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ABSTRACT

This thesis discusses the design of cricket breeding equipment. The machine
can control a key factor in the growth of crickets. An important factor in the growth of
crickets is that the crickets live in temperatures of 25-30 degrees Celsius, 60-70%
relative humidity, and a light intensity of 100 lux. Using a microcontroller to control
temperature, humidity, light intensity, it can display temperature, humidity and light
intensity through the display. and have a feeding system which the machine is designed
with a water supply system by providing water that will always have water and the
feeding can be fed from the specified time setting for the crickets to grow well and it
is beneficial to farmers in cultivating crickets.

From the results of the cricket breeding machine experiment. The temperature
sensor calibration test had the highest error of 2.70 percent. The humidity sensor
calibration trial had a maximum error of 2.89 percent. Temperature, humidity and light
intensity control experiments, the machine can operate as set. The feeding experiment
was divided into two parts, feeding for 30 s had an average feed amount of 33 g, and
feeding for 60 s had an average feed amount of 55.10 ¢. And growth recording
experiments It was found that crickets aged 7 days, 14 days, 21 days, 28 days and 35
days had the daily intake of 20,20,40,50 and 60 g, respectively.
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2.2 L9dN8266

TouT cp1o16 —IETI— WAKE
GPI0S
GPI04

cpice. — N

GPIO2 — TXD1

SDD3 — GPIO1e
SDD2 — GPIORS
sDD1 —  MOS
_sbcMp— €8
sppe  —  MISO cp101s ——— (FEEIR
socLk —IUsELK 6P1012 ——{ HMISO
GND - GPIO13 — RXDZ —— HMOSI
\innen GPIO1S — TXD2 —{ HCS
GPIO3 — RSDO
GPIO1 —| TXD@

EN 2

Ul 2.5 Bleaiis266
(Fu: https://blog.thaieasyelec.com/)

NNV 2.2 Bleaiis266 (ESP8266) [1] 1uuiluievesivleduuveinvedluga diled

510878266 Tuflfiufilusunsu (flash memory) luda viliwesldlednrsuen (external flash
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memory) lunsifuldsunsuiildnisdouderwlusianea spl dsamaiieainliluga Sioad
8266 fituilusunsuunnnia leglulasneulnsaaesivesauy Soais266 viauiluseulii
3.3V -3.6V Myl nusiuiudugesugilduseiu sv fedddsasutuseiu undredieladli
Tugaademeonszuadilugaldsiugeane 200mA mnuda3anea 0MHz ilislethlulday
gunsalfivhnusInsnuaud 1wy ssuanmaLeads (LCD) hiimsuansuadeyasiniginin

lulasmoulnsamesveniioust1e e1melu (Arduino)

2.2.1 Y1VDIDLDANS266

Y weBloans266 wuslanail

1. vC undmivigluiduielnlugaiaulddsuseiu Aldanuldde 3.3 -
3.6V

2. GND

3. Reset Wag CH_PD (3o EN) Wuniidiossioiiriulnuan ielilugaaiuise
yauldna 201 waranansnianlddelugaldviioutuunnsensedion
Reset au1snanslildusivy CH_PD (3o EN) suludosrardnlriuanivindy
slevillaisaitilnuan yililugaayliivineuviui

4. GPIO \urAdneaduwn / o winm awiiusadiu 3.3V

5. GPIO15 Wunnfidessioas GND wihih e loilgavhaule

6. GPIO0 Wfuvrdmsunisidenlnuavinau nintanilas GND asdlvun
TUsunsy mnaseld weeundlvuan sz luuanisitenuung

7. ADC Bumnewmndenduns suuswiuldgeand 1v wua 10 In msthlulday

ULTIRY Mgend19ealdiansuuassriu1Ylg

2.3 lugauriinfled3231

Ul 2.6 Tugaunfimifiieas231

(ﬁu’lz https://blog.thaieasyelec.com/)
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1n3UM 2.3 Tugadiea 3231 (DS3231) [10] WuluguiinuuunaIa3s RTC( Real Time
Clock ) Afimmignéisisiugrgunszdrdluiasingamnd tetgamaiananinuindessn
AMururaeANdTes Crystal fignsumuangamaiaeuen smdeuuunnoss Tdnuldulsl
fundstnglnlannaeuen ausassan Yu i WWeghaine flavidumdesldou aunsaden

WARIHALIAUU 24 Taluansanuy 129 luedlsuanainaziansiunaziianlaeg1aiugidn

Ly

lugafifaaunse wansgaumginiewents Wumieuwniiniddneaivengamalasie wazlug

= wa

UIRAMUUNAID39 RTC LUaA 9 azdinuaudinieiy uadudinsiaumnleudumstiuainud

q

a

910 Crystal 32.768kHz u1W1uasiud gy ramisasthidudygrauiing 1Hz Ae 1gn

o

AALdY Y IMAIUNTI(BNLIU DS3231 Wtiuann Crystal Tudaduiae laifesendy Crystal dyayied

NN UDN T IALANATINEINTININTY) kazdunINAziN1sTua U uIA ui Falug Jun

L3 a a

a a ) 1Y) N Y Y A A A A o ea
VOIADU LADU IUVBIAUAM LazUnToNn1uUasng 59U (Leap-year : ADUNLADUALATNUGH 29

Ju) lugauriininaiaseiideney 31ed Ao floa 1307 (DS1307) Alea 3231 floa 1302

(DS1302) Feaziinpaudfnuandaiulufamsem 2.1

M15197 2.1 AuauTRNLANANTUYeY filod 1307, fAiod 3231 uwaghled 1302

AMEUUR ALad 1307 ALad 3231 fALad 1302

Y a a a o a a a O a a A o
n1sUULaN T, U, Tlas, N, U, Tala, AT, U, Tala,
Jun, weu, Tuly Jun, weu, Julu Ui, weu, Julu

a a a a

dUanvi YoSnasiiu | dUavi UeBnasiiu | dUami Uedngsiiu

q q

(ulensd 2100) tuleasd 2100) tHulenst 2100)

ANUARALAR DY 13itAu 23PPM 13itAu 2PPM l3itAu 20PPM
(23 3u19/1,000,000 | (2 3w191/1,000,000 | (20 Fu191/1,000,000

Au9N) A1) AU9)

nsingumail - Tlue -

Y

MsiTeusie 12C 12C 3-wire interface
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M1319% 2.1 AnaudRTLANFTUYaY ALea1307, Awa3231 washleal302 (se)

AMENURA ALag1307 ALaR3231 ALag1302

100kHz (Standard
12C Interface Speed 100kHz Mode) -

400kHz (Fast Mode)

LLﬁGﬁNiWLgﬂﬂ 45-55V 23-55V 2.0-5.5V

1.5mA (Active) 300uA (Active) 1.2mA (Active)
NNSAUNTELLE
200uA (Standby) 170uA (Standby) 0.2uA (Standby)

Backup Battery 3V 3V 3V

gaunnilunisvinau 0-70°C 0-70°C 0-70°C

2.4 YDUANINALDAYA
2.4.1 arluifgafuasLanNaLEa TR
JouAnINALEaTH (LCD) [9] Fakin LCD gaunandidn Liquid Crystal Display

FuduNVUIINKNENATANDAIMAY NANN1TAD PUNAII9Ed lndedaing vSaniSenin

Y a = &

Backlight 8¢l Wein1sUasenszualiiiidrlunsequiiangdn Aagvilvindnlusauas vinlviuasiian

q

=

1l Backlight ansduanuuniinge drnudunlaunanlanuliagliaine udnddnuandisiuniy

~ =% a A a A o § v A -d' I3 Y o Y o &
AUDINANATANDA LYUALVYI 1199 aﬁ'] 18 ‘Vlﬂ‘l/iLZHEJ:MENIIJVH]EJH%WUHUMMW%@ LLAIWUNUNUY

[

nAadR199 U Fevuanawaneadn wuadu 2 wuulugqgaudnuagnisiansuasadl

LY

1. 90LARIPIENBILEaTA (Character LCD) 1Wuasiiuaninaldusisnusniutes

=

WUUANEF LWUIDWIATH VUM 16x2 Nu8ddhe 1 waddidenuslale 16 é1 waziiviaius 2

(%
N v

USTNALALGIIU @1 20x4 281UND9lU 1 wadl Fdnushald 20 A7 wagdavun 2 UsSTa A4

LLﬂqugﬂ‘ﬁ 27
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SUN 2.7 8UaAINaLEATA

(ﬁm: https://www.cybertice.com/product/434/2004-lcd-yellow-screen-
20x4 /)

2. WUARNANTNANLEATH (Graphic LCD) \Jusefiaunsarinualainayleiue
azAUUNTNRRNuLEY vieUastuaseanty vinlvelaunsaasaguiuinuuntnveld nssey
vz seyluanvzreduINge (Pixels) luusiasuun W 128x64 nunefiwenidnuiuganiy

WWIUeY 128 90 uAzilannuLuIRd 64 90 Aauanslugun 2.8

5UN 2.8 FauanmanvinLeads

(ﬁm: https://th.elementl4.com/mikroelektronika/mikroe-4/graphic-lcd-
module-128-x-64/dp/)

2.4.2 Tas9a519laen7lUves9aLanINaLRaTn
1ASIAS19D990WANINALDATH b UATUTLNBUTUABLEULAD 2 WHuUsEAUTY
ag lngiiugesinmsinanly 6-10 lulaswns daiuluresruuinasiadausieddilniuuula

(%
1Y

d‘ ¥ U ! U o U = = dl o
wialduanaiidnys asananesening dudbiihuuuladundnma Stuvesansiviililuanaves
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nAnsausfulufieniefiuasdosinsenu Bendn Alisnment Layer uwazkdnmaniildlaeiialuas
Junuu Magnetic Tneg aauansnaneada aunsauaninaliaunsausaiuldiomn 3uuy
PRRILD)

1. wuuldnisagounas (Reflective Mode) auaninaweads wuudldans
Ussunvlavindeuet uiundwos uoadn deuoadd Yssinmilmungiunisianldauly 473
WAIEIN9LNEIND

2. wuuldnnsdssau (Transitive Mode) aeuanenaneasi wuuinamasalul
Frundeae evliniseumiuanawariladaiau

3, wuudsHuLazazsiau (Transflective Mode) 9ouaninaueadi wuuiduns

Ue1vofvedelaning LCD 919 2 Wuusnsasiy

2.5 lupainaundiinasanuyunlesiiz2

U 2.9 Tupateumniuararutufieniiz2
(‘171I3J’1: https://www.allnewstep.com/product/825/dht22-am2302-module-original-asair-

IM@ﬁ’?ﬂQMMQﬁLmem%u—temperature—and—humidity—sensor—modul )

31N3UN 2.9 gunsaliugasdmuingunduagAuyuduing (Temperature &

Relative Humidity Sensor) [11] {ugUnsaltanunsathunuszensdldanumsnussuuauainaily

[
a IS v =

Ailavainviang Wun1siauay AuaNgaugltarauTy ssuutuiinteyaiieniugamaiivas

Y

Auduluies udu gunsaluseiani unnensfumudndsn 590 Anuwiug aruazidenly

A157A NNSIANLUUARTANS oLUUDUIEDN LDUAY Fan1sldnuluga Aleyn22 A duwuy
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favia Mundyarafidvaioaduion Tunsdeusdonuuineynsuassiianie (Serial Data, Bi-
Rirectional) Tngthuideudey engelu esu Aanueuiges LLaz@mauﬁaﬁ’qﬁ
1. Wussulwidssidlugae: 3.3V e 5.5V DC (Fadufaldlaiu 3.3V uay 5v)
2. Ingaumnalalugis -40 to 80 °C (x0.5 °C accuracy)
3. fapnnududuimslalutag: 0 - 100 RH% (2 - 5% accuracy)
4. 9N TINGean: 0.5Hz
5. ADULUALAIBSHLUU 4 U1
1 1 = lhdes (vCO)
M 2 = Ny musu-detaya SDA (Serial data, bidirectional)
1 3 = lifinsdeusie N.C. (Not Connect)

Y1 4 = 9157179 (GND)

2.6 Widuneadn

7
LED 5730

U 2.10 niduusadd

(Fian: https://www.analogread.com/)

31n3U7 2.10 Ivduweads (LED) [12] \lufilsnagrsunntuiagdu esaindan IP
wanvanglvitienldauns IP20 luauds 1P68 lnslamzegedslunuanudenisluuazaiguen
a $9vs g& da L ve v s A S e ouv ¢
msfaaslimhAdunteusnnlduiiy meflduivainaiensdadadilaing saufsausavay
gouanenniauldedrsndanungldlulngouldin mau auveudssy wiae deuldvies

= 1 1 6 a f@ Y1 [y}
SOUID IR NWANNDS TSN LUy
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2.6.1 YonvaslniduLoadn

(% (%

a Y a

Iyfiadddnwausidudus1indesuiu duialideasenin weadasudu (LED

[
Y

Ribbon) fgpnautfanzimasadnielaeg1edass(mueseliiveudazi) Anddladeusd

¥ (%
Y

Tuiuwau dalasusulmatulaseas1aiunnaosnisannaladne Triwasainsisoiiloslaiinm
) Yy oo & ) o & o & A ) a v
Aaedenvinunt JagUuisdaniuliidu LED Tuununniiun Ingamgmuinsassnduniuas

ANIUVINITAN 9)

2.6.2 auandAn1slasiudunaziivadlviduneadh

P20 winzdmsuldaunisly ifinuauifnun awnsadaianuasealius
AosUnlnseningyiAuayen
IP65 anunsalauiidule wiudunbinaealila

IP67 / IP68 anunsauwgtle uinisseisusiagatousetiio bl

2.7 uwnasanglwadindaninasgnnane

JUN 2.11 unasdnglnainganiesdnnany

(ﬁm: https://www.cybertice.com/product/560/switching-power-supply)

mﬂgﬂﬁ 2.11 wrasinglnadndanaesdnnane (Switching Power Supply) [13] «Ju
uwnasirglinsansrnssfuluunis waganmnsadsuusaiulnanluadubanigs Whduusesly
aseAn Wieldlunudidenseindldduisatuunasinglidady (Linear Power Supply) Hausl
weidwmaneisaesuuuasdosiinisléntoudadlunisanneuusetugsliiduusetus
Wiy uidntamneidnnasszdonislinteuvasiitundn uavihminies deiieu

a a !

fuwvasglidady Sneedindaniiesdnnaneduliussansningenitdnme lulagduainga
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v =] v A

s gnnanslag 1w dunuInAudia Useantueg1eunn taseelddidansetndvuindnds

o w 1

Aoansunaiglidmasgeuddvunndn Wi wiesrauiunes tesedlnsans way Insviml
Tndussdedddainduniiesdunats wurliunsiiaiaduniaesdnnareunldluniedld
diaansetindnnuszandadululags nsfnwmdnnmsviausazniseenuuuadadaniiesdn

wanedadudsdnduiilionamdnifedddmiuiiinerdestunudidansetindynusznm

2.7.1 @3ngunastnnatanuvasae g adu
TalaSuuresaindaninesdnnaisiloiUssuiisunuwnasang il wdu As

Useansawias vualan waziudniuininuvasanglmdadu esanuasanelvdaduldy

il
=

wiowlaseuisFadvueive wasdwidninn varldnuesinsadukasnssuariuimdoutas
paoAnan Masnugadeiiinainudioutasiedigs minsiusuuvasiglmdadudiunnn
wlfimnesnsuianesiesynsuilodnsiiionnenseuauasasaussiuy fdsnugadelusy
m’uﬁam31‘3@"1@@LLazé]’aﬂ%’LLﬂiuszmamm%auwmimgb?faﬁm‘f@ﬁ dlomnnesdnnates ot
QRGRRIGRE szsiliTaunelnaluaziidminun Undundediglidaduasiussavsnmdszana
30% viseenavhlsigsiia 50% luunansdl Gefulsindeuiiillenisuiisuiuaindannesdn
wanedafiuseansanlugag 65%-80% ainduniiesdnwaisdvrsaanlaaadswuseain
20x10° &9 50x10 Fundt luvaeiuvddielidaduagyliifiesseann 2x10° 3unl dedua
somsdnmunasinglndrseaiioteaiunsvgainuresgunsaiflifumnesdwnaiailoiis
nMavgasteusstuliady sauisaindaninesdunatsamisoveuldlurasusaduduns
Aeuteniededinsannsainuldifiofansdussiuliandndie sgaslsfniy alndaniaes

o A A ° A 5 [ ! Y a o P ::4' ™ a Y}
GU‘WWﬁ"IEl"\]glILaﬂﬂiﬂ']WIUﬂ']im'NquLV}Wqﬂ']'] LLagﬂEﬂMLﬂ@ﬁﬁy}@’]miUﬂ'ﬂul@q@LN@LUiUUW]EJUﬂ‘U

a

wraNe LT 9Ly mmﬁﬂa‘im%ﬂLWWLJ@%%’meaé’ﬂﬁﬂ’;ms‘ifu%’ammw%mmd'}uazﬁmmgq 9

[

MMaIIUAY wasaglwidaduazsyszudanitunazlinafviniisusu asiuaiadanies g

panedeindenlanuluanunfanan1sAMaIuaaws 20 Insvuluvinty



19

2.7.2 FANNTTIIIUYDIFINTUNWID TN NAY
aadanesdnnatelnemluliesduseneuiugiuiieaiendaniy waslududou
wndn dawanslugun 2.12 Mladdgvesalnfannesdnnaigazegiineuliesines 1iewin

v v

VNVNNTIEANDULTIFULALAIATUTIRULIANAMIEY BIAUTENDUAIY YINNUIINEIFUAT

L

FID L Jl’_l'.:m' 4 '|:

1

11T RAADT . | N .
WD Y WD TARTIT AT e LLEY
UR: N . Sy — ) = Twewm
a o | MITUEMADT LT i | BAzAIDINT W
R 1ADDY | [ |
3
| 1FATUAY 4

SUN 2.12 939AUTENRUNUFILYREIATANIDITINE Y

(Fian: https://www.cpe.ku.ac.th/~yuen/204471/power/switching_regulator/)

wsenulladUAE99EHIWdININ9999T RAT Wawes wensesdayaiusuniuwas

[ 1 ¥ al s s a s o 1 s s [
wUautuliasernaamerassnaliliess mesnsudamesagyhaudumiiesnauieiines
Tngnsannonssiudugaeg Anudussuia 20-200 KHz anduasnuludmlouUasainds
LDAALIIAUAT LEIANATDIMT DRUaIILADAUIIIFEINTEE LagnTowIInulTeu N13AdAT
wsanuazilalaenisdoundunussduiiodnanad ul1ga3asatuas ientuaulinIes
NuTamesiinTzuannYurTeogat N sasuLUaweIuT IR U WNe Faziinarinli

TN LR TRE NI
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<@ ¢ v o 3
2.8 LWULYBIINTEAUUN

JUN 2.13 Wuwesinszauin

(F: https://www.cybertice.com/product/)

n3UN 2.13 Wuesinszaudi [14] Wulugainanuiulueinieuazuinu Ineainls

- v = [ a Y v a &
sanunluarudiuniy (ADC) Wesgluanmunavieudaziauiuniugs Tuvaendaiuau
1109 IR USHMUIRuluUSLIIMINA ARNAIUMIUTlAazanas Gsannsausuatanlaly

[y vy Y 4 13 v & 13 aa
N1395333AlaBnae waganunsali 1dne (Output) lavia eunden waz fmea

=S 4

2.9 31a¥
3188 (Relay) [15] Aoadndfianunsamuaunisda-Unlagauundwantnidansa du
fa o A ¢ a ~ aa ° = 3 o @ Ay y
gunsaididnnsedndviavientevldlunuamuan nsiauvesSiadisaduauiuwivanile
nmsnenseudlviidueanfivuuusnuran Wenseualnilvanureainvessiadaziin
auuliihaiusarmuaunsila-Ualamusdenis Swddlnaenldiasuuluiinssuanss (DO
wazlnihnssuaaau (AQ) melusisiadazusenaulume 2 d@undnafe druvesnainnileaun
wazaruvewmindudanise TuSiadunazfe1alinidulanuane1eiu Lazduiuresninduls

gnalivthdudanuanseiuly dawandlugun 2.14
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JUN 2.14 dnwaigvetgunsnlsiad

v

(Fu: https://www.mcucity.com/product/3v-24v-srd-5vdc-sl-c-srd-12vdc-

sl-c-srd-24vdc-sl-c-power-relay)

2.9.1 AN5N19IUVBISLAE

TAseas19n1eluv9931ag 98U e NaUALUAAINT LAY T BL51TDULTIAULAE
nszualivaaiauds faananaznaaluwiméninin lneazgamindudad (C : Common) uay
nindudadule (NO : Normal Open) Aidunadnlinindudadeunony 49agviliiianns
Uinszuanvd wazvndule wiidosvgadoulsinulasnssiaunvnadn fIunaInIzngn
[~ i 0§ Y Y o o A AR e 1 Y1 v 0 6Y YV o o a =
naewduwiwdning vilvinthdudaduasnindudaulelignaalvseny yilvnihdudadgnsa
nauluRnfunthdudadud (NC : Normal Close) feussausafifnegiiliinnisiinssuaiond

warudud Aawanslugun 2.15

SWITCH SWITCH
C

ocC_) A oS ocC

5UN 2.15 Mevieuvesiad 1 niduda

(ﬁ:ﬂ: https://misumitechnical.com/technical/electrical/relay-working-

principles/)
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2.9.2 ¥invasIiad

(%

adngnldlunismuaunisilin-Unassauuwdmantnifisendnsiadduause

ltldnuldvainuate wazhflinnunenaneguuuy ussiadanunsanuseanlaiiies 2 sila Ao

= [

1. §tagarunu (Control Relay) i uSiagvuraand ldluarulai wie

a A s Ao w 5 & o ¢ o A a & !
@Laﬂﬂﬁ@Uﬂamﬂl‘U llﬂ']aﬂ‘lWﬂ'W]'] ISmUﬂqiﬂ']‘UﬂiN']usUuqﬂLaﬂ AYVUAUFIUNINILLIYNT U

¥ '
§ a a S

“Flad” Sinduindvamamionidosnislrinssuansavidonssuaaduiifiatliganndn

2. S1adrde (Power Relay) v3asiniSeniuin meuunnnes (Contactor) v3auiin
\winAauwnnmes (Magnetic Contacton) iusiadfifinwnlugninsiadsssun agldluszuy
AuAulinfds Siadvlndvnaamioningdeimslniinszuansmionssuaaduiiiusaiy

Aoutnsgauazvthdulanunseualags

2.10 uaLMBsNITLa LN

sUTl 2.16 wawposlvings

(Fu: https://www.allnewstep.com/)

N3 2.16 wawmeslinss (DC motor) [16] Wugunsalitvhuihiludsundsaulih

o

Jundarnuna lnedednglliunuewmes aviliunuressewmesnyu Jsaunsatinismyuves
wnuuawes lldlunstundeuingiiinnisiedeunuames innssdivuiauwasiitauwsaduli

danlduinune Tuunanudasiuluiuawesvuindnildusesulugiu +1.5 89 +12V Feilnsly

lwiugudvisedelseAvgniinalnindiouln lngundvewmesinnsavgnasi@ulianunsanuy

&9

1% <@ & J X 1 A« < a v 1
LLﬂum’JEJﬂ'J’]ﬂJLi'Jq\‘]N’m #aLe 1,000 3@‘U5UUVL‘U LLG]LLN‘UWVIF’TN&JLi’JiaUq\‘lﬂJuaﬂiﬂﬂ QUISJG'WWiﬂ

)

rludunalnedaulmle 39a9in1snAIILIUTaUAENISIEHBY B LMAALSIDANINTY LUAD

[ |

Bafignsmagasitle AnusiseuTedLnuLBWeiIzanal uiaeiiussdnunTu datunisimun
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o = o § v 19 A o A A Ay 1 oA
'E]Gﬁ']vm‘mL‘VmWgaNQSWWIﬂaqﬂJqﬁﬂiﬂNquuaLm@ﬂwmi\iLW@EUULﬂa@uﬂalﬂLﬂa@u‘Wlfﬂ@?J'Nll

Ysgansnn

2.11 NAANSTUIUYDINA

5UN 2.17 sinauszuiugene

(@an: http://www.tdcoolingfan.com/article/)

N3UT 2.17 simauszuieanuiou [17] Wugunsaliilddmiussuisanudousanain
4 ¢ ¢ o a v vy & o ¢
seuUMIRgUNIal Ia1aUnsalvEeRRTTuIzinALTeu AuTeullavyhaunsalnionas
dousiuliongnisldnuduainiiung Weauszueanuioudisangaumaiiliegwwin Weay
P a Yo o
seveanueuntunldiul 2 wuu
1) uuulmse wu 5 Taad 12 1aad 24 1aad 48 1aad

2) wuulnadu wu 100 Tam 120 Thas 220 Tham 230 Thas 380 1am

2.12 Jutin

CCHST&RE

—

U 2.18 danin

(Fisn: https://www.ab.in.th/product/65/)
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913U 2.18 Yuun [18] uurvwiadn anwnsaldluiinszuanse Jeuludulagly
L599U 2.5 1388 — 6 13ad aunsaldsiuiuskaalaanead vunn 0.5 39 Juld Nwsesu (2.5 Tad
- 6 Thas ) Inglusaslduummass onsinisiavedin awnsavinle 80 anssenistilue @111

auaslane 40 4.4, - 110 9.4, vnanwseilladdeuuaiunsainulaul

2.13 NN 8574

Ui 2.19 AiFiev 8574

(fisn: https://www.hwlibre.com/th/pcf8574/)

9n3UA 2.19 fiGeng574 [19] 1Hulwd 12C Tadunauaziedinmidnea (I / O) fvene
asandalagndnviatesieuenivileainnisddmuielu IC uagluga laddnlunsdlanis
Feuslafuuesa Arduino vesanniudulsslevderannuazinnuannsolumsauaugunsal
unnIfluteaeya R ATenss7a Auend uisesdieiilesaniifies 8 pines Aafiamns
(PO-P7 7iUTIazHomsidonsient) warlunisnduifunmil SDA uay SCL Mnudeadeusioruuein
Arduino 57894 VCC 1ag GND Lﬁ@dﬁﬂiﬂiﬁﬁﬂiu@aﬁaa LAYRENAUNULEAATE 0 WU AL, A2,

AXNUMX Litaideninaeanisiinsdeansludsgunsalle


https://www.hwlibre.com/th/pcf8574/
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2.14 lowgan U

louari@a (12C BUS) [20] Sewfiufie Inter Integrate Circuit Bus w3eflauSonduin
2C BUS 1unsdeanseynsy uwuudslasia (Synchronous) Lt old Ansed ea1s sening
lilasoulnsaiaed (MCU) fugunsainneuen Ssgniwuntulaeuisn Philips Semiconductors
Tneldanedyaaniios 2 @uwindu Ae serial data (SDA) uazane serial clock (SCL) sanansa

Weusiegunsal Suiuvate) M Wsaeiula il MCU Tinesniiies 2 wesauvintu

2.14.1 n1swausnakuulatanldUE

DA
2-\WIRE
SERIAL DATA
BUS

SCL T .|, T
DS5000 D&1307 CTHER

MICROCON- REAL TIME 2-WIRE

TROLLER CLOCK DEVICE

Uil 2.20 dnwaignisnsidensiegunsaiiuuleuanidda
(‘17'im: http://www.thaimicrotron.com/CCS-628/Referrence/I2CBUS.htm)

[y

31n3UN 2.20 louanidUaldanedaen 2 wdu As SCL ,SDA dwmsudndiugunsuuu 2

9

Y 1 U U 4

Aan1a IngN U1 2 edemen udiaf unIuLuY pull up 2-10K Lilee1ne1dnad
anwaztdu wuu Open Darin 3ailuuu Open Collector Wisliodnmgousaiuldnanada

2.14.2 nmseu-sruteyaivaunsaliuuleuandds

+«— Control Byte ‘
7 3 2 1 0
|START| I | I | I | I |A2|A1 |A0 |W|Acr{|a|a‘a|a|a|a|a|a ACK|STOP|

|1— DEYICE ID—P|1— ADDHESS—P| MODE | & DATA -

5UN 2.21 Usuumsidew/erudeyaiuulowandda

(1'7i3J’1: http://www.thaimicrotron.com/CCS-628/Referrence/I2CBUS.htm)


http://www/
http://www.thaimicrotron.com/CCS-628/Referrence/I2CBUS.htm
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NN3UT 2.21 Msfu-dedeyauuulouam@ta MCU awBudumsdstoyasens
1. deanuzi3udu (START Conditions) tiouanannsveldiia
2. udamnudiy sWanIuAL (Control Byte) §sUsznou daessia Uszdrdagunsal Device ID
,Device Address ,uaz Mode Tun1sideuvnsesudoya
3. 1ilegunsal $UnsUI MCU #oanns asdndemefdesdeaniuzius (Acknowledge) viauds
1% MCU $udindeyailddaniiaugndes
4. uandloAuannisastioya MCU asdesds aourAuga ( STOP Conditions) Liteuanifugunsal
T Auannsldia

2.14.3 a@nuzdadng

(7
v v

anuzUaing e Welouam@dadulylagnldau agvildudyayimves SCL

[
Y

uay SDA tuazazdianuziu 1 v

2.14.4 MsNMuUAEAIUZIsNAULaTanUzEUgAvaslananIPUE

SOA | A/ Saars R

SOL e

JUN 2.22 nMsmvusanuzsuiuLaanuraugavestleuanizUa

(fa: http://www.thaimicrotron.com/CCS-628/Referrence/I2CBUS.htm)

INFUN 2.22 anvaignsivunanuesuiuLazanuraugavatlouan@da
1. Wladeansastaya MCU agfasdeanIugisudu (START Conditions) Aaly
SDA Wasuan 1wy 0 Turaued SCL fiAndu 1

2. Wedugan1snshida MCU fzpsdsanusdugn ( STOP Conditions) Aaly

SDA Waguan 0 udu 1luvasdt scL fandu 1


http://www.thaimicrotron.com/CCS-628/Referrence/I2CBUS.htm
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2.14.5 siiaatuanvadlauanI@Us

7 R 4 3 2 1 0
I |11 IAZAIAD

4— DEVICE |[D————|—— .-’-'-.DDFEESS—F| MODE |

5UN 2.23 sianuANveslonaniITUa

(Fian: http://www.thaimicrotron.com/CCS-628/Referrence/I2CBUS.htm)

31N3UN 2.23 saRIuAuvedlonarnidya Useneusiesialsyidivesqunsal
(Device ID) Usznausedn 1-7 uazdn 0 Wulnmuaunsideusiu
1. sauseasivesaunsal Usenouriesiause3iiandkan (Product ID) 4

O (G0 4-7) MvAouutauAlylaild was fieggunsal (Device Address) 3 T (On 1-3) Fagld

[%
LY a1 o

a3 e wild auudndusia 7 On Tiseusaunsal iveseguuda agdrmeiulals

'
=

2. ImuAuNsYeus1u (Mode) U0 0 e MCU dosnisilisudoyaludsgunsal

0} 3
& o va & g A v ! 9 ¢ & o va A a
ﬂﬂ'ﬁ/iu@IWUG]ULUu 0 aZLUDANBINIT E]']usUaquja "\]’]ﬂ@iﬂﬂﬁm ﬂﬂqVUWIWUWULﬂU 1

2.14.6 ¥ransudsindayavaslouan s

RETIETY
nasundaataya

SOf b /_-><_ ............

[
LERIETY]
Euvdataya

JUN 2.24 Hranarsudedntoyavetlonanidva

(Fian: http://www.thaimicrotron.com/CCS-628/Referrence/I2CBUS.htm)

[
LY (Y [

N A v 1 a v = = o &
‘U']ﬂz‘lh/l 2.24 ﬂ@SU’NL'Ja'ﬁUaQUGm@;JUaGU@QbL@LLaﬂrJaﬂUﬁusﬂum@uw}iVmﬁqu JU

1. aznmensiu-deloya aenseviluvaeian SCL Saaausdu 1


http://www.thaimicrotron.com/CCS-628/Referrence/I2CBUS.htm
http://www.thaimicrotron.com/CCS-628/Referrence/I2CBUS.htm
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2. aznmznswisundasloya aznsgviluraeiivl SCL fanaauzlu 0

2.15 DLEN32 AL

Ui 2.25 Bloadiz2 uay

(Jn: https://www.hwlibre.com/th/esp32-cam/)

A ] Yo i Y}

NFUN 2.25 Bleafis2 wau [21] iulugaianunsaldivlasinisaeqannuenas iy
anely Wulugaiauysaindeudiglulasraulnsawesluidansavinlivinnuldeg1dasy
1% X

wenwileainnisiwewsio Lalvl (WiFi) + ugns (Bluetooth) winlupatidsindedidleludiuazyes

a | ] v <@ ¥
b8y microSD ﬁWMiU"\]@ILﬂU“U@%a

2.15.1 ANWULNIUNALAYDIBLREN32 LAY
Tupadieaiiz2 wau Tanvugmanada fail
1. msiilensia : 1alvl 802.11 b / g/ n + Ugys 4.2 wiox BLE ses3umssnluan
amEully
2. duus: UART, woaiile, louami® wag PWM. Inya GPIO 9 ¢

3. AMUAFYYIUUIRN: 89aR 160 WANLETAT

N

. MasUszananalulasroulniames: asga 600 DMIPS

5. ¥1128ANTT: 520 KB U039 SRAM + AMB 83t0udsunisn PSRAM + SD

6. UsN1sLasu: dlnupadunatslnuadninsailsuulsialag OTA wag LED
dwusultnuisanudnunavlud

7. NAB9: T895UNABY 1872640 (OV2640)


https://www.hwlibre.com/th/esp32-cam/
https://www.hwlibre.com/th/PWM/
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2.16 Fanas

a s a cal 0 9§ v a Y = = o a o P a =
ORI [23] AD Qﬂﬂﬁmﬂ%'ﬂ%lﬂ@ﬂ'}qﬂiau M99 LATINILUAAINUTDU LINBNARANIBLUT

sUdumlunszuiumsuanlugaamnssy vielunuinensnssy wWu ganes Tdnugungiiln

[ [
=

ga9ulunIzUIUMINENIMT,NMFAATUIUNAERN, N3 TaredLlevioyul, Miese Ud, 1TuuTTIiuve

Y

SUBUWIIENNG, DU LAY, DUWAANUGIY waz usu duansiall lusiu

2.16.1 N1SEYNANNSDUVRITANDS

£
aad o a

nstemauTeuvesdnnesiuingilvaned 335 sl
1. nstdAuseu (Thermal Conduction) WU ANFBULALUNIIINEANBTUYIY

dlusveawiulanenun Wduadiuilansifneguuuiulanglagluana e onveusulans

LY 14

oy uifiuninlusinisedeud anusauasidauiuluanaveslavenduiaiu anusoussgn
daiuiulufiasluanasudawifiun Feardeiuenuieululvnaadnluudiinilvivasuaiey
Tuirindlussifiuitu dnansiildlunisdasituanuseu fie lave Baweiiondeignsinanuseu

Town FaLnasuwHY FRnasSAYa LaLTALMBSAISNTAT ANYALYDIUN MINANN1SUIAINNS DU

a L3

oA Famassanaluiasas@anatann aAsnsadgnmeasiueSasiurinleausou Wusu
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2.16.2 wasnulnRdfisneruag g dadnnes
gawmasasneanuseulnednglnin(Volt) W ludsainauauniu(Resistant

Wire) fifldrunanvedansiaiaiNi uazlasidon(Cr) visnudonainnaudumuii

MnAueu e mednmed Wedreluillrainannedfidundaiivansuasannii 2 41

AP9L50ULAITU LazliALSaUeRNUNIANNAINTIEY FIEUNTSN (2.1)

VZ
W = = (2.1)

W &e mihevsandaaulniln usendauaiiniou
V @9 anusnsdndlndrAivateainna2ang

R fs anudmuniuasainviadu

2.16.3 USLNNUB9ITALMDS
USLANVBIFALADTANUITOLUY AUSNWUSNINIEAIN LA NBULNIT T I
saUselovinsldansvasidnnasios lasanunsawuslatdy 15 wuu seseluil

a sy o a
1.6 UUYAL

JUN 2.26 Bamasauingall

(W7: http:/www.8n-lnes.com/aseAnus-gvines/Bameiinussian-teawmeseylstinahtml)
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2. Famesaansuues (Hot runner Heater)

JUN 2.27 Bnnesgoniuiues

(1: http/Awww.80-0as.com/anszaus-snnes/dnmesinussian-lgnnaseglstne.html)
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3. w5 AAgnmas (Ceramic Band Heater)

JUN 2.28 Wwladanes

(1: http//wwwEn-wes.com/anseanus-gnines/dnmesinUssan-lgnmesorlsthahtml)
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4. gamsung (Cartridge heater)

JUN 2.29 Baimasunia

(W1: http//www.8n-nas.com/anseanus-snnes/dnmesinussian-iiganaseglstnehtml)

1NFUN 2.29 Bawesuiie Aedamesildlumsgu waglanudouliunusliun
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FUMUMEN, FINUNT7, LATeTININaY, 1ATadsngewaain yenanldvauisathunldnies e
% so’ a 1 =l Y [ 1 1 [~4 a % = I 1 o XY} ::4'
fuinaiin1dluvie vseanalasnimasivisuadu 2 ¥ia town Famasuriswuulawusinlgiuaud
Taisauniu 350°C wardmmaswiswuulawmuldnuaunliaissauiu 150°C

5. 5%@18%@%5(5%8%5&13? (Immersion Heater)

) s

UM 2.30 Bnmasiu-datmasaui

q

(W37: http/wwwEn-wes.com/a15eA1u3-gvmes/eamesinussnn-anmeseslstna.html)
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6. FnmasauNLIA (Infrared Heater)

5UN 2.31 Famasduniin

(W37: http:/wwwEn-wnes.com/a15eA1u3-8vimes/Bnmesinussnn-Lanmaseslstna.html)
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7. BaLmasukY (Strip Heater)

UM 2.32 Bnlmasun

(1: http//www.8a-nas.com/anseanus-snnes/dnmesinusvian-iganeseglstnehtml)
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8. Bawmesvienau vise Bawmesiiayans (Tubular Heater)

M)‘ &w/ .'

5UN 2.33 Bawmesvionay 3o Snnasiiyas

(M1: http//www.8n-nas.com/anseanus-evines/dnmesinussian-iganaseglstnehtml)
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9. Lezja%@l,ssz?’u%ml,ma% (Circulation Heater)
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d' s U o s & N ° o a Ao v T
‘U']ﬂz‘lh’] 2.34 6?]@5@]LisﬁuamLﬁ@iLﬂULﬂ5@QW1ﬂ37N3@U33UUWHUL'}‘c’Ju Vlslﬂfu’],

Y <

ey, ay, wha Wudnianuseuldld wazdslvmnusouvesaval wazieneluvie Tawnuiaa
A

unnAliAuTouadate aunsafadalaviauIiwazuuey TauauaaAMnING


http://www/

37

10. Aewagnmas (Coil Heater)

UM 2.35 Apgdanines

3

(M37: http:/www.8a-lnes.com/aseanus-gvines/Bnneiinussan-teameseylstinehtml)

9IN3UN 2.35 pawddnwmes Wudawmesiilddmsulinnusaulueinimmiung
dwsuldaulumeulviaufouduiuey aunsaiuuauIniuauiou Wy Ceramic Fiber

i [

%38 Ceramic Support Heater aaniuuuInliavivigniesdzyiitiengmsldanuuiuanniu way
feuldlunuaramnssumgmugige Feiag Avwnldiieadn win wavandiia thunvetugy
MUY AN IATUToUEN

11. Fmas5avia (Band Heater)
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(W http//www.80-1as.com/ansemnus-anwes/dnnaiinussunn-igameseglstnahtml)
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SUT 2.37 udlutduna dxd

(Fisn: https://www.allnewstep.com/product/129/keypad-axad-matrix-keypad-for-arduino)
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JUN 2.38 [WuwesTnannuduueas Jiew1750

(‘171|m: https://www.allnewstep.com/product/129/keypad-adx4-matrix-keypad-for-arduino)
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W UV, IR, Ambient light 1Jusu
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4 33.0 33.6 1.81
5 33.5 33.7 0.60
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lalnsimas WWuLasAeYT 22 (Wasidud)
(Wasidud) (Wasidud)
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4 64.5 64.6 0.15
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3 67.5 67.2 0.44
4 67.3 67.0 0.44
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TUSHNTUNISTINTUVBILATDINIZLAYIAINIA
#include <Wire.h> // 15unld library

#include <EEPROM.h>

#include <TridentTD_LineNotify.h> // 13enld LineNotify

#include <ESP8266WiFi.h>

#include <DNSServer.h>

#include <ESP8266WebServer.h>

#include <WiFiManager.h>

#define LINE_ TOKEN "p5TdGg90R4IGWmhvicnAM3EKGHbVjHTPa9upGmMRnjMP"

#include <LiquidCrystal I2C.h> // 3nldaousadn
LiquidCrystal_12C lcd(0x27, 20, 4);

#include <Keypad_12C.h> // Senldududuns
#include <Keypad.h>
#define 1I2CADDR 0x21
const byte ROWS = 4; // AMRUAINUIUUDI Rows
const byte COLS = 4; // AMnuadnuIuYed Columns
char keys[ROWS][COLS] =
{

{'1,2','3 A,

{4''5''6''B"},

{7,8,9,C1,

{*'0"#,D1
%
byte rowPins[ROWS] = {0, 1, 2, 3}; // Fouseiiu Pin unvesunA

byte colPins[COLS] = {4, 5, 6, 7}; // Fouseiiu Pin Aadutvaslunn
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// makeKeymap(keys) : iNun Keymap

// rowPins : ivuA Pin Wavesluna

// colPins : fAviug Pin AosNuvesdunn

// ROWS : fMnundIuIuYed Rows

// COLS : AMnundnuIuved Columns

// 12CADDR : Muum Address U8 i2C

// PCF8574 : fvtuntuas IC

Keypad_12C keypad( makeKeymap(keys), rowPins, colPins, ROWS, COLS, I2CADDR,
PCF8574 ),

#include <RTClib.h> // BSenldlugauiini
RTC DS3231 RTC;

DateTime Time;

char Year,Mon,Day,Hour,Min,Sec;

int Feed = D8;

long FeedON,FeedOFF;

a

#include "DHT.h" // Senldiguwesing gl
#define DHTPIN_1 D3

#define DHTPIN_2 D3

#define DHTPIN_3 D3

#define DHTTYPE DHT22

int RELAY FAN1 PIN = D7; //f1vuaevesinaudadil
int RELAY_FAN2_PIN = D7; //fviunv1vesfinauiiiiz
int RELAY_FAN3_PIN = D7; //fviuaunvesiinaudaii
int RELAY _HEATER1_PIN = D6; //fuunu19e38inas1
int RELAY _HEATER2_PIN = D6; //fuun1ve8nineas2
int RELAY _HEATER3 PIN = D6; //fuunu19e98nines3

int RELAY WT1 PIN = Dd; //fviunuuessident
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int RELAY_WT2_PIN = D4; //MAUAUIUBIVNDN2

int RELAY WT3_PIN = D4; //MuuUAY1¥89188n3

int MAX1 = 30 ,MID1 = 27 ,MIN1 = 25; //éqmmammmqmmaml
int MIN_1 = 60,MAX_1 = 70; // SAn5AuANA N Tufail

int MAX2 = 30 ,MID2 = 27 ,MIN2 = 25; //é]u’whﬂﬁmuqmqmmﬁéf’;ﬁl
int MIN_2 = 60,MAX_2 = 70; // éigqmﬂﬁmuaumm%uﬁaﬁl

int MAX3 = 30 MID3 = 27 MIN3 = 25; //fsfnn1seunugumndaiiil

int MIN_3 = 60,MAX_3 = 70; // éﬁgﬂmmimmumm%uﬁuﬁl

DHT dht_1(DHTPIN_1, DHTTYPE);

DHT dht 2(DHTPIN_2, DHTTYPE);

DHT dht_3(DHTPIN_3, DHTTYPE);

MsvhuLe st

int WaterPin 1 = DO; SmuAIv LTSI
int WaterPin_2 = DO;

int WaterPin_3 = DO;

int RELAY_WARTERL_ PIN = D5 ; /fmunw1vestnint
int RELAY WARTER2_PIN = D5 ; //fsnunuivesdinin2
int RELAY WARTER3_ PIN = D5 ; //fwiunuivesdaniis

int vall = 0;
int val2 = 0;
int val3 = 0;

#include <BH1750FVI.h> //\3enltiauieas inAuLTaLEs
BH1750FVI LightSensor(BH1750FVI::k_DevModeContLowRes);
int Ledl = D9;

int Lex1 = D10;

int L=0;
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void setup()

{
Wire.begin(; // i3onmsidouse Wire
keypad.begin( makeKeymap(keys) ); // Sennideuse
dnt_1.begin();
dht_2.begin();
dht_3.begin();
RTC.begin();
lcd.begin();
LightSensor.begin();
lcd.setCursor(0,0);\cd.print(" Day = P A
lcd.setCursor(0,1);lcd.print(" Time = Y
lcd.setCursor(0,2);lcd.print(" %
lcd.setCursor(0,3);lcd.print(" 2
pinMode(Feed,OUTPUT);digital Write(Feed,LOW);//D8
pinMode(RELAY WARTER1 PIN, OUTPUT);digitalWrite(RELAY WARTER1_PIN,LOW),//D7
pinMode(RELAY_WARTER2_PIN, OUTPUT);digitalWrite(RELAY WARTER2_PIN,LOW);//12
pinMode(RELAY_WARTER3_PIN, OUTPUT);digitalWrite(RELAY WARTER3 PIN,LOW);//12
pinMode(RELAY_WT1_PIN, OUTPUT),digitalWrite(RELAY WT1_PIN,LOW),//21
pinMode(RELAY _WT2_PIN, OUTPUT);digitalWrite(RELAY WT2_PIN,LOW);//12
pinMode(RELAY _WT3_PIN, OUTPUT);digitalWrite(RELAY WT3 PIN,LOW);//12
pinMode(RELAY HEATER1 PIN, OUTPUT);digitalWrite(RELAY HEATER1 PIN,LOW),//D6
pinMode(RELAY HEATER2_PIN, OUTPUT);digitalWrite(RELAY HEATER2_PIN,LOW);//9
pinMode(RELAY HEATER3 PIN, OUTPUT);digitalWrite(RELAY HEATER3 PIN,LOW);//9
pinMode(RELAY_FAN1 PIN, OUTPUT),digitalWrite(RELAY FAN1 PIN,LOW);//D6
pinMode(RELAY_FAN2_PIN, OUTPUT);digitalWrite(RELAY FAN2_PIN,LOW);//9
pinMode(RELAY _FAN3_PIN, OUTPUT),digitalWrite(RELAY FAN3 PIN,LOW),//9



pinMode(Led1,0UTPUT);digitalWrite(Led1,LOW);
nssarnnsasenausmalal
Serial.printIn(LINE.getVersion());
WiFiManager wifiManager;
wifiManager.setTimeout(180);
Serial.printin("Connecting...");
iflwifiManager.autoConnect("crickat-box"))
{
Serial.printin("Failed to connect and hit timeout"),
delay(3000);
ESP.reset();
delay(5000);
}
Serial.printf("\nWiFi connected\nIP : ");
Serial.printin(WiFi.locallP();

// A7%uUA Line Token

LINE.setToken(LINE_TOKEN);

// 198 18dToRI
LINE.notify("ﬂﬁaﬁl http://192.168.0.111");
LINE.notify("ndes2 http://192.168.0.113";
LINE.notify("naad3 http://192.168.0.114");
}
TUswnsumsviuresdudung
void loop()
{
char key = NO_KEY;

key = keypad.getKey();
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while(key == NO_KEY)

{
key = keypad.getKey();
Time = RTC.now();
ShowDate(9,1);
ShowTime(9,2);
ShowTemp(2,3);
ShowHumi(2,4);
CheckTime();
CheckTemp();
Checkwater();
CheckLine();
CheckLed();
CheckLux();
delay(20),

}

iflkey == 'A’)

{

GetDate(9,1);

GetTime(9,2);

RTC.adjust(DateTime(Year,Mon,Day,Hour,Min,Sec));

delay(500);
key=0;

}

iftkey == 'B"
{

lcd.clear();
lcd.setCursor(0,0);lcd.print(" FeedON =
lcd.setCursor(0,1);lcd.print(" FeedOFF =
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GetTime(9,1);

FeedON = Hour;

FeedON =(FeedON << 8)+Min;

FeedON =(FeedON << 8)+Sec;

GetTime(9,2);

FeedOFF = Hour;

FeedOFF =(FeedOFF << 8)+Min;

FeedOFF =(FeedOFF << 8)+Sec;;

delay(500);

lcd.setCursor(0,0);lcd.print(" Day = ");
lcd.setCursor(0,1);lcd.print(" Time = P
lcd.setCursor(0,2);lcd.print(" b
lcd.setCursor(0,3);Lcd.print(" 'Y

key=0;

iftkey =="'C)

lcd.clear();

lcd.setCursor(0,0);lcd.print(" T MAX1 = ");lcd.print(MAX1);lcd.print ("

lcd.setCursor(0,1);lcd.print(" T MIN1 = ");lcd.print(MIN1);lcd.print ("
");lcd.print(MID1);lcd.print (" "),

lcd.setCursor(0,2);lcd.print(" H MAX1 = ");lcd.print(MAX_1);lcd.print("

lcd.setCursor(0,3);lcd.print(" H MINT = ");lcd.print(MIN_1);lcd.print("

GetTemp1(11,1);

lcd.clear();

lcd.setCursor(0,0);lcd.print(" T MAX2 = ");lcd.print(MAX2);lcd.print ("

lcd.setCursor(0,1);lcd.print(" T MIN2 = ");lcd.print(MIN2);lcd.print ("

lcd.setCursor(0,2);lcd.print(" H MAX2 = ");lcd.print(MAX_2);lcd.print ("

lcd.setCursor(0,3);lcd.print(" H MIN2 = ");lcd.print(MIN_2);cd.print ("

~—
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GetTemp2(11,1);

lcd.clear();

lcd.setCursor(0,0);lcd.print(" T MAX3 = ");lcd.print(MAX3);lcd.print ("
lcd.setCursor(0,1);lcd.print(" T MIN3 = ");lcd.print(MIN3);lcd.print ("
lcd.setCursor(0,2);lcd.print(" H MAX3 = ");lcd.print(MAX_3);lcd.print ("
lcd.setCursor(0,3);lcd.print(" H MIN3 = ");lcd.print(MIN_3);lcd.print ("
GetTemp3(11,1);

delay(500);

lcd.setCursor(0,0);lcd.print(" Day = "%
lcd.setCursor(0,1);lcd.print(" Time = 5
lcd.setCursor(0,2);lcd.print(" {
lcd.setCursor(0,3);lcd.print(" A

key=0;

}

iflkey == 'D)

digitalWrite(Feed,HIGH);
digitalWrite(RELAY _FAN1 PIN,HIGH);
digitalWrite(RELAY HEATER1 PIN,HIGH);
digitalWrite(RELAY _WARTER2_PIN,HIGH);
digitalWrite(RELAY_WT1 PIN,HIGH);
digitalWrite(Led1,HIGH);

delay(5000);

digitalWrite(Feed,LOW);
digitalWrite(RELAY FAN1_PIN,LOW);
digitalWrite(RELAY _HEATER1 PIN,LOW);
digitalWrite(RELAY WARTER2_PIN,LOW);
digitalWrite(RELAY WT1_PIN,LOW);
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digitalWrite(Led1,LOW);

}

iflkey =="1")

{
digitalWrite(Led1,HIGH);

}

iflkey == "2

{
digitalWrite(Led1,LOW);

}

iflkey == '3

{
digitalWrite(Feed,HIGH);

}

iflkey =="4")

{
digitalWrite(Feed,LOW);

}

}

TUsHNTUNITVINIUTD998LLOATH

void ShowTime(char X,char Y)

{
lcd.setCursor(X-1,Y-1);
if(Time.hour()<10){lcd.print(0);}
lcd.print(Time.hour());
led.print(:);
if(Time.minute()<10){lcd.print(0);}
lcd.print(Time.minute();

lcd.print(:);
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if(Time.second()<10){lcd.print(0);}
lcd.print(Time.second());

}

void ShowDate(char X,char Y)

{
lcd.setCursor(X-1,Y-1);
if(Time.day()<10){lcd.print(0);}
lcd.print(Time.day());
led.print('/);
if(Time.month()<10){lcd.print(0);}
lcd. print(Time.month());
led.print(/?;
if(Time.year()<10){lcd.print(0);}
lcd.print(Time.year()%100);

}
void GetDate(char X,char Y)
{
ShowDate(X,Y);
Day = GetNum(2,X,Y);
Mon = GetNum(2,X+3,Y);
Year = GetNum(2,X+6,Y);
}
void GetTime(char X,char Y)
{
ShowTime(X,Y);
Hour = GetNum(2,X,Y);
Min = GetNum(2,X+3,Y);
Sec = GetNum(2,X+6,Y);



}
void ShowTemp(char X,char Y)

{

float t = dnt_1.readTemperature(); //5UAgaunai
lcd.setCursor(X-1,Y-1);

led.print("Temp = "+String(t,1)+" C");  //uan3A1gaumngil

}
void ShowHumi(char X,char Y)
{
float h = dht_1.readHumidity();
lcd.setCursor(X-1,Y-1);
led.print("Humi = "+String(h,1)+" %");
}
void CheckTime()
{
long Timer;
Timer = 0;
Timer = (Timer << 8)+Time.hour();
Timer = (Timer << 8)+Time.minute();
Timer = (Timer << 8)+Time.second();
if(Timer == FeedON){digitalWrite(Feed,HIGH);lcd.setCursor(17,2);}
if(Timer == FeedOFF){digitalWrite(Feed,LOW);\cd.setCursor(17,3);}
}
void GetTemp1(char X,charY)
{
MAX1 = GetNum(2,X,Y);
MINT = GetNum(2,X,Y+1);
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MID1 = (MAX1 + MIN1) / 2;
MAX 1 = GetNum(2,X,Y+2);
MIN_1 = GetNum(2,X,Y+3);
}
void GetTemp2(char X,char Y)
{
MAX2 = GetNum(2,X,Y);
MIN2 = GetNum(2,X,Y+1);
MID2 = (MAX2 + MIN2) / 2;
MAX_2 = GetNum(2,X,Y+2);
MIN_2 = GetNum(2,X,Y+3);
}
void GetTemp3(char X,charY)
{
MAX3 = GetNum(2,X,Y);
MIN3 = GetNum(2,X,Y+1);
MID3 = (MAX3 + MIN3) / 2;
MAX_3 = GetNum(2,X,Y+2);
MIN_3 = GetNum(2,X,Y+3),
}
void CheckTemp()
{
float t = dht_1.readTemperature();
float h = dht_1.readHumidity();
float t2 = dht_2.readTemperature();
float h2 = dht_2.readHumidity();
float t3 = dht_3.readTemperature();
float h3 = dht_3.readHumidity();
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if(t > MAX1){digitalWrite(RELAY FAN1_PIN,HIGH);}

if(t ==
MID1){digitalWrite(RELAY FAN1 PIN,LOW).digitalWrite(RELAY HEATER1 PIN,LOW);}

if(t < MIN1){digitalWrite(RELAY HEATER1 PIN,HIGH);}

ifth > MAX_1){digitalWrite(RELAY WT1_ PIN,LOW);}

ifth < MIN_1){digitalWrite(RELAY WT1_PIN,HIGH);}

if(t2 > MAX2){digitalWrite(RELAY FAN2_PIN,HIGH);}

if(t2 ==
MID2){digitalWrite(RELAY FAN2 PIN,LOW).digitalWrite(RELAY HEATER2 PIN,LOW);}

if(t2 < MIN2){digitalWrite(RELAY HEATER2_ PIN,HIGH);}

if(h2 > MAX_2){digitalWrite(RELAY WT2 PIN,LOW);}

iflh2 < MIN_2){digitalWrite(RELAY WT2 PIN,HIGH);}

if(t3 > MAX3){digitalWrite(RELAY FAN3_PIN,HIGH);}

if(t3 ==
MID3){digitalWrite(RELAY _FAN3_PIN,LOW);digitalWrite(RELAY HEATER3 PIN,LOW);}

if(t3 < MIN3){digitalWrite(RELAY HEATER3 PIN,HIGH);}

ifth3 > MAX_3){digitalWrite(RELAY_WT3_PIN,LOW);}

ifth3 < MIN_3){digitalWrite(RELAY_WT3_PIN,HIGH);}

}

TUsunsumsvauresszuunsiii

void Checkwater()

{
vall = analogRead(WaterPin_1);
val2 = analogRead(WaterPin_2);
val3 = analogRead(WaterPin_3);
if (vall > 800) { digitalWrite(RELAY WARTER1 PIN, LOW);}
else if (vall < 300) { digitalWrite(RELAY WARTER1 PIN, HIGH);}
if (val2 > 800) { digitalWrite(RELAY WARTER2_PIN, LOW);}
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else if (val2 < 300) { digitalWrite(RELAY WARTER2_PIN, HIGH);}
if (val3 > 800) { digitalWrite(RELAY_WARTER3 PIN, LOW);}
else if (val3 < 300) { digitalWrite(RELAY WARTER3_PIN, HIGH);}
}
TUsunsunsdstaanunulail
void Line()
{
float t = dht_1.readTemperature(); //5Uf1gumngil
float h = dht_1.readHumidity();
LINE.notify("geunnfu = "+String(t,1)+" C");
LINE.notify("anaiias = "+ String(h, 1+ %");
LINE.notify("A1m11ua19 = (Lux)");
LINE.notify("ﬂﬁaﬂl http://192.168.0.111");
L|NE.ﬁOtify(”ﬂéja\‘12 http://192.168.0.113");
L|NE.notify("ﬂ5@ﬁ3 http://192.168.0.114");
}
void CheckLine()
{
if (Time.minute() == 30 && Time.second() == 00 ) {
Line();

}
void CheckLed()
{
if (Time.hour() == 06 && Time.minute() == 00 ) {
digitalWrite(Led1, HIGH);}
if (Time.hour() == 18 && Time.minute() == 00 ) {
digitalWrite(Led1, LOW);}
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TUIUNTUNITATUANILA
void CheckLux()
{
uintl6 t lux = LightSensor.GetLightintensity();
Serial.print("Light: ");
Serial.print(lux);
Serial.println(" lux");
if (lux < 100) { //&@1M3ANRUAAIAIINAINAIUFBINITLA
digitalWrite(Lex1, L);
L++

Serial.printn(L);

}

if (lux > 100) { /@115 ANNUAAIAINNAINAIUADINTLA
digitalWrite(Lex1, L);
L

}
if (L > 255) {
L=1;
}
if (L<0){
L = 255;

}
char BufNum[8];
void SlideNum(void)
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BufNum([6] = BufNum([5];
BufNum(5] = BufNum([4];
BufNum[4] = BufNum([3];
BufNum([3] = BufNum([2];
BufNum[2] = BufNum([1];
BufNum([1] = BufNum([0];
}
unsigned long GetNum(int Count,int X,int )
{ char key,i,N;
int Sum;
lcd.blink();
lcd.setCursor(X+(Count-2),Y-1);
N = 0;
for(i=0;i<Count;i++){BufNuml[il = ' ";}
i=0;
while(key != '#')
{ key = NO_KEY;
while(key == NO_KEY){key = keypad.getKey();delay(10);}
iflkey == "*)for(i=0;i<Count;i++){BufNuml[i] = ' ;}N = 0;}
if((N < Count)&&(key >="0"&&(key <='9")
{ SlideNum();
BufNuml[0] = key;
N++;
}
lcd.setCursor(X-1,Y-1);
for(i=0;i<Count;i++){lcd.print(BufNum[Count-(i+1)]);}
lcd.setCursor(X+(Count-2),Y-1);
delay(10);
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}

Sum = 0;

for(i=0;i<Count;i++)

{
if(BufNum[Count-(i+1)]==0x20}{BufNum[Count-(i+1)] = '0';}
Sum = (Sum*10) + (BufNum[Count-(i+1)]-'0");

}

lcd.noCursor();

lcd.noBLlink();

return(Sum);

}

TusaunsaMsinuvesluganaasdiaai 32 uas (ESP32 CAM)
#include "esp_camera.h" /580l library

#include <WiFi.h>

#include "esp_timer.h"

#include "img_converters.h"

#include "Arduino.h"

#include "fb_gfx.h"

#include "soc/soc.h" //disable brownout problems

#include "soc/rtc_cntl reg.h" //disable brownout problems

#include "esp_http_server.h"

MsaAnsdeuddunedidn

const char* ssid = "Aungtad";

const char* password = "0884019501"
MsRIANTIaUYeINdDBLoafiz2 uax

#define PART_BOUNDARY "123456789000000000000987654321"



M5STACK WITHOUT PSRAM

#define CAMERA_MODEL_Al_THINKER
//#define CAMERA_ MODEL_M5STACK_PSRAM
//#define CAMERA MODEL_M5STACK WITHOUT PSRAM

//#define CAMERA_ MODEL_WROVER KIT

#if defined(CAMERA_MODEL WROVER_KIT)

#define PWDN_GPIO_NUM
#define RESET _GPIO_NUM
#define XCLK_GPIO NUM
#define SIOD_GPIO_NUM
#define SIOC_GPIO_ NUM

#define Y9_GPIO_NUM
#define Y8 GPIO NUM
#define Y7_GPIO NUM
#define Y6_GPIO NUM
#define Y5 GPIO._ NUM
#define Y4_GPIO_NUM
#define Y3 GPIO_ NUM
#define Y2_GPIO_NUM

-1

2

1
1

26

27

35
34
39
36
19
18
5
a

#define VSYNC_GPIO_NUM 25

#define HREF_GPIO_NUM 23

#define PCLK_GPIO_NUM 22

#relif defined(CAMERA_ MODEL_M5STACK_PSRAM)

#define PWDN_GPIO_NUM
#define RESET GPIO_NUM

-1
15
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#define XCLK_GPIO_NUM 27
#define SIOD_GPIO NUM 25
#define SIOC_GPIO NUM 23

#define Y9 GPIO NUM 19
#define Y8 GPIO NUM 36
#define Y7_GPIO NUM 18
#define Y6_GPIO NUM 39
#define Y5 GPIO NUM 5
#define Y4_GPIO NUM 34
#define Y3 GPIO NUM 35
#define Y2 GPIO NUM 32
#define VSYNC_GPIO_NUM 22
#define HREF_GPIO_NUM 26
#define PCLK_GPIO_ NUM 21

#elif defined(CAMERA_ MODEL M5STACK WITHOUT PSRAM)
#define PWDN_GPIO_NUM -1
#define RESET GPIO_NUM 15
#define XCLK_GPIO_NUM 27
#define SIOD_GPIO_NUM 25
#define SIOC_GPIO NUM 23

#define Y9 GPIO NUM 19
#define Y8_GPIO NUM 36
#define Y7_GPIO NUM 18
#define Y6_GPIO NUM 39
#define Y5 GPIO NUM 5
#define Y4_GPIO NUM 34



#define Y3 GPIO NUM 35
#define Y2 GPIO NUM 17
#define VSYNC GPIO_NUM 22
#define HREF_GPIO_NUM 26
#define PCLK_GPIO NUM 21

#elif defined(CAMERA_ MODEL_Al_THINKER)

#define PWDN_GPIO NUM 32
#define RESET_GPIO_NUM -1
#define XCLK GPIO_NUM 0
#define SIOD_GPIO NUM 26
#define SIOC_GPIO_NUM 27

#define Y9 _GPIO_NUM 35
#define Y8_GPIO_NUM 34
#define Y7_GPIO_NUM 39
#define Y6_GPIO_NUM 36
#define Y5 _GPIO_NUM 21
#define Y4 _GPIO_NUM 19
#define Y3 _GPIO_NUM 18
#define Y2_GPIO_NUM 5
#define VSYNC_GPIO NUM 25
#define HREF_GPIO_NUM 23
#define PCLK_GPIO_ NUM 22
#else
#error "Camera model not selected"

H#Hendif
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static const char® STREAM CONTENT TYPE = "multipart/x-mixed-replace;boundary="
PART BOUNDARY;

static const char®* STREAM BOUNDARY = "\r\n--" PART_BOUNDARY "\r\n";

static const char®* STREAM PART = "Content-Type: image/jpeg\r\nContent-Length:
%u\r\N\r\N";

httpd _handle_t stream_httpd = NULL;

static esp_err_t stream_handler(httpd req_t *regX
camera_fb t *fb = NULL;
esp_err_tres = ESP_OK;
size t _jpg buf len = 0;
uint8_t * jpg buf = NULL;
char * part_buf[64];

res = httpd resp_set type(req, STREAM CONTENT TYPE);
if(res 1= ESP_OK){

return res;

while(true){

fo = esp_camera fb get();

if (fb) {
Serial.printin("Camera capture failed");
res = ESP_FAIL;

}else {
if(fb->width > 400){

if(fo->format = PIXFORMAT JPEG)

bool jpeg converted = frame2jpg(fb, 80, & jpg buf, & jpg buf len)



esp_camera_fb_return(fb);
fb = NULL;
if(ljpeg_converted){
Serial.printin("JPEG compression failed");
res = ESP_FAIL;
}
} else {
_jpg_buf len = fb->len;
_jpg_buf = fb->buf;
}

}
if(res == ESP_OK){

size_t hlen = snprintf((char *)part_buf, 64, STREAM PART, jpg buf len);

res = httpd_resp_send_chunk(req, (const char *)part_buf, hlen);

}
if(res == ESP_OKX

res = httpd_resp_send_chunk(req, (const char *) jog buf, jpg buf len);

}
if(res == ESP_OK){

res = httpd _resp _send chunk(req, STREAM BOUNDARY,

strlen(_ STREAM_BOUNDARY)),

}

if(fo)}
esp_camera_fb_return(fb);
fb = NULL,;
_jpg_buf = NULL;

} else if(_jpg_buf}
free(_jpg_buf);
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_jpg_buf = NULL,;
}
if(res 1= ESP_OK)
break;
}
//Serial.printf("MJPG: %uB\n",(uint32_t)(_jpg_buf len));
}

return res;

void startCameraServer(){
httpd_config_t config = HTTPD_DEFAULT CONFIG();

config.server_port = 80;

httpd _uri_t index_uri = {
.uri ="/,
.method = HTTP_GET,
.handler = stream handler,
.user_ctx = NULL

g

//Serial.printf("Starting web server on port: '%d'\n", config.server_port),
if (httpd_start(&stream_httpd, &config) == ESP_OK) {

httpd register uri_handler(stream_httpd, &index_uri);

void setup() {
WRITE_PERI_REG(RTC_CNTL BROWN_OUT REG, 0); //disable brownout detector
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Serial.begin(115200);

Serial.setDebugOutput(false);

camera_config_t config;
config.ledc_channel = LEDC_CHANNEL 0;
config.ledc_timer = LEDC_TIMER 0;
config.pin_d0 = Y2_GPIO_NUM,
config.pin_d1 = Y3 GPIO_NUM;
config.pin_d2 = Y4 GPIO_NUM;
config.pin_d3 = Y5 GPIO_NUM;
config.pin_d4 = Y6_GPIO_NUM;
config.pin_d5 = Y7 _GPIO_NUM;
config.pin_dé6 = Y8 GPIO_NUM,;
config.pin_d7 = Y9_GPIO_NUM;
config.pin_xclk = XCLK_GPIO_NUM;
config.pin_pclk = PCLK_GPIO_NUM,;
config.pin_vsync = VSYNC_GPIO_NUM,
config.pin_href = HREF_GPIO_NUM,;
config.pin_sscb_sda = SIOD_GPIO_NUM;
config.pin_sscb_scl = SIOC_GPIO_NUM,;
config.pin_pwdn = PWDN_GPIO_NUM;
config.pin_reset = RESET_GPIO_NUM,;
config.xclk freq_hz = 20000000;
config.pixel_format = PIXFORMAT JPEG;

if(osramFound(X
config.frame_size = FRAMESIZE UXGA,

config.jpeg quality = 10;
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config.fb_count = 2;

}else {
config.frame_size = FRAMESIZE SVGA;
config.jpeg quality = 12;
config.fb_count = 1;

}

// Camera init

esp_err_terr = esp_camera_init(&config);

if (err 1= ESP_OK) {
Serial.printf("Camera init failed with error 0x%x", err);
return;

}

// Wi-Fi connection

WiFi.begin(ssid, password);

while (WiFi.status() '= WL _CONNECTED) {
delay(500);
Serial.print(".");

}

Serial.printtn(");

Serial.printin("WiFi connected")

Serial.print("Camera Stream Ready! Go to: http://");
Serial.print(WiFi.locallP());

// Start streaming web server

startCameraServer();
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void loop() {
delay(1);
}
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1. Oveniow

Overview

iy.

Esprassifs ESPE266EX delivers highly integrated Wi-Fi SoC solution to mest users'
continuous demands for efficient power usage, compact design anc reliadie performancs
in the Internst of Things industry.

With the complete and seif-contained Wi-Fi networking capabilites, ESP82665X can
perform either as a stancaons appicaton or as the glave 10 a host MCU. When
ESPB266EX hosts the appicaton, it promptly boots up from the flasn. The integrated high-
spsed cache nelps 10 increass the system performancs and 0otMize the system memory.
Also, ESPE266EX can be applied 1o any microcontroller oesign as a Wi-Fi adaptor through
SPISDIO or UART interfaces.
ESPB266EX integrates antenna switches, RF dalun, povier amplfier, low noiss recsive
amplifier, filters and povier managemeant medules. The compact design minimizes the PCB
$iz6 and requires mnimal external CircuItnes.
Sesides the Wi-Fi functionalities, ESPS266EX also integrates an enhancad version of
Tensiica'’s L106 Diamonc senes 32-bit proosssor and on-chip SRAM. It can be interfaced
with external 3snsors and cther devices through the GPIOs. Software Devslopment Kit
(SDK) provides samople codes for vanous apphcations.
Esprassif Systems” Sman Connectivity Platform (ESCP) enadies sophisticated features
including:

« Fast switch betwesn slesp anc wakeup mode for energy-sfficient punposs;

* Adaptive radio biasing for low-power operation

* Agvance sgnal processing

» Sour cancellation and RF co-existence mechanisms for common caliular, Bluetooth,
DCR, LVDS, LOD interfaranos mitigation

Wi-Fi Key Features

* 802.11b/g/n suppont

e 802.11n support (2.4 GHz), up'to 72.2 Mbps

* Defragmentation

e 2xvirua Wi-Fiinterfaos

«Automatic bsacon monitoning (harcware TSF)

= Support Infrastructure BSS Station moda/SoftAP moda/Promiscuous mode
* Antenna civersity

24 2018.11
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1.2. Specifications

Esprassd

1. Oveniow

Tabie 1-1. Specifications

Cerufication
Protocois

Fraquancy Sangs

TX Power
va-A

V-1 Allsncs

802.11 ©g/n (HT20)

228 - 283 (2200M - 24538
80211 b: +2008m

80211 g+17 08m

80211 +1405m

80211 0:~81 com (11 Mees)
802119 =75 dom (84 Mops)
802.11 n: =72 gom (MCSE7)

£C8 Tracs, Exemal, IPEX Cornector, Caramic Chp
Tensiics 1105 82-br procsesor

| LART/SDI0/8PV2G 128 R Femots Cortrol

WA MoO0s
Sscury
Encrypeen
Softwars Crviebnonds
Sofwars Devsicomant

Network Protacois
User Configuration

L Nots:

CFNG2-pin & mmxE mr)

WEP Ma:sé

GPIO/ADC PWWLED Light & Suten
26v-86v

Aveesgs valus: 80 mA
~£0°C - 126°C

Savor Soka® SohaTaSuaton
WeAWRA2

UAAT Dowrioss / OTA Ma nemwork)

Supports Cioua Seover Dﬁml Rrmvare ano SDK
for fast on-chip programming

Pva, TCR/UDR/HTTR

AT Instruction Set, Cioua Server, Anaroid 108 App

The T powsr C8n 08 CoNgUBd DaSed 0N the SotEl USer S0aNanos.

224
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1.3. Applications
* Home appliancss
e Home automation

o Srrar nlunz ana liohts
=man piugs anc £
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2. Pin Defintons

2. Pin Definitions

Figure 2-1 shows the pin layout for 32-pin OFN packagse.

H z =
s 28237788
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Figure 2-1. Pin Layout (Top View)
Table 2-1 lists the defintions and functions of each pin.

Tabie 2-1. ESPE286EX Pin Definitions

1 VODA P Anslog Powsc 2.8V -86V
AF amerra rtedaos

2 NA (o) Crip cutput Impedance=33+F 0. It Is suggested to rstain the
T8 MEtChing retviork to Mateh the antsons.

3 VOOGP3 Amplhsr Fowse 25V - 3.6V

4 vOOGsP3 Ampliisr Povee 25V - 8.6V

& VOO_RTC P NC (1.1
ADCpin. 1t can s USST 10 186t the PoWEr-sUPPly VoRags of

: ouT : VODGERP3 (Pin3 ana FIng) ana the Input power votags of TOUT
(Fin 6). Howswer, these tvo functions cannot bs ussa
Simuitansously.

Espresst 424 2018.11
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2. Pin Defintons

Crip Enadis

7 CHP_BEN 1 High: On, chip works propeny

Low: Off, smal curent consumsd
8 ¥°D_DCOC Vo mbep“m [nsea to be connscted to EXT_FRSTS):
2 MTMS o @GP0 14; =87 0L«
10 M Vo GPI0 12; 48PSO
1 VvOOPST G OignaiO Powse Suppiy (1.8V - 3.6V)
12 Me< 1o @GP0 18; HBPLMIOSK, UARTO_CTS
13" MT00 V0 GPI0 16; HSP_CS; UARTOATS
S 0R0z .~ WO | | |/ ke Txaiing fesn progrimmig: GPIO2
8 600 w0 emoe:sPce2
19%= BPOs— | —\ . —10) —GPOe—( AN\
47— VOOPST, . | P . Dignan0 Powse Suopy (18v-35)
18 BDODATAZ -~ 40 | Garnect 1950_D2 (Bsrs & 2000 S7IHD: HEPIHD; GPO?
':g 1 souo_;r-_a ~ l.o__ ' m 1 80_D3 {Banss & 2000 8PWE; HEAWP:
ol tso0o0, | . " Cernect 1o 80_OMD [Barss A 2000y; 5P0S0; GRI0T1
2 S00.Cx 0 Gerpect 16 50_OLK {Bees P 2000y SPLOLK: GFI06
22 SDODATAD ||| D . Carnectto 5000 (Ssres R 2000 SPWSO; GFIOT
128 SDODATA | WO Gornesio8D.D1 (Seves R 2000 69 MOS: ORI
26" . GPOS % 6705
2. RO . 0 UART Axourrg fasn programrieg: G108
B no 110 || UsHTTXaurg fhenpogammeg, G701 SLCRT
2 XTaL_OUT 0 m:mmumm.wuwmmﬂ
28 i XT-nu*l & o Ocmeatcoryw ceclﬁor Input J
G oo (&9 P AnsogPowse2ev=36v = [ 1
O WO0A | VP T 4/ Anaiog Power 26V - 88
81‘ g et o S ”%E;rmonv.m-u{mm;ao;-w conact o tns
@ “_BCI’_%S"TB 4 |  Btsmal rsest signa (Low voRags ievsi: cive)
L) Nots:

1. GPO2, GPO0, ana MTDO are ussd 1o seiect booting mods and e SDYO mode;
2. UOTXD shousa not 0e pusied extemnaly 20 & jow 10ge ievel curing the powering-up.

g2 2018.11
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8. Functonal Description

3. Functional Description

The functional diagram of ESP8266EX is shown as in Figure 3-1.

=2 E[=

= i E

1777 } E

\:@ E@
L e G E=N) =11

Figure 3-1. Functional Block Diagram

3.1. CPU, Memory, and Flash
3.1.1. CPU

Tne ESP3266EX integrates a Tensilica L106 32-bit RISC procsssor, which achieves extra-
low power consumption and reaches @ maximum clock spsed of 160 MHz. The Real-Tims
Operating System (RTOS) and Wi-Fi stack allow 80%% of the processing power 10 be
avalable for user apolication programming and cevelopment. The CPU includes the
interfaces as below:

. Programmabis RAM/ROM interfaces (iBus), which can bs connscted with memory

controller, and can also be used 1o visit fiash.
« Data RAM imterface (0Bus), which can connected with memory controlier.

» AHB imterfaos which can be used 10 Wit the register.

3.1.2. Memory

ESPB266EX Wi-Fi SoC integrates mamory controlier.and memory units including SRAM
and ROM. MCU can access the memory units through iBus, dBus, and AHB interfaces. All
mamory Units can be acosssad uoon requaest, while @ memory arbiter will decide the
running $8QUENcS according 1o the time when thass requests are receved by the
Drocessor.

According to our current version of SDK SRAM spacs available 10 users is assigned as
oslow.

Espressf 824 2018.11
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3. Functonal Description

* RAM size < 50 kB, that i, when ESP8266EX is working under the Station mode and
<coNNects 1o the router, the Maximum programmable space accassible in Heap +
Data section is around 50 kB.

* There is no programmabie ROM in the SoC. Thersfore, user program must be stored
nan extemna SP flasn.

3.1.3. External Flash
ESPB266EX uses external SP1 flash to store user programs, and supports up to 16 MB
The minimum fiash memory of ESP8266EX is shown below:

* OTA dsabled: 512 kB atleast
o OTA enabled: 1 M3 at least

3.2. Clock

3.2.1. High Frequency Clock
The high freguency clock on ESPB266EX is used to drive DOth transmit and eosive MIXers.
This clock is gensratad from imtermna crystal oscillator and exiemal orystal. The crystal
frequancy ranges from 24 MHz 10 62 MHz.

The intemal calioration insice the Crystal oscillator ensures that awide range of crystais can

e used, neverthaless the quality of the crystal is still a factor to consider 10 have
reasonable phase noiss and good Wi-F senstivity. Refer 1o Table 3-1 10 measurs the

Esprassd 724 2018.11
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3. Functonal Description

3.2.2. External Clock Requirements

An externally generated clock iz avalable with the frequency rangng from 24 MHz 10 52
MHz. The following characteristics are expected 10 achieve good performancs of rado.

Table 3-2. External Clock Reference

Clock ampituss WO 08 15
Sxemal clock scouracy LRXOEXT =18 18
Prass noss @tz ofisst L0z ook - " 120
Srass noss @10-iz ofest, A0-VHz oGk - T, 130

Prate noiss @100-k-z offeet, 0-V-z dock - "

3.3. Radio

-2

ESP8266EX racio consists of the folowing biocks.

3.3.1.

2.2 GHz racever

2.4 GHz transmitter

High soeed clock generators and crystal oscilator
Bas and regulators

Powar managsment

Channel Frequencies

Ve
Fem
oSc/z
oSe/Hz
oSc/Hz

The RF transceiver suppons the folowing channeis accorging to IEEES02.110/g/n
standards.

4w e e e N -

Table 3-3. Frequency Channel

2412 8 2287

% 24;7 2252

N 2 10 2287

- 242% A\® 11 : 2462

VS a_ 22 N\ Vo A L

N Vo AT T

o ‘_ 2. fe_ 208
824
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%\\ 3. Functonal Descriotion

-

3.3.2. 2.4 GHz Receiver

The 2.4 GHz receiver cown-converts the RF signals to guadrature baseband signals anc
converts them to the digital domain with 2 high resolution high speed ADCs. To adapt to
varying signal channel conditions, RF filters, automatic gain control (AGC), DC offset
cancelation circuits and bassband filters are integrated within ESP8266EX.

3.3.3. 2.4 GHz Transmitter

The 2.4 GHz transmitter up-convens the quacrature basseband signals 10 2.4 GHz, and
drives the antenna vith a high-power CMOS power amplifier. The function of digital
calioration further improves the Inearity of the povier amolifier, enabling a state of ant
performance of delivering -12.6 6Bm average TX powser for 802.110 transmission and +18
dBm for 802.11n (MSCO) transmission.

Addtonal calibrations are mtegrated 10 offset any mpsrfections of the radio, such as:
« Camer laakage
* 1/Q phase matching
* Bassband non neartes
These buikt-in calioration funciions reduce the product test tme and maks the test
SCUIDMENt UNNeosssarny.

3.3.4. Clock Generator

The clocx penerator generates cuadraturs 2.4 GHz diock signa's for the recerver and
transmitter. All compenents of the clock generator are integrated on the chip, including &l
incuctors, varactors, loop fitters, linear voitage regulators and divicers.

The clock generator Nas built-in calbration and self test circuits. Quadrature clock phases
and phase noiss ars optmized on-chig with patented calibration algonthms to ensure the
peat parformance of the recsiver anc ransmittar.

3.4. Wi-Fi

ESPB266EX implements TCOP/1P and full 802.11-b/g/m WLAN MAC protocal. It supports
Basic Service Set (BSS) STA and SoftAP operations under the Distributed Control Function
(DCF). Power management is handied with minmum host interaction to minimize active-
duty pencd.

3.4.1. Wi-Fi Radio and Baseband

The ESP8266EX Wi-Fi Radio and Bassband support the following features:

e 802.11band8C2.11g

e 802.11n MCS0-7 in. 20 MHz bandwidth
e 802.11n 0.4 ys guard-interval

e Up 10 72.2 Mbps of data rate

Esoress? e24 2018.11
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3.4.2.

3. Functonal Description

* Recsiving STSC 2x1

* Upto 20.5 dBm of ransmitting power
» Adustable transmitting power

* Antenna dversity

Wi-Fi MAC

The ESP8266EX Wi-Fi MAC applies low-level protocol functions automatcally, as follows:
e 2 xvirtua Wi-Fi interfaces
« Infrastructure BES Station moda/SoftAP mode/Promiscuous mods
» Rsguest To Send (RTS), Clear To Send (CTS) and immediats Block ACK
* Defragmentation
* COMP (CBC-MAQC, counter mode), TKIP (MIC, RC4), WEP (RC4) and CRC
* Automatc beacon monitoring {(nardware TSF)
* Dual and single antenna Siustooth CO-eXStencs SUDPON with optional simultaneous
receive (Wi-Fi'Siustooth) capabity

3.5. Power Management

ESP3266EX is caaignaec with acvanced powsr management technologies and intended for
moois devices, wearable electronics and the Internst of Things appications.
The low-power architecture oparates in the followang modss:
* Active mode: The chip radio is powersd on. The chip can recevs, transmit, or isten.
* Mccem-sieep modsa: The CPU is operational. The Wi-Fi and radio are disabled.

» Light-slesp mode: The CPU and all perioherals ars paused. Any wake-up events
MAGC, host, RTO tmer, or externa’ interrupts) will wake up the chip.

* Desp-slesp mods: Cnly the RTC is operational and all other part of the chip are
oovered off.

Tabie 3-4. Power Consumption by Power Modes

\-FI TX packst
AciNe (FF vionang) IR =t Pisess refer 10 5-2.
W CPU Is wordrg ¥ :6 r:A
W- . v p] - A\ 2 e —0.9 ma
Dospsoep® " O RTCHWOMYG - 20uA
Shut cown B = 0B8uA
10/24 2018.11
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3. Functonal Description

L Aotss:

() Modem-siesp mccs /s Used in the Sopications that reguirs the CPU 20 be wondng, 85 in PYiMor
28 sppications. Accoraing to 802.11 standards (s U-APSD), & shuts gown the Vi-Fi Mocsm
cirousT nnile mantaining @ W-F connection With no Jta traNsmMSSon 20 optmze CoOwer
consumption. £g. in DTV, maintaining & siesp of 500 ms with 8 waksup of 3 ms cyC 20 receve
APS B2800n DSCHEQSS 8 INISIVE rEQUIVES 8008 T8 mA cument.

@ ODuring Light-sfeep macs, the CPU may De suspendsd in 8opICaLENs Nas Vi-Fi switoh. Without
cata ransmission, the Vii-F Mocem clrout can be tumed of ana CPU suspenced o save power
consumption accoraing to the 802. 11 standaras (U-APSD). £g. in DTIVG3, mantaning a siesp of
300 ms with 8 weksup of 3ms 20 rscelve AP Bsacon paciagss st interval requires aoout 0.9 mA
curent.

(D Duning Deep-sfeep mods, Wi-F! 5 tumsd off. For SoDIcaLONs Win jong time ISgs bstween cata
YENSMISSION, 8.0 § IAMOSrEILIS SENSOr INS! OSSCES the tempsrature evary 100s, siseos for 300s
8n0 wWakss Up 10.CoNNect 10 I8 AP (taking about 0.3 - 15, 2he Overal SVEerags CUeN? S JBss then
1mA. The cunment of 20 LA 5 soquired & ons voitsge of 2.5V

11/24 M1
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4. Peroheral Interfacs

Peripheral Interface

4.1.

4.2.

General Purpose Input/Output Interface (GP10)

ESP8266EX has 17 GPIO pins which can be assigned to various functions by programming
the appropriate registers.

Each GPIO PAD can be configured with internal pull-up or pull-down XPD_DCDC can only
be configurad with internal pull-down, ather GPIO PAD can only be configured vith intemal
pull-up), or set 1o high impadance. When configured as an input, the data are stored in
software ragisters; the Input can aso 0 361 10 eCge-tngger or level tnggsr CPU intemrupts.
In short, the IO pads are bi-diractional, non-inverting and tristate, which includes input and
output buffer with tristate control inputs.

These pins, whenworking as GPIOs, can be multiplexed vith other functions such as 12C,
128, UART, PWM, and IR Remots Control, etc.

For low power operations, the GRICs can aiso be 36t 10 hold their state. For nstance, when
the |03 are not driven by intemal and extarnal circuits, all outputs will hoid their states
osfora the chip enterad the low powsr modss.

The required drive strength is small— & pA or more is encugh to pull apart the latch.

Secure Digital Input/Output Interface (SDIO)

ESPB266EX has one Slave SDIO, the definitions of which are descrioed as Tadle 4-1, which
Supports 26 MHz SDIO vi.1 and 50 MHz SDIO v2.0, and 1 bit/4 bit SD modse and SPI
mods.

Table 4-1. Pin Definitions of SDIOs

SDI0_CXK 21 106 8DI0_Cx
SDO;DQT;O AR 22 107 SDI0_DATAD
gDOMM O\ (8 Pt 108 8DI0_DATA1
‘SDQ_DATF\J - 18 102 SDI0_DATA 2
‘ sooMs 1 1010 SDI0_DATA_3
SDO_M * 9 20 1011 SDIO_CnmD
12724 2018.11
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$\\ 4. Perpheral Interfacs

.

4.3. Serial Peripheral Interface (SPI/HSPI)

ESPB266EX has two SPIs.
* One general SlavaMaster 21
» One general Slave HSPI
Functions of all thess pins can be implemsnted via harcware.

4.3.1. General SPI (Master/Slave)

§A) moce can te imgBmanted vie software programming. The clock frequency is S0 Mz st maxamum
When Working 85 8 master, 20 MHZ 82 maxmum WNen Workdng 85 & SEve.

4.3.2. HSPI (Slave)

L Nots:
8P moce can bedmgiemanted via software programming. The ciock freguency is 20 M-z &t maxamum.

Espressdf 13724 2018.11
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$\\ 4. Perpheral Interfacs

-

4.4. 12C Interface

ESPB266EX has one 12C, which is realized via softwars programming, used to connect with
other microcontroliers anc other penpheral equipments such as sensors. The pin definition
of 12C is as bslow.

Table 4-4. Pin Definitions of 12C

MTVE - 1012 12C_8CL
GPO2 = 1y 102 12C_8DA

Both 120 Master and 12C Slave are suppornted. 12C interfacs functionality can be realized via
software programming, and the clock frequency is 100 kHz at maximum.

4.5. 12S Interface

ESPB266EX has one 128 data input interface and one 128 data output interface, and
supports the inked list DMA. 128 interfaces ars manly useC in apofications such as cata
coliection, procsessing, and transmission of audio data, as well as ths input and output of
senal data. For example, LED lights \WS2812 senes) are supported. The pin definition of
128 is shoan in Table 4-5.

Table 4-S. Pin Definitions of 12S

1012 126_DTA
jois (7N Nesmoiss |
7 A 20NV O \eedwd |
-@‘13 ) .WHJ—IO‘IB @) IQSO_E—JK Y J
WROT) L B\ 28 /15 Bd (o weedibea) )
oz ENKSAe © B0l T eovel/

4.6. Universal Asynchronous Receiver Transmitter (UART)

ESPB266EX has two UART imterfaces UARTO and UARTHY, the definitions are shown in
Table 4-6.

Esprassd 1424 2018.11
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4. Perphenal Interfacs

4

UORXD 2 03 uoRO

uwono 2 101 wno
UARTO

MTDO 13 015 WORTS

MTCK 12 013 woCcTs

GPo2 14 02 uimo
UART1

8001 23 08 Um0

Data transfers 10/from UART interfaces can be implemented via hargware. The data
transmission speed via UART interfacaes reaches 1156200 x40 (4.6 Mbps).

UARTO can be ussd for communication. it supports flow control. Since UARTY faatures
only data transmit signal (TX), it is usualy used for printing log.

L Nots:
By osfsut, UARTU cutputs some printed Informaion when the 0evics is Dowered GN 8ngd Dootng up. The
baud raze of the panted informstion s relevant 1o the frequency of the exsernal crystsl osclistor X the
Feguency of he crystal csciarar 5 40 MHE, then the baud fate forprnting &5 118200; Ftne frequency of
he crysta’ oscligtor 5 26 Mz, then the baud rate for prnting IS 74880, K the printed informasion exsns
any nfuence on the functicnaity of the cavice, It 15 SUGQSsied 10 DIoCk the panting GUring e power-on
PENoad by changing LODD, UBRXD) & (MTDO, ATCH.

4.7. Pulse-Width Modulation (PWM)

ESPB266EX has four PYWM output interfaces. They can be axtended by users themsaives.
Tne oin dafintons of the PYWM interfacss are defined as below.

Table 4-7. Pin Definitions of PWM

%, ™ 04 oA

The functionalty of PYWM interfaces can be implementsd via software programming. For
exampie, inthe LED sman light demo, the function of PWM is realized by interruption of the
tmer, the mmimum rasolution reachas as nigh as 44 ns. PAVWM fraguency range s
adjustadbie from 1000 us to 10000 ps, i.e.; betveen 100 Hz and 1 kiHz. When the PWM
frequency is 1 kHz, the duty ratio will be 1/22727, and a resolution of over 14 bits vill be
achieved at 1 «Hz rafrash rate.

18/24 2018.11
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4. Perpheral Interfacs

UORXD 2 03 R0

wono 2% 101 wno

MTDO 13 018 WORTS

MTCK 12 018 woCTs

[cizlerd 14 02 uIDO
UART1

80_D1 23 08 u1RO

Data transfers to/from UART interfaces can bs implemented via hardware. The data
transmission spesc via UART nterfaces reaches 115200 x 40 (4.6 Mops).

UARTO can be used for communication. it supports flow control. Since UART1 faatures
only data transmit signal (TX), it is usuaiy used for printing log.

L Note:
By osfsut, UARTD outputs soms printed information when the 3810 Is powersd on 8nc Boong up. The
Baud rate of the pantsd informazion Is relevant ©o the frequency of the exdernal orystal cecliator X the
freguancy of ?he crystel cschiator i £0 MHZ. then e baud rate for printing &5 115200; 1 the frequency of
the cryste’ osolistor /5 26 Mz, then the baud rate for prnting 5 74880, i the printed information exsrs
any hiance an ?e Runctionaily of the Cevice, It 15 SUDETEC 10 DICCK the printing GUNNg N8 POwer-0n

PEoT Dy changing (UOTXO, UORXD) to (MTDO, MTOHX.

4.7. Pulse-Width Modulation (PWM)

ESP8266EX has four PV cutput interfacas. They can be excended by users themsahves.
The pin definitions of the PWM intarfaces are cafined as delow.

Table 4-7. Pin Definitions of PWM

MTO! 10 1012 Py
Do __ I N1 A e (Bod 4 9 P 4
S Nl A 012 Poa2
aPOL g 0 Puas

The functonaity of PVWM interfaces can be impiementad via sofiware programming. For
examp'e, in the LED smart light demo, the function of PWM is realized by interruption of the
timer, the minimum resolution reaches as high as 44 ns. PV\WM frequency range is
adjustable from 1000 ps 1010000 s, i.6., betvween 100 Hz and 1 kiHz. When the PWM
freguency is 1 kHz, the duty ratio will be 1/22727, and a resolution of over 14 bits vill be
achieved at 1 kHz refrash rate.

16724 2018.11
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4.8.

4. Peroneral Interfacs

IR Remote Control

ESPB266EX currently supports ons infrared remote control interface. For cetaled pin
cefintons, please se6 Taois 4-8 delow.

Table 4-8. Pin Definitions of IR Remote Control

MTMS = 1012 IRTX
GPI0s 22 108 IR Rx

The functionality of Infrared remote control interface can be implemented via softwars
programming. NEC coding, modulation, and demoduiation are supported by this interface.
The freguency of moduiated camer signal is 38 kHz, while the duty ratio of the souare wave
is 1/3. The transmission range is around 1m which is Setermined by two factors: one is the
maximum current driva output, the cther is internal current-limiting reeistancs value in the
infrared recever. The larger the rasistance vaiue, the lower the current, 50 is the povier, and
Vice versa.

4.9. ADC (Analog-to-Digital Converter)

ESPB266EX is embedded with a 10-bit precision SAR ADC. TOUT (Pin6) is defined as
below:

Table 4-9. Pin Definition o ADC

TOUT § ) ADC imeriacs

The folowing tvwo maasurements can be implemented using ACC (Ping). However, they
cannot be mpieMmantad at the zams time.

= Measure the power supply voltage of YDDSP3 (Pin3 and Pind).

Tre 107th byte of 68p_inft_oate_dersut.bin (0 - 127 Dytse), vdd33_const must
FF Inrislzstion Paramstsr BB 39 10 OxFF.
Cptimizs ths FF circult condiicns bassd on ths 18eting reeults of VODOGPS (FIn3
RE Mm Srocess ara P
Ussc Programming Use system_get_vddld ngt880 of system_odc_reod:
» Measure the input voltage of TOUT (Pind).
Harowars Design Ths Input veitags rangs is 010 1.0vwhsn TOUT Is connscted to extemal Circul.
1824 2018.11
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Ths valus of tns 107tn byts of esp_init_data_dsfauit.oin 0 - 127 oytss),
= vdd33_const mMuUst s 85t 10 the real power supply voitage of Pn8 and Pind.

Paramstse Ths unit and sffective valus rangs of vddl3_const I8 0.1V ano 18t 35,
rEEpECTVSly, Thus M3KINg the Working powsr voRags rangs of S8PS286EX
pstwsen 1.8V and 3.6\

Optimizs ths 5F clroult conaitions bassd on the valus of vddi3_const. The
FF Caloration Process o ycsitis seroc s 0.2V

Ussc Programming Use system_odc_reod Instsad of systen_get_vdd3d.

L& Notes:

8sp_jnit_date_default.bin is provicsd in SOV peckags which contains BF invaizston paramersrs (0 -

127 Dytes). The name of the 107th Dyte in @sp_Ini_data_0efault bin /s vddi3_const, wWhich s 08fnsa 85

Dsiow”

*  V/hen vool8.const = Qxff, the power voitage of Pind 8nd Piné wal De 185tec Dy the intemal se-
calration process of SSFS26EEX se. BF circutt conditions should D8 cpiimzed accoraing 1o e
8sting resuls.

v hen 18 =< vaod3_const =< 36, ESPE266EX RF Csidration enad optimization procsss &5 Impiemanted
vig vocG3_const 10}

* When vooR3._const < 18 or 86 < vooB3_conse < 255, vool3_const 15 Invasg. ESPB2EEEX FF
Caitration anJ COUMESLON PIOCasS 15 IMpementad vis s oefaue vaue 3.5V

17724 2018.11
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6. Eectrica Speci#catons

b. Electrical Specifications

5.1. Electrical Characteristics

Table 5-1. Electrical Cnaractenistics

QOpseating Tempsraturs Rangs - -0 Normal 126 C
gt . m
Wondng Vorsgs Vas N1/ 25 . 38 36 v
yd e S~ ON\\7777 7 <83 N ozeve
VT e = 6..’6\’4: QY 86
[Ro] Vg- N = - AR ! o ho“wc b
=N e — :
SELRSORT AL TS Py~ 200 ma
Eecrostati Dscnargs 4544 et S ot ¥ = \\ w
FeciommeOsaran @) | \Tasasc o - 8 | w

5.2. RF Power Consumption

Uniess otherwsse soecified, the power consumotion measurements are taken with a 3.0V
SUDPYY at 256°C of amoent temparature. All ranamitters’ measurements ars basec on a

803 duty cycle:
Table 5-2. Power Consumption

TX §02.110, COX 11MEps, Pa-=+17 08m - 170 5 mA
TX 802.11g, OFDM &a\icps, Poc—=+156 08m - 120 - mA
TX 802 11n, MCS7, Po—=+13cEm - 120 - mA
Fx 802.110. 1024 bytse packstiength , =80 oBm - 80 - mA
Px802.11¢. 1024 bytss packst lsngtn, -70 d3m - 86 - mA
FxB02.11n, 1024 oytes peckst lsrgin S5 c3m - 56 - mA

Espresst 18/24 2018.11
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8. Eectncal ¥
R
5.3. Wi-Fi Radio Characteristics
The following data are from tests conducted at room temperaturs, with a 3.3V power
SUDOTY.
2282 Mz
- ol
17.8 oBm
218 o2m
c o3m
-~ - o3m
E . - o3
N AN
w - - o8m
- oBm
J - |
A o8
. o2
- B
Esprecsd 19/24 2018.11
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6. Package Information

Package Information

:'lunm > U v
S E—— T
UUUUUUUY
b L_rD g
3 G
32L SLP (= =
(5xSmm) JB -+ af

-] (&

g (=
=206 anLrlnnnn
— EET

I0P VIEW BOTTOM VIEW
Feck]
m%J_mmnn:l%
Notes
SIDE VIEW I ML DMDGIOS ARE IN ML
2. DMDGINOG MG TOLLMNCING PER JEDEC MO-288.

Espressit

Figure 8-1. ESP3288EX Package
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Appendix - Pin List

For detailed pin information, please see ESP8266 Pin List.
« Digta Die Pin List
» Buffer Shesat
* Regizter List
e Stapping List

L Notss:

*  INST_NAME refars 10 the SIO_MUX REGISTER osfinsa in eagle_soc.h, for exampis MTDI_U refers 1o
PERPHS_JOMWLMTDLY.

* NSt Nams refers 1D 8 DN NaMe 10 SChamSlt.

* Function refers 20 the mustiunction of each pin £ac.

*  FuNCction number 1 -5 comespond 10 RUNCTION O - £ in SO For sxampie, set MTDY 20 GPO12 ss
fovows.
= sdefine FINC GPI012 3 //defined in ccgle_soc.h
= PIN_FUNC _SELECTCRERIPHS_TO_MUXMTDT U, FUNC_GPI012)

P 9

N
(8]
4

2018.11
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Apoendix i

Appendix - Learning
Resources

3

Must-Read Documents

* ESP8266 Quick Start Guids

Description: This cocument is-a GuICK USSr guice 1o getting started with ESP8266. kt
includes an introduction to the ESP-LAUNCHER, instructions on how to downicad
fimwars 1o the board and run it, how to compile the AT application, as well as the
structure and debugging method of RTOS SDK. Basic documentation and other related
resources for the EEPS266 are als0 proviced.

ESP8268 SDK Getting Started Guide

Desgription: This cocument takes ESP-LAUNCHER and ESP-WROOM-02 as examples
of how to use the ESP5266 SDK. The contents include preparations bafore compilation,
SDK compilation and firmviare downioad.

ESP8266 Pn List

Description: This link directs you to a st containing the typs and function of every
ESP&265 pin.

ESPEZ8E Hardware Design Guidelineg

Dascription: This document provides a technical descniption of the ESPS266 senies of
progucts, including ESP8266EX, ESP-LAUNCHER and ESP-WROOM.

ESPB2ES Hardware [Matching Guids

Description: This cocument introduces the frequency offsat tuning and antenna
impedanoe matching for ESP8266 in order 10 achieve optimal RF performancs.
ESPB2E8 Technical Refarence

Description: This cocument provides an introduction to the interfaces integrated on
ESP8265. Functional overview, parameter configuration, function description,
application demos anc other pieces of information ars inciuded.

ESFPB268 Harcware Resourees

Description: This zip package ncludes manufacturing BOMs, schematics and PCB
layouts of ESPS266 boards and modules.

FAQ

I.2. Must-Have Resources

e ESP8268 SDKs

22/24 2018.11
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Apoendx|

Description: This webpags provides inks both 10 the latest version of the ESP8266 SDK
anc the older ones.

-

Description: This webpags provides inks to both the ESPS266 flash download tools and
the ESP8266 psrformance evaluation 100is.

Anina
e

2018.11
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ESP32-CAM Development Board

SKU.DFR0602

INTRODUCTION

ESP32-CAM is a low-cost ESP32-based development board with onboard camera, small in
size. Itis an ideal solution for loT application, prototypes constructions and DIY projects.

The board integrates WiFi, traditional Bluetooth and low power BLE , with 2 high-
performance 32-bit LX6 CPUs. It adopts 7-stage pipeline architecture, on-chip sensor,
Hall sensor, temperature sensor and so on, and its main frequency adjustment ranges
from 80MHz to 240MHz.

Fully compliant with WiFi 802.11b/g/n/e/i and Bluetooth 4.2 standards, it can be used as
a master mode to build an independent network controller, or as a slave to other host
MCUs to add networking capabilities to existing devices
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Dimension Diagram

Notes:
1.Please be sure that the power supply for the module should be at least 5V 2A,
otherwise maybe there would be water ripple appearing on the image.



2.ESP32 GPI1032 pin is used 1o control the power of the camera, SO when the camera is
in working, pull GPIO32 pin low.

3.Since 10 pin is connected to camera XCLK, it should be left fioating in using, and do
not connect it to highflow level.

4.The product has been equipped with default firmware before leaving the factory, and
we do not provide additional ones for you to download. So, please be cautious when
you choose to burn other firmwares.

FEATURES
e Up to 160MHz clock speed, Summary computing power up to 600 DMIPS
«  Built-in 520 KB SRAM, external 4MPSRAM
«  Supports UART/SPII2C/PWMADC/DAC
« Support OV2640 and OV7670 cameras, Built-in Flash lamp.
«  Support image WiF| upload
« Support TF card
«  Supports multiple sleep modes.
« Embedded Lwip and FreeRTOS
« Supports STA/AP/STA+AP operation mode
«  Support Smart Config/AirKiss technology
«  Support for serial port local and remote firmware upgrades (FOTA)

SPECIFICATION

« SPI Flash: default 32Mbit

« RAM: built-in 520 KB+external AMPSRAM

« Dimension: 27°40.5%4.5 (£0.2) mm/1.06%1.59°0.18"
¢ Biuetooth: Bluetooth 4.2 BR/EDR and BLE standards
« Wi-Fi: 802.11b/g/n/efi

« Support Interface: UART, SPI, 12C, PWM

« Support TF card: maximum support 4G

e |Oport: 9

¢ Serial Port Baud-rate: Default 115200 bps

148



* Image Output Format: JPEG( OV2640 support only ), BMP, GRAYSCALE
o Spectrum Range: 2412 ~2484MH2z
* Antenna: onboard PCB antenna, gain 2dBi

« Transmit Power: 802.11b: 17+2 dBm (@11Mbps);
802.11g: 1412 dBm (@54Mbps);
802.11n: 1322 dBm (@MCS7)

« Receiving Sensitivity: CCK, 1 Mbps : -90dBm;
CCK, 11 Mbps: -85dBm;
6 Mbps (1/2 BPSK): -88dBm:;
54 Mbps (3/4 64-QAM): -70dBm;
MCS?7 (65 Mbps, 72.2 Mbps): -67dBm

* Power consumption: Turn off the flash: 180mA@5SV
Tum on the flash and adjust the brightness to the maximum:
310mA@SV
Deep-sleep: the lowest power consumption can reach 6mA@5SV
Moderm-sleep: up to 20mA@S5V
Light-sleep: up to 6.7mA@SV
o Security: WPA/WPA2/WPA2-Enterprise/WPS
* Power supply range: 5V
o Operating temperature: -20 "C ~85°C
« Sorage environment: 40 °C ~ 90 "C, < 90%RH

 Weight: 10g

SHIPPING LIST
« ESP32-CAM Development Board x1
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Aosong Electronics Co.,Ltd

TOUT AROTIAINT W IINOVITAZ IIIISITY U WINDAITUTS seks

Digital-output relative humidity & temperature sensor/module

DHT22 (DHT22 also named as AM2302)

Capacitive-type humidity and temperature module/sensor
Thomas Liu (Business Manager)

Email: thomashul98518@yahoo.com en
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Yous vpecialist in imvovating bumidity & tempesature sezson
1. Feature & Application:
* Full range temperature compenszated  * Relative hunudity and temperature measurement
* Calibratad digital signal  *QOutstanding long-term stability *Extra components not needed
* Long transmission distance * Low power consumption *4 pins packaged and fully interchangeable

2. Description:

DHT22 output calibrated digital signal. It utilizes exclusive digital-signal-collecting-technique and hunudity
sensing technology, assuring its reliability and stability.Its sensing elements 15 connected with 8-bit simgle-chip
computer.

Every sensor of this model is temperature compensated and calibrated i accurate calibration chamber and the
calibration-coefficient 13 saved in type of programme in OTP memory, when the sensor 1s detacting, 1t will cite
coefficient from memory.

Small size & low consumption & long transmission distance(20m) enable DHT22 to be suited in all kinds of
harsh application occasions.

Single-row packaged with four pins, making the connection very convenient.
3. Technical Specification:

Model DHT22
Power supply 3.36VDC
signal digital siznal via smele-bus
Senzing element Polymer capacitor
| Operating ranze humidity 0-100%RH: temperature -40~80Celsius
Accuracy humidity +-2%RHMax —-3%RH); temperature <+-0.35Celsius
Resolution or sensitnaty | humadity O.I%EH: temperatura 0.1Celsius
Repeatability humidity +-1%RH; temperature —-0.2Celsius
Hunmudity hvsteresis =-0.3%RH
| Long-term Stability =-0.3%RH vear
| Sensing peniod Average: Js
Interchangeability fully mterchanzeable
Dimensions small size 14*18%5 Smm: big size 22*28*Smm

4. Dimensions: (unit-—mm)

1) Small size dimensions: (unit-—-mm)

Thomas Liu (Business Manager)

Email: thomasliul98518@yahoo.com.en
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Your specialist in tnmovating umeidity & %mperature semsces

-5, - -7 T -

D3 0L N i

® 5.0 7/*(#) \ |
sl Pz A |
g

Pin sequence number: 12 3 4 (from left to right direction).
Pin Function

1 VDD----power supply
2 Di\'l':\--:ignnl

3 NULL

4 GND

Thomas Liu (Busmess Manager)
Email: thomashul98518@yahoo.com.cn
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Yeus specialist in tnmovating bumidity & temsperature semsces

5. Electrical connection diagram:

DHT22 1Pin
M C U rA 2Pin

GND
3Pin—-NC, AM2302 s another nams for DHT22

6. Operating specifications:

(1) Power and Pinz

Power's voltage should be 3.3-6V DC. WWhen power 1s supplied to sensor, don't sand any mnstruction to the sensor
within one second to pass unstable status. One capacitor valued 100nF can be added between VDD and GND for
wave filtering.

(2) Communication and signal
Single-bus data 15 usad for communication betwaen MCU and DHET22, it costs SmS for single time
communication.

Data 15 comprisad of mtegral and decimal part, the following 15 the formula for data.

DHT22 send out higher data bit firstly!

DATA=8 bit integral RH data+8 bit decimal RH data+8 bit integral T data+8 bit decimal T data+8 bit check-sum
If the data transmission is right, check-sum should be the last § bit of "8 bit integral RH data+8 bit decimal RH
data=8 bit integral T data+8 bit decimal T data”.

When MCU send start signal. DHT22 change from low-powear-consumption-mode to running-mode. When MCU
finishs sending the start signal, DHT22 will send response signal of 40-bit data that reflect the relative humidity

Thomas Liu (Business Manager)
Email: thomasliul98518@yahoo.com.cn
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Yeuz specialist in inmovating bumidicy & temsperature seusces
and temperature mformation to MCU. Without start signal from MCU, DHT22 will not give response signal to
MCTU. One start signal for one time's response data that reflact the relative humidity and temperature mformation
from DHT22. DHT22 will change to low-power-consumption-mode when data collecting finish if it don't receive
start signal from MCU again.
1) Check bellow picture for overall communication process:

Hoszt computer send out
zend out and RL pull up bur's voitage
zesignal.  Output data: 1bit"0" for next wanzmiszion

—i -— —-1 DHTE o L :gsﬂiﬂ
AR TR T e .}
= | lgvmn ! fi I Inam
Fh | RIS b - mn;’t -— -l oy -0
" RiAN:
— e ams DR 54
K% DHTEY
Pull up and Host's s.Lm signal ixumdn: 1bie "1"
responze from Sensor pull down
Pull up voltage bus's voltage
r2ady for zensor’s output.
5 ¥ele-bus output

2) Step 1: MCU send out start signal to DHT22

Data-bus's free status is high voltage level. When communication between MCU and DHT22 begmn, program of
MCU will transform data-bus's voltage level from high to low level and this process must beyond at least Ims to
ensure DHT22 could detect MCU's signal, then MCU wall wait 20-40us for DHT22's response.

Check bellow picture for step 1:

Thomas Liu (Business Manager)
Email: thomasliul98518@yahoo.com.cn
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Your specialist in innovating bumidity & temperature sezscrs

Host computer send start signal Senzor end out rezponze signal
and keep this signal at least 1o and keep this signal S0us

Singla-bus ziznal

Step 2: DHT22 send response signal to MCU

When DHT22 detect the start signal, DHT22 will send out low-voltage-level signal and this signal last 80us as
response signal, then program of DHT22 transform data-bus's voltage level from low to high level and last 80us
for DHT22's preparation to send data.

Check bellow picture for step 2:

Thomas Liu (Business Manager)
Email: thomashul98518@yahoo.com.cn
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Your specialist in tnwovating kumidity & temperacure sezsons

Start ranzmit 1bit data Start tranamit next bit data

26-28us voltage-] mean: data "0"

el !
R —  50us : f— |
SRR
[ o a0 50
%ﬂlﬁ% DHT 5%
- v
Host signal Sesnor's siznal

v
Single-bus siznal

Step 3: DHT22 send data to MCU

When DHT22 is sending data to MCU, every bit's transmission begin with low-voltage-level that last 50us, the
following high-voltage-level signal's length decide the bit1s 1" or "0".

Check bellow picture for step 3:

Thomas Liu (Business Manager)

Email: thomasliul98518@yahoo.com.cn
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Yeur specialist in inmovating bumidity & temperature semsors

70us voltage-length means 1bit data 1"

Start ransmut 1bit data Start tragamit next bit data

| 1Bi |
P AR R BN

fES&Bi:
IYES :m‘ﬁ%

Host zignal Seznor'’s zignal

Single-bus signal

If signal from DHT22 1s always high-voltage-level, it means DHT22 1s not working properly, pleasa check the
electrical connection status.

7. Electrical Characteristics:

Ttem Condition AMin Typical Max Unit
Power supply | DC 33 5 6 vV
Current supply | Measurmez |1 1.5 mA
Stand-by 40 Null 50 ud
Collecting Second 2 Second
| period

*Collecting period should be : >2 second.

Thomas Liu (Busmess Manager)

Email: thomaslhul98518@yahoo.com.cn
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Your specialist in tnwovating humidity & temperature sezscrs
8. Attentions of application:

(1) Operating and storage conditions

We don't recommend the applying RH-range beyond the range stated in this specification. The DHT22 sensor
can recover after working in non-normal operating condition to calibrated status, but will accelerate sensors’
aging.

2) Attentions to chemical matenals

Vapor from chemical materials may interfere DHT22's sensitive-elements and debase DHT22's sensitivity.
(3) Disposal when (1) & (2) happens

Step one: Keep the DHT22 sensor at condition of Temperature 50~60Celsius, humidity <10%RH for 2 hours;

Step two: After step one, keep the DHT22 sensor at condition of Temperature 20~30Celsius, humidity

>70%RH for 5 hours.
(4) Attention to temperature's affaction

Relative humidity strongly depand on temperature, that 15 why we use temperature compansation technology to
ensure accurate measurement of RH. But it's still be much batter to keep the sensor at same temperature when
sensing.

DHT22 should bs mounted at the place as far as possible from parts that may cause change to temperature.
(5) Attentions to light

Long time exposure to strong light and ultraviolet may debase DHT22's performance.
(6) Attentions to connection wires

The connection wires' quality will effect communication's quality and distance, high quality shieldmg-wire 1z
recommendad.
(7) Other attentions

* Welding temperature should be bellow 260Celsius.

* Avoid using the sensor under dew condition.

* Don't use this product in safety or emergency stop devices or any other occasion that failure of DHT22 may
cause personal mjury.

Thomas Liu (Business Manager)

Email: thomasliul98518@yahoo.com.cn
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ROHI!! Technical Note

Ambient Light Sensor IC Series ‘Fl
ree Ro HS

Digital 16bit Serial Output Type
Ambient Light Sensor IC

BH1750FVI No.CSC4EEBTO!

@Cescripions X
5H1750FVI Is an digial Ambient Light Sensor IC for I°C bus Interface. This IC Is the most suitabie to odtain the ambient light
gata for agjusting LCD and Ka2ypad backiight power of Mobile phone. It Is possibie 10 detect wice range at =igh resoiution.
(1-65535x)

@Fz3tres

1) I°C bus Intertace ( f/& Moc2 Support )

2) Specval ragponsibility Is approximately human eya response

3) luminance o Digital Converter

4) Wide range and High resolution. ( 1- 65535 1x )

S) Low Cumrent by power down functicn

6) SO0Hz/E0HZ Light noise reject-function

7) 1.5V Logk Input interface

3) No nesd any exiarnal parts

8) Light source dependancy is M2, ( ex. Incandescent Lamp. Fluorescent Lamp. Halcgen Lamp. White LEC. Sun Lignt)
10) Itis possibia 1 salect 2 type of I°C slave-adarass.
11) Adjustable measurament rasuit for nfiugnce of optical window

(Its possibia to detect min. 0.11 Ix, max 100303 ix by using this function. )

12) Smal measuramant vanation (- 20%)
13) The Infiuence of infrared is vary small.

@Arplizators
Mobie pnone, LCD TV, NCTE PC, Portable game maching, Digital camera, Digita! video camera, Car navigation, PCA,
LCD dispiay

@ALzolute Maximum R3tings
Parameter symbat Limite Units
Supply Vorage wmax | 4z [ v
| Oparatng Temperature Topr -40~85 ©
Storage Temperatura Teg -40~100 ©
SDA Sink Currant i Imax 7 mA
Sower Dissipation f 2 [ 2804 mw

X Tomm A TOme & 1 Cemges e00I; SOMC. Serang in cone 8IS ATMW T e operating sdove Taels'T

@Operating Conditions

Farameter symoal Wi, TVp. Max. | Unis
=z Voltage vee 24 30 36 v
I°C Refarencs Vonage Voa 165 | - Vee v
www.rohm.com 117 2009.04- RevB

© 2005 RO=M Co., L. Al rights reserved
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BH1750FVI

Technical Note

@Eiecyical Characteristics ( Vec = 3.0V, OVI = 3.0V, Ta = 25°C, uniess otherwise noted )

Parameter
‘SUFW Currant
'Dmercom Current
a3k Wave Lengtn

Mea3surement Accuracy

‘:am;on:)s«sorooz

H-Resolution Mode Resolution

L-Raeolution Mod2 Resolution

H-Resolution Mode Maasuremant

Time

L-Ragolution Mode Messurement

Time

Incandescent / Fluorzecant Sensor

out raso

ADDR Input 'H' Vorage ‘

ADDR Input 'L’ Voitage

DVI input 'L Voltage

SCL. SCAInput 'H'\oitage 1

iSCL. SOA Input 'H'\Voltage 2
CL. SOA Input 'L’ Voitage 1 j

SCL SOAIrpULVotage2

’SCL SOA, ACCR Input " Current

.SCL SOA, ACOR input 'L Current

‘I“C SCL Clock Fraquency

1*C Bus Fres Time ‘

I°C Hold Time ( repeatad ) START
Condition

I°C Setup time for 3 Repeated
START Conaition

I°C Set up tme for 3 Repeated STOP |
Condition |
°C Data Hold Time [
I°C Data Setup Time

IC 'L’ Period of the SCL Clock

IC 'H' Period of the SCL Clock

C SDA Output 'U Voltage

W UNIE LED 3 Lwec wa I0lcE aTLCe

X2 Mess.remert AZC.TeC; HOCH VELO I8 2SE3II0 12 ShENge | By NVeeR.re™ et 8.l BEl.atrent fungton”

Symbol

lect

lec2
Ap

S/A

SO

=

==
L=

=

t=osTa
tsusTa

tsusTe

t=ooar

tsusar
tow
e

Voo

Min.

0.98

13

o€

06

0.6

100
13
06

.

120
0.01

1.2

WD U0 M3 L0200 MOCe OF Neas Li0n =ozel £ oark s [ eas han D 2 ) e neec

Max.
190
10

1.44

130

24

VCL

v

v

v

v
v ovzoav
VV

oA

"

Units  Conditions

UA | Eve10dx ¥
WA | NoinputLight

Sensor out / Actual Ix
timee EV=1000Ix & *

count | H-Resciution Mode =

me
me

times | EV=1000Ix

oV 2 1.3V
165V S OoVI <18V

168V £ DVI < 1.8V

|
1

i

JE

us
ns

JE
v lo.=3ImMA

AWW.ronm.com
© 2005 RO=M Co., LY. Al rights reserved.
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BH1750FVI

Technical Note

@Reforence Data
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Fig.10 VCC - ICC@0 Lx Fig. 11 Measurement Resutt Fig 12 Measurement Result
( POWER DOWN ) VCC Dependency OV Dependency
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@5iock Diagram
ovi
—————— ] -] - ——— -
:' I
it 1

1 9
' —%—4—<ADC - = Lo;w se-
I*C Interface _6 SDA
1
/" PD  — |

! IOSCI |

GND ADCR
@5icck Diagram Descriptions
«PFC
FNoto Giod2 With 3pproximataly human eye r2spense.
« AMP
Intagration-OFANMP for converting from PD current 10 Voltage.
*ASC

AD converter for obtainmant Oigital 1601 data.
« Logic + °C Interface
Amblent Light Caiculation and #C BUS Intertace. it Is InCluaing below register.
Data Register — This s f0r regletration of Ambient Light Data. Inial Value s “CO0C_0000_0030_0C00™.
Measurement Time Regieter — TNIE I f0r r2QIslration of measwamant Tme. Inital Value I8 "0100_0101"
+ 0SC
Internal Osclliator ( %yp. 320k=z ). Itis CLK for Intarnal logic.

@Ma3surament Procsoure
Power SUPPYY
Initial state Is Power Doan mode after

State Is automatically changed to VEC 300 OVI suppy.

Power Down mede.
2-- NN L L. Pl PowsrDoan  fereseerese- R e )
; $--------W4 = .
. . L]
' " H
= o S s
: ' b W2 : :
H ' ) H .
: H - :
s : - - M2asUrement COmmand - - cesy | :
. . ] ' .
: : ' 4 . H
: H - Y. H
“-4 One Time Measurament . Continuous Maasurement |+

veeessp Ste Transition by FC write-command.

——  Automatcally State Transmon

= "Power On" Command Is possidie 10 omit

www.rohm.com 417 2009.04- Rev.B
© 2CC5 RO=M Co., LY. Al rights reserved.
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@insiruction Set  Architecture

Instruction Opacode Commants
Power Down B | SN
' oowsrOn £000_0031 | Waling for measurament command.
' | Reset Data register value. Reset command Is not acceptadie In |
| Reset ORI | o o o0s
Start measurament 3t 1Ix r2sotion.
Continucusly H-Resolution Mode €OC1_0000 | Measurement Time Is typically 120ms.
: Start measurament 3t 0.5ix rasolution.
Continucusly H-Resolution Mode2 0001_0001 | Measurement Time & typicaily 120ms.
& Start measurement 3t 4ix rasoiution.
Continucusly L-Resoiution Moge 0001_C011 | Measuremert Time Is typlcay 16ms.
Start measurament 3t 1x r2soution.
Ona Timz =-Resolution Mode 0010_g000 Measurement Time is typically 120ms.
! | Itis automatically s2t 19 Powsr Down Mooe aNer measuremant.
Start measurement 3t 0.5ix rasoiution.
Ona Timz =-Resolution Medz2 0010_0001 Maasurament Time is typically 120ms.
It I 3utomaticaly sat 1o Powar Down mooe after measuremant.
Start measurament at 4ix rasolution.
On2 Timz L-Rasoltion Mog2 0010_00%1 Ma3gurament Time Is typically 16ms.
| ItIs aLtomaticaly s2t 10 Powsr Sown mode afer measuremant.
Cnangs Maasurament time Changs maasurament ime.
(th bR ) {1 B 01UWTMT[7.5.5] X Tease (eler BTN TesE.rem et ter.t i efuence 3f apize Ameza
Cnange Masurament time " | Changs messurement ime.
(Lowon) Ll OV MTEIZNOL | s rauserwer werew mossuraman et o cance 3 sove ines
S Doal mputine oher sressce. -
@Ma3zurament moge 2xplanation
MeasuramentMode Maasuremant Time. Resoluryon
Hesciution Mode2 Typ. 120ms. | 051x
| r-Resolution Mode Typ. 120ms. ‘ 11x.
L-R2s0iution Moge Typ. 16ms. &ix.

W recommend 10 us2 H-Rasolution Mode.
M2asuremant time ( Intagration time ) of H-Resoluson Mod2 I 50 Jong that some kind of noise( Including In SOHz / E3Hz
nolse ) Is rejectad. And H-Resoltion Mode I5 1 1 X ragoltion 50 that it Is suRtabia for darkness ( J2es than 10.ix)
H-resciution mode2 is 3180 sunabie 10 detect for darkness.

@EXpianation of Asynchronous raest and Reset command "0000_0111°
1) Asynchronous resat
Al r2glstars 3ra r2set It s necessary on power supply sequence. Pi2ase rafar “Timing chart for VCC 3nd DVI power
supply sequance” In this page. Itis power down mode ouring OV = L.

2) Res2tcommand
Resat command ks for only resat Iluminancs data regieter ( r2set value Is ‘0’ ) 1115 Not Necessary aven power sLpply
s2quance It IS used for removing pravious measurament rasull. This COMMand s N0t working In power GOwWR macs, &0
that ple3se 52t e power on Mode befors Input Mis commana.

WwWw.rohm.com 87
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@Timing chart for VCC and DVI power supply saquance
OVl s I°C bus reference voRage t2rminal. And It is 3ls0 asynchronous recet terminal. Itis necessary to setto L' after Vecls
supplied. In DVI L' term, intemal state is 6&t to Power Down mode.

1) Recommendad Timing chart1 for VCC and DV supply.

Vee

owv

« >
Reget Term  ( more than 1us)

2) Timing chan for VCC and OVA supply.
( If DV riges within 1ps afer VCC supply )

Vee

ov 2

-—re——
ResetTerm ( mora than 1us)

Don't care state

ADDR, SDA, SCL is not stabie if DVI L' term { 1us ) I8 nOt given By systems.

In this c3¢2, please connect tha resisters ( 3pproximately 100kONM ) 1o ADDR without diractly
connecting % \/CC or GND,

Dec3use N is 3 state busiar for Intamal 1esting.

B0 a7 2009.04- Rev.B
©20C9 ROHM Ca., LS. Al Aights resenves.
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@Measurement sequance axample from "yWrite instruction™ to “Read measuremant result”

ex1) Continuously H-resoluion mode (ADCR ='L")

. from Master 10 Slave from Siave to Master

2 Walt to compiete 18t H-rasoktion mod2 measurement.( max. 130ms. )

2 Read maasuremant result

SR e A
o B

How to calcuiate whan tha data High Byte is "10C0C011™ ana Low Byte is “10010000°
(2%+2%+ 28+ 27+ 24)002 = 28067 fIx)

The result of continuously measurament mooe is upaated ( 120me.typ 3t H-reeoiution mede, 16ma.typ at L-rgolusion
maoe)

ex2) One time L-racoltion moda (ACOR = 'H')

T Send "One time L-resdiution mode * Instruction

2 Walt to compiate L-resoiuticn mode maasuremant.( max. 24me. )

D Reac measuremant rasult

R e R
cwrn [

How 10 calcutate whan the data High Byt2 is "00000001" and Low Syte Is "00010000"
(#2128 227[x]

In cne tima measurement, Statement Moves to power down mode after measurament compietion.if updatad rasult Is need
Ingtruction.

than pi23se resend maasuremant

o mzi7 2009.04- Rev.B
© 2005 ROHM Co., LY. Al fights reserved.
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@Applicaton circult example of DI terminal
The DVI terminal Is 3n 3synchroncus resat tenminal. Pl2ase note that thare i 3 possibllity that IC doeen't oparata nomaly
If the raset £2cton I8 Not INStalled 3Ner the S13n-up of Vas.
(Please rafer 1o the paragraph of “Timing chart for Ve and DVI power supply sequence” )
The descripticn conceming SDA and the terminal SCL is omitied In this appication crcull example. Please d2eign the
appiication the standard of !e 12C bus 3s It fnishes baing s3tisfaciory. Moreover, the description conceming the terminal
ADDR Is ominted. Pl2ase refer 10 the paragraph of “Timing char for Ve and DV power supply §2quence” 300Ut the tarminal
ADDR design.

2x 1) The control signal line such 38 CPU Is connected.

BH1TSCEVI
J-_v_c - sc D Micro
el 1 dhoon e — Controller

Td—d b eoall) 'l'

”r

£x 2) Reset IC Is used
1, For Reset IC of the Fush-Pull type

BH175CF\I
“Fnr—(' ML BCLP

a4 . q ADDR ow W REZET
L—c——d ) 20A 'l'

Reset IC{ Pusa-Pul type )

2, For Reset IC of the Opan crain output

S TIOFVI
T scL

. °""‘-[—J'- ] Aocce ovi
Lr—c GND EDA

IC(Open drain e )

nr

ex 3) Aaifterent power sUpply s used.
i EmITEORV)

, Frr——-c} VT scLiD
il <. vi ([ jrcor ow :)-—Ij
Lﬁ——{;‘ BND goAl) v2 2

r
2 Soaer sup0y o OV mus! B8 <D [800° heA 2OAS! 3.00) O VEC BSC LD DOCELD0 L 3 NECIINTY I 302.70 1990 302320 | 148 o mare |

BRRITAHCO 817 2009.04- Rev.B
© 2CCS RO=M Co., LY. Al rights reserved.
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2x £) LFF uging CR Is Insenad batween VCC and DVI.
This metnod has Me possibiity ;at e Resat S2CUON Of 1WIMING ON tha POWSS EUPPY C3N Nt 3TE92d. C3NNSt b2 satisNed.
Flease 02Eign the £2t CONEIdENng the Charactanstic of tha POWer SLPPlY ENougn.

R1: 1kOhm

BH1750FV1

—] N2 scL|p
°’”‘-[ -+ E:j: aooR owvi C1:1pF
T 3ND soalpd 'I'

nr

4 Notes wnen CR Is Insened between VCC and OV

2 Sesencie Nl Mece 38 OSEEDOL MRl renel 380U [ L3 | S8% 020 IRIA06C DeCELIN INe DOAST RL00 ) (8 Lamed 30 aten (he tae Ume 2T VST mxoa
2 \Whena VTG & turmez o, he OVI v2itege Secomes AGher ima= VT votage but IT cestructon @ Aot oecres £ ressmmenced canstent

(R1e%Chm, St @ 1,5 ) used.
2 Slesse note hat 1%e'e I3 8 DSIRBINY het Rese! 30cion [1,30C) CATAS! DO 38I2TES £ ABE LM 3 N3 8ADLE B0G BNer lurmieg o VET

0t 3 necesss’; 1= saasize: SVY voiage leve ster turming SN VIC)

1

<— Reset Saclon: 1us ormore

- Please 00 the appiication design 10 secure Recet saction 1us or mora after the recioging of the power supply.

¢ Example of cesigning set when CR ( C = 1uF, R = 1kQ ) I Ingeried between VCC and OVI with VCC=23V

T The rise tma to 0—2.4V of VCC must use tha power supply of 100ps or l2es.
ZFease walt 25me or more after VCC turn off (VCC <= 0.05V ), b2cause It Is necessary 10 S2curs reset section

( 1ps ormore ).
Rige Ume of power supply : 100us oriess  TIMR2 10 power supply raciosing : 25ms or more e
LT 3 Nty o oS24 ovi
'. 28
, N | + 0.4V
3 a.0sv .
oV .

— ¢— Reset Section : 1Us Or more

- Please 00 the appiication deeign 10 secure Recet saction 1us or mora after the reciosing of the power supply.

S Ao 17 2009.04- Rev.B
© 2CCS RO=M Co., LY. Al rights reserved.
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@°C Bus Acoaes
1) FC Bus Interfaca Timing chart
WWits measurament command and Read measurament rasult ara done by I°C Bus Intertace. Plaase rafer tha farmally
spacification of I°C Bus Intarface, and folow te formaly timing chart.

pon

NV .

t ol et i Lo )
:""‘Lél'- > e > G -;’ & o Gusro ,3_ i
L..8 Lo oer i el ...s.s
s
2) Siave Asaraes

Stave Adaress is 2 types, R Is determined by ACCR Terminal
ADOR="H' (ADDR 2 0.7VCC) — *10111007
ADOR='U' (ADOR = 0.3VCC) — 0300011

3) Write Format
BH1750F VI Is not abie 10 accept plural command without §10p condiion. Pl2ase insent SO every 1 Cpacode.

I e L Ll S e N P T

&) Re3a Format
- 15
1)) 2t A T g )

o] s
ZPA ;‘“29”':!7 1;1 2 2

R from 143ster 1 Slave from Siava to Master

i

0

ex)
High Syte = “1000_0a11"
Low Byte - “1001_0000"
(2%+2%+ 2+ 272 41.2 = 28067 [x])

* P2 3US @ rezemare of TricE Semcoec.cot T enne re'er ey, aTecause

Aww ronm.cem 10117 2009.04- Rev.B
© 2005 RO=M Co., L. Al rights reserved.

169



170

BH1750FVI Technical Note

@ATUS! ME3SUrEMEnt r2ELT 10r NTUSNCE Of OPUC3! WINDOW. ( 52NE0r S2NEMITy 3TJUstng )
BH1750F VI Is possidie 0 changa sensor sensisvity. And It Is possibia % cancal the optical window Infuence ( difference weh
/ without optical window ) By using this function. Adjust Is done Dy changing measurement time. For example, when
transmission rate of optical window Is 50% ( measurament rasult becomes 0.5 timas If optical window Is set ), Influence of
optical wingow Is Ignorag by changing s2nsor 2Nty from default 1o 2 tmes

Sensor sensimviy Is shift By changing the vaiua of MTrag ( maasurement Sme regisiter ). MTreg valug has 10 set 2 times If
13rpat of §2NE0r S2NEINTYY I 2 UIM26. M23suremant Ime IS 3l50 52t 2 Uimas when MTreg valua I changed from default 1o 2
fimas.

2x) Procedura for changing 1argat s2nsor s2nsitivity 10 2 Imes.
Piease change Mtreg from “0100_0101° (cefault) 10 "1030_1010" ( default ~ 2).
1) Changing High bit of MTreg

L - e =—=—"U I C

2) Changing Low bitof MTreg

| e[S e[
- .&Mﬂ“”

“TrigexE™oe I3 Migh 2930 LS oge. Dul L 8CCe0S the Sther

1
%
(i

&) Afar 3tout 240ms, mnwnmmmumgmubmu Reglster.
( High Resolution mode s typically 120ms, DUt measurement tima Is sattwice. )

Tha beiow tadle Is sezing !e changabie range of MTrag.

Min. . Y. M3X.
— 0001_1111 | 0100_C101 i 1H11_1110
e | {sensmivey : detaut ~0.45) | gefaun | (sensitwity - G2tau - 3.68) |
rBngROrMTIeg oo 31 { €9 i 252
L C T L {sensmvmy -Cefaul045) | cetauR | (sensitivity: Cetaum-3.68) |

Itis posslite to det2ct 0.23Mx by using this funclon 3t H-rasoiution mode. And It Is poesiibe 10 detect 0.11ix by using this
funcson at H-resolution mode2.

The below formula Is 10 caiculate llluminance per 1 count.

H-resiusion mode : Muminance per 1 count ( X/ count) = 1/1.2(89/X)
H-resiusion mode2 : lluminance per1 count (X /count) =1/1.2-(63/X)/2

1.2 Measurament accuracy
63 - Default vakie of MTreg ( gec )

X MTrag vailue
The below tadle Is se2ing e c2tall of resolution.
X/ count I / count
.~ athresousnmose | atH<esoution mosez
0301_1111 _ 188 03
0100_0101 083 0.42
1111_1110 0.23 a1
"W rohm.com 117 2009.04- Rev.B

© 2005 RO=M Co., L. Al rights reserved.




BH1750FVI

171

Technical Note

@H-Resolution Mede2

H-resolution mode2 Is 0.51 ( typ. ) resolution mode. It Is sultadle If under Iess than 10 Ix measure ment data ks nacessary.
This measurameant mode supports ™ Aqmmuwummummmuopmlmw Please rafer It It Is peesidie

10 getect min. 0.11 ix by using H-resolution mode2.

O Instruction get architecture for H-resolution moge2
| Ingtruction | Opacode
Continuously H-Resoiution Moge2 ©001_0031

One Time H-Resolution Moge2 ©010_0031

Comments

| Start measurement 3t 0.5 resoiution.
| Measurament Time Is typically 120ms.

Start measurement 3t 0.Six resoltion.
Measurament Time s typically 120ms.

| s automatcally et to Power Down mode afier measurement.

O Measuremant saquence exampie rom “Write Ingtruction™ 10 “Read measurement result”

£x) Continuously H-resciution mode2 (ADOR = L)

from Master 10 Slave

© S2nd “Consnuously Hresoltion mode2 * Instuction

from Slave 1o Master

F1— i 3

ACK

\\ \

—

2 waltto compiete 181 H-f2solution mode2 measuremant ( max. 150ms. )

2 Re3d measurament res

o[ e O[]

pem

2* 2’2‘

ey

How 1o calculate when the cata High Byte is "00000300" and Low Byt Js "00013010°

(2+22)112 = 7.5 x)

AW rohm.com
© 2008 RO=M Co., L. Al rights resernved.
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BH1750FVI Technical Note
@T2rminal Descripron
| PIN No. | Terminal Name | Equivalent Circut Funcson
1 vee Power Supply Temminal
vee I*C Slave-300rass Terminal
ADDR ="+ (ADDR 2 0.7Vzz)
*1011100"
ADDR =1 (ADDR £ 0.3Vez)
2 ADDR 0100011
ADOR Terminal Is cesigned a& 3 state buffer for
Intermal t2et. SO ™at please take care of Ve
and DV supply procedure Fi2ase s2e PE.
3 GN\ND GNC Terminal

L} SCL I_

HTraNe (WLeE We TORSTUR L AT DR eeT.

I°C bus Interfac SDA Terminal

SOA, SCL Referenca \oltage Terminal

And DVI Terminal Is also asynchronous Reset
for Internal registers SO that please sat 1o 'L

( atleast 16, DVI <= 0.8V ) afer Vec Is
supplied. BH1750FV Is pulied cown by
150kOhm while DV = "L".

I°C tus Intertace SCL Terminal

Aww.ronm.com 13117
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@Package Outiines
(MAX?.8 incluge. BURR)
). 620.)
| 0.5 0.8 0.3 0.3
— 6 5 4 l
—ti i 000
: [ooo] | | &
: | -L S|
Rk Lo o| 71 :
S| & < D - u__l*_' .
N ’-} (1. 2} al ! 1
» L B
< ( < -} - o
5 . & =y
— N N N oo Mol - \
S— 5 8 o 01 Q1] gligimiiy u
,'1 2 3 3 2 fy
0.525 10-5 034 | 1 L’-’“
=t qurﬁcﬁazo._oi_

| . WSOF&! { Unit : mm )
i L—m—:.—c) T

l {&]0. 93[3)
0.2740.05 | Lo 22:0.05 [Blo. 086)

g PO area (0.25mmx0.3mm )
L3 L:_] ‘_] Please design the cptical window 50 that
' 3 ! Ight can cover at least $¥s area

MnO4mm  Mn04mm

SRR 1417 2011.11 - Rev.D
© 2011 ROHM Co. Lid Al rights reserved.
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@The method of distinguishing 1pin.
There Is some mathod of distinguishing 1pin.
© Distinguighing by 1PIn wide-iead
2 Distinguishing by dle pattemn
@ Distinguishing by taper part of 1-3ph side

2 (by @ patem) Is the easiest method to distinguish by naked aye.

‘

nnn I
OO00dp 2
|~
" 1

-l :
<'\<\D | Proguction coce 2': -\r
T O ~>p
] ¢ 3

Aww ranm zom 15117 2009.04- Rev.B
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@Cautions on uee

1) Absoiute Maximum Ratings
AN excess In e abeoluta maximum ratings, such 38 supply voltage ( Vmax ), temparature ranga of operating conaitions
(Topr ), tc., can break down devioas, thus making Impoesidia 10 Ioantify braaking mode such 35 3 short clrcult o an open
clrcult. If 3y special moos exceeaing the absolule MAXIMum r3tings s 38EUMSd, CONEKISraton Ehould D2 given 1 take
physical safaty measures Inciuging tha use of fuses, &tc.

2) GND voitage
Make setting of the potantial of the GND teminal §0 that It will b2 mantained at the minimum In any Operating state.
Furthermore, check to b2 sure no terminals are at 3 potential lower than the GND voitage InCiuding an actual elecwric
translent

3) Shont circult betwean terminals and emon2ous mounting
In order % mount ICs on a3 s2t FCB, pay thorough attention to the direction and offeet of the ICs. Emoneous mounting can
traak cown e ICs. Furthermore, If 3 8hort Circult 0ocurs Gue 1o foreign matters entering batwean t2rminals or between
the terminal and tha power sUpply of the GND terminal, ;e ICs can braak cown.

£) Operation In strong electromagnetic fieid
Be notad that using ICs In the strong 2lectromagnatic fiald can malfunction them.

5) Inspacuon with 58t PC5
On Ma Inspaction with the g2t PCB, If 3 capacitor s CoNN2ci2d 1 3 low-Impedance IC terminal, the IC can suffer stress.
Tharafore. be sura to dlscharga from Me s2t PCS by 23ch process. Furthermare, in order to mount of dismount e sat
FCS to/from e Jig for the INsP2ction Process, Be sure to tum OFF the power supply and then mount the &t PCS 1o tha Jig.
Afier the completion of the INEpaction, D2 sure to tum OFF te power sUPply 3nd than cismount & from the Jig. In aadition,
for protection 3gainet static elecwricity, 25tabilsh 3 ground for tha assembly Procass and pay thorough attention 1o the
3NEPOraNon and the siorage of e 88t °C5.

&) Input terminals

In terms of the CONSLrUCION Of IC, Parasisc elements are inevitably formed In ralason 10 potential The operaticn of the
parasitic 2lemant can cause Interfarance with circult operation, thus r2euUlling In 3 MaUnclion ana than braakdown of the
Input terminal. Therefore, pay thorough atiention not 1o handie e input tenminals; such 35 10 3pply 1o the Input teminals 3
voRage lower than the GND raspectively, £0 that any parasitic elemant will operate. Furthermora, 40 not apply 3 voltags 1o
the Input t2rminais When no powar sUpPly voltage Is appliad 1o tha IC. In 30GIIoR, even If e power supply voRage s
3pplied. appiy to ™e Input terminals 3 VoItage lowsr ?an the power SUEPly VORIQE OF Witin the guarantesd valug of
slacirical charactenstics.

7) Thermal deeign
Perform thermal c26ign In which there are adequate marging by taking Into 3co0un: the power dissipation ( Pd ) in actual
slates of usa.

8) Traatment of package
Dusts or stratch on the photo oetector may affect the optical charactengtics. Piease handia it with care.

9) Rush current
Wnen power s first suppliad 10 the CMOS IC, It Is possiie Tat the internal logic may be unstadle and rush current may
flow Instantanaously. Therafore, give spacial Consiceration 1o power coupling Capactance, power Wifng, width of GNC
Wiring, 3Na rOLting Of CORNECTIANS.

10) The exposad c2ntr3l p3d on Me back side of the packags
Thare Is an exposad central pad on the back side of the package. But please 0o i non connacson. ( Dont  soider, ana
don't do electrical connection ) Please mount by Footprint dimensions described In the Jigso Information for WSOFSL. This
P30 i GND leval, tharefore thare 1z 3 pOsIDilty that LS! maifunclions 3nd haavy-curment IS genarated.

WA SR, O 1617 2009.04- Rev.B
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@0rdenng part number
B|H 117|5|0 FIVI|II]|-|T|R
[ Pan No. PartNo. Package Packaqing and forming specincaticn
FVI: WSOFE! TR Smocssed wp2 and rzal
<Tage and Real information>
™ Lmtassws currer lape
umndly IUepia
o "
OReclion | ine @veciiitiilie. Jpm of fidert o of B spger right whven you hotd |
of ot | rond cn B w1 Pua it s 5 st e o O e TP Pt |
P
Cvrectaon of et
-
(Ui ven) ool WO et Seedh 13 e TLR Of e AAIRLT §eatEny
Www.rohm.com 1717 2009.04- Rev.B
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