/ cooling

26

24 rrrrrrrrrrrrrrrrrrrrerrrororr

1 4 7 10 13 16 19 22 25 28

cycle

JUN 7 wansmstUS suiigumaanu (kW-hr) Neesnnsasesidlugeim 8 u.

13U 7 wamsmaiSeuiisuimdsnuilivesneumsamesiads TagazAnaunam
mehnuilivesneunsavesiade TnsasAnmunamshnuilianndamemaiu-nge
(Cycle) vosmmunsawe’ Faruildhnmsfndamananuseunoudiroueuesiidnminy
wAsTliwinfy 380 KW-hr dhumaidueiosunddmdsuadominfu 524 kW-hr 91nms
Aaspanaufeuiinounumesihdsnuaisvemoumsaiwesanaiiniu 144 KW-hr An
W 27.48% nHavAaeedssUFUBINALUULENEIL WUt lumsveasensdifiaynanaaim
Sounsumeumuweilgumgiinavanuiulussuuligunmin Juhlvanuansalunisi
Ay (COP) Wiy 1.05 Andy 24.48% wasdssAvsnmnsTianudy EER Windy
wihiu 286 Aaidu 24% (seuves 5) Mdwuilivesssuutesanyindu 144 kW-hr Ay
27.48% mskwdssluihanas 2092% Aildiduraussausiinnuazgsninng osnnd
M3¥2855U18ANT o A lTun arsvianud uil reuauwed 1 unalWnisiauves

Aouwsawas T ninnmslandsnulniifazanas



16

5) N9 AUsZENS a3 asUSuaniasuusendulaeldaud uarnaaussune
91net [0 iilesgen! waznasy, 2559] TumAdeidumafialssavBnmedonsuenisuuy
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3.1 UUULNUNNTIRY

sruuiad psfummaluiiagsuasidumsiauuuudsangamgiaci (Set point)
naABRBImI ARSIz Ny A Ui ol g auvn i aundy (Return air) 3 ogamqiisiasd]
onumgifsaiinealy lndlifimsrmaaouuazaiuaugamnianineaon (Supply ain) Wia
N HREGH ﬁqﬁﬂﬁqmmﬁamﬁsaaﬂﬁqmmﬁﬁ'nﬁummﬁwLﬂus‘ﬁaLﬂummmaami?}juwﬁ'm

NAIY

Temperature

Thermostat senses Thermostat
set room temcp. switches AC
& switches AC system off on again

| |

1

Set

RDDm e T T T T T L { ..--+ ----------------
Temp 1 5
1 Eo
| S5
59
£5 !
1 & §- I
Temperature supply air 1 g5l
1 88
22
1 I
1 |
1 |
1 |
1 1

JUM 8 N9 mliansgumillayMIvauveInBUnSaILes

U7 8 uansliliiudn Thermostat azdilimeuinsagesvenvhnuiiioanmglineads

yafisieAld (Set room Temp) & slunsivuansliiviuingamgdauiteaen (Supply Air) i
gaumglisnnieamgiiviesn wasdidaiiluszeznaiuiu vielseninleungidus

9 Y

NFRULLIARYRINUITel fie MslindsnuliifinUseavzningsgn lnensnsiadaeuy
WynBuivetsaungiauTigeen wasauAulvinoumsalwesrenvnuls g liauing

P0nfiegnduds Jlnavibrusndandanulaunndu Ananud@musTEninan1sYinuYes
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AoumsAes fugamnTivies fagui 8 ldgnesunoudiluseudiu Susulfimdsnuignydely
Aotnmilreumsaireivhay wénmaesmiAdeiAemsantisnmmeimuveseumsases
Tifovaniteyssvdomdsmilnedssansenusiogamgiiviestionfian JUAl 9 uansgamaiuaznis
vhauesneumsaiesdszndlinquiivesniAde anguil 8 gamgausneeen (Supply Air
Temperature) axilAasiviseanasiiossnn Fwameiiintuandushanudu (Evaporator) 3
A uazanaudsgad uiauarasiuldinlugeii I ut il eoumsawesdinaoninnueg
paonr3adumwnliiansAufemdnu waRnwesnuidslfemahnnubuiiasaey
Tudnsheanudunldsslonliduaiigauazanmaviuvesreumsawesasnmgamad
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nd A uavaufigahauduliang amgiivedeenesmsasesl feshnu
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v v IS

AItUl aABUNS AW I NMSYNUT AR W AUTEVE ANESNULNNT Y

Temperature
A
&,

13'@,-‘,&”1._a

Temperature supply air

R

WA

JUN 9 N3 19LARIRUN ILANN TV TLYBIABIINTALYEIY 01U

mddei Junuddeussmmsiseuasiaun (Research and Development) #18u
msfnnAunhimsdiuuanadniusvesgumgidudiiaudnsoanivnzauiug umg i viesh
feams TnemaanngUiuuiassanuduiusuazUsyivg gunsaldunuy Weeydnundsauy
wResUsus mALuuuend Tnelisyuuauesnailesi (Embedded system) figULuUT A0S

ANUFUNUTTENI19YAD WA UM TaNANEBaNAUNTUTENTANG 1LY IBAUANNNTYINNUY
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ARLLNTAWRSAITUT 10 Wuwes inaumadavgnfind i ssuuyinAudu (Evaporator) kae

Y

Lilasaeulasaimesag Niaf LU NS UYRMUAIALYBLAT BT UBIMA

% % Air-conditioner
From
-t Supsp?;?ﬁ: ¢ Thermostat L 5 Compressor
|_ e
230V AC I v
N 2 To Compressor
= »

JUN 10 msndslilasaeulasalaesiuiniasdsuenmea

3.2 JUAIUNITATEUIIUIIY

sruvauaInaleiiiauLienIuauANuludzaLTsaNduoenaziTunouns
v ~ v gj v A
WaufUsenounle 4 Tuneunan Ao

1) NMSNAUIFIIALITVDITEUUANDINAEIF

2) M3 UkuuANLdUTUSTEnINgndudlgamgdaudtgeeniunisusendn
N9

3) NMPONKUUTUABUTTUALTONALITAIUAX

4) Msfnnsyngunsalide
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JUN 11 andawrsvassyuvananaladininaus

3.2.1 tumeuii 1 nsRewaiawasvasszuuananailed

U7 11 uansansausvesszuvanasnailadafieanuuy azUsznoulusie 3 du
nane il
1. lulasaaulnsatass (Microcontroller)

lulasaeulnsatass viuii 1 uanesvesszuu vinsdndulanazaruauli
AENINIALYRSVYAIIY T ESP8266 lulasmoulnsalansainuism Espressif System
[Espressif System] %Qﬂﬁmﬂ{ﬂumu%’sﬁ ESP8266 A lulasroulnsamesiisl  Full
TCP/IP Stack 3avilimauangUnsalnsesua1aniduigesanee udyayiar Wik la
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21
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SUT 13 uwesngaimnil DS18B20 [ www.mind-teknet]
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Compressor status is: @ surachai/test 15.06
———————— Real Time : 8:15:39 --------
Temperature New is: 14.81 surachai/test 14.94
Compressor status is: @
"""" Real Time : @:15:41 -------- surachai/test 14.81
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Tusun 25
Room temp Room hum
Room02 Temp Gauge Room02 Hum Gauge
0 Celcius 100 0 % 100
RoomO02 Temp chart Room02 Hum chart
[0 scg/roomo2/temp [0 scg/room02/hum
25 80
o4 R [ . & 70 w8
T L T Yl R Tt i T Agt 188 S .
0 60 ,:-,.,l'.i‘ iln | 5,!5 it Ty
23 .!‘_."o 50 .:l S| ".l !! I lI i a -—,' 4‘ ‘-“ y .! o
g 40 | W ':.I w
2 ¢ 30
14:20:00 15:20:00 16:21:00  14:20:00 15:20:00 16:21:00
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Air Temperature Air Slope Group Air SlopeAVG Group

Air01 Temp Gauge Air01 Slope Gauge Air01 SlopeAVG Gauge
0 Celcius 100 -2 Celcius 2 -2 2
Air01 Temp chart Air01 slope chart Air01 slopeAVG chart

O scg/area0X/ecoairll o scg/arealX/ecoair01 O scg/area0X/ecoair01

2 06 04
: 03
20 04

; 02 | ’ 02

15 o1
0 . o

10 02 01

16:17:00 16:22:00 16:27:00 16:32:00 16:38:00 16:17:00 16:22:00 16:27:00  16:32:00 16:38.00 16:17:00  16:22:00 16:27:00  16:32:00 16:38.00
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A time
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szozauwdual 30 uiisnetalug

AN5197 3 FEUM SN UABUINTADS

sy in o va ¥ in o
neufinnwgunsniivy niaRacagUnsnide
Hog iy ON/ OFF/ vigaianu iy iy ON/ OFF/ vigaiau My oy
nIen)Suerma ani) (A1) ATYT.) nii/ra) (A1) ani) ATV /)
1 AIR 101 4 11 4 16 35 14 3 10.5

AIR 102 5.5 9.5 4 22 3 9 5 15

2 AIR 201 5 35 7 35 3 3 10 30

dl U U
AN 4 NANITUTENYANEIY

ovdnaginaniise nisaagUnaniis wannulszrida
Ao ey Nl hay WY NAINY Qunfi My wasn | wasn | wasnuy yam Jou
wSenlfueima Houndn aniv/ (KWh) (N0)) oundn aniv/ u u wwni) | @md) az
©c) ¥a1) cc) 1) (KWh) | (kWh/ (%)

b))

1 AIR 101 25 16 437 38,310.40 254 10.5 287 | 25141 | 1316920 | 3950760 | 3438
AIR 102 25 2 6.01 52,676.80 254 15 41 35916 | 16.760.80 | 5028240 | 31.82
2 AIR 103 253 35 9.57 83,804.00 25.8 30 8.2 71,832 11,972.00 35,916.00 14.29
AVERAGE 13,967.33 41,902.00 26.83

1397 4 wansliiiiudl naInsinAsgUnIalive wsesUsuamaniieay 101 102

wWar201 92a1U150UTENTANG191ule 34.38% 31.82% Wwaz14.29 % aua1su taedl
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Arduino iutp3eadiendnlunsiaussuvanenailsfivessuidod Arduino Ao
Towmugesaidnnsedndunannesy fiusznouluse 2 @ fe e13aus waveonuwrs dens
g1ur1a e s egUnsalinddeya sulufanisaiuaugunsalsigg Wi
Tulasaeulnsataodtiu a1unsavilalaeld Arduino Software (IDE) lunianuani agesue
Fnsldnusaiiesold

~ msAnaa Arduino IDE titeldanusiufuuesalulasreulnsaaes (ESP8266)

- gonUnenssuvesiulasmeulnsaians (ESP8266)

- TA59851901 9 Pd S U Arduino

3R Arduino IDE siteldnusautuuesalulnsaeulnsaaes (ESP8266) itunou
Festeluil

- amilvanlusingy Arduino IDE 9108396 https://www.arduino.cc/en/main/software
vhmsasalasms unzip uesdaldmuluswnsudaelag arduino.exe Kaguit 1 (mslfrulumns,

Aduino IDE)

drivers
examples
‘ hardware
: - java G
arduino-1.8.9-wi ib i
ndows.zip : G-y
libraries 6/11/2560 1:18 File folde:

reference 6/11/2560 1:19 Eile folde
tools 6/11/2560 1 File folde
tools-builder 6/11/2560 1:18 File folde

Q arduino.exe 10/2560 15:37 o ol

= | arduino.l4j.ini 2/10/2560 15:37 Confiquration sett

O arduino_debug.exe 2/10/2560 15:37

= | arduino_debug.l4.ini 2/10/2560 15:37

U7l 1 msldelusunsy Arduino IDE


https://www.arduino.cc/en/main/software%20ทำการติดตั้งโดยการ%20unzip%20และเปิดใช้งานโปรแกรมด้วยไฟล์%20arduino.exe
https://www.arduino.cc/en/main/software%20ทำการติดตั้งโดยการ%20unzip%20และเปิดใช้งานโปรแกรมด้วยไฟล์%20arduino.exe
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nsfnsvasalulasnoulnsaass (ESP32) aauu Arduino IDE lneni1ssey URL
https://www.arduino.esp8266.com /stable/package esp8266com index.jsom 7 90

Additional Boards Manager URLS a1nLuy Preferences ﬁjﬂiﬂﬂ‘ﬁl 2 (n1932Y URL Y8IUBIA

6
lalasnoulnsaians)
[ ] Preferences
Network
Sketchbook location:

J/Users /thebird/Documents fArduino Browse
Editor language: System Default B  (requires restart of Arduino)
Editor font size: 16
Interface scale: Automatic 100 % (requires restart of Arduino)

Theme: Default theme [  (requires restart of Arduino)
Show verbose output during: compilation upload

Compiler warnings: None a

Display line numbers Enable Code Folding

Verify code after upload Use external editor

Check for updates on startup Save when verifying or uploading

Use accessibility features
Additional Boards Manager URLs: https://arduino.esp8266.com/stable/package_esp8266com_index.json [ ]

More preferences can be edited directly in the file
[Users [thebird/Library/Arduino15/preferences.txt

(edit only when Arduino is not running)

OK Cancel

SUN 2 M358y URL vesuainlulasneulnsaiaes

[
(%

78931710 UlUTIATN Arduino IDE 2g@131150@AR 1A lUSLATNE 087 dN1 TN LN

9

Wsunsuswivuesalulasreulnsames (ESP8266) Lo dsnsinseinlalagsiuiuy Boards

Manager fauansluguil 3 (Msfndsuasalulasreulnsaiaes)
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@ [ ] Boards Manager

Type All esp|

Built-In by Arduine version 1.8.3 INSTALLED

Boards included in this package:

Arduino ¥in, Arduine Uno, Arduino Uno WiFi, Arduino Diecimila, Arduino Nano, Arduino Mega, Arduino MegaADK, Arduino Leonardo, Arduino Leonardo Ethernet,
Arduino Micro, Arduino Esplora, Arduino Mini, Arduino Ethemet, Arduino Fio, Arduino BT, Arduino LilyPadUSB, Arduino Lilypad, Arduino Pro, Arduino ATMegaNG,
Arduino Robot Control, Arduino Robot Motor, Arduine Gemma, Adafruit Circuit Playground, Arduino Yin Mini, Arduino Industrial 101, Linino One.

Online Help

More Info

espB266

by ESPB266 Community

Boards included in this package:

Generic ESPB266 Module, Generic ESPB285 Module, ESPDuino (ESP-13 Module), Adafruit Feather HUZZAH ESPB266, Invent One, XinaBox CWO1, ESPresso Lite 1.0,
ESPresso Lite 2.0, Phoenix 1.0, Phoenix 2.0, NodeMCU 0.9 (ESP-12 Module), NodeMCU 1.0 (ESP-12E Module), Olimex MOD-WIFI-ESP8266(-DEV), SparkFun
ESP8266 Thing, SparkFun ESPE266 Thing Dev, SparkFun Blynk Board, SweetPea ESP-210, LOLIN(WEMOS) D1 R2 & mini, LOLIN(WEMOS) D1 mini Pro,
LOLIN{WEMOS) D1 mini Lite, WeMos D1 R1, ESPino (ESP-12 Module), ThaiEasyElec’s ESPino, WifInfo, Arduino, 4D Systems gend oD Range, Digistump Oak,
WiFiduino, Amperka WiFi Slot, Seeed Wio Link, ESPectro Core, Schirmilabs Eduino WiFi, ITEAD Sonaff, DOIT ESP-Mx DevKit (ESP8285).

274 Install
esp32
by Espressif Systems version 1.0.4 INSTALLED
Boards included in this package:
ESP32 Dev Module, WEMOS LoLin32, WEMOS D1 MINI ESP32.
More Info
Close

JUN 3 msfansueinlulasreulnsaiaes

A543 9UMBABUNLHNBS NUUDSALLTATABUINTALADS NIUNDSH USB Faludunaudl

asavilalaen1sAngs Virtual com port Driver vastuildlunisdeansdeyawuy USB to

1<

UART ﬁagjuuuas‘mlﬂﬂmauimamai‘ Felusuidedenduiuves Future Technology
Devices International Limited (FTDI) Tag@1unsadas ¢ FTDI las 1795 la a1na A
https://www.ftdichip.com /Drivers AV/CP.html LAZ@INITAATIVADUNANITA AR 9LA AN

TUsunsu Device Manager fauansluguin 4 (MsinRs Virtual com port driver)


https://www.ftdichip.com/Drivers/VCP.html

A Computer Management
File Action View Help

| nEE BRI B EXE
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A Computer Management (Local | v j- 05-904-00

v [{é System Tools > By Audioinputs and outputs
> @Taskicheduler e Bluetooth
E Event Viewer @ Cameras
@ Shared Folders |:_ Computer
> k Local Users and Groups > wm Disk drives
> @ Performance [ Display adapters
l. Device Manager = DVD/CD-ROM drives
v 5 Storage ) Human Interface Devices
&= Disk Management > =@ |DE ATA/ATAPI controllers
> ::.’J Services and Applications E= Keyboards

L} Memory technology devices
ﬂ Mice and other pointing devices
> [ Monitors
? Network adapters
8, Po Oh& LPT)

i USB Serial Port (COM4)

= Frnnt queues

U 4 msAARs Virtual com port driver

anUnenssuvesalulasroulnsaaaives ESP8266 Ngnidenunlyluang’

Tugudl 5 (ESP8266) fiswaziBundail
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rst 10 [Gi22 TxDO
apc 200 [©521 RXDO
EN 3 %20 GPios
GPI016 4200l Eep 12.F Series @19 GPIO4
GPIO14 5)0) [©<18 erioo
GPIO12 )0 [B%17 crioz
GPIO13 7.0 B<16 crio1s
vcc 8.0 <15 eND
AANAAA ]
10 11 12 13 14
0O 3 4
856958
=] g o < =
=1

U7 5 vednlulnsreulnsainesues ESP8266

ESP8266 LHudaiunuasinuedluga ESP8266 dwiufindedoasuuanIgIu Wi
Fafusauladi 3.0-3.6v ieldnszualnende 80mA sessumas deep sleep Tums
Usendanasnu ldnsvuatesndn 10 lulasweud a1u150 wake up nduundwoyaldian
tounni 2 fad3undl anelull Low power MCU 32bit ¥ilisni@eulusunsudeanuld $eas
analog digital converter ¥inlWaunsag1uA19n analog ldaruaziden 10bit vieulad
gung il -40 fi9 125 samwaldoa s1wavidoaui uAuangnand195amu ESP8266
Datasheet Wlathan ESP8266 swamiulugavianssu fasdusiudie ESPacs umudeiu
19U ESP-01 , ESP-03 , ESP-07 , ESP-12E ESP8266 finariu WI-FI wuu Serial @11150408u
Tsunsuashludl Tneld Arduino IDE 18 vilsinsideulusunsusagldamuiubesine ade
fumsld Arduino Zeaninsn@nsiegunsadu q Wuwed f1e 9 uwuualed Arduino 5wﬁﬁuu§m
Arduino agudq Arilauazldauldsins luga ESP8266 finatesu wazdyulvawmun

v 1 v A

44' Y e v I a
PRIAFMIPRIS] G]I@EJIﬂiﬂfﬁ'NLLa%sU']VlﬁLGUQ']uﬂﬂgll NYUTANYNUAD

® GPIOO Wurdnsudeniuun lnalosaiu GND 2zt lvualUswnsy wealilafnadnis
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® GPIO15 Wurndidessioas GND ilellugavinay

® CH PD v3e EN ilunniidiossioln VCC iile pull up dayaas Wilugavianu Tugaung

sulsifivn Reset w114 iiledosn1sTion visiann CH PD fu GND
® Reset siaffulyl VCC uie pull up dyana Tnewledeanission Tiserul GND
o vCC \Hurndmsudiglides Wlwidss 3.0-3.6v
® GND safiulu oV
® GPIO WurAinea INPUT/OUTPUT vihauitlyl 3.3v

® ADC \¥uw1 Analog INPUT Sunswiugian 1V auazden 10bit w3a 1024 A

1AT983 190 ¥ Td115U Arduino ﬁgmmmﬂugﬂﬁ 6 (lassas1alusinsu Arduino)
eandeafuellil

- dhuvesmsfvuaaEususuysegluneuduvestsunsunoufisiladdu 3
Forvunidesdnunsiniidn-Tug vesiulsuazdeflaidu

et setup 0 Wlunssmusrsuduvediusunsy Seiteiu Setup O Tavilnns
Freufiesnsaiion Wesudumsrhau

ek 4u loop () \Judruiilusunsuazaurigrog1esailssmasaiian Inaunild

MVUALANTTYINIUYDIIRIEG MUUANITARENSUULBYNTH Y18 Teauvesilendu loop

0 didulaalusunsunanivinlinlulasaeulnsataasUssuiana

druveslusunsy dauveslusunsy

| Haridy setup0 J aritu setup0
‘ et loop0 \ . ity LoopO

wardutag

U 6 Tassashalusunsu Arduino
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MINANTUTLATUAE Arduino @snsaltase https:/Awww.arduino.cc/rcfevence/en/

%

[ 1 a v 24 o & X a v a v 1 &
uuvasenedale demdsiugiuneansilagnesug Awieluil

A

'
[

NUFINNAITS

<9

pinMode(pin, input /output) Terduimunlmunmsyeiiunesatug Hu
INPUT %30 OUTPUT v masananeauasamesnuauiasn

digitalWrite(pin, value) fleidudsraninaanealudmmesmiug (agen HIGH 1Ju
n5d9aedn 1 wagAn LOW 1Wunsdsanin 0)

digitalRead(pin) fleftusuaeinidvafivinesn 1wu mnnsnadiadviosud
NNFULDIAINDA

analogWrite(pin, value) flsriduliunesnasdayaios PWM (FegT81319 0 A
1023)

analogRead(pin/ch) flsfiusudyamuueunasn (mﬁéﬁuﬁ%agﬂumﬂ 0 09
4095)

Delay(time(ms)) #lariduminean (ms: fnavfiminanivieduiiadiund)
delayMicroseconds(time(us)) #lardumirsandululasiud uslulasiund)
Serial.begin(speed) flaritunvuannanialumsdeasmewesneynsy (i
Tnmeiund (bps: bit per second)masdaleun 300, 600, 1200, 2400, 4800,
9600, 14400, 19200, 28800, 38400, 57600, #3® 115200)
Serial.print/println(val, format) flsAdudstoyananvidefiusideyasennismesniile
WARINA

Serial.available() flsridunsinaeuhiifeyariundmesneynsuvels
SerialRead() flerdusudeyaiiinundmesnounsy

ADC (Analog to Digital Converter) Td¥nussaulwngwsu ESP32 anansalaeu
ADC l9firnuaziBen 12 Jn vidorilsazoglutag 0 - 4095 1wy Jnusssulst 3.3v

2zaUA191n7 ADC l¢ 4095 1Hudu

flafdu analogRead() figunuunisldaussil

int analogRead(int ch); Herdudarwisifiwes 1 f Ae ch Wumsiwuanneiay
299 ADC Nfa9nsinnsalanuneavyn GPIO dnsuaianulaazdsnduunaziiviin

W int dA15zrIne 0 - 4095


https://www.arduino.cc/rcfevencc/en/
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® jlsritu analogReadResolution( ) f5uwuunsldaudisil
void analogReadResolution(int bit); #HendusiA1n1513mes 1 @2 Ao bit 1Iun1s
° ' = ° v 5 a a o w1 Al
MnupA1ANasBenves ADC aansafmvualasign 9 Un uageasan 12 Jn dmuiien
1n#9AFU analogRead() au1TanAIgIaAlAINANNTST 2bits — 1 1Y d1AvualiAy
avdeon WJu 10 On erienuldgeanazld 210 - 1 = 1023

<

® PWM(Pulse Width Modulation) {Junsauaugunsalluzuiuveunien lny

Aaa

WaNNIes PWM Aemsasiennudinfianunande - Yalaiviiu aruiateozgn
Sonhiafleda (Duty Cycle) Fsendiszuiludosazise % vsilluns THuessae
anunsamuaulanuduILTnfgnsnuasTessuy (Aunneudng) AUANAIY

avlBauuu 8 U dzvanefispiuaulai 0 - 255 vise AuANlAgeEn 28 - 1 = 255

faagnelusunsy sruARanglinNuTL INTULYDS DHT22

DHT22 / AM2302 Module

1#include "DHT.h" 24 Serial.print("Humidity: ");

2 //#define DHTPIN 14 25 Serial.printCh);

3 const int DHTPIN = 14; ial.pri " "y .

4 #define DHTTYPE DHT22 // DHT 22 (AM2302), AM2321 g? g::}z%.z;::tg"Tf;:egéture: "y;
EDHT dht(DHTPIN, DHTTYPE); 28 Ser?ul.pr@nt(t);

T T 29 Serial.println(" *C ");

8 Serial.begin(115200); 30}

9 Serial.printlnQ; t .

10 Serial.println("Humidity (%)\tTemperature (*C)"); Hum%dity (%) Temperature (*C)

11 dht.begin(); Humidity: 74.20 % Temperature: 24.80 *C
12 } Humidity: 74.20 % Temperature: 24.70 *C
13 Humidity: 74.20 % Temperature: 24.70 *C
14 void loop() { Humidity: 74.20 % Temperature: 24.70 *C
15 // Wait a few seconds between measurements. Humidity: 74.10 % Temperature: 24.70 *C
16 delay(2000); Humidity: 74.10 % Temperature: 24.70 *C
17 // Reading temperature or humidity takes about 25@ mil| Humidity: 74.50 % Temperature: 24.70 *C
18 float h = dht.readHumidity(); Humidity: 99.90 % Temperature: 25.10 *C
19 float t = dht.readTemperature(); Humidity: 99.90 % Temperature: 25.60 *C
20 if (isnanCh) |1 isnan(t)) { Humidity: 99.90 % Temperature: 26.10 *C
21 Serial.println("Failed to read from DHT sensor!"); |Humidity: 99.90 % Temperature: 28.20 *C
22 return; Humidity: 99.90 % Temperature: 28.70 *C
23 1}
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#include <OneWire.h>

#include <DallasTemperature.h>
#include <TimeLib.h>

#include <ESP8266WiFi.h>

#include <PubSubClient.h>

// Network Connection
const char *ssid = ".@ SPU WiFi";

const char *pass = "xxxx";

// MQTT Server Connection

const char *mqttServ = "m12.cloudmatt.com”;
const int  mqttPort = 19192,

const char *mqttUser = "xxxx";

const char *mqttPass = "xxxx";

// publish  -> sensor

const char *pubTopic = "surachai/test";

// subscribe -> actuator

const char *subTopic = "surachai/test";

WiFiClient espClient;
PubSubClient client(espClient),

// predefine function (for MAC)

void setupWifi();
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void callback(char* topic, byte* payload, unsigned int length);

void reconnect();

// Relay pin 12 on Sonoff
#define RELAY PIN 12

// LED pin 13 on Sonoff

#define LED _PIN 13

// Data wire is plugged into 0 for temperature sensor

#define ONE_WIRE_BUS 0 // 2= D4, 0 = D3

// Satuation Delay time
#define SAT DELAY 5 // 5 times of Loop

// Compressor Delay time when turn off

#define COMPRESS DELAY OFF (60*1000)*3 // *1 = 1 minitue

// Compressor Delay time when turn on

#define COMPRESS DELAY ON (60*1000)*4 // *1 = 1 minitue

// Difference temperature after turn off compressor

#define TEMP_DIFF 1 // 1 Celsius

// Check point of Temperature
#define TEMP_CHECK 21 // 21 Celsius



// Setup a oneWire instance to communicate with any OneWire devices
// (not just Maxim/Dallas temperature ICs)
OneWire oneWire(ONE_WIRE_BUS);

// Pass our oneWire reference to Dallas Temperature.
DallasTemperature sensors(&oneWire);
unsigned long realTime;

unsigned long offTime;

float tempNew = 0;

float tempOld = 0;

float tempOff = 0;

float tempDiff = 0;

int counter = 0;

int compress_status = 0;

int compress_delay = 0;

char tempPub[10];

void setup(void)

{

// start serial port
Serial.begin(9600);

Serial.printin("Share saving Aircon Version 1");

// Start up the library

sensors.begin();

// Setup LED build in (GPIO13)
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pinMode(LED_PIN,OUTPUT);

digitalWrite(LED_PIN,HIGH);

// Setup Relay on Sonoff (GPIO12)
pinMode(RELAY_PIN,OUTPUT); //D6
digitalWrite(RELAY PIN,HIGH); // Set to normaly close

// set up wifi

setupWifi();

// set mqtt service and callback function
client.setServer(mqttServ, mqttPort);

client.setCallback(callback);

void loop(void)

{

char msgPub[10] ="',
char timePub[10];

// connect if it does not connect
if (Iclient.connected())

{

reconnect();
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client.loop();

digitalWrite(LED PIN,LOW); // Turn on LED

/%% Show realtime ****
Serial.print("-----—-- Real Time : ");
realTime = millis();

//prints time since program started

//Serial.print(realTime/1000);

S
Serial.print(hour());
Serial.print(":");
Serial.print(minute());
Serial.print(":");
Serial.print(second());
Serial.printn(" ----—-— ");
*/

String convert;
convert += hour();
convert +=""
convert += minute();

convert +=""

convert += second();

convert.toCharArray(timePub, 10);
Serial.print(timePub);

Serial.printtn(" -—--—- ");
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// ¥** Read for New temperature ****
// call sensors.requestTemperatures() to issue a global temperature
// request to all devices on the bus
//Serial.print(" Requesting temperatures...");
sensors.requestTemperatures(); // Send the command to get temperatures
//Serial.printin("DONE");
Serial.print("Temperature New is: ");
//Serial.print(sensors.getTempCByIndex(0)); // Why "byIndex"?
// You can have more than one IC on the same bus.

// O refers to the first IC on the wire
tempNew = sensors.getTempCByIndex(0);

Serial.printin(tempNew); // Why "bylndex"?

//publish to cloud
dtostrf(tempNew, 5, 2, tempPub);
strcat(msgPub,timePub);
strcat(msgPub,",");
strcat(msgPub,tempPub);
client.publish(pubTopic, msgPub);
delay(1000);

//*¥** Show Compressor status ****
Serial.print("Compressor status is: ");

Serial.printin(compress_status); // 0 is on, 1 is off

// ¥** Compressor status is on and temperature are equal and temperature lessthan
check poine ****

if(tempNew == tempOld)&&(compress_status!=1)&&(tempNew<TEMP_CHECK))



Serial.print("Temperature is Equal at : ")
counter++; //set timmer
Serial.print(counter);

Serial.printn(" Times");

//Blink LED
digitalWrite(LED_PIN,HIGH); // Turn off LED
delay(300);

ifl(counter == SAT DELAY)&&(realTime>=COMPRESS DELAY ON))
{
Serial.printin("Compressor Turn off III");

digitalWrite(RELAY PIN,LOW); // Turn off compressor

// Blink LED

digitalWrite(LED_PIN,HIGH); // Turn off LED

delay(1000);

compress_status = 1; // set status of compressor

offTime = realTime; // store time before turn off compressor

tempOff = tempNew; // store temperature before turn off compressor

// **** Compressor status is off ****

else iflcompress_status==1)

{

//compute compressor delay time
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compress_delay = realTime - offTime;

Serial.print("Compressor delay time :");

Serial.printin(compress_delay/1000);

//compute differance temperature

tempDiff = tempNew - tempOff;

Serial.print("Cutoff temperature :");

Serial.println(tempOff);

Serial.print("Difference temperature :");

Serial.printin(tempDiff);

//Blink LED
digitalWrite(LED PIN,HIGH); // Turn off LED
delay(1000);

// Check for turn on Compressor
ifl(compress delay >= COMPRESS DELAY OFF) && (tempDiff >= TEMP DIFF) )
{

Serial.printin("Compressor Turn on !II");

digitalWrite(RELAY PIN,HIGH); // Turn on compressor

compress_status = 0; // set status of compressor
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// F** Compressor is on but temperature are not equal ****

else

{

counter = 0;

// ¥** Store old temperature ****

tempOld = tempNew;

//Serial.print("Temperature Old is: ");
//Serial.printin(tempOld);

void setupWifi()
{

// We start by connecting to a WiFi network

Serial.printin();

Serial.print("Connecting to ")

Serial.print(n(ssid);

// Set WiFi to station mode and disconnect from an AP if it was previously
connected

WiFi.mode(WIFI_STA),

WiFi.disconnect();

delay(100);
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// connect to ap
WiFi.begin(ssid, pass);
while (WiFi.status() != WL CONNECTED)
{
delay(500);

Serial.print(".");

// display ip

Serial.printn(");
Serial.printin("WiFi connected");
Serial.printin("IP address: ");

Serial.printin(WiFi.locallP();

void callback(char* topic, byte* payload, unsigned int length)

{

// append end of string
payload[length] = "\0}

// convert to String type
String topicStr = String(topic);

String messageStr = String((char *)payload);

// display on terminal

//Serial.printin("Message arrived [" + topicStr + "] " + messageStr),

// * for multiple subscribtion, topic is must be checked!!
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// convert to int

//int value = messageStr.tolnt();

// output to pin as pwm
//analogWrite(led, map(value, 100, 0, 0, 1023));

void reconnect()

{
// Loop until we're reconnected
while (Iclient.connected())
{

Serial.print("Attempting MQTT connection...");

// Attempt to connect

//if (client.connect("ESP8266Client", mqttUser, mqattPass))

// client name must be unique, we use subTopic is better than fixed name
if (client.connect(subTopic, mgttUser, mqttPass))

{

Serial.printn("connected");

// subscribe topic

client.subscribe(subTopic);

else

Serial.print(“failed, rc=");



Serial.print(client.state());

Serial.printin(" try again in 5 seconds");

// Wait 5 seconds before retrying
delay(5000);
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