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ABSTRACT

This project presents the design of the raising blue crabs machine. Can control
and measure the factors affecting the growth of the blue crab cubs, namely, the
temperature control and the oxygen control in the sea water. By using a
microcontroller. Can measure acidity-base Conductivity water Contamination in water
to be suitable for raising blue crabs by displaying it on the LCD screen. You can read
the values on the web browser and can Line notify. And water circulation system to
increase the survival rate of blue crabs.

From the experiment of raising baby blue crabs, the machine can raising blue
crabs eggs. The blue crab feeding machine can measure the temperature in the sea
water. With a maximum error value of 0.72%. Can measure acidity-base with the
maximum error values of 1.57% and 0.5%. Conductivity in water with an error value of
0%, the blue crab machine can measure the total dissolved solids value with the
maximum error value of 1.76%. It can control the temperature and oxygen in the
water. Can read the values on an LCD screen. You can read the value on the web
browser by entering the IP address. If the raising blue crabs the machine collects value
does not match the specified value, the system will send a notification message
through the user's line and the water circulation system within the machine can be
used. From the experiment of raising baby blue crabs by the raising blue crabs

machine. It was found that the blue crab cubs were able to grow up to the Zoea stage.
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funganusonenlvesnanduiaedd Tasludunounsndosildindauas
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Failndudn wndiu 5 Suldudaludsldftnduduansanlaniugy
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2.2 sta8 (Relay)

Jugunsalfdsunasulnihiidundsauudmin weldlunisfsgandiduds
vasnpuwnAliUdsuaniae Inenistaunseualniliduunainiioniinista 3o Wa
wihdudandradvadinddiannsedng [8] lunisldnuaiunsaidsadluussyndldlunis

l ALE = ey 9rS v o = ¢ g o
AIUAN9936199 Tusug1edidnnseind winfivessiadidugunsalliinildnsraaey
L3 ! °o v ! = o aa aa s
anmnsalvesndiu Tussuuiaslnihegnasaiian mnseuuiinsvihnuniaunisiade

Juddinslisianszudli degud 2.3

Ul 2.3 3186 (Relay)

(Fian: https://commandronestore.com/products/bq001.php)

2.2.1 druusznauvasiiag
1 . = o ° o Y a v 1 <@

1. dauvesvaain (Coil) wigninszuan vimthnassauuudmantiy
Tiunulanglunseaindhdudasiony vinulaenissusssiuainaieuensdenseuiivnain
willgndil Wevnadnlasunseiy (Aussiuiisiadienistuiueiauasiunuignanfimun)
sziieaunwiidntniviliunulanedululunsey shiud unddudasodu 2.druveq

windura (Contact) vimthimleuaindinenssualwliiugunsalidents Tnegaseldau
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Ao shiinanunaenIan 9asa NO 8011370 Normal Open visneauinundiln sein
Felaidnglu Wanamunieaiwirduianslifadu lneialudneegadidrdugunsnivie
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JUN 2.4 nsvihnuvessiad Wesieduvasalil 1 viaen

(fian: www.psptech.co.th)

2.2.2 Uszlavilvasiiad

1. vilviszuvudeindsiiatiosnm (Stability) gelneSiadadmsasianizaiud

Anfaunfeeniviiu dsasndumsaneudemeludssuudosiian

2. anAnldiglunsdonuanduilAninUnd

3. ananandemelsifngnanuludsgunsaidu o

0. ylsszuulwihlaifuisszoudainauiianain (Fault) Tuluszuy
2.2.3 ¥linvasiiad

YIAYDITLAT LIS NWUEVRIABYE 138 WUIRAINENEMEN1TITIY

(Application) taud Tadwioluil


http://www.psptech/

[
v

1. Sladnszud (Current Relay) Ao Sadfivhaulaeldnssuadvievinnsua
979 (Under — current) waznszuatiy (Over Current)
2. Sadusaiu (Voltage Relay) Ao Siad fivhailagldussiuiliiandausesiu
910 (Under-Voltage) agtssnutiu (Over Voltage)
3. Siadvae (Auxiliary Relay) fie SwadfivaldnurzdesUsznaudiiusiad
%iln Bu Faagvhenld
4. 1ad1&a (Power Relay) Ao Siadivunonuantivesiiadnizua ua
Fiad ussutneiu
5. 31advian (Time Relay) fie Siadfivhaulnefiandruniestosdae 343
ag pefiu 4 LUy
5.1 Sagnszuatiuridanainniununszud (Inverse Time Over
Current Relay) fie Siadfidnavhaududiunduiunszua
5.2 31agnseualn urhavinea iU (Instantaneous Over Current
Relay) fio Swadiivhonriuiitladedinssualnanudunindisuuaiinals
5.3 SiaduwuuAn@iialviiian (Definite Time Lag Relay) i Siad 713
1181N13 VTN’thG?Tuagjﬁ’ummmﬂﬁammmzLLaw‘%aﬁiﬂWﬁﬁuﬂ AviliAne
5.4 Siaguuuduneannliniddulndidn (Inverse Definite Time
Lag Relay) A %Las‘fﬁﬁwmuimmwLm@mauﬁ’ﬁmaqnmmﬁuﬁ’umma (Inverse Time) Wag
wuu AvATlnlnduan (Definite Time Lag Relay) 1Wnananiu
6. SLadnszuania (Differential Relay) Ao Siagfiviaulaserdonasn19vas
nIzua
7. 310837e (Directional Relay) Aediadfivhaudiefinssudlvaiinfianis 8
wuustagnaeildia (Directional Power Relay) wag3iagnszuaiivia (Directional Current
Relay)
8. Sadsvanns (Distance Relay) fio Siadszezmailuuusieg feil
8.1 SuenuaugsLad (Reactance Relay)
8.2 duniuaudsiad (Impedance Relay)
8.3 luitad (Mho Relay)
8.4 19vii51a8 (Ohm Relay)
8.5 Ilnanlsglusisiad (Polaized Mho Relay)
9. Badgamgil (Temperature Relay) fio Tadiivhausugamnialy
10. Siadaud (Frequency Relay) fie Stadfivianuiloaudvesszuusm

AYIUINNINNRLY



11. yalaad3iad (Buchholz ‘s relay) fasiadihanumeineldiundewdas
uegluiniudaiinanuranaindunigluvdisulaagyilvindiuuandiwaziiaingdu

aelulusunmihdudalisadvinau

2.3 LOEN32

Soani32 1Judevedledlulnsreulnsaaes [7] fisesfumadouse Tl (Wi-Fi ), ug
15 (Bluetooth) Tui nwilflunswannlusunsufe e C wie Python vasndLloadia2
(ESP32) wwadafinsviauiiuvadu 2 Core way Pin 170 denilsdunisvhauldlufiu (Pin)
Wenfiu W n1suUas Analog to Digital #3e Digital to Analog n3idausie SD Card Camera
PWD RTC wag Touch L8ugfu faguil 2.5

JUN 2.5 vesadioaii32

(fiun: https://th.cytron.io/c-wireless-devices/p-nodemcu-esp32)

2.3.1 aauautmnisldeu

1. Fiigldan1dnenssu Tensilica LX6 WU 2 Wnuaued gy isunin
240MHz

2. flusulusi 512K8

3. 093U aideusiesoNEUENZIEn 16MB

0. sweuulilvianmsgu 802.11 b/g/n sesiunisldamsisluluun Station
SOftAP ey Wi-Fi direct

5. fugystusii sessunmisldanululvun 2.0 uazlvun 4.0 BLE

6. Tusanulnfialunisvineu 2.6V fia 3V

7. vhaulgfigamndl -40°C fla 125°C

Y
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2.3.2 19U ¢ Y9 BLEN32 5895UNSL¥BNARUARN 9

.31 GPIO 977U 32 984

—_

. 5895U UART 9149 3 484
. 895U SPI 97u3U 3 999

L9895V 1°C 9113 2 999

2
3
a
5. 59950 ADC 911U 12 %09
6. 99950 DAC 91U 2 109
7. 59950 1°S 9117U 2 Y09
8. 5895U PWM / Timer N4
9. sesfunsidensieriu SD-Card
2.3.3 flefduisaiuanudasndenng q deil
1. sessumsitnsvalala wuudu way WPA/WPA2 PSK/Enterprise
2. 119951915%a AES / SHA2 / Elliptical Curve Cryptography / RSA-4096
Tus
2.3.4 Uszavsnmmsldan & ESP32

v

1. U - a1 Joyaldninuiageand 150Mbps Wiaideusowuu 11n HT40 6

Y

ANL39g9dR 72Mbps Weiousianuy 11n HT20 ldArasageqndl 5aMops 1ieidouse
LUU 11g uazldimnnageani 11Mops eldeusiouuy 11b

2. \ileldmsideuderiuluslanea UDP azannsasu - ddeyaldiinamiss
135Mbps

3. Tulvun Sleep Tdnszualniiios 2.5 uA

] SN A

2.4 NINIY

1 a s =

nonvnduanindlidaraslsa laslinaunaradinluwes Fedessradunianisile

[

szylu won. Ao vieidwls wirwmhluuasidndnduiululievie®id (PVO) duxinnin lay
Tulagiuvierdaiiduiitenegaunnlurinisneasianszmequaudinfvasegisliingeg
< wa aa = S 1w ¥ ova ! o 3 ! o ! [ o

Junaantanianumieiganguiilannusowsiuinnuienisinnseulaiduauiuiilii

w1z lidudthlwinduiaglifialvihminundnnedasangndnie viefiddegnihanldlu

Y

v
[

NURANETEUUOITIIY Sruulteln sruvsudeansliin szuvsuszuIgdInienis

INYATHAYENANNTIN AIFUN 2.6
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U 2.6 vio#33

(ﬁuﬁ: https://sites.google.com/site/plastic9911/pvc/pvc-
pipe?tmpl=%2Fsystem%2Fapp%2Ftemplates%2Fprint%2F&showPrintDialog=1)

2.5 agivleuluslna

ogiionlusild (Aluminum profile) iulangiazaueg nmeldfalanyunidususv
anluussasigengg Aiffluiislan (6] Medasnisihegiideuanialanduunldluilagiu
duusvenlydvzdinaiisne dunisuslaalidnilunamvaiesest egiideulusindauise
thnduinmudouldldlmidadu madenitaztieuseudaninenslanls mngdmivany
gnamnIsNeIueud Sidnvsednd neadvandnenssudiedaasy daudsiunnidounisld

NuduAmMvinegiillealusindunniu daguin 2.7

U 2.7 eailiflonluslag

(fian: https://www.kmcengineeringkorat.com)


https://www.kmcengineeringkorat.com/
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AavanURegilifion ( Aluminum Profile ) ARnIlanenilufe
| @
1. LUNLALTT
. NUMUABANSANNTDU
Cdmnenuseunaznszuanlan luidufiwiaz i@l

- ansahluuszendldausing qlauinung

o A W N

_amnsoilutszney ¢n e da T Tdnudesnis
6. ansaideusieldneisnsiivainuans
nsiregiiilienlusingluldenuy
ogfifloudusuniidn Snlddmiununieairsenas uaziegendeifivsanafien us
shenuandARimine vosegiiden silidagiuiimsiegiidounldaulugnamnssud
vwanuatey uenanAsinlElunulses wiee A1 28 uad Sannsadaudategilidey
80 Funudmiugsiandasasud sodnserueu indesiednsuazeunsal uewmes

Fudu diannsednd uagdus dnunune

& ¥

2.6 Juin
Jui WweIedielniidnuuunieildunn [5] lugnamnssuwazmuttudeu v
Y A a Y [ ) 44' v ] 1 I a = v =
nihfdundsulivivesvaielvivesmvaiiulyauseuuvieUnanganildlugsdnganis
lanuAuAeInIg nasumhunidliunveamaItiue1alaunaIneIeseud uelmes usay

= ) A @V Y o PN
LLIIAU Vﬁ@WﬁQQ’]ULLwaﬂ@ue]ﬂvLﬂ WQEUW 2.8

€

sUft 2.8 danin


http://www.clinton-marketing.co.th/WATER-PUMP
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nguvastuin (Mudnwuzn151inemu)

1. Yuuuuluie Judseanilnngluiteuduaziilunnuszdnnisadnemnuduy 9in

= < LY o v 5 oA Y a o
nsvyuaUsIsevauasissiwi i valuauviensielile deuihanldluanamngsy
wazaufeganfuvilumsnznisivavesinvsseiliaadiae

2. wsestuiuuugngu duduseaniineluseududunsyuenguariignguiin
wifiasemnuiuainnisindsunvesgnguynlivsinasvenssuenguanadinluninuiu
Weduduulilualuls winmslvavesunazilugiegeudsmnznisiedeuiivesgnaudilg

ldldluanundeinisannuiugs

= 4

2.7 anmas (Heater)

games (Heater) fo gunsaifionlildnnglulsanugramnssy Tngasdutudiusile
nilanfinandflunislinanudou nannsvinuresdamesazinisinenseualniinssluds
v o A & v v o v a v I [ '
aahiiluain (Fduniu R) lngagvilialaiaanuisuunasinglidenaizaiunse
Felvilaiuusedun 220 VAC wag 380VAC Tngndnmsvinnuvesgamesldlafinugsenn
Fudounn gldnuiaunsaldliegazandadiluiielnifvzaunsadlandnnislalu

& v o < £ LY o es & Yo &

srgaanauaausiulainludagduanulssnugeamnssuasiigunsalguilunldiudy
o o ' v A 3 < salal o o
Puunliiigawanisidnuningwiiumszdugunsaliisiagnainsaduin vun wag

[

sUnsalamuiaensuandsseyindnnensianieiiu Sanasluguan dagui 2.9

UM 2.9 Fanos
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2.8 1A5a9UNaaNTLAU

5 Y a & s o & 1 & v & o 1 ~ [ Y
GERNVLRREIED LUUQUﬂﬁﬂJV]Nﬂ'NNQWLUUV’I@ﬂ'ﬁLﬁENﬂW]U']G]"N‘] LB TU USRI

dinenatuiielidaisne Jeimemelaluinlaaeain [10] Asgun 2.10

Wh Chia

seBo
: - AATTVD
aquanum ait VR

-

5UN 2.10 \p3eatuoandiau

NANNISYNNUVDILATDIUNDDNTLAU

'
=

30 UurIegae1InNAwaIdsueenlUn NI ease19gwaluguasily
= o 5 o v Y < 5 1 Y =
Weadndun auazgniiibvinszatediesniluresonimadlulunmseinugnyuvewingvse

LY d' a Aa [ =3 5 a & a
Vi'J‘VITWEJ‘Vl‘lJa']EJﬁ’]EJEJ'NE]EJﬂ‘ULﬁ]u‘VlllEJEﬂu@qﬂ']ﬁﬂﬁ]SE’Iﬁaqﬁlaﬂiuu{[,u%m%mwaﬂﬂqﬂ’]ﬁa@‘EJGUUN']

v
< =2 v a

11 AIUUNNTAZANE90DNTLIULLIATULAUINUI D LB NLVUN UTRAVDITINT 18N LY ILTIN

o a

Traniinisuandtduneselosldunniieslaiusesuauanvesatsenanungasluluingliigl

AMUANUINAETITN1Tara18U0990nTLAUlA LN LATIT A DIT U UAI&Ive9AS o U9y

£%
[ o

anunsaluauaslulimerasestudvimihnmulsnaeendiauasaretluguainlidaiun

! dl' 1= @ o &3 = a a a Y & a
paandulidndn daiungsligunmavasiasyiulalaiduung

a

2.9 WU TIngunAd

Y

a

wuLgesIngumad (DS18820) [9] Aprassiuilddmiuingumgidegnateuuy

Tngfuvannadyaaneinauidliiuassszion Ao 1sesmiililendwauvuueuzden
LaTWUUAINEa 1ng19asTINLUUAIRRaivasuUasd NSy uweusdenidufInea
swegmeludg uarludmeneinndmiumadoudetululasneulnsaaesdiuuinty
Lﬁumiﬁaﬁ’ﬁﬁﬁ@yjaLLUUﬁI%%’]ﬁEQEUﬂﬂAﬁ’]U’JUﬁ@EJ lgn158umasinanuy 1-Wire (One Wire)

e ingamnll DS18820 Hanwaziluanendenirinluinlaediane 3 1w 3 d Ao a1vd
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< o [ ! = L= | A I [ a o & ¢ o A
waauangdmivanegln anediwsedwdonluaedyyii wazaredandunsiin fagua
2.11

a

JUN 2.11 wueiingaumgd

U

a

AuAnwEI lUvaLRuLwaTInauugll

Y

1. DS18B20 tHusassmddmeamesiufimesuuulusinsumanuaziden wagldng
Suwosinlanuy 1-Wire uwarlifestogunsninieuen aasmunsgngiidivansiues Tuogiu
AIALAZLEEN

2. Iuseilwidedlutas 3.0 Taadds 5.5 Taad

3. ghuinsaus —55 f9 +125 ssrniwaded 3o 67 fv +257 ssmmiusule

4. Tgansudas 200 dafunitdmsudeya 9 Un uaz750 adiuni dmiudeya
12 O 5. § 3 v Ao vidaya1as (DQ) vlwiEess (VDD) wazans s (GND)

6. 1dulaanuu As Inuaundldanu 3 91 wazluuanisdinndseuly2 11 fe
dyaamazening luvasivldssetuansg

1%

7. anunsninlTTasievsliviaegunsallagldidudynnndusien

2.10 e Tadnsuinlwiwast (EC Sensor)

Fuges Yaansinlalineti (EC Sensor) n3e (Electric Conductivity) 1Iu
wuiwasiadnistlniuuuueusden [14] faguil 2.12 anwasnsaluniseduiunis
nszudlitii indenfeanaiaiidy q fazareluthannsouwnndafulossuuinuazuszaauld

looaudaszwaniilunuilun
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JUN 2.12 Wuwesinanisuiliihves

AnaNURvaRsUYaTInAIANLN I
1. [8lnliAea +5.00v

2. 439M339: Ims / cm - 20ms / cm

3. Hrsgamgiildauls 5-40 ssenwaidoa

£

4. AawAUg: <x10% FS (ANuuiuganiziuegivanuwiuglunisasuiiou)

2.11 L%UL%B%’%ﬂﬁqﬂaﬂ%LQuﬂlUﬁ'] (DO Sensor)
wugesinateendiaului (DO Sensor) WulwuwesUszinn Optical Ingldnannns
Lurninescent Tunsindneandiauluiil (Dissolved oxygen) fesuit 2.13 Tnelduas Aiflanny

Y

A A Y 9 v a v Saa i o - a v & o e
grandulinaunseauliasdedounidiauasennun dnisnfevasdstouduilay
vnuuiagsessusasiuldiluduges lngluiinasadovansdadouduildulinuaetn
WelvhasnsziunaueIniuilivinzay (Exctation wavelength) adgouinnisiies

WASDDNUNTNIAIINEIAGY (Emission wavelength) laWIzoasLTataULLe

'—

5UN 2.13 wuiwesinAneangiaului
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AnaudRas TnAendauluti

1. usssulniilunsvineu: 3.3 ~ 5.5V

2. dyanauoing: 0 ~ 3.0V

3. drsoaneaida: BNC

4. Gﬁy"wiaéfigfgm: dumesinwezunden (PH2.0-3P)

2.12 Wuwasiaaanuidunsa-iua (PH Sensor)

wuwesiaaaulunse-wua [4] Aegunsallwiwadl (Electrochemical) 1439
lelasaulossuluaisazans Tnassyanududuvedlalasaulessulumanuiunsanse
asdananaduan fiew Tnowuwesinainudunsa-wa ssvhaulaginnuunna@es
Fndlda (wseuladh) seninddninsniauasBidninsndneds fasausandoulnihdadu
dodrutuaudunsa-ua vesansazateitluin lnefieaiimesasldudnnissenann fe

Ly

nslandnnisTaaruLdunsausavaniudusvinazane feldndnnisniaaiimilouiy

[y

LY & o | ' v ca a dy I a v a
NAINUUUIAIAIUA AT NLANT UTENI19BLANINTND1984 (Reference Electrode) AU
B1annsadn (Sensing Electrode) luvenausuanmuazuansnanaly asluimigusasinan

[d =% v AY U O S v a [ =
ANULTUNTA-LUE IRDIUNPIVIINLALVID1DY GNE'U‘VI 2.14

A48 v
O, Sy . Wiswanaadn thasaufituuu
Faei/F7es-Aaalsd

TR\

Anenandea

|
4l

v

P b = a
QEERTARITIGL R LR RER dngnLad YNNI

JUN 2.14 wuwesiaAanudunsa-wa nTBENsad i lugadieaiu

(flan: https://www.thaitechno.net/t1/knowledge detail.php?id=441&uid=38395)
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Tagtgulges Tna1AuLdunsa-Lua azvi19ulagdaauLang19v3@ne lildn
(w59aulnldln) szrinedianinsadanazdianingnenede Naransaadauliidadudndiudy

Anudunsa-lua vesansazaneiiluin famsned 2.1

A151991 2.1 wssedeuliihndudadrudiuanudunsa-wavesaisazateninldin

AAIdunsa-Lud wsaadouluin
(Hadlaas)

0 +414.0
1 +354.9
2 +295.8
3 +236.6
4 +177.5
5 +118.3
6 +59.15
i 0

8 -59.15
9 -118.3
10 -177.5
lsl -236.6
12 -295.8
13 -354.9
14 -414.0

wennAnglninasiued fiusnmdiuvesauduty He uazduegivaumginls
Tun1sTamianudunsa-wua 99710015199 2.2 wudnsaedaulidinlaazuansng wiian
=3 a (v Qd' | [ d" [~ [ Y d‘ o v d'
Audunsa-lua ey msgeuniinwendaiudaduladeddgnviiliusaadoulnih
AV va ’~ g v o Y & o v oA ° = o
nladanuRaieuisiulunisiadianudunia-lua Isdesdinisivungamgiilunisldauy

Tigndes Amwinuednedianinsninainnudunsa-wuafigamgiisneg
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M51afl 2.2 AeinavesdidninsainAiaandunsa-tua foamgiianag
PN
(231 0 25 40 70 90
LREHG)
Loy fiadlan fiadlad fiadlan fiadlan fadlad
0 +739.3 +414 +434.9 +476.6 +504.4
3 +216.8 +236.6 +248.5 +272.4 +288.2
5 +108.4 +118.3 +124.2 +136.2 +144.1
7 0 0 0 0 0
8 -54.19 %) -62.13 -68.09 -12.05
10 -162.6 -177.5 -186.4 -204.3 -216.2
12 -270.1 -295.8 -340.5 -340.5 -360.3
14 -379.3 -414 -476.6 -476.6 -504.4

AUUTZNOURAL NSV UVDIBLANINTAIALAZBIANINTAD19D4

(% (%
Y

1. 927% (Sensors Electrode) Insunfdianlnsninagyinainuia 42inaziinsziung
P 44' ! a a Y] a v s
wiueng wielilaselessu H+ ngludidninnazussyansasaneiuau Senintuines
= @) d < [y v = 1 ¥ a a 1Y
Fadimanudunsn-wa il WWunistesdunszidizuin wsluliiAnanudanainlunisin
1 [ Yoy = sa o o ! =
Arudunsa-tua aisazaeilann nunalsunaslsndudaluaisazateninaiiazdl
Tl FuivieRuatumedaesaaslindued
2. 1791984 (Reference Electrode) w3aisaninvilsauisu lieludndlwiian
91935 17971989832liaan1 (Lead wire) Aiefiudariasaaalsduaziudaiasaaalanadly
Tnunadeumaslse vlinduss Inuvadeunasls Tasdurugian AUaevemasnui e
dudanvaisazateNaginnisi¥ousosenineansazateisaesiisondt azniulossusi
=  H o a dl a Y Yy A o g w =
Wouraldnaziiansioauanoansowsniinanauenld wevilinisivaveslnunadounas

I3 =i o v o d'
15@ PNVINABALIATVEUSININTTIA GNE‘U‘V] 2.15
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AR PRI |

v

ynd1edenely

wA2AUIY

Trlwlasanedanielu

E %
LgaLNI

JUN 2.15 fegraBianinsninedaiiinainnudunsa-iua

(flan: https://sc.sci.rmutp.ac.th/sctank/analchem/Lab5-potentiometric)

2.13 L"Uulaslfa%'?ﬂﬁ']ﬂ')'\&lﬂﬂLﬁ@ﬂlﬂﬁ"l (TDS Sensor)
wuwedTaaramuuud ouluti [13] (TDS Sensor) n3e (Total dissolved solid
Sensor) W@y iaAvesudsiaraneluiuuusaug Inelalauusienindsingesls
wanaglutithg mnAraruioureniiiduudsuutady duvednsuinasidaluihedy
Huusislavy auvimiadumdn da8nuimiaduegiifion axddosnsudlninsaDCoonun
Tuth dluthiinssmusuagasrlinssualwitiariuussitomniiogluthfimie fadu

I a

finansusiodns (mg/L), wilslududu (ppm) ﬂ”ﬁgﬂﬁ 2.16

5UN 2.16 wuwesinAaududoulu
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ansudRvagesivesinraraudiouluih
1. wsanulwignd: 3.3 ~ 5.5V

2. ussulvihvneen: 0 ~ 2.3V

3. 924n159A TDS: 0 ~ 1000ppm

4. pnunksiugnlunisda TDS: + 10% F.S. (25 °C)

2.14 RUNIDUAAINALDATA
90u0a%7 (liquid crystal display: LCD) [5] Aewduseiivihunainndnaivesnianea

nannsAesunasnsillndesaing wseisunin Backlight Wellnsuassnsyualnilanly

4 = = o

nIEAUNGn Ay RRanlUTsaeinlilasinna1ntn Backlight LansTuNIULRLENGD d1udu

9
(%

i o a o VY o o Aaaa | ) a = a oA A A
aunanUanuliagliaing ndnf@dnwanmeusmudvemanesanoa Wudlded se a1 “1a
Mlnflonsslunaeasnuiudmilsdoudinuiuiunasdnneg iu
2.14.1 NISHUIHDATANIUANWUSNITHENIHA
aa & @ & a 2 v @ | )

1. weaTALaRINALldUsNUSE LWUIDNLAAINALTURIDNEIANUYDILUUAUH?
LU DLDATAVUNN 16x2 NU8DILY 1 hoHAIonusIale 16 §7 hasilnanun 2 UsTNALAY
U @ 20x4 eIty 1 wardlfanwshals 20 67 kasineun 4 ussvie

2. weadfuanwmalugunmvsedydnual Wusefianusanmnunaldinagli
wiagauurinIenuLavseUdosuaseantUvlivelianusaasiaguiuinuuningela ns
TEUTUINAETEUTUANUAEYBIT1UIURA (Pixels) Tunsiazuud 1y 128x64 nuefiaaendl
FIUIUTAANLUUINBY 128 90 UazdIANILLUIAG 64 0

2.14.2 lasea¥ralaanaluvesnaadn

1A598519999b0a% A2l ULUSENBUT UMY 2 wHUkAUSEAUAY TagLdu
9997719959na19036-10 Tulasiuns Rannuluredskuwiiazdaumgsiitiliiwuula du
Yaan s rluanavemdnsiumiiuluiianaiuasdesnnseny uasndnwainldlneill

I3 . aa v < YR} 1% LY

251Ul Magnetic Inauoadinanunsananinalmsueaiulavianun 3 wuusmeiufe

1. wuulgnisagviaunas (Reflective Mode) wuuillda1susennlansindau
DEUTUNUNEDILERTATATRUSTIMTMINAUN TN I ulundkasadnwieane

2. wuultnsdenu (Transitive Mode)wuuiianaraanbilin1unadas ey
Tn1se1uAivananayilenLay

3. WUUAINIURAZASY 9U (Translative Mode) kuuiltdunisde1tonves

aa gj U = ng U o U U & 1 o
VDLAAINALDATANG 2 LUUUITINAU U919 16 AI8N1¥T 20 AIDNWTUIBUINAIT WALI1UIU
UTTVIRzdlAue 1 Uss1in 2 Uss¥im 4 uTsianTe WINNI1 AegUN 2.17 8Ueadh wuu 4
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< o = &
3.1 ‘Uaaﬂlﬂaztmiuﬂﬂi‘lﬂqﬂﬂu%aﬂLﬂia\‘lLaﬁNgﬂﬂuﬂJ’]
< o & o Y | - <
vfienlaezunsuvesntondeitusenaume 3 du Audienlaezunsunsaiugy
gl udenlaarunINNITAIVANEENTAU LAY TAATGEINY LAAINAULVTIIDUANIUY LAz
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<
U

—

< a o dy ¥
3.1.1 ‘UaElﬂlﬂaSLLﬂiﬁJﬂ’ﬁﬂ’JUﬂﬂJQﬂJ‘lﬂﬂUN%E}\‘iLﬂiaﬂtaﬂﬂﬂuﬁﬂ

a

vfiealnezunsumsmiuanangiivseneumesueesingugi (DS18820)

Y

lulasreulnsaaes Siad iasewinuiou voudnia wasiiulyd fgun 3.1

Guled
wuesingumgl lulaspaulnsaiaes 388
(DS18B20) (ESP32,NodeMCU) (Relay)
FDUARIHA ip0svhAuTou
(LCD) (Fnnos)

=] [ a = & o
JUT 3.1 vdenlaezunsuniuaNgungiveaseshiegnyiin

v ~ =

vaenlaezunsunsmuauaumgiveuniendesgnysin 91ngua 3.1 dn1s
aueeluil
1. wuweiingund (DS18B20) Ae Wuwesnsiaingamgduwuuiuuile

anansanTIingaumillalugis -55 fe 125 asrnaides



24

2. lulpspoulnsaiass Aegunsaiussudana Intnisudoyagungiain

ULERIATIVINENYI (DS18B20) wUseanana nuudItayaodnaluaIuANNITYinu

q q

YouA3eIiANTau dideyagumniludnenanmauazivled

'
Y A a

3. SidAegUnsalivimtniln-Uan15veuvedA3 09y AU oU F95U

'
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a
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lulpspeulnsaaes Siad in3eslusendiau teuanma uaziiuled dagun 3.2

Gulase
WwuwasIinaandauluin lulasmoulnsaaas 3188
(499ADO) (ESP32,NodeMCU) (Relay)
A\ 4
OLANING L g §
WIRIUNDBNYLIU
(LCD)

vV

JUT 3.2 Ufienlnezunsumiuauesndauluiivenaisadesgnyii
< a s < & o a =
vienlaszunsunisaivauesndiauluinresnIsaieqnyiin 91ngui 3.3 &
nsviuRasialUl
1. wwwetineandiauluul (499ADO) AslulgainsIvineandiauluing
v indueosigud
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3. SdArgunsalilinnihiida-Uansvianuveaniealusandiau 395U

'
[

masnsAIvANInIINlulasAeulnsaaes



25

4. veuansna Aegunsalivihwihiluansteyasendiou
5. duladvimihuanswasendiauluthieuse s inld
3.1.3 ufenlaezunsumsuansrauulauannauaz ulefuaAsouissgny

u&eAlnDLUNIUNILANINAVLIDLANINA TouinTondssgnyin vhaulng
wuges 5 ¥l Aowwwesinaungll wuwwesiaainnudy nsn-wua wuwesinniy
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vosinaIondngnyii e wweetisirindihlfrdsoyalugilulaseulnsaaed 4
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& ¢ A v o =
LL@BLU‘UIW LW@LLﬁﬂQNaGU@QGUE)ﬂ{IJa WQEUV] 3.3

U TinA1gmmg iyl
wuwasinaanudunsa-tua ”
: 3 lulasmaulnsatans VDLANINE
6 1 =1 o
UL FTINAIANNUULUDUVDIUN b
3 (ESP32,NodeMCU) (LCD)
WwulwasInA1N1si N vest
WwulweTineandlauluun \
Hulos

JUN 3.3 vdenlaevunsunisuaninauulIsLansrawaz IuleRvaAIadEgn Y
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ns197AAardsA luSlulaspaulnsataasiuUsEunaNa

I
v
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3.2 ladvrsamsinauasaaesgnyii
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Tnlafmsmmshaniedesisgnyinisznaude 3 da felwainnsmuaugungd
NIAIVANDBNTLAY TAAEII) UARINAULNTNTOUARIU UaTkIU
3.2.1 Iadv1ianisAIuANaumgil
Tadvisansaunugamgll amshauiuanlulasaeulnsaaesiue
910 wuwesingunall drgamgivesnitdiidvualy 1a3esihanudeuszviiau e

Ul MMNNNIANAMUALATEWINANNTEUENYAYINATY AagUN 3.4

a

Suranwuges inguml

Y

Tuuazdeanlui Esp32

FnmesngAinaIu

a 6 o
FELNBININIU

a

WARIANRAINN

Y

TUFILCD way

Gl
‘ END
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3.2.2 Wad¥$nn1sAIUANLaNTLAY
Iaiysanisauaueesndiau dn1sinusuainlilasreulnsaaeisu
31N UL TINAIDBNTAU 1190NTLIULBENINANNNINUA 1ASIUNDBNTLAUILYINIUAL

A1veNTaLINNNIIAAUaLATeIduaNTUITNEAYINNUY AegUR 3.5

( START ’

SUAIANEU DS INDBNTLAUL LN

wazdsrnlufiEsP32

2ONTLAU<DINTLAUY Juoandiau

fswunls ngAviu

JUDDNTLIUTNNIU

:

T

LAMIAIDBNTLIU

TUEILCD way

Gulad

‘ END

5UN 3.5 Wadusanisarunuesndiauluiinuiinivue
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3.2.3 Iadvsanisuansnauuasuanuanaziiulyn
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( START ’

SumnwugeTinaAgamgaluti,au

unse-wa,anuvuidouvedtii,nsih
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el

I3 3
waziuls

END
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N1INANADILASHEANTINA DN

Tuunflagnanfianismaass nsmeasadunsveasaguiees n1svaaeun1sAIUAN

gamaiiluihaanudunsa-wa ves Apudliih (EC) Apuvudeului (TDS)

gonTauluin wagHaNINARBIAEIgNYIN

4.1 NINARBINITINANVATULYD TN LWL

FIN9)

dwiuludiunsneaesil 1I9zinsnaaeimsina1gamil lagaginAlugisam

4.1.1 gunsafitldlulunisnnass
1. avugldn
2. WuwesTngamgiilui (DS18B20 Temperature Sensor)

3. 13eingaungil (neslusines)

4.1.2 FBN1MARDINITINANIULLDTUNNY

1. thldnnvue

a

2. \Uniasotingaungil
3. dpsesingamgiuaziwuwesingamgilunmieul’
4.1.3 NANINARDY

1. Jufinnan1snaaeinsmageulrugeTingamgiadlumsnd 4.1
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A5197 4.1 MIveaowLILes Ingaml
adeit | gamgdiiléann AeamgiinldFunnmuees Anade | A
wiesludiwes (29ALTATEA) HANAA
(eemwwadva) "B T o) [ ok 3 | el a (%)
1 25.30 25.30 25.32 25.32 25.38 25.33 0.1
2 25.43 25.25 24.56 26.12 26.52 25.61 0.72
3 25.68 25.38 26.75 24.58 26.15 25.72 0.14
4 25.87 25.19 25.56 26.25 26.83 25.96 0.34
5 26.53 26.48 26.64 26.58 26.66 26.59 0.23
6 26.20 25.20 26.69 26.49 26.4 26.26 0.22
7 26.20 26.20 26.45 26.49 26.52 26.42 0.28
8 25.30 25.30 25337 25:32 25.38 25.33 0.1
9 25.43 25.25 24.56 26.12 26.52 25.61 0.72
10 25.68 25.38 26.75 24.58 26.15 25%/r2 0.14
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3. JUNHAN1TNARDY
4.2.3 HAN15NAADY

1. ﬁ’uﬁﬂmamﬁmaaqmimuquqmmmwf’] LéummaaqLﬁaqquﬁiuﬁﬂ
1N 29 ssreaLdea adluniad 4.2
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4.4.1 gunseiilélunismaaas
1. paugldin
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3. Guwedianudunsa-wua 18s(PH Sensor arduino Analog pH
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4.4.2 FNINAADY
1. dnildmauy
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A15199 4.6 N1SNAFDULULBTIAAT NTA-LUA N1AT 7.00

Asai wineTanudy | wueesnay ATAURANATN

nIn-Lua Junse-wua (%)
1 7.0 6.89 1.57
2 7.0 6.89 1.57
3 7.0 6.89 1.57
4 7.0 6.89 1.57
5 7.0 6.89 1.57
6 7.0 6.89 1.57
7 7.0 6.89 1.57
8 7.0 6.89 1.57
9 7.0 6.89 1.57
10 7.0 6.89 .51

NAITNT 4.6 NANITNAADINUINIULYDS TaAIAuLTunsA-Lua a1usadalaen
AnudunsA-anNlndAssnuAIAUdUNSA-LuaninaInAsasTaaA AN unsa-wa Tae

ARANAIANANZIER 1.57%

5197 4.7 NSVNAFDULULDSIAAT NSA-LUd 91 A1 10.00

AN wiaeTanud | wuwesinay AAURANGTA
"N\ n3n-Lua Junse-wua (%)
1 10.00 9.95 0.5
2 10.00 9.95 0.5
3 10.00 9.95 0.5
4 10.00 9.95 0.5
5 10.00 9.95 0.5
6 10.00 9.95 0.5
7 10.00 9.95 0.5
8 10.00 9.95 0.5
9 10.00 9.95 0.5
10 10.00 9.95 0.5
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(TDS) (TDS) (%)
1 530 524 13
2 520 523 0.5
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4 524 526 0.38
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7 520 G 1.35
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9 540 292 1.48
10 520 5 0.19
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A15199 4.9 M1sneasainatA NN luUan

adai \A30eTAA UL InA ANANURANAIA
ANl ANl (%)
(EQ) (EO)

1 0 0 0
2 0 0 0
3 0 0 0
4 0 0 0
5 0 0 0
6 0 0 0
7 0 0 0
8 0 0 0
9 0 0 0
10 0 0 0
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4.8.2 3501570909

1%
o o

1. thiwsialdedouissgnyi
2. Unedoninsgnyih
3. LUNBMIVIAABTENATDUABIGNYIA
4.8.3 NAN1INAADY
1. tufinuansnaassmgamaivesiuil 7/7/2564 yn 1 9lus adlumsnad

4.14

v =2 s

1Y ' < 1 o 1
2. Jufinwanisnaasugulgesinainudunsa-lua Arpnutilada an

Anuvudouluuy wazAendiauluin Turiawainieg adlussin 4.15

Ly

3. Juiinnansveaeideegnyinnasainiuiyideliesnainnsznes lag
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GELNBENARITEGE WAuRaA1AUTUNTA-wa A1t Arauluideuluiin
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Aeengaulul uargaugiinldlunisnaasuies Turiwaidieg adunsen 4.16

4. Juiinuaansnsnaaeuiegnyin adlunisen 4.17

AN51971 4.14 AgamgiivesTuil 7/7/2564

Fuil I 9NN
07/07/2564 8.30 29.65
07/07/2564 09.30 29.45
07/07/2564 10.30 30.61
07/07/2564 11.30 30.45
07/07/2564 12.30 30.13
07/07/2564 13.30 30.76
07/07/2564 14.30 30.79
07/07/2564 15.30 30.65
07/07/2564 16.30 29.46
07/07/2564 17.30 29.65
07/07/2564 18.30 29.69
07/07/2564 19.30 29.54
07/07/2564 20.30 29.65
07/07/2564 21.30 29.44
07/07/2564 22.30 29.65
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NAIN 4.14 nuirgaumgivesiui 07/07/2564 dgumgiinegludisimmvua fe

29-31 DIALYALTYE

M157199 4.15 wan1snaaeunIesdsagnyin tnaiiuAmdmeialasueeslugiaaisige

Juil AN mudu | aerwth | e | deendauluh
ASA-LUE i | vuddeuly (%)
(EQ) i
(TDS)
27/11/2564 07.00 . 8.1 22 2140 93.7
13.00 u. 8.2 23 2136 100.1
19.00 u. 8.1 24 2147 100.6
28/11/2564 07.00 u. 8.3 24 2160 120.4
13.00 u. 8.2 24 2153 127.5
19.00 u. 8.3 23 2125 138.5
29/11/2564 07.00 u. 8.7 22 2160 146.7
13.00 u. 8.4 23 2159 145.2
19.00 u. 8.5 23 2164 145.6
30/11/2564 07.00 u. 8.4 22 2154 144.5
13.00 u. 8.4 24 2156 145.3
19.00 u. 7.8 23 2154 151.2
01/12/2564 07.00 . 8.4 22 2160 151.7
13.00 1. 7.9 24 2169 151.9
19.004. 7.6 22 2161 142.5
02/12/2564 07.00 . 8.4 24 2170 144.3
13.00 u. 8.4 24 2173 144.6
19.00 u. 8.4 21 2166 148.4
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A157991 4.16 miwmaauﬁymgﬂwmmmﬂwLL@JQL%SHaaﬂmﬂﬂizmm AuAmzaann
LULLDITAN
S A AN | AP | ANATA A" gounNd
Gunsa- | il | Yuddeuly | sendiau (2971
\ud (EQ) i Tuth \waLTes)
(TDS) (%)

14/12/2564 07.00 u. 7.9 25.4 2148 146.5 27.65
13.00 . 7.8 25.4 2139 144.7 29.46

19.00 u. 8.0 25.4 2152 144.2 28.79

15/12/2564 07.00 u. 8.0 26.3 2259 133 28.25
13.00 u. 8.1 26.5 2297 194 29.56

19.00 u. 8.1 21.2 2349 150 28.64

16/12/2564 07.00 u. 8.1 25.2 2164 141.8 27.79
13.00 u. 8.4 253 2152 151.7 28.84

19.00 u. 8.0 2558) 2166 143.9 27.46

17/07/2564 07.00 u. 8.4 26.4 2254 142 27.68
13.00 u. 8.1 26.9 2256 144.2 30.02

19.00 u. 8.5 27.1 2357 144.8 28.78

18/07/2564 07.00 u. 8.6 25.3 2161 144.4 26.89
13.00 u. 8.4 25.3 2165 150.7 27.86

19.004. 8.5 25.4 2168 144.9 27.35

19/07/2564 07.00 . 8.1 25.4 2272 143 27.34
13.00 u. 8.2 25.4 2279 143.1 29.03

19.00 u. 8.4 25.4 2399 143.9 27.44
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#include <ESP8266WiFi.h>

#include <WiFiClient.n>

#include <ESP8266WebServer.h>
#include <WiFiClientSecureAxTLS.h>
#include <Wire.h>

#include "max6675.h"

#include <LiquidCrystal 12C.h> //Usgnd Library 98938 12C

#define LED 2 //0n board LED
#define PCF8591 (0x90 >> 1)

const int Silen = DO;

int thermoDO = D6;
int thermoCS = D7;

int thermoCLK = D5;
int thermoCS2 = D3;

MAX6675 thermocouple(thermoCLK, thermoCS, thermoDO);
MAX6675 thermocouple2(thermoCLK, thermoCS2, thermoDO);

LiquidCrystal 12C lcd(0x27, 16, 2); // PCF8574

const char* ssid = "iSaS24GHzZ"; // lddo Wifi
const char* password = "62201204EE"; // lasWanu Wifi
ESP8266WebServer server(80); //Server on port 80

float temperature, temperature1=97.0;
float prssure1=14.9, prssure2=15.0;

int timedel = 0;
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byte adcvalue0, adcvaluel, adcvalue2, adcvalue3;
boolean

flagAlerttmpl=false,flagAlerttmp2=false,flagAlertplss1=false,flagAlertplss2=false;

float Mintmp=6.7,Maxtmp=8.0,
float Minplss=0.0,Maxplss=30.0;
byte tmeAlertTmp1=0,tmeAlertTmp2=0,tmeAlertPlss1=0,tmeAlertPlss2=0;

void handle_OnConnect()
{
//temperaturel = thermocouple.readThermocouple(CELSIUS);
/%
temperature = thermocouple.readCelsius();
/// Show LCD ///
lcd.setCursor(0,0);

non

//\cd.print(String(monthday)+"/"+String(month)+"/"+String(year)+" "+String(hour) +":"+
String (minute)+":"+String(second)+" ")
lcd.setCursor(0,1);

lcd.print("T1:"+String(temperaturel,1)+" T2"+String(temperature,1)+"*C "),

Serial.printin(temperaturel, 1);

Serial.printin(temperature, 1);

*/

server.send(200, "text/html",
SendHTML(temperature,temperaturel,prssurel,prssure2));

}

void handle NotFound()

{
server.send(404, "text/plain”, "Not found");



void ReadJoy()

{
Wire.beginTransmission(PCF8591);
Wire.write(0x04);
Wire.endTransmission();

Wire.requestFrom(PCF8591, 5);

adcvalue0=Wire.read();
adcvalue0=Wire.read();
adcvaluel=Wire.read();
adcvalue2=Wire.read();

adcvalue3=Wire.read();

Serial.print(adcvalue0);
Serial.print(" ,");
Serial.print(adcvaluel);
Serial.print(" ,");
Serial.print(adcvalue2);
Serial.print(" ,");
Serial.print(adcvalue3);

Serial.printtn();

String LINE_TOKEN = "XUVLGNkgaCy5yDPjOhhMYXQY20pmzvWOOGQ4I6¢c1j"; // 14
token UBINULDY

void Line Notify(String LINE_Token, String message) {

String msg = String("message=") + message;



axTLS::WiFiClientSecure client;
if (Iclient.connect("notify-api.line.me", 443)) {
Serial.printin("connection failed");

return;

Stringreq ="
req += "POST /api/notify HTTP/1.1\r\n";

req += "Host: notify-api.line.me\r\n";

req += "Content-Type: application/x-www-form-urlencoded\r\n";
req += "Authorization: Bearer " + String(LINE_Token) + "\r\n";

req += "Content-Length: " + String(msg.length()) + "\r\n";

req += "\r\n";
req += msg;
client.print(req);

unsigned long timeout = millis();
while (client.available() == 0) {
if (millis() - timeout > 5000) {
Serial.printin(">>> Client Timeout "),
client.stop();

return;

// Read all the lines of the reply from server and print them to Serial

/'X‘
while (client.available()) {

String line = client.readStringUntil("\r);
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Serial.print(line);

}

*/

String line = client.readStringUntil(\r");
Serial.print(line);

Serial.printtn();

Serial.print(n("closing connection");

e
String SendHTML(float Temperaturestat,float Humiditystat)
{

String ptr = "<IDOCTYPE htm(> <htm(>\n";

ptr +="<head><meta name=\"viewport\" content=\"width=device-width, initial-scale
=1.0, user-scalable=no\">\n";

ptr +="<title>ESP8266 Weather Report</title>\n";

ptr +="<style>html { font-family: Helvetica; display: inline-block; margin: Opx auto;
text-align: center;\n";

ptr +="body{margin-top: 50px;} h1 {color: #444444;margin: 50px auto 30px;\n";

ptr +="p {font-size: 24px;color: #444444;margin-bottom: 10px;\n";

ptr +="</style>\n";

ptr +="</head>\n";

ptr +="<body>\n"

ptr +="<div id=\"webpage\">\n";

ptr +="<h1>ESP8266 NodeMCU Weather Report</h1>\n";

ptr +="<p>Temperaturel: "
//ptr +=(int)Temperaturestat;
ptr += String(Temperaturestat,2);

ptr +="C</p>"
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ptr +="<p>Temperature2: "
ptr +=(intHumiditystat;

ptr +="%</p>",;

ptr +="</div>\n",

ptr +="</body>\n";

ptr +="</htm(>\n"

return ptr;
}
*/
String SendHTML(float TempCstat,float Humiditystat,float pressurel,float pressure?)
{

String ptr = "<IDOCTYPE htm(> <htm(>\n";

ptr +="<head><meta http-equiv=\"refresh\" content=\"2\" name=\"viewport\" con
tent=\"width=device-width, initial-scale=1.0, user-scalable=no\">\n";

ptr +="<link href=\https://fonts.googleapis.com /css?family= Open+Sans :300,400
,600 \ rel=\"stylesheet\">\n";

ptr +="<title>ESP8266 Weather Report</title>\n";

ptr +="<style>html { font-family: '‘Open Sans', sans-serif; display: block; margin: Opx
auto; text-align: center;color: #333333;\n";

ptr +="body{margin-top: 50px;A\n";

ptr +="h1 {margin: 50px auto 30px;A\n";

ptr +=".side-by-side{display: inline-block;vertical-align: middle;position: relative;\n";

ptr +="humidity-icon{background-color: #3498db;width: 30px;height: 30px;border-ra
dius: 50%; line-height: 36px;\n";

ptr +="humidity-text{font-weight: 600;padding-left: 15px;font-size: 19px,width: 160
px;text -align: left;\n";

ptr +="humidity{font-weight: 300;font-size: 60px;color: #3498db;\n";
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//// Change Corlor ICon /////

//if(TempCstat>=30.0){ ptr +=".temperature-icon{background-color: #f0000;width: 3
Opx;height: 30px;border-radius: 50%;line-height: 40px;}\n"; }

//else{ ptr +="temperature-icon{background-color: #f39c12,width: 30px;height: 30p
x;border-radius: 50%;line-height: 40px;A\n"; }

/117

ptr +="temperature-icon{background-color: #f39c12;width: 30px;height: 30px ;bord
er-radius: 50%;line-height: 40px;;\n";

ptr +=".temperature-text{font-weight: 600;padding-left: 15px;font-size: 19px;width:
160 px;text-align: left;\n";

/11111117 Temp 1 Colur Text ////////////////1//

e

if(TempCstat>=30.0){ ptr +="temperature{font-weight: 300;font-size: 60px;color: #ff
0000;3 \n"; }

else{ ptr +=".temperature{font-weight: 300;font-size: 60px;color: #f39c12;}\n"; }

*/

if(flagAlerttmp1){ ptr +=".temperature{font-weight: 300;font-size: 60px;color: #ff0000;
An'; 3

else{ ptr +=".temperature{font-weight: 300;font-size: 60px;color: #39c12;\n"; }

/11117777 Temp 2 Colur Text ///////11////1111/1/

Ve

if(Humiditystat>=30.0){ ptr +="temperature2{font-weight: 300;font-size: 60px;color:
#fO000;\n";}

else{ ptr +=".temperature2{font-weight: 300;font-size: 60px;color: #39c12;\n"; }

*/

if(flagAlerttmp2){ ptr +=".temperature2{font-weight: 300;font-size: 60px;color: #ff000
O;An"; 3

else{ ptr +=".temperature2{font-weight: 300;font-size: 60px;color: #39c12;\n"; }
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/11111717 Pressur 1 Colur Text //////1//////11/

2

if(pressure1>=5.0){ ptr +=".pressure{font-weight: 300;font-size: 60px;color: #ff0000;}
\n'; }

else{ ptr +=".pressure{font-weight: 300;font-size: 60px;color: #3498db;\n"; }

*/

if(flagAlertplss1){ ptr +=".pressureffont-weight: 300;font-size: 60px;color: #f0000;\n";

else{ ptr +=".pressure{font-weight: 300;font-size: 60px;color: #3498db;\n"; }

/11111117 Pressur 2 Colur Text ////////////////

e

if(pressure2>=5.01{ ptr +=".pressure2{font-weight: 300;font-size: 60px;color: #f0000
AN’ 3

else{ ptr +=".pressure2{font-weight: 300;font-size: 60px;color: #3498db;}\n";}

*/

if(flagAlertplss2){ ptr +=".pressure2{font-weight: 300;font-size: 60px;color: #f0000;\n";

else{ ptr +=".pressure2{font-weight: 300;font-size: 60px;color: #3498db;\n"; }

ptr +=".superscript{font-size: 17px;font-weight: 600;position: absolute;right: -20px;top
: 15px;An;

ptr +=".data{padding: 10px;\n";

ptr +="</style>\n";

ptr +="</head>\n";

ptr +="<body>\n";

ptr +="<div id=\"webpage\">\n";

ptr +="<h1>Chillers Temperature Pressure Report</h1>\n";
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/1117/7711111/7 Tepl Icon //////1111111111111/

ptr +="<div class=\"data\">\n";

ptr +="<div class=\"side-by-side temperature-icon\">\n",;

ptr +="<svg version=\"1.1\" id=\"Layer 1\" xmlns=\"http://www.w3.0rg/2000/svg\" x
mlns:xtink=\"http://www.w3.0rg/1999/xlink\" x=\"0px\" y=\"0px\"\n";

ptr +="width=\"9.915px\" height=\"22px\" viewBox=\"0 0 9.915 22\" enable-backgro
und=\"new 0 0 9.915 22\" xml:space=\"preserve\">\n";

ptr +="<path fill=\"#FFFFFF\" d=\"M3.498,0.53c0.377-0.331,0.877-0.501,1.374-0.527
(C5.697-0.04,6.522,0.421,6.924,1.142\n",

ptr +="c0.237,0.399,0.315,0.871,0.311,1.33C7.229,5.8 5 6 ,7.2 4 59.24,7.227,12.625¢
1.019, 0.539 ,1.855,1.424,2.301,2.491\n";

ptr +="c0.491,1.163,0.518,2.514,0.062,3.693c-0.414,1.102-1.24,2.038-2.276,2.594c-1.0
56,0.5 83-2.331,0.743-3.501,0.463\n";

ptr+="c-1.417-0.323-2.659-1.314-3.3-2.617C0.014,18.26-0.115,17.104,0. 1,16 .0 22 cO.
296-1.443,1.274-2.717,2.58-3.394\n",

ptr +="c0.013-3.44,0-6.881,0.007-10.322C2.674,1.634,2.974,0.955,3.498,0.53z\"/>\n";

ptr +="</svg>\n";

ptr +="</div>\n";

/1117771711111111 Show Tmpl //////1/1111/////

ptr +="<div class=\"side-by-side temperature-text\">Temperature 1</div>\n",

ptr +="<div class=\"side-by-side temperature\">";

//ptr +=(int)TempCstat;

ptr += String(TempCstat,1)+" ";

ptr +="<span class=\"superscript\">°C</span></div>\n";

ptr +="</div>\n";

////1/////////// Humi lcon ///////7//1///171/1/1/
/*
ptr +="<div class=\"data\">\n";

ptr +="<div class=\"side-by-side humidity-icon\">\n";
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ptr +="<svg version=\"1.1\" id=\"Layer 2\" xmlns=\"http://www.w3.0rg/2000/svg\" x
mlns:xtink=\ "http://www.w3.0rg/1999/xlink\" x=\"0px\" y=\"0px\"\n\"; width=\"12px\"
height=\"17.955px\" viewBox=\"0 0 13 17.955\" enable-background=\"new 0 0 13
17.955\" xml:space=\"preserve\">\n";

ptr +="<path fill=\"#FFFFFF\" d=\"M1.819,6.217C3.139,4.064,6.5,0,6.5,053.3 63,4.064,
4.681 ,6.2 17 c1.793,2.926,2.133,5.05, 1.571,7.057\n";

ptr +="c-0.438,1.574-2.264,4.681-6.252,4.681c-3.988,0-5.813-3.107-6.252-4.681C-
0.313, 11. 2 67, 0.026,9.143,1.819,6.217\"></path>\n";

ptr +="</svg>\n";

ptr +="</div>\n";

*/

/11117777711117 Trp2 Icon //111/7111111111117/

ptr +="<div class=\"data\">\n";

ptr +="<div class=\"side-by-side temperature-icon\">\n";

ptr +="<svg version=\"1.1\" id=\"Layer 1\" xmlns=\"http://www.w3.0rg/2000/svg\" x
mins:xlink=\"http://www.w3.0rg/1999/xlink\" x=\"0px\" y=\"0px\"\n";

ptr +="width=\"9.915px\" height=\"22px\" viewBox=\"0 0 9.915 22\" enable-bac kgr
ound=\"new 0 0 9.915 22\" xml:space=\"preserve\">\n";

ptr +="<path fill=\"#FFFFFF\" d=\"M3.498,0.53c0.377-0.331,0.877-0.501,1.374-0.527C
5.697-0.04,6.522,0.421,6.924,1.142\n",

ptr +="c0.237,0.399,0.315,0.871,0.311,1.33C7.229,5.856,7.245,9.24,7.227,12.625c 1.01
9, 0.539, 1.855,1.424,2.301,2.491\n",

ptr +="c0.491,1.163,0.518,2.514,0.062,3.693¢-0.414,1.102-1.24,2.038-2.276,2.594c-1.0
56, 0.5 83-2.331,0.743-3.501,0.463\n";

ptr +="c-1.417-0.323-2.659-1.314-3.3-2.617C0.014,18.26-0.115,17.104,0.1,16.022¢ 0.2
96-1.443,1.274-2.717,2.58-3.394\n";

ptr +="c0.013-3.44,0-6.881,0.007-10.322C2.674,1.634,2.974,0.955,3.498,0.53z\"/>\n";

ptr +="</svg>\n";

ptr +="</div>\n";

/171111177717117/ Show Tmp2 ////////1/771/11/
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//ptr +="<div class=\"side-by-side humidity-text\">Humidity</div>\n";

/111111 New /111117

//if(Humiditystat>=30.0} ptr +="temperature-icon{background-color: #ff0000;width:
30p x;height: 30px;border-radius: 50%;line-height: 40px;A\n"; }

//else{ ptr +=".temperature-icon{background-color:#f39c12;width:30px;height:30 px;
bord er-radius: 50%;line-height: 40px;\n"; }

//ptr +="temperature-text{font-weight: 600;padding-left: 15px;font-size: 19px;width:
160 px;text-align: left;\n";

//if(Humiditystat>=30.0{ ptr +="temperature{font-weight: 300;font-size: 60px;color:
#ff0000;\n"; }

//else{ ptr +=".temperature{font-weight: 300;font-size: 60px;color: #39c12;\n"; }

//11111111111111/ Show Tmp2 ////////1////////

//ptr +="<div class=\"side-by-side humidity-text\">Temperature2</div>\n";

//ptr +="<div class=\"side-by-side humidity\">";

ptr +="<div class=\"side-by-side temperature-text\">Temperature 2</div>\n";

//ptr +="<div class=\"side-by-side temperature\">";

ptr +="<div class=\"side-by-side temperature2\">";

//ptr +=(int)Humiditystat;

ptr += String(Humiditystat,1)+" ";

//ptr +="<span class=\"superscript\">%</span></div>\n";

ptr +="<span class=\"superscript\">°C</span></div>\n";

ptr +="</div>\n";

///1//1///////// Pressurel lcon /////////////1////////
ptr +="<div class=\"data\">\n";

ptr +="<div class=\"side-by-side humidity-icon\">\n";
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ptr +="<svg version=\"1.1\" id=\"Layer 2\" xmlns=\"http://www.w3.0rg/2000/svg\"
xmlns : xlink= \ "http://www.w3.0rg/1999/xlink\" x=\"0px\" y=\"0px\"\n\"; width=\"12
px\" height=\"17.955px\" viewBox=\"0 0 13 17.955\" enable-background=\"new 0 0 13
17.955\" xml:space=\"preserve\">\n";

ptr +="<path fill=\"#FFFFFF\" d=\"M1.819,6.217C3.139,4.064,6.5,0,6.5 ,053.363,4.064,
4.681, 6.217 c1.793,2.926,2.133,5.05,1.571,7.057\n",

ptr +="c-0.438,1.574-2.264,4.681-6.252,4.681c-3.988,0-5.813-3.107-6.252-4.681C-0.31
3,11.267, 0.026,9.143,1.819,6.217\"></path>\n";

ptr +="</svg>\n";

ptr +="</div>\n";

/11111111111111/ Show Pressure 1 /////////////1////1//

ptr +="<div class=\"side-by-side temperature-text\">Pressure 1</div>\n";
ptr +="<div class=\"side-by-side pressure\">";

//ptr +=(int)TempCstat;

ptr += String(pressurel,1)+" "

ptr +="<span class=\"superscript\">Bar</span></div>\n";

ptr +="</div>\n";

/1111111111111// Pressure2 Icon //////111111111111//1/

ptr +="<div class=\"data\">\n";

ptr +="<div class=\"side-by-side humidity-icon\">\n",

ptr +="<svg version=\"1.1\" id=\"Layer 2\" xmlns=\"http://www.w3.0rg/2000/svg\" x
mins:xlink=\"http://www.w3.0rg/1999/xlink\" x=\"0px\" y=\"0px\"\n\"; width=\"12px\"
height=\"17.955px\" viewBox=\"0 0 13 17.955\" enable-background=\"new 0 0 13 17 .9
55\" xml:space=\"preserve\">\n";

ptr +="<path fill=\"#FFFFFF\" d=\"M1.819,6.217C3.139,4.064,6.5,0 ,6.5,0s3.363, 4.064
,4.681, 6.217c1.793,2.926,2.133,5.05,1.571,7.057\n";

ptr +="c-0.438,1.574-2.264,4.681-6.252,4.681c-3.988,0-5.813-3.107-6.252-4.681C-0.31
3,11. 2 67,0.026,9.143,1.819,6.217\"></path>\n";



ptr +="</svg>\n";

ptr +="</div>\n";

/11777771///1/// Show Pressure 2 ///////////////1/1/1/

ptr +="<div class=\"side-by-side temperature-text\">Pressure 2</div>\n";

ptr +="<div class=\"side-by-side pressure2\">";

//ptr +=(int)TempCstat;

ptr += String(pressure2,1)+" "

ptr +="<span class=\"superscript\">Bar</span></div>\n";

ptr +="</div>\n";

ptr +="</div>\n",
ptr +="</body>\n";
ptr +="</htm(>\n"

return ptr;

void setup() {
// put your setup code here, to run once:
Serial.begin(9600);
pinMode(LED,OUTPUT);
pinMode(Silen, OUTPUT);

lcd.begin();

// Start up the library
//sensors.begin();
lcd.setCursor(0,0);
lcd.print("Connecting WiFi");
lcd.setCursor(0,1);

WiFi.begin(ssid, password); //\douseiiu AP
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Serial.printin("Connect WIFI"),
Serial.println(ssid); // print text in Serial Monitor
while (WiFi.status() l= WL_CONNECTED) //semsidiousie
{
delay(500);
Serial.print(".");
led.print(".");
}
IPAddress local_ip = {192,168,1,179}; //(??ﬂﬁ? IP
IPAddress gateway={192,168,1,1}; /o 1P Gateway
IPAddress subnet={255,255,2550}; //#3n Subnet

WiFi.config(local ip,gateway,subnet); //Setﬂlﬂﬂgfﬂiu@a

Serial.printtn("");
Serial.printn("WiFi connected")
Serial.printIn("lP address: "),

Serial.printin(WiFi.locallP());  //uansnuneiay P

lcd.setCursor(0,1);
lcd.print("IP:");
led.print(WiFi.locallP());

server.on("/", handle_OnConnect);

server.onNotFound(handle NotFound);

server.begin();
Serial.printin("HTTP server started");
delay(1000);

lcd.clear();
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void loop() {
// put your main code here, to run repeatedly:

server.handleClient();

ifttimedel<1000){timedel++;}
else
{

timedel = 0;

ReadJoy();

prssurel = (adcvalue0*0.1);

prssure2 = (adcvalue3*0.1);

//temperaturel = thermocouple.readThermocouple(CELSIUS);
temperature = thermocouple.readCelsius();
temperaturel = thermocouple2.readCelsius();
/// Show LCD ///
lcd.setCursor(0,0);
//\cd.print(String(monthday)+"/"+String(lmonth)+"/"+String(year)+" "+String (hour)+"
"+ String(minute)+":"+String(second)+" "),

lcd.print("P1:"+String(prssure1,1)+" P2:"+String(prssure2,1)+"bar ");
lcd.setCursor(0,1);
lcd.print("T1:"+String(temperature1,1)+" T2:"+String(temperature, 1)+"*C ");
/117711 Nert /7111117
if((temperature<Mintmp)||(temperature>Maxtmp))
{

flagAlerttmpl=true;

ifttmeAlertTmp1<20){tmeAlertTmp1++;}

else
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tmeAlertTmp1l = 0;

////// Line Notifi //////

Line Notify(LINE TOKEN,"Alert Temp1:"+String(temperature,1));
Yo

}
elsef{ flagAlerttmpl=false; tmeAlertTmp1l = 0; }

if((temperaturel<Mintmp)||(temperature 1>Maxtmp))
{
flagAlerttmp2=true;
ifttreAlertTmp2<20){tmeAlert Tmp2++;}
else
{
tmeAlertTmp2 = 0;
////// Line Notifi //////
Line_Notify(LINE_TOKEN,"Alert Temp2:"+String(temperaturel,1));
111177

}
elsef flagAlerttmp2=false; tmeAlertTmp2 = 0; }

if((prssurel<Minplss)||(prssure1>Maxplss))
{
flagAlertplssl=true;
ifttreAlertPlss1<20){ tmeAlertPlss1++;}
else
{
tmeAlertPlss1=0;
////// Line Notifi //////



Line Notify(LINE_TOKEN,"Alert Plessurl:"+String(prssurel,1));
Y

}
else{ flagAlertplssl=false; tmeAlertPlss1=0; }

if((prssure2<Minplss)||(Minplss>Maxplss))
{
flagAlertplss2=true;
if(tmeAlertPlss2<20){ tmeAlertPlss2++; }
else
{
tmeAlertPlss2 = 0;
////// Line Notifi //////
Line Notify(LINE TOKEN,"Alert Plessur2:"+String(prssure2,1));
111117

}
elsef{ flagAlertplss2=false; tmeAlertPlss2 = 0; }

/////// Line Nortifi ////////
/111117 Si\n Alert //////111/
if(flagAlerttmp1||flagAlerttmp2||flagAlertplss|[flagAlertplss2){
digitalWrite(Silen,HIGH); }
else{ digitalWrite(Silen,LOW);}
1117777
Serial.printin(temperaturel, 1);
Serial.printin(temperature, 1);
}
delay(1);
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SONGLE RELAY

— B RELAY 1S09002 SRD

) SONGLE RELAY

1. MAIN FEATURES
C! Switching capacity available by 10A in spite of
small size design for highdensity P.C. board
mounting technique.
7 UL, CUL.TUV recognized
| Selection of plastic material for high temperature and
better chemical solution performance.

] Sealed types
available.

[ Simple relay magnetic circuit to meet low cost of
mass production,

2. APPLICATIONS
~ Domestic appliance, office machine, audio, equipment, automobile, eic.
{ Remote control TV receiver, monitor display, audio equipment high rushing current use application. )

3. ORDERING INFORMATION
SRD XX VDC

—

LO36W

SRD 030506 09 1 224 HEVIC
B F oy free e B NN 45W
4. RATING
ccc FILE NUMBER:CQC03001003729 7A/240VDC
ccc FILE NUMBER:CQC03001003731 10A/250VDC
uL/cuL FILE NUMBER: E167996 10A/125VAC 28VDC
TUV FILE NUMBER: R50056114 10A250VAC 30VDC
5. DIMENSION ;ra.mey DRILLING it mm) WIRING DIAGRAM
ot %oy
i
¥
o few L
14 ;g_gn
Jo2
i ‘

Panis

z

F.

\ 1

]
=
!

L
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6. COIL DATA CHART (AT20° C)
Cod Coll|Nominal] Nominal k Col Power Pull-in_ | Drop-0Out [Mex- Allowable
Sensitivity Voltage |Voltage | Current [Resistance lConsumption| Voltage | Voltage Voltage
Code |(VDC) | (mA) @) 0 (W) (voc) | (vocy | (vie)
Wi
ISRD oY 03 120 25 L. 0.36W  [75%Max. [10% Mmn. 120%
(Hu\ os Ua AR LAY
[Sensitivity) |~06|"06 60 100
—09 09 20 229
12 12 30 #00— |
2% 2% 15 1600
= 48 248 7.5 6400 ‘
SRN n3 03 [ ST P CFCTR R T
i Standard) 05 05 89.3 55
06 06 75 80
09 o] 50 180
12 12 375 320 |
24 24 13 7 1780 |
B2 1T O 00 AN O STWwW
7. CONTACT RATING 9.REFERENCE DATA
Type SRD Coil Temperatus Rise
c EQRMA "
A OA30VDC g - 1T
10A 125VAC e e i s
Inductve Load 10A 120VAC a i i
0] =04 LR 28VDC o I i 1
L 58
2SOVACTTIOVDC | oo 4t
AgCdO ] Operation Time
=5 ol K,.j...;i
400m—Men- ol *L\
10msec Max. =| {11
Smeec Max, E q R
sl =T a3
1S00VAC 5080HZ (A minete) | t!r'l»‘— Ve
1000VAC 50/60HZ (1 minu‘le) F,.ta.,._y W)
100 MI Min, (500VDC) oo v
1300 opesationimin = =
30 operation/min o - =11
-251Cta+70 C B o
45 to 85% RH = ====¢
10 to 55Hz Double Ampiltude 1.5mm g - |
10 to 55Hz Double Amplitude 1. 5mm L 1
Cusreot of Lood (A}
100G Min. Lifo Expectancy
10G Min. -

T

10" operations. Min. (at rated coil voltage)

abt. 10grs.

Qpemtiorw (v 10900 o)

.
Currant of Load |A)
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I, OVERVIEW

1. Overview

ESP32-WROOM-32 (ESP-WROOM-32} is a powerful, ganeric Wi-Fi+BT+BLE MCU module that targets a wide
vanety of applcations, rangng from kw-power sensor natworks (o the most demandiyg tasks, such as voice
encoding, music straaming and MP3 decoding,

Al the core of this module is the ESP32-DOWDQE chip®, The chip embedded |s desgned to be scalabie and
adaptive. There are two CPU cores that can be indwiduaily controlied, and the clock frequency is adjustable
from 80 MHz 1o 240 MHz. The user may also power off tha CPU and make use of the ow-power Co-precessar 10
constantly monitor the pespharals for changes or crosaing of thresholds. ESP32 mtegrates anch sat of peripharais,
ranging from capaciive touch sensors, Hal sensars, SD card interface, Ethernet, high-speed SPI, UART, 128 and
12C.

Note:
* For datals on the part number of the ESP32 serlss, please refer to the document ESP32 Datashoot,

Tha intagration of Blustooth, Bluetcoth LE and Wi-Fi ansuras that a wida range of applications can be targsted.
and that the module i future proof: using Wi-Fi allows a large physical range and direct connection to the internet
through a WI-Fi router, whils using Blugtooth dlows the user to comveniently connect to the phons or broadcast
low energy beacons for its detection, The skeep curvent of the ESP32 chip is less than 5 pA, making it suitabla
for battery powerad and wearable electronics applications. ESP32 supports a data rate of up to 150 Mbps,
and 20.5 dBm cutput power at the antenna 1o ensure the widest physical range.  As such the chip does offer
Industry-leading specifications and the best perfarmance for electronic Integration, range, power consumption,
and connectivty,

The operating systam chosen for ESP32 is freeRTOS with LWIP; TLS 1.2 with hardware acoeleration is built in as

well. Secure [encryptad) aver the air (OTA) upgrade & aso supported, so that developers can continualy upgradea
their products even after ther release.

Table 1 provides the specifications of ESP32-WROOM-32 {ESP-WROOM-32).

Table 1: ESP32-WROOM-32 (ESP-WROOM-32) Specifications

AF certéication FCCICE/IC/TELEG/KCC/SRRC/NCG
S Wi-Fi centification Wi-Fi Alliance
e Bluatooth certification BB
Green certification RoHS/REACH
802.11 h/g/n {802, 11n up 10 150 Mbps)
Wi-Fi Protocols A-MPDU and A-MSDU aggregation and 0.4 us guard
Interva support
Frequency rarnge 24GHz~25GH2
Protocels Blstooth v4.2 BR/EDR and BLE specification
NZIF recaivar with -97 oBm sansitivity
Blugtooth RAadio Class-1, class-2 and class-3 transmtter
AFH
Audio CVSD and S8C

Espressif Systems 1 ESP-WROOM-32 Datasheet V2.4
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I, OVERVIEW

80 card, UART, SPI, SDIO, 12C, LED PWM, Mator

Moduie interface PWM, 125, IR
Ori-chip sensor Hall sensor, temperaturs senscr
On-beard clock 40 MHz crystal
Operating voltage/Power supply | 2.7 ~ 3.6V
Hardware Oparating current Average: B0 mA
Minimum current delivered by
power supply SEA
Operating temperature range -40°C ~ 485°C
Amblent temperature range Normal temperature
Packaga sze 1820.2 mm x 25.5+0.2 mm x 3,120.15 mm
WI-Fi mode Station/SonAP/SonAR+ Station/P2P
WI-Fi Security WPAMWPA2/WPAZ-Enterprise/WPS
Encryption AES/RSA/ECC/SHA
UART Dowrioad / OTA (downioad and write firmware
Sofwarg | FYTWare Lpgrade wia network or host)
Supports Cloud Server Development / SDK for cus-
N s " tom frrmware davelopment
Network protocols IPv4, IPvB, SSL, TCP/UDPMHTTR/FTR/MQTT
User conflguration AT nstruction set, cloud server, Androld/OS app

Esprassif Systems

ESP-WROOM-32 Datasheet V2.4
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2. AN DEFNTIONS

2. Pin Definitions

2.1 Pin Layout
Ceeoout Zone

I §] oo and E "
b (%) @
arn e g«
B senson ou [g
gv.usmw oo [q -

t B oM on 3

Yy on 140 "w 13

" o

» on

1 w

n my

Figure 1:

2.2 Pin Description
ESP32-WROOM-32 (ESP-WROOM-32) has 38 pins. See pin definitions In Table 2,

Table 2: Pin Definitions
[Nemo [N [®pe [Facton T 7

GND 1 P Ground

ava 2 P Power supply.

EN 3 | Chip-enabie sgnal. Active high.

SENSOR VWP | 4 | GFIO36, SENSOR_VF, ADC_H, ADC1_CHO, RTC_GPIO0

SENSOR_WN | § | GPIOGY, SENSOR_WN, ADC1_CH3, ADC_H, RTC_GPIO3

1034 6 | GPIO34, ADG1_CHB, RTC_GPIOY

1035 7 | GF0OGS5, ADC1_CH7, RTC_GPICS

1032 8 Vo GRIOG2, XTAL_32K_P (32,768 kHz crystal oscillator input), ADC1_CH4,
TOUCHS, RTC_GPICY

1033 9 Vo GPIO33, XTAL_32K_N {32.768 kHz crystal escilator output), ADC1_CHS,
TOUCHS, RTC_GPIC8

1025 10 o GPI025, DAC_1, ADC2_CHS, RTC_GPIO6, EMAC_RXD0

1026 1" o GPI026, DAC_2, ADC2_CH3, RTC_GPIO7, EMAC_RXD1

1027 12 o GPIO27, ADC2_CH7, TOUCH?, RTC_GPIO17, EMAC_RX_DV

Espressif Systems 3 ESP-WROOM-32 Datasheet V2.4
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1014 13 Vo GPIO14, ADC2_CHS, TOUCHS, RTC.GPIO16, MTMS, HSPICLK,
HS2_CLK, SD_CLK, EMAC_TXD2

012 14 Vo GPI012, ADC2_CH5, TOUCHS, RTC_GPIO15, MTDI HSPIQ,
HS2_DATAZ, SD_DATAZ, EMAC_TXDG

GND 15 P Ground

013 16 Vo GPIO13, ADC2.CH4, TOUCH4, RTC_GPHO14, MTCK, HSPID,
HS2_DATA3, SD_DATAS, EMAC_RX_ER

SHD/SD2* 17 o GPIOA, SO_DATA2, SPIHD, HS1_DATAZ, U1RXD

SWP/SDG* 18 o GPIO10, SD_DATA3, SPIWP, HS1_DATA3, UITXD

SCS/CMDr | 18 o GPIO11, SD_CMD, SPICS0. HS1_CMD, UIRTS

SCK/CLK® 20 10 GPI0G, SO_CLK, SPICLK, HS1_CLK, U1CTS

SPOSDO* 21 110 GPIO7, SD_DATAQ, SPIQ, HS1_DATAQ, U2RTS

SDyYsD1* 22 o GPIC8, SD_DATAT, SPID, HS1_DATA1, L2CTS

1015 23 Vo GPO15, ADC2_CH3, TOUCH3, MTDO, HSPICS0, RTC_GPIO13,
HS2_CMD, SD_CMD, EMAC_RXD3

02 o4 Vo GPIO2, ADCZ_CH2, TOUCHZ2, RTC_GPKO12, MSPIWP, HS2_DATAD,
SO_DATAQ
GPIOO, ADCZ CH1, TOUCH!1, HIC GPIO11, CLK OUT1,

100 25 o EMAG. TX_CLK

104 2 o GPD‘. ADC2_CHO, TOUCHOD, RTC_GPIO10, HSPIHD, HS2_DATAL,
SD_DATAL, EMAC_TX_ER

016 27 o GFIO16, HS1_DATA4, U2RXD, EMAC_CLK OUT

017 28 o GPIO17, HS1_DATAS, U2TXD, EMAC_CLK_CUT_180

105 29 Vo GPIOS5, VBPICSD, HS1_DATAS, EMAC_RX_CLK

018 30 o GF1018, VSPICLK, HS1_DATA?

1019 <)l lle] GRIO19, VSPIQ, UOCTS, EMAC_TXDO

NC 32 = =

1021 33 [4e] GPIO21, VSAHD, EMAC_TX_EN

RXDO 34 o GFIO3, UCRXD, CLK_OUT2

TXDO 35 o GPIO1, UOTXD, CLK_OUT3, EMAC_RXD2

1022 36 o GPI022, VSPWP, UCRTS, EMAC_TXD1

1023 37 o GPIO23, VSPID, H31_STROBE

GND 38 5 Ground

Note:

* Pins SCK/CLK, SDOYSDO, SOVED1, SHINSD2, SWP/SD3 and SCS/CMD, namedy, GPIOS to GPIKN 1 are connectad to
the integrated SPI fash htegrated on ESPI2.WHRCOM-32 ([ESP-AWROOM-32) and are not recommended for other usas.

Esprassif Systems
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2.3 Strapping Pins
ESP32 has five strapping pins, which can be sean in Chapter 6 Schematics:
* MTDH
* GPIOO
. GPI02
* MTDO
* GPIOS
Software can read the value of these five bits from the register "GPIO_STRAPPING".

During the chip's system reset {power-on reset, ATC watchdog reset and brownout reset), the katches of the
strapping pins sample the voltage level as strapping bits of "0" or 17, and hald these bits urtil the chip & powered
dowm or shut down. The strapping bits configure the déevics boot mode, the operating voitage of VDD_SDIO and
other system inifial setfings.

Each strapping pin is connectad with its intermal pull-up/pulli-down during the chip raset. Consaquently, f a strap-
ping pin is unconnectad or the connected extermnal circuit is high-impendance, the internal weaak pol-up/pul-down
vall daterming the dafault nput kval of the strapping pns.

To change the strapping bit values, users can apply the extermal put-down/pull-up resistances, or apply the host
MCU's GPIOs to control the voitage leves of these pins whan powering on ESP32,

After reset, the strapping pins work as the normal functions pins.
Refer to Tabie 3 for detalled boot modes' configuration by strapping pins.

Table 3: Strapping Pins

GPIOS | Pulup 0 1 0 1

Frrmware can configuns ragister bits to change the settings of “Voltaga of internal LDO (VOO_SDIC)" and "Timing of SOIO
Save” attor booting,
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3. Functional Description

This chapter dascribas the modules and functions integrated in ESP32-WROOM-32 (ESP-WROOM-32).

3.1 CPU and Internal Memory

ESP32-DOWDQS contains twa low-power Xtensa® 32-bit LXB microprocessors. The intermal memory includes:
* 448 kB of ROM for booting and core functions.
* 520 kB (8 kB RTC FAST Memory included) of on-chip SRAM for data and mstruction,

- 8 kB of 88AM In RTC, which is called RTC FAST Mamory and can be used for data storage; It is
acosssed by the main CPU during RTC Boot from the Deep-sleep made.

* 8kB ol SRAM in RTC, which is called RTC SLOW Mamary and can be accessed by the Co-processor during
the Deep-sleep made.

o 1 kbit of eFuse, of which 320 tets are used for the system (MAC address and chip configuration) and the
remaining 704 bits are reserved for customer applications, including Flash-Encryption and Crip-D.

3.2 External Flash and SRAM

ESP32 suppornts up to four 16-MB of extarnal QSPI fash and SRAM with hardwara encryption based on AES 1o
protect developers' programs and data.
ESP32 can access the external QSPI flash and SRAM thvough high-speed cachas.

* Up to 16 MB of extamnal flash are mamary-mapped onto the CRU coda space, supporting B, 18 and 32-bit
access, Coge execution s supported.

¢ Upto 8 MB of external fiash/SRAM are memary-mapped onto the CPU data space, supporting 8, 16 and
32-pit access, Data-read is supported on tha fiash and SRAM. Data-wiite & supported on the SRAM,

ESP32-WROOM-32 (ESP-WROOM-32) ntegrates 4 MB of extarnal SPI fiash. The 4-MB SF1 flash can be memory-
mapped onto the CPU code space, supparting 8, 16 and 32-0it acoess. Code execution is supported. The
Integrated SP! flash Is connected to GPIOE, GPIO7, GPIO8, GPOA, GPI010 and GPIO11, These six pins cannot
be used as regular GPIO.

3.3 Crystal Oscillators
The ESP32 Wi-FVBT firmwara can only suoport 40 MHz crystal oscillator for now.

Esprassif Systems 6 ESP-WROOM-32 Datasheet V2.4
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3 AMNCTIONAL DESCRPTION

3.4 RTC and Low-Power Management
With the use of advanced povaer managemant technologies, ESP32 can switch between different power modes,
* Power modes
- Active mode: The chip radio is powered on. The chip can receive, transmit, o listen.

- Modem-gieep moder The CPU is operational and the clock is configurable. The Wi-FyBluetcoth bage-
band and radio ara disabled.

- Light-sleep mode: The CPU is paused. The RTC memory and RTC perpherals, as well as the LLP
CO-Processor arg running. Any wake-up events (MAC, host, RTG timer, or external interrupts) wil wake
up the chip.

= Deep-siecp mode: Only the RTC mamory and RTC penpherals ane powered on. Wi-Fi and Bluetooth
connection data are stored in the ATC memory. The ULP co-processor can work.

- Hibernation mode: The Intemal B-MHz osciliator and ULP co-processor are disabled, The RTC recavery
mamary is powered down. Only one RTC timer on the slow clock and some RTC GPICs are active.
The ATC timer or the RTC GPI0s can wake up the chip from the Hbernation mode.

The power consumption vares with different power modes/slean patterns and work statuses of functional modules.
Please see Table 4 for detalis.

Table 4: Power Consumption by Power Modes

96
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Wi-Fi TX packet 14 dBm ~ 19.5 dBm
Wi-Fi / BT TX packet D dBm Pleasa rafer o ESP32 Datasheet,
Active (RFwoking) |-y 7 BT Rt and Tstening
Asscciation sieep pattarn {by Light-sleep) 1 mA~ 4 mA G0TIM3
Max speed 240 MHz: 30 mA ~ S0 mA
Modem-sieep The CPU is powered on, Normal speed 80 MHz: 20 mA~ 25 mA
Slow speed 2 MHz: 2 mA ~ 4 mA
Light-sleep - 08mA
The ULP co-processor Is powered on. 150 ph
Deep-siesp ULP sensor-monitored pattern 100 pA @1% duty
RTC tenexr + RTC memory 10 pA
Hibernation RATC timer cnly 5 pA
Power off CHIP_PU is s&t to fow leval, the chip is powered off | 0.1 pA
Note:
= \When Wi-Fi i3 enabled, the chip switchas between Active and Modam-slesp mode. Tharefors, power consumption
changas accordingly
* In Modam-sleap mode, the CPU raquancy chenges automatically, The fraquency dapends on the CPU lead and
the panpheraia usad,
ommwm.mmwmmnmwmwmmmnmmmmm
* When the systerm worka in the ULP sensor-moenitoned paftemn, the ULP co-processar works with the ULP sensar
penodically; ADC works with a duty cycle of 1%, so the power consumption is 100 pA



4, PERPHERALS AND SENSORS

4. Peripherals and Sensors

Pleass refer 10 Section 4 Peripherals and Sensors in ESP32 Datashest.

Note:
External connections can be made 10 any GPIO axcept for GPIO0S In the range 6-11. These six GPIOs &re connectad to
the modkile’s integrated SPI fash. For datails, please ses Section 6 Schermatics.

Espressif Systems 8 ESP-WROOM-32 Datasheet V2.4
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5 ELECTRCAL CHARACTERISTICS

5. Electrical Characteristics

Note:
The speciications in this chapter have been tested under the folowing geneml condition: VDD « 3.3V, T4 « 27°C, unleas
otharyise apeafied,

5.1 Absolute Maximum Ratings

Table 5: Absolute Maximum Ratings

Paower supply VDD 7 33 36 v
NI clomt: duend D lvno 05 - - A
power supply

Input low voliage ViL -0.3 - 0.25:V) " \
Input high voltage Vin 0.75xV0! - Vi '40.3 v
Input leakage current UTS - - 0 nA
Input pin capaciance Chut - . 2 pF
Output faw volliags Vor : - 0.1xV0! v
Output high voltage Vor D8xVo' - - v
Maximum output drive capabiity | Iyax - - 40 mA
Storage temperature range Tsrn -40 - 85 “c
Operating temperature range Torr -40 - 85 C

1. Vo 8 the power supply for a specific pad. More detais can bs found in the ESP32 Datashset, Appandx 10_MUX, For
axample, the power supply for SO_CLK |8 the VDO _SDIO.

5.2 Wi-Fi Radio

Table 6: Wi-Fi Radio Characteristics

Input frequency 2412 - 2484 MHz
input refiection - - -10 a8

Output powar of PA for 72.2 Mbps 13 14 16 asm
Qutput powar of PA for 110 mods 18.5 20 205 dBm
DSSS, 1 Mbps - - dBm
CCK, 11 Mbps - -91 - aBm
OFDM, 6 Mbps - -a3 - aBm
QFDM, 54 Mbps = -75 - aBm
HT20, MCS7 - -73 d8m

Esprassif Systems 9 ESP-WROOM-32 Datasheet V2.4
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HT40, MCSO - 80 - d8m
HT40, MCS7 - 70 dBm
MCSaZ - B9 - daBm
QOFDM, 6 Mbps - a7 . a8
OFDM, 54 Mbps - 21 - a8
HT20, MCS0 - ar - o8
HT20, MCS7 - 20 - B
5.3 BLE Radio
5.3.1 Receiver
Table 7: Receiver Characteristics — BLE
Senzitivity @30.8% PER - - 97 - dBm
Maximum receved sgnal @30,8% FER | - 0 - . dBm
Co-charnel G - < +10 |- dB
F=FO+ 1Mz - 5 - o8
F=FO-1MHz - -5 dB
F=F04 2 MHz - -25 - dB
& apibolghts b s Lo g Kl F=FO-2MHz - -5 - dB
F=F0+3MH2 - 25 - o8
F=F0-3MHz - -45 dB
30 MHz ~ 2000 MHz 10 - - dBm
2000 MHz ~ 2400 MHz . | -27 - - dBm
Out-of-bend Dlocking perloomance: |~ (- B SO M, | 27 |- x dBm
3000 MHz ~ 12,5 GHz -10 - - dBm
Intermodulation - -36 - - dBm
5.3.2 Transmitter

RF transmit power = = 0 = aBm
Gan control step - - +3 - a8m
RF power control range . -12 . +12 a8m

Esprassif Systems 10 ESP-WROOM-32 Datasheet V2.4



5 ELECTRCAL CHARACTERISTICS

F=F0+1MHz - -14.6 aB8m
F=F0-1MHz - -12.7 a8m
F=F0+2MHz - -44.3 d8m
F=F0-2MHz = -38.7 Bm
F=F0+3MHz - -49.2 oBm
F=F0-3MHz - 447 d8m
F=F0+>3MHz - -50 dBm
F=F0->3MHz - -50 aBm
Aﬂa@ - - - 265 kHz
A f2max - 247 - kHz
A!WAIIM - - .92 -
ICFT - - -10 kHz
Drift rate - - 0.7 kHz/S0 ps
Drift - - 2 KMz
5.4 Reflow Profile
g . ' ' .
L] ' . .
. i ' Peak Temp, !
; ; i s-mv0 |
250 ' | 1 i
H Prehesting,zone i /:/‘wmm\i\ Caoiing 2018
! 150 - 200G 060 - 1203 1 217°C 80~ 908 | +t --5'Che
RS s L e N
' O time !
S 3 : T
ey | | |
Ramp-up zone |~ i 1
1-3Ch :/ : il :
. ' . 1]
w4 ; : ;
7Y : ; :
4 A L} . 1
80— A i H H H
4 ! ; H H
= | : : : 7 -
0 J 1] U 1
0 50 100 150 0 250
Ramp-up zone — Temp.. <150°C Tima: 60 - 808 Remp-up ratec 1 - 3'Cs
Praheating zone ~ Yomp.: 150 ~ 200°C Time: 60 ~ 120s Aamp-up rate: 0.3 - 0.8°Cis
Reflow zone — Temp 1 >217°C Tima: 80 — 80s; Peek Temp.: 235 - 250°C (<245'C recommended Tima: 30 - 70s
Coolng zone — Paak Tamp, ~ 180°C Ramp-down mme: -1 - -5Ce
Solder — SNSAGRCU Laad-fres soider [SACICS)
Figure 2: Reflow Profile
Esprassif Systems " ESP-WROOM-32 Datasheet V2.4
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7. PERPHERAL SCHEMATICS

7. Peripheral Schematics
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MTDI should be kept at a low electric level when powering up the module.

Figure 4: ESP32-WROOM-32 (ESP-WROOM-32) Peripheral Schematics

Note:

Scidernng Pad 39 to the Ground of the base board s not necessary for a satistectory thermal performance. If users do
want to solder 8, they need to ansure that the commct quantity of sokdanng pests is. appled,

vee
I ey ’ﬁ(“

blymurye Tt OAS Adiet
SV
Q Voo
o RSP Module
@ =
Tl AP,
J8
=
oSy o o
e
- = =
(2] oo @D

Figure 5: Discharge Circuit for VDD33 Rail

Note:

Datlasheel.

The dscharge croult can be appied in scenarios when ESPA2 Is powerad on and off rapaatedy by switching the powar
roils, and there i o farge capacitor on the VDDG3 ral, For detals, pleane refor to Section Power Scheme in ESP22

Esprassif Systems
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7, PERNHERAL SOHEMATICS
U1
] —
VBAT 0—BL AAAORE®) 3 |,
RESETH [-2 i
Powor Supply Supervisar
R2
100K(1%)
Figure 6: Reset Circuit
Note:

When battery is usad as the power supply for EBPSZ seriee of chips and modules, a supply volege Supenisor & recons-
manded to avold boot failire dus 10 low voltaps. Users ae recommended 1o pull CHIP_PY low if the power supply for
ESP32 is below 2.3\
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g 8. Dimensions g
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Figum 7. Dimensions of ESPA2-WROOM 22 (ESP-WROOM.22)
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8. LEARNING RESOURCES

9. Learning Resources

9.1 Must-Read Documents
The foliowing link provides documents refated 10 ESP32,

* ESP32 Datashest
This document provides an introduction to the specifications of the ESP32 hardware, including overview. pin
definitions, functional description, peripheral interface, ekectrical charactenstics, etc,

* ESP-IDF Programming Guids
It hosts extansve documentation for ESP-IDF ranging from hardware guides to AP eference.

* ESP32 Technical Reference Manual
The manual providas detailed information on how 1o use the ESP32 mamory and peripherals.

o ESPG32 Hardhware Besources
The zip files include the schermatics, PCB layout, Gerber and BOM list of ESP32 medules and development
boards,

* ESP32 Hardware Design Guidelines
The gudalnes outine recommended desgn practices when developing standalone or add-cn systems
based oa the ESP32 series of products, inclding ESP32, the ESP-WROOM-32 modue, and ESP32-
DeviiiC—tha development board,

* ESP32 AT Instruction Set and Examples
Thiz document introguces the ESP32 AT commands, explans how 1o use them, and provides examples of
several common AT commands.

o Esprassif Products Crdering Informatiorn

9.2 Must-Have Resources
Hera are the ESP32-related must-have resources.

* ESP32 BBES
Thisis an Enginear-to-Engineer (EZE) Community for ESPE2 where you can post guesticns, share knowledge,
explore deas, and help solve problems with fellow engineers.

* ESP32 GiHub
ESP32 development projects are freely distributed under Espressif's MIT license on GitHub. It is estabished
10 help deveiopers get started with ESP32 and foster innovation and the growth of general knowledge about
the hardware and software surounding ESPA2 devices,

o ESP32 Tools
This Is a wabpage where users can downloed ESP32 Flash Downioad Tools and the zip file "ESP32 Certifi-
cation and Test",

. -IDF
This webpage links users to the official IoT development framework for ESP32.

* ESP32 Resources

This wabpage providas the links to all avallable ESP32 documants, SDK and tools,

Espressif Systems 16 ESP-WROOM-32 Datasheet V2.4
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DS18B20-PAR

(5 DALLAS 4Vl /13X /VI 1-Wire Parasite-Power
Digital Thermometer

A d O
FEATURES PIN ASSIGNMENT
e Unique 1-Wire® mterface requires only one

port pin for communication

® Denves power from data line (“parasite
power™ }—does not need a local power supply

o Multi-drop capabality sunplifies distnibuted
temperature sensing applications
Requires no extemal components
#0.5°C accuracy from -10°C to +85°C
Measures  temperatures  from -55°C to
=100°C (-67°F to +212°F)

o Thermometer resolution 15 user-selectable
from 9 to 12 bats

o Converts temperature to 12-bit digital word m
750 ms (max.)

o User—definable non-volatle temperature

g2

GND [

alarm settings ‘

e Alamm search command identifies and
addresses  devices whose  temperature 15
outside of programmed limits (temperature (BOTTAM VIEW)
alarm condition) TO-92
Software compatible with the DSI822-PAR (DS18B20-PAR)

Ideal for use in remote sensmg applications

(e.g., temperature probes) that do not have a

local power source PIN DESCRIPTION
GND - Ground
DQ - Data In/Out
NC - No Connect

DESCRIPTION

The DSISB20-PAR digital thennometer provides 9 to 12-bit centigrade temperature measurements and
has an alanm function with nonvolatile user-programmable upper and lower trigger pomts. The
DS18B20-PAR does not need an external power supply because it denves power directly from the data
Iime (“parasite power™). The DS18B20-PAR communicates over a 1-Wire bus, which by definition
requires only one data line (and ground) for communication with a central microprocessor. It has an
operating temperature range of —35°C to +100°C and is accurate to +0.5°C over a range of —10°C to
+85°C.

Each DSI18B20-PAR has a umque 64-bit identification code, which allows multiple DS1SB20-PARs to
function on the same 1-wire bus; thus, it 1s sumple to use¢ one mucroprocessor to control many DSISB20-
PARs distnbuted over a large area. Applications that can benefit from this feature include HVAC
environmental controls, temperature momitoring systems inside buildings, equipment or machinery, and
process monitoring and control systems.

1-Wre s a regestered frademark of Dallas Semicondunion 1of 19 101207
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DSISB20-PAR

DETAILED PIN DESCRIPTIONS Table 1

. PIN | SYMBOL | N DESCRIPTION
1 GND Ground,
2 DQ Data Input/Output pin. Open-drain 1-Wire inrerface pin. Also provides power
1o the device when used in parasite power mode (see “Parasite Power™ section.)
3 NC | No Connect. Doesn't conmect lo internal circuit
OVERVIEW

The DS18B20-PAR uses Dallas™ exclusive I-Wire bus protocol that implements bus communication
using one control signal. The control line requires a weak pullup resistor since all devices are linked to
the bus via a 3-state or open-draimn port (the DQ pin in the case of the DS18B20-PAR). In this bus
svstem, the microprocessor (the master device) identifies and addresses devices on the bus using each
device's unique 64-bit code. Because each device has a unique code, the number of devices that can be
addressed on one bus is virtually unhimited.  The 1-Wire bus protocol, including detailed explanations of
the commands and *“time slots,” 1s covered in the 1-WIRE BUS SYSTEM section of this datasheet,

An important feature of the DSISB20-PAR s its ability to operate without an external power supply.
Power is mstead supplied through the 1-Wire pullup resistor via the DQ pin when the bus is lugh. The
high bus signal also charges an mternal capacitor (Cyp). which then supplies power fo the device when the
bus 1s low. This method of deniving power from the 1-Wire bus is referred to as “parasite power.”

Figure 1 shows a block diagram of the DS18B20-PAR, and pin descriptions are given m Table 1. The
64-bit ROM stores the device’s unique serial code. The scratchpad memory contaws the 2-byte
temperature register that stores the digital output from the temperature sensor. In addition, the scratchpad
provides access to the 1-byte upper and lower alanm tnigger registers (Ty and Ty) The Ty and To
registers are nonvolatile (EEPROM), so they will retain their data when the device is powered down.

DS18B20-PAR BLOCK DIAGRAM Figure 1
Viu

PaRASITE powER «—sf wevomzcomo. | DS18B20-PAR

e—{ rewreranine senson |

84.BIT ROM

feepim| | L
v

‘_.l ALARM LOW TRIGGER (T,)
REGISTER (EEPROM)

GNDI@ ‘_.Ioanommml

e—s{ a8 cac cenerator |

2of 19
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PARASITE POWER

The DS18B20-PAR's parasite power circuit allows the DS18B20-PAR to operate without a local external
power supply. Tlns ability is especially useful for applications that require remote temperature sensing or
that are very space constrained. Figure 1 shows the DS18B20-PAR's parasite-power control circuitry,
which “steals” power from the 1-Wire bus via the DQ pin when the bus is high. The stolen charge
powers the DS18B20-PAR while the bus is high, and some of the charge is stored on the parasite power
capacitor (Cpp) to provide power when the bus is low

The 1-Wire bus and Cpe can provide sufficient parasite power to the DS18B20-PAR for most operations
as long as the specified timing and voltage requirements are met (refer to the DC ELECTRICAL
CHARACTERISTICS and the AC ELECTRICAL CHARACTERISTICS sections of this data sheet).
However, when the DSISB20-PAR is performing temperature conversions or copymng data from the
scratchpad memory to EEPROM, the operating current can be as high as | 5 mA, Tlis cuirent can cause
an unacceptable voltage drop across the weak 1-Wue pullup resistor and i1s more cumrent than can be
supplied by Cpp. To assure that the DSI1SB20-PAR has sufficient supply current, it is necessmy to
provide a strong pullup on the 1-Wire bus whenever temperature conversions are taking place or data 1s
being copied from the scratchpad to EEPROM. Thus can be accomplished by nsing a MOSFET to pull
the bus directly to the rail as shown in Figure 2. The 1-Wire bus must be switched to the strong pullup
witlhun 10 ps (max) after a Convert T [44h] or Copy Scratchpad [48h] comumand is issued, and the bus
must be held high by the pullup for the duration of the conversion (teey) o1 data transfer (1, = 10 ms).
No other activity can take place on the 1-Wire bus while the pullup 15 enabled.

SUPPLYING THE DS18B20-PAR DURING TEMPERATURE CONVERSIONS
Figure 2

Vot
DS18B20-PAR
e GND__ DQ
Micro- '
processor K
. To Other
f e e 1 Wire Devices

OPERATION - MEASURING TEMPERATURE

The core functionality of the DSI8B20-PAR is its direct-to-digital temperature sensor. The resolution of
the temperature sensor is user-configurable to 9, 10, 11. or 12 bits, which corresponds to mncrements of
0.5°C, 0.25°C, 0.125°C, and 0.0625°C, respectively. The defaunlt resolution at power-up is 12-bit.

The DS18B20-PAR powers-up it a low-power idle state, to initiate a temperature measurement and A-fo-
D conversion. the master must mssue a Convert T [44h] command. Following the conversion, the
resulting thermal data is stored i the 2-byte temperature register in the scratchpad memory and the
DS18B20-PAR retums to its idle state. The DSISB20-PAR output data is calibrated in degrees
centigrade; for Fahrenheit applications, a lookup table or conversion routine must be used. The
temperature data is stored as a 16-bit sign-extended two’s complement number in the temperature register
(see Figure 3). The sign bits (S) mdicate if the temperature is positive or negative: for positive munbers S
= 0 and for negative numbers S = 1. I the DSI8B20-PAR is configured for 12-bit resolution, all bits m
the temperatwre register will contain valid data. For 11-bit resolution. bit 0 is undefined. For 10-bit
iof1y
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resolution, bits | and 0 are undefined, and for 9-bit resolution bits 2, 1 and 0 are undefined. Table 2 gives
examples of digital outpur data and the comesponding temperature reading for 12-bit resolution
conversions.

TEMPERATURE REGISTER FORMAT Figure 3

bt 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit ¢
ISByte| 22 [ 2 [ 2 | 2 [ 2 | 22 | 2 | 2

bit 15 bt 14 bit 13 bit 12 bat 11 bit 10 bit 9 bit 8
mMsByte] s | s [ s | s [ s | 2 | 2 | 2 |

TEMPERATURE/DATA RELATIONSHIP Table 2

TEMPERATURE | DIGITAL OUTPUT | DIGITAL OUTPUT
(Binary) (Hex)
+85°C* 0000 0101 0101 0000 0550h
+25.0625°C 0000 0001 1001 0001 0191h
+10.125°C 0000 0000 1010 0010 00A2h
+0.5°C 0000 0000 0000 1000 0008k
0°C 0000 0000 0000 0000 0000k
-0.5°C 1010 1111 1111 1000 FFFsh
-10.125°C 1111 1111 0101 1110 FFSEh
-25 0635°C 11111100110 1111 FEGFh
-55°C 1111 1100 1001 0000 FC90h

*The power-on reset valse of the iemperature register is +85°C

OPERATION - ALARM SIGNALING

After the DS18B20-PAR performs a temperature conversion, the temperature value 1s compared to the
user-defined two's complement alann trigger values stored m the 1-byte Ty and Ty registers (see Figure
4), The sign bit (S) indicates if the value is positive or negative: for positive numbers S = 0 and for
negative numbers S = 1. The Ty and Ty registers are nonvolatile (EEPROM) so they will retam data
when the device is powered down. Ty and Ty can be accessed through bytes 2 and 3 of the scratchpad as
explained in the MEMORY section of this datasheet.

Tu AND T REGISTER FORMAT Figure 4
bit 7 bit 6 ! bit 3 bit 4 bt 3 bit 2 bit 1 bit O
5 l 20 l 2 [ 2t I 2 I PE I 2! ] 2 I

Only bits 11 through 4 of the temperature register are used in the Ty and Ty comparison since Ty and T
are 8-bit regsters. If the result of a temperature measurement is higher than or equal to Ty or lower than
or equal to Ty, an alann condition exists and an alann flag is set inside the DS18B20-PAR. Tlus flag s
updated after every temperature measurement; therefore, if the alarm condition goes away. the flag will
be tumed off after the next temperature conversion.

4of 19
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The master device can check the alanm flag stats of all DS DS18B20-PARs on the bus by 1ssuing an
Alarm Search [ECh| command. Auy DS18B20-PARs with a set alarm flag will respond to the command,
so the master can determine exactly which DS18B20-PARs have experienced an alann condition. If an
alarm condition exists and the Ty or Ty settings have changed, another temperature conversion should be
done 1o validate the alarm condition.

64-BIT LASERED ROM CODE

Each DS18B20-PAR contains a umque 64-bit code (see Figure 5) stored in ROM. The least significant 8
bits of the ROM code contain the DS18B20-PAR’s 1-wire family code: 28h. The next 48 bits contain a
unique senal munber, The most significant 8 bits contain a cvelic redundancy check (CRC) byte that 1s
calculated from the first 56 bits of the ROM code. A detailed explanation of the CRC bits is provided in
the CRC GENERATION section. The 64-bit ROM code and associated ROM function control logic
allow the DS18B20-PAR to operate as a |-wire device using the protocol detailed mn the 1-WIRE BUS
SYSTEM section of this datasheet.

64-BIT LASERED ROM CODE Figure 5

| 8-BIT CRC | AS-BIT SERIAL NUMBER | 8-BIT FAMILY CODE (28h) |
MsSB ISB MSB LSB MSB LSB

MEMORY

The DSISB20-PAR’s memory is orgamzed as shown i Figure 6. The memory consists of an SRAM
scratchpad with nonvolatile EEPROM storage for the high and low alamn trigger registers (Ty and Ty)
and configuration register. Note that if the DS18B20-PAR alarm function is not used, the Ty and Tp
registers can serve as general-purpose memory. All memory commands are described i detail in the
DS18B20-PAR FUNCTION COMMANDS section.

Byte 0 and byte | of the scratchpad contamm the LSB and the MSB of the temperature register,
respectively. These bytes are read-only. Bytes 2 and 3 provide access to Ty and Ty, registers. Byte 4
contamns the configuration register data, which 1s explained i detail in the CONFIGURATION
REGISTER section of this datasheet, Bytes 5, 6 and 7 are reserved for intermal use by the device and
cannot be overwritten.

Byte 8 of the scratchpad is read-only and contains the cyclic redundancy check (CRC) code for bytes 0
through 7 of the scratchpad. The DSISB20-PAR generates this CRC using the method described in the
CRC GENERATION section.

Data 15 written to bytes 2, 3, and 4 of the scratchpad usmg the Wnte Scratchpad [4Eh] command, and the
data must be transotted to the DS18B20-PAR starting with the least sigmficant bit of byte 2. To venfy
data integnty, the scratchpad can be read (using the Read Scratchpad [BEh] command) after the data 1s
written,  When reading the scratchpad, data is transferred over the 1-Wire bus starting with the least
sigmficant bit of byte 0. To transfer the Ty, Ty and configuration data from the seratchpad to EEPROM,
the master must issue the Copy Scratchpad [48h] command.

Data 1n the EEPROM registers is retained when the device is powered down: at power-up the EEPROM
data is reloaded mto the corresponding scratchpad locations. Data can also be reloaded from EEPROM
to the scratchpad at any time using the Recall E [BSh] command The master can issue “read tune slots”
(see the 1-WIRE BUS SYSTEM section) following the Recall E* command and the DS18B20-PAR will
indicate the status of the recall by transmitting O while the recall is m progress and | when the recall is
done.

Sof 19
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DS18B20-PAR MEMORY MAP Figure 6

SCRATCHPAD (Power-up State)
byte 0 | Temperature LSB (SOh)} (85°C)-
byte 1 | Temperature MSB (05h) i EEPROM
byte 2 | Ty Register or User Byte 1* <«—»| Ty Register or User Byte 1
byte 3 | Ty Register or User Byte 2* <«— | T; Register or User Byte 2
byte 4 | Configuration Register® +—*|__Configmanon Register

byte 5 | Reserved (l-'l-'ﬂ)
byte 6 | Reserved
byte 7 | Reserved (10h)

byte 8 | CRC*

*Power-up state depends on value(s) stored
in EEPROM

CONFIGURATION REGISTER

Byte 4 of the scratchpad memory contains the configuration register, which is organized as illustrated in
Figure 7. The user can set the conversion resolution of the DS18B20-PAR using the RO and R1 bits i
this regster as shown i Table 3.  The power-up default of these bits i1s R0 = 1 and R1 = 1 (12-bit
resolution). Note that there is a direct tradeoff between resolution and conversion time. Bit 7 and bits 0-4
n the configuration register are reserved for mtemal use by the device and cannot be overwritten.

CONFIGURATION REGISTER Figure 7
bit7 _ bit6 _ bitS  bit4  bitd b2  bitl _ bit0
0 Rl RO 1 1 1 i 1

THERMOMETER RESOLUTION CONFIGURATION Table 3

R1 RO Resolution Max Conversion Time
0 0 9-bit 93.75 ms (teenn8)
0 | 10-bat 187.5 ms (Teond)
1 0 11-bit 375 (tcon”2)
] 1 12-bat 750 ms (teony)
CRC GENERATION

CRC bytes are provided as pant of the DSI8B20-PAR's 64-bit ROM code and in the 9 byte of the
scratchpad memory. The ROM code CRC is caleulated from the first 56 bits of the ROM code and 15
contamed 1 the most significant byte of the ROM. The scratchpad CRC s calculated from the data
stored m the scratchpad, and therefore it changes when the data in the scratchpad changes. The CRCs
provade the bus master with a method of data validation when data is read from the DS18B20-PAR. To
verify that data has been read correctly, the bus master must re-calenlate the CRC from the received data

6of 1y
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and then compare this value 1o either the ROM code CRC (for ROM reads) or to the seratchpad CRC (for
scratchpad reads). If the caleulated CRC matches the read CRC, the data has been received emor free. The
comparison of CRC values and the decision to continue with an operation are determined entirely by the
bus master, There is no circuitry inside the DS18B20-PAR that prevents a command sequence from
proceeding if the DS18B20-PAR CRC (ROM or scratchpad) does not match the value generated by the
bus master.

The equivalent polynomial function of the CRC (ROM or scratchpad) is: CRC = X'+ X" + X'+ 1

The bus master can re-calenlate the CRC and compare it to the CRC values from the DS18B20-PAR
using the polynomial generator shown in Figure 8. Tlis cireuit consists of a shifi register and XOR gates,
and the shift register bits are initialized to 0. Starting with the least significant bit of the ROM code or the
least significant bit of byte 0 in the scratchpad, one bit at a time should shifted mto the shift register.
After shifting in the 56™ bit from the ROM or the most significant bit of byte 7 from the scratchpad, the
polynomial generator will contain the re-calculated CRC. Next, the 8-bit ROM code or scratchpad CRC
from the DSI8B20-PAR must be shifted mto the circuit. At thas point, if the re-calculated CRC was
correct, the shift register will contain all 0s. Additional imformation about the Dallas I-Wire cyclic
redundancy check is available m Application Note 27 entitled “Understanding and Using Cyclic
Redundancy Checks with Dallas Semiconductor Touch Memory Products.™

CRC GENERATOR Figure 8 e

1-WIRE BUS SYSTEM

The 1-Wire bus system uses a single bus master to control one or more slave devices. The DSI8B20-
PAR 1s always a slave. When there 1s only one slave on the bus, the svstem is referred to as a “single-
drop™ system; the system 1s “multi-drop™ if there are multiple slaves on the bus.

All data and commands are transmitted least significant bit first over the 1-Wire bus.

The following discussion of the |-Wire bus system is broken down ito three topics: hardware
configuration, transaction sequence, and 1-Wire signaling (signal types and timng).

HARDWARE CONFIGURATION

The 1-Wire bus has by definition only a single data line. Each device (master or slave) interfaces to the
data line via an open drain or 3-state port. This allows each device to “release” the data line when the
device is not fransmitting data so the bus is available for use by another device. The 1-Wire port of the
DS18B20-PAR (the DQ pin) is open drain with an mtemal circuit equivalent to that shown m Figure 9.

The 1-Wire bus requires an external pullup resistor of approximately 5 k€, thus, the idle state for the 1-
Wire bus is lngh. If for any reason a transaction needs to be suspended, the bus MUST be left mn the adle
state if the transaction is to resume. Infinite recovery time can occur between bits 5o long as the 1-Wire
bus is m the inactive (high) state during the recovery period. If the bus is held low for more than 480 ps,
all components on the bus will be reset.  In addition, to assure that the DSISB20-PAR has sufficient
supply cumrent during temperature conversions, il is necessary to provide a strong pullup (such as a
MOSFET) on the 1-Wire bus whenever temperature conversions or EEPROM writes are taking place (as
described in the PARASITE POWER section).
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HARDWARE CONFIGURATION Figure 9
Voo
Micro- Vay
practa. —4 ﬁ.':;,','; _g DS18B20-PAR 1-WIRE PORT
47K DQ
; 1-wire bi IEL
oo
4o -
Tx 1000
MOSFET
Ry =~ RECEIVE
Ty = TRANSMIT
TRANSACTION SEQUENCE

The transaction sequence for accessing the DS18B20-PAR 1s as follows:

Step 1. Initiahization

Step 2. ROM Command (followed by any required data exchange)

Step 3. DS18B20-PAR Function Command (followed by any required data exchange)

It is very important to follow this sequence every time the DSI8B20-PAR 1s accessed, as the DS18B20-
PAR will not respond if any steps in the sequence are missing or out of order. Exceptions to flus rule are
the Search ROM [FOh| and Alarm Search [ECh] commands.  After issuing either of these ROM
commands, the master must retutn to Step 1 in the sequence.

INITIALIZATION

All transactions on the 1-Wire bus begin with an imtialization sequence. The mtialization sequence
consists of a reset pulse transnutted by the bus master followed by presence pulse(s) transmtted by the
slave(s). The presence pulse lets the bus master know that slave devices (such as the DSISB20-PAR) are
on the bus and are ready to operate. Timing for the reset and presence pulses is detailed in the
I-WIRE SIGNALING section,

ROM COMMANDS

After the bus master has detected a presence pulse, 1t can 1ssue a ROM command. These commands
operate on the unique 64-bit ROM codes of each slave device and allow the master to smgle out 3
specific device if many are present on the 1-Wire bus.  These commands also allow the master to
determine how many and what types of devices are present on the bus or 1f any device has experienced an
alanm condition. There are five ROM commands, and each command 15 8 bits long.  The master device
must issue an appropriadte ROM command before issuing a DS18B20-PAR function command A
flowchart for operation of the ROM commands is shown in Figure 10.

SEARCH ROM [FOh]

When a system 1s mitially powered up, the master must identify the ROM codes of all slave devices on

the bus, wlich allows the master to determine the number of slaves and their device types. The master

learns the ROM codes through a process of elinunation that requires the master to perform a Search ROM
Sof 1v
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cycle (1.¢, Search ROM command followed by data exchange) as many times as necessary to identify all
of the slave devices. If there is only one slave on the bus, the sunpler Read ROM command (see below)
can be used in place of the Search ROM process. For a detailed explanation of the Search ROM
procedure, refer to the iButton® Book of Standards at www.ibutton comvibuttons/standard pdf.  Afier
every Search ROM cycle, the bus master must return fo Step | (Imitialization) m the transaction sequence,

READ ROM [33h]

Tlus command can only be used when there 15 one slave on the bus. It allows the bus master to read the
slave’s 64-bit ROM code without using the Search ROM procedure. If this command is used when there
is more than one slave present on the bus, a data collision will occur when all the slaves attempt to
respond at the same tune,

MATCH ROM [55h]

The match ROM command followed by a 64-bit ROM code sequence allows the bus master to address a
specific slave device on a multi-drop or single-drop bus. Only the slave that exactly matches the 64-bit
ROM code sequence will respond to the function conunand 1ssved by the master; all other slaves on the
bus will wait for a reset pulse.

SKIP ROM [CCh]

The master can use this command to address all devices on the bus sumltaneously without sending out
any ROM code information. For example, the master can make all DS18B20-PARs on the bus perforn
simultaneous temperature conversions by issuing a Skip ROM command followed by a Convert T [44h]
command. Note, however, that the Skip ROM command can only be followed by the Read Scratchpad
[BEh] comumand when there 15 one slave on the bus. This sequence saves time by allowing the master to
read from the device without sending its 64-bit ROM code. This sequence will cause a data collision on
the bus if there is more than one slave since multiple devices will attempt to transmit data simultancously,

ALARM SEARCH [ECh]

The operation of thus conunand s 1dentical to the operation of the Search ROM command except that
only slaves with a set alarm flag will respond.  This command allows the master device to detenmine if
any DS18B20-PARs experienced an alarnm condition during the mos! recent femperature conversion.
After every Alarm Search cycle (i.e., Alarm Search command followed by data exchange), the bus master
must retum to Step 1 (Imtalization) in the ransaction sequence. Refer to the OPERATION ~ ALARM
SIGNALING section for an explanation of alarm flag operation.

DS18B20-PAR FUNCTION COMMANDS

After the bus master has used a ROM command to address the DSISB20-PAR with which it wishes 1o
communicate, the master can issue one of the DS18B20-PAR function commands, These commands
allow the master to wnite to and read from the DS18B20-PAR's scratchpad memory, initiate temperature
conversions and determine the power supply mode. The DSISB20-PAR function commands, which are
described below, are summarized i Table 4 and illustrated by the flowchart in Figure 11,

CONVERT T [44h]

This command mitiates a single temperature conversion. Following the conversion, the resulting thermal
data is stored in the 2-byte temperature register i the scratchpad memory and the DS18B20-PAR returns
to its low-power idle state. Within 10 us (max) after thus command is issued the master must enable a
strong pullup on the 1-Wire bus for the duration of the conversion (tean) as described in the PARASITE
POWER section.

WRITE SCRATCHPAD [4Eh]

This command allows the master to write 3 bytes of data to the DS18B20-PAR's scratchpad. The first

data byte is written into the Ty register (byle 2 of the scratchpad), the second byte 1s written into the Ty

register (byte 3), and the third byte is written mnto the configuration register (byte 4). Data must be
aButton i a rogistoved badk of Dakas Qof 19
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transmitted least significant bit first. All three bytes MUST be wnitten before the master issues a reset, or
the data may be cormupted.

READ SCRATCHPAD [BEh]

This command allows the master to read the contents of the scratchpad, The data transfer starts with the
least sigmificant bit of byte 0 and continues through the scratchpad until the 9 byte (byte 8 — CRC) is
read. If only part of the scratchpad contents is required, the master may issue a reset to ferminate reading
at any tune.

COPY SCRATCHPAD [48h]

Tlus command copies the contents of the scratchpad Ty, Ty and configuration registers (bytes 2, 3 and 4)
to EEPROM. Within 10 us (max) after this command is issued the master must enable a strong pullup on
the 1-Wire bus for at least 10 ms as described m the PARASITE POWER section.

RECALL E? (B8h]

Tlus command recalls the alann trigger values (Tg and Ty) and configuration data from EEPROM and
places the data in bytes 2, 3, and 4, respectively, mn the scratchpad memory. The master device can 1ssue
“read time slots” (see the 1-WIRE BUS SYSTEM section) following the Recall E* command and the
DS18B20-PAR will indicate the status of the recall by transmitting 0 while the recall is in progress and
1 when the recall 1s done, The recall operation happens automatically at power-up, so valid data is
available in the scratchpad as soon as power is applied to the device.

DS18B20-PAR Function Command Set Table 4

1-Wire Bus Activity |

Command Description Protocol | After Command is Issued = Notes
TEMPERATURE CONVERSION COMMANDS

Initiates temperature 44h None 1

CONVErsion

Convert T

MEMORY COMMANDS

Read Scratchpad | Reads the entire scratchpad BEh DS18B20-PAR transmits up 2
wcludme the CRC byte. 10 9 data bytes to master.

Write Scratchpad | Wnites data mto scratchpad AEh Master trunsmuts 3 data 3
bytes 2,3, and 4 (Ty, Tr. and bytes to DS18B20-PAR.

L33 | configuration registers). | P , =E s

Copy Scratchpad | Copies Ty, Tr. and 48h None 1
configuration register data from
the scratchpad to EEPROM

Recall E- Recalls Ty, Ty, and BSh DS18B20-PAR transmits
configuration register data from recall status 1o master.

| EEPROM to the scratchpad. |

NOTES:

1. The master must enable a strong pullup ou the 1-Wire bus dunng temperature conversions and copies
from the scratchpad to EEPROM. No other bus activity may take place during this time.

2. The master can interrupt the transmission of data at any time by i1sswing a reset.

3. All three bytes must be written before a reset is issued.
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transmitted least significant bit first. All three bytes MUST be wnitten before the master issues a reset, or
the data may be cormupted.

READ SCRATCHPAD [BEh]

This command allows the master to read the contents of the scratchpad, The data transfer starts with the
least sigmificant bit of byte 0 and continues through the scratchpad until the 9 byte (byte 8 — CRC) is
read. If only part of the scratchpad contents is required, the master may issue a reset to ferminate reading
at any tune.

COPY SCRATCHPAD [48h]

Tlus command copies the contents of the scratchpad Ty, Ty and configuration registers (bytes 2, 3 and 4)
to EEPROM. Within 10 us (max) after this command is issued the master must enable a strong pullup on
the 1-Wire bus for at least 10 ms as described m the PARASITE POWER section.

RECALL E? (B8h]

Tlus command recalls the alann trigger values (Tg and Ty) and configuration data from EEPROM and
places the data in bytes 2, 3, and 4, respectively, mn the scratchpad memory. The master device can 1ssue
“read time slots” (see the 1-WIRE BUS SYSTEM section) following the Recall E* command and the
DS18B20-PAR will indicate the status of the recall by transmitting 0 while the recall is in progress and
1 when the recall 1s done, The recall operation happens automatically at power-up, so valid data is
available in the scratchpad as soon as power is applied to the device.

DS18B20-PAR Function Command Set Table 4

1-Wire Bus Activity |

Command Description Protocol | After Command is Issued = Notes
TEMPERATURE CONVERSION COMMANDS

Initiates temperature 44h None 1

CONVErsion

Convert T

MEMORY COMMANDS

Read Scratchpad | Reads the entire scratchpad BEh DS18B20-PAR transmits up 2
wcludme the CRC byte. 10 9 data bytes to master.

Write Scratchpad | Wnites data mto scratchpad AEh Master trunsmuts 3 data 3
bytes 2,3, and 4 (Ty, Tr. and bytes to DS18B20-PAR.

L33 | configuration registers). | P , =E s

Copy Scratchpad | Copies Ty, Tr. and 48h None 1
configuration register data from
the scratchpad to EEPROM

Recall E- Recalls Ty, Ty, and BSh DS18B20-PAR transmits
configuration register data from recall status 1o master.

| EEPROM to the scratchpad. |

NOTES:

1. The master must enable a strong pullup ou the 1-Wire bus dunng temperature conversions and copies
from the scratchpad to EEPROM. No other bus activity may take place during this time.

2. The master can interrupt the transmission of data at any time by i1sswing a reset.

3. All three bytes must be written before a reset is issued.
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ROM COMMANDS FLOW CHART Figure 10

DEMEC-PMR T,
FANEY CODE
tBYTE

A
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.
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Y
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DS1BEC0-PAR T, BT 1)
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.

MASTER 7,
FUNCTION
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DS18B20-PAR FUNCTION COMMANDS FLOW CHART Figure 11

MASTER T,
FUNCTION
ComaWNe

MASTER ENABLES
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DATA COPED FROM
SCRATCHPAD TO EEPROM

MASTER DISAILES
STRONG PP
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MASTER R, DATA BYTE
FROM SCRATCHPAD
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TO SCRATOPAD

MASTER 7, CONFIS. BYTE
TO SCRATCHPAD

RETUSI TO SATIALZATION
SEQUENCE (FOURE 10) FOR
TEXT TRANSACTION
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1-WIRE SIGNALING

The DS18B20-PAR uses a strict 1-Wire communication protocol to msure data mtegrity. Several signal
types are defined by this protocol: reset pulse, presence pulse, write 0, write 1, read 0, and read 1. All of
these signals, with the exception of the presence pulse. are mitiated by the bus master.

INITIALIZATION PROCEDURE: RESET AND PRESENCE PULSES

All commumication with the DS18B20-PAR begins with an initialization sequence that consists of a reset
pulse from the master followed by a presence pulse from the DSISB20-PAR. Tlus 1s illustiated in
Figure 12 When the DS18B20-PAR sends the presence pulse in response to the reset, it is indicating to
the master that it is on the bus and ready to operate.

During the inihalization sequence the bus master transmits (Tx) the reset pulse by pulling the 1-Wire bus
low for a mimmum of 480 us. The bus master then releases the bus and goes mto receive mode (Ry).
When the bus is released, the 5k pullup resistor pulls the 1-Wire bus high. When the DSISB20-PAR
detects this nsing edge. it waits 15-60 ps and then transmuts a presence pulse by pulling the 1-Wire bus
fow for 60-240 ps.

INITIALIZATION TIMING Figure 12

MASTER T, RESET PULSE MASTER R,
mﬂl R ] “u. 4
DS18820-PAR T, l
DS18820-PAR «—— presence puise
o o emibeme —f [ Teame 3
1-WIRE BUS / /
LIME TYPE LEGEND
— s e puilng low
w— DS18E20-PAR pdling low
— RS gt
READ/WRITE TIME SLOTS

The bus master writes data to the DS18B20-PAR dunng write tune slots and reads data from the
DS18B20-PAR during read time slots. One bit of data 1s transmitted over the [-Wire bus per time slot.

WRITE TIME SLOTS

There are two types of write tune slots: “Wnte 17 tune slots and “Write 07 tume slots. The bus master
uses a Write 1 time slot to wnite a logic | to the DS18B20-PAR and a Write 0 time slot to write a logic 0
to the DS18B20-PAR. All write time siots must be a munimmm of 60 ps m duration with a ounimum of a
I ps recovery e between individual write slots.  Both types of wnte time slots are initiated by the
master pulling the 1-Wire bus low (see Figure 13)

To generate a Write | tume slot, after pulling the 1-Wire bus low, the bus master must release the 1-Wire
bus within 15 ps. When the bus is released, the Sk pullup resistor will pull the bus ugh. To genemte a
Write 0 time slot, after pulling the 1-Wire bus low, the bus master must continue to hold the bus low for
the duration of the tune slot (at least 60 ps).
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The DS18B20-PAR samples the 1-Wire bus during a window that lasts from 15 us to 60 ps after the
master initiates the write time slot. If the bus is lugh durmng the sampling window, a 1 ts written to the
DS18B20-PAR. If the line is low, a 0 18 written to the DSIRB20-PAR.

READ/WRITE TIME SLOT TIMING DIAGRAM Figure 13

START
osfrs‘f(:t o Qo1
MASTER WRITE “0" SLOT MASTER WRITE "1" SLOT
—— 1us < Ty <ot
o 60 g8 < T, 0" < 120
— 'o— *>1us
Veu . . - i | (I
GND |
PP e L L R TR RTINS
PN remt ot NN iy S A ae. oy SUapa.
M TYR B T S M
- 158 ..I.. 1548 —»fe— 30 - 15us -.|.. 1508 oo 3048 —.|
MASTER READ 0" SLOT MASTER READ “17 SLOT
—’l [ fus <Y <
Vou X

b I\ A I\

Master samples P =¥ "_ Master samples
>1p.—o ln—
] J
| e

- 16y + - 1548 -.'
LINE TYPE LEGEND
— s masier puling low — DSASE20-PAR puling dow
— Romstor pafiup
READ TIME SLOTS

The DSISB20-PAR can only transmit data to the master when the master issues read tune slots.
Therefore, the master mmst generate read time slots immediately after 1ssuing a Read Scratchpad [BEh]
command, so that the DS18B20-PAR can provide the requested data. In addition, the master can generate
read time slots after issuing a Recall E’ [B8h] command to find out the recall status as explained in the
DS18B20-PAR FUNCTION COMMAND section.

All read time slots must be a mipimum of 60 ps m duration with a8 minimum of a 1 ps recovery tume
between slots. A read time slot is initiated by the master device pulling the 1-Wire bus low for a
munimiun of 1 ps and then releasing the bus (see Figure 13).  After the master initiates the read tune slot,
the DS18B20-PAR will begin transmitting a 1 or 0 on bus. The DS18B20-PAR transmits a | by leaving
the bus high and transmits a 0 by pulling the bus low. When transmitting a 0, the DS18B20-PAR will
release the bus by the end of the time slot, and the bus will be pulled back to its high idle state by the
pullup resister. Output data from the DS18B20-PAR is valid for 15 ps after the falling edge that initiated
140019
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the read time slot. Therefore, the master must release the bus and then sample the bus state within 15 ps
from the start of the slot.

Figure 14 illustrates that the sum of Tpgr, Tre, and Tsaapre must be less than 15 ps for a read time slot.
Figure 15 shows that system timing margin 1s maxumized by keeping Tpar and Tee as short as possible
and by locating the master sample time during read time slots towards the end of the 15 ps period

DETAILED MASTER READ 1 TIMING Figure 14

1-WRE BUS VEH of Sister

T =| T = MHW{E
small” small —|

15 s

LINE TYPE LEGEND
— i master puling low

— Resistor puup

DS18B20-PAR OPERATION EXAMPLE 1

In this example there are multiple DSI8B20-PARs on the bus. The bus master initiates a temperathre
conversion i a specific DSI8B20-PAR and then reads its scratchpad and recalculates the CRC to venfy
the data.

MASTER MODE DATA (LSB FIRST) COMDMENTS
X Reset Master 15sues reset pulse.
RX Presence DS18B20-PARs respond with presence pulse.
X 55h Master issues Match ROM command.
X 6U-bi ROM code | Master sends DSISB20-PAR ROM code
X 441 Master issues Convert T command.
X DQ lme held high by | Master applies strong pullup to DQ for the duration of the
strong pallup COnVersion (e
™ Reset Master issues reset pulse
RX Presence DS18B20-PARs respond with presence pulse.
™ 5%h Master 1ssues Match ROM command.
X |64t ROM code | Master sends DSTSB20-PAR ROM code
X BEh Master 1ssues Read Scratchpad command.
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MASTER MODE

DATA (LSB FIRST)

COMDMIENTS

RX

9 data bytes

Master reads entire scratchpad inclnding CRC. The master
then recalculates the CRC of the first eaght data bytes from the
scratchpad and compares the calculated CRC with the read
CRC (byte 9). If they match. the master continnes; if not. the
read operation is repeated.

DS18B20-PAR OPERATION EXAMPLE 2

In this example there is only one DSI1SB20-PAR on the bus. The master writes to the Ty, Ty, and
configuration registers in the DSISB20-PAR scratchpad and then reads the scratchpad and recalkeulates
the CRC to venify the data. The master then copies the scratchpad contents to EEPROM.

MASTER MODE | DATA (LSB FIRST) COMMENTS

™ Reset Master issues reset pulse.

RX Presence DS18B20-PAR responds with presence pulse.

™ CCh Master issues Skip ROM command.

™ 4Eh Master issues Write Scratchpad command.

X 3 data bytes Master sends three data bytes to scratchpad (T, T;. and config).

X Reset Master issues reset pulse.

RX Presence DS18B20-PAR responds with preseace pulse.

X CCh Master issues Skip ROM command.

X BEh Master issues Read Scratchpad command.

RX 9 date bytes Master reads entire scratchpad meluding CRC. The master then
recalenlates the CRC of the fist eight data bytes from the
scratchpad and compares the calculated CRC wath the read CRC
(byte 9). If they match, the master continnes: if not, the read
operation is repeated.

X Resct Master 1ssues reset pulse.

RX Presence DS18B20-PAR responds with presence pulse.

™ CCh Master issues Skip ROM command

> 48h Master issues Copy Scratchpad command.

X DQ line held high by | Master applies strong pullup to DQ for at least 10 ms while copy

strong pulhup operation is in progress.
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ABSOLUTE MAXIMUM RATINGS*
Voltage on any pm relative to ground .5V 1o +6.0V
Operating temperature -55°C to +100°C
Storage temperature —-55°C to +125°C
Soldenng temperature See J-STD-020A Specification

*These are stress mtings only and functional operation of the device at these or any other conditions

above those indicated in the operation sections of this specification 1s not implied. Exposure to absolute
maximum rating conditions for extended periods of tune may affect reliability

DC ELECTRICAL CHARACTERISTICS (-55°C to +100°C; Vpy=3.0V to 5.5V)

PARAMETER SYMBOL = CONDITION  MIN TYP  MAX | UNITS | NOTES
Pullup Supply Vi 3.0 55 v 12
Voltage

Thermometer Error tERR -10°C to +85°C ‘ +V °C 3
- -55°C to =100°C 2

Input Logic Low Vo -03 +.8 A 145
Input Logic High Vm 3.0 55 A% 1.6
Sink Current Iy Vig=04V 4.0 mA 1
Active Current Inoa 1 15 mA 7
DQ Tnput Current Ing ) NA 8
Drift +).2 °C 9
NOTES:

N

ol R

Cmue

All voltages are referenced to ground.

The Pullup Supply Voltage specification assumes that the pullup device (resistor or transistor) is
ideal, and therefore the high level of the pullup is equal to V. In order to meet the Vi spec of the
DS18B20-PAR, the actual supply mail for the strong pullup transistor must meclude margin for the
voltage drop across the transistor when it is turned on: thus: Veu actuar = Veu_mear = Vipavsistos.
See typical performance curve in Figure 16

Logic low voltages are specified at a smk current of 4 mA.

To always guarantee a presence pulse under low voltage parasite power conditions, Vypyax may have
to be reduced to as low as 0.5V

Logic high voltages are specified at a source current of 1 mA

Active current refers to supply current during active temperature conversions or EEPROM writes.
DQ hine 15 high (“ln-Z" state).

Drift data is based on a 1000 hour stress test at 125°C.

AC ELECTRICAL CHARACTERISTICS: NV MEMORY

(-55°C to +100°C; Vpy=3.0V to 5.5\()1

PARAMETER SYMBOL | CONDITION MIN | TYP | MAX | UNITS
NV Wnte Cycle Time tury | 2 10 ms
EEPROM Writes Negwn -55°C 1o +55°C S0k writes
EEPROM Data Retention lEEDR -35°C to #55°C 10 vears
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AC ELECTRICAL CHARACTERISTICS (-55°C to +100°C; Vpy=3.0V to 5.5V)

PARAMETER SYMBOL | CONDITION | MIN | TYP | MAX UNITS | NOTES
Temperature Conversion ooy 9-bit resolution 9375 ms 1
Time 10-bit resolution 187.5 ms 1

11-bit resolution 375 ms 1

12-bit resolution 750 ms 1
Time to Strong Pullup tspoy Start Convert T or 10 us
On Copy Scratchpad

Command Issued
Time Slot tsror 60 120 ns 1
Recovery Time trec 1 ns 1
Write 0 Low Time TLowy 60 120 s 1
Write 1 Low Tiune tLow: 1 i35 us 1
Read Data Valid tany 15 ns 1
Reset Time High trsth 480 ns 1
Reset Time Low IRsTL 480 960 us 12
Presence Detect High teosar 15 60 1S 1
Presence Detect Low lpprow 60 240 "s |
Capacitance Criour 25 pF

NOTES:

1. Refer to timing diagrams in Figure 17.
2. Iftgsry = 960 ps, & power on reset may occur.

TYPICAL PERFORMANCE CURVE Figure 16

DS18820PAR Typical Error Curve
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DSISB20-PAR
TIMING DIAGRAMS Figure 17
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PH meter(SKU: SEN0161)

Analog pH Meter Kit SKU: SEN0161

Analog pH Meter Kit SKU: SEN0169

Contents

1 Introduction
2 Specification
3 Precautions
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5 Usage
5.1 Connecting Diagram
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6 FAQ
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Introduction

Need to measure water quality and other parameters but haven't got any low cost pH meter? Find it
difficult to use with Arduino? Here comes an analog pH meter, specially designed for Arduino
controllers and has built-in simple, convenient and practical connection and features. It has an LED
which works as the Power Indicator, a BNC connector and PH2.0 sensor interface. You can just
connect the pH sensor with BNC connector, and plug the PH2.0 interface into any analog input on
Arduino controller to read pH value easily.

Specification

‘ .‘_\4 n | 0 LX)
| ¢

o l T

u] . gy

SEN0161 dimension

Module Power: 5.00V

Circuit Board Size: 43mmx32mm
pH Measuring Range: 0-14
Measuring Temperature: 0-60 °C
Accuracy: + 0.1pH (25 °C)
Response Time: £ 1min

pH Sensor with BNC Connector
PH2.0 Interface ( 3 foot patch )
Gain Adjustment Potentiometer
Power Indicator LED

Precautions

Before and after use of the pH electrode every time, you need to use (pure)water to clean it.
The electrode plug should be kept clean and dry in case of short circuit.
Preservation: Electrode reference preservation solution is the 3N KCL solution.

Measurement should be avoided staggered pollution between solutions, so as not to affect the
accuracy of measurement.

Electrode blub or sand core is defiled which will make PTS decline, slow response. So, it should be
based on the characteristics of the pollutant, adapted to the cleaning solution, the electrode
performance recovery.
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« Electrode when in use, the ceramic sand core and liquid outlet rubber ring should be removed, in
order to make salt bridge solution to maintain a certain velocity.

NOTE: Differences between the probes, SEN0161 and SEN0169
Their usages/ specifications are almost the same. The differences locates at

Long-firing Operation: SEN0169 supports, while SEN0161 NOT, i.e. you can not
immerse SENO161 in water for Continuous Testing.

Life Span: In 25 °C, pure water, do Continuous Testing with them both, SEN0169 can
work two years, while SEN0161 can only last for 6 months. And just for reference, if put
them in turbid, strongly acid and alkali solution, 25°C, the life span would drop to one year
(SEN0169), 1 month(or shorter, SEN0161).

Tempreture, pH, turbidity of the water effect the probe life span a lot.

Waterproof: You can immerse the whole probe SENO169 into the water, while you can
only immerse the front part of the probe SEN0161, the electrode glass bulb, into water,
the rear part, from the white shell to the cable, MUST NOT be under water.

Strongly Acid and Alkali: SENO 169 are preferred for strongly acid and alkali test. And if
your testing range is usually within pH6~8, then SEN0161 is capable for that.

pH Electrode Characteristics

The output of pH electrode is Millivolts, and the pH value of the relationship is shown as follows
(25 °C):

VOLTAGE (mV) pH value VOLTAGE (mV) pH value
414,12 0.00 -414.12 14.00
354.96 1.00 -354.56 13.00
295.80 2.00 -295.80 12.00
236.64 3.00 -236.64 11.00
177.48 4.00 -177.48 10.00
118.32 5.00 -118.32 9.00
59.16 6.00 -59.16 8.00
0.00 7.00 0.00 7.00
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NOTE: It is normal that if your reading is much different with the table since you are not
reading from the electrode directly but from the voltage adapter, it has converted the

original voltage (-5V ~ +5V) to Arduino compatible volitage, i.e. 0 ~ 5V  the ssion

on rorum

Usage

Connecting Diagram

NOTE



Before you insert the pH probe into one solution from another, or after you finish using the
sensor, you must wash the pH electrode with pure water everytime (distilled water is the
best)!

The closer power supply to +5.00V, the more accurate pH readings you could get.

You have to immerse the pH probe into stationary solution instead of the running one to
get relative stable pH readings.

How long should it be under the solution? It depends on the pH value, the closer to
neutral solution (pH = 7.00), the longer it will take. As we tested in water pH = 6.0, the
blue one costs 6 minutes, and in standard Acid/ Alkali (4.00/ 10.00) solutions, it only
needs 10 seconds.

Method 1. Software Calibration

The software calibration is easier than the next part - Hardware Calibration
through the Potentiometer. Because it writes the calibration values into
Arduino's EEPROM, so you can calibrate once for all if you won't replace your
Arduino. It uses mathematical method that to draw a line using two points, i.e.
using the Acid standard solution, pH = 4.00 and alkaline pH = 10.00 or 9.18 to
draw the linear relation between the voltage and the pH value.

For NOTE 3. Arduino sample sketch "EEPROM Clear"

NOTE:

During the calibration (from step 4 to step 7), power outage should be avoided, or you
will have to start over from step 4.

Software Calibration has nothing to do with the potentiometer on the adapter. Especially
after you finished the calibration, you should never adjust the potentiometer, or you
should start over. Moreover, considering the mechanical vibration might interfere the
potentiometer value, you could seal it by Hot Melt Adhesive.

If you want to try Hardware Calibration, you'd better reset the EEPROM setting by
uploading the Arduino IDE sample sketch "EEPROM Clear" as shown as the right hand
picture.
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Steps

QN

—

. Wiring the pH probe, pH meter adapter (the little PCB board) and

Arduino UNO as the Diagram section above.

Upload the sample code "Software Calibration" below to UNO.

Open Serial Monitor, choose command format as “Both NL & CR"and
115200.

Send “Calibration” to enter Calibration Mode, and you will see "Enter
Calibration Mode" directly.

elitration || send

Enter Calibration Mode e ~
Voltage 4262 00aV
Vol tage 4262 00aV

Acid Calibration

Wash your pH probe with pure water (distilled water is best) and dryer it
in case of diluting the standard pH solution. Insert it into standard acid
solution of pH = 4.0. Wait several seconds till the readings get relative
stable.

Enter “acid:4.00"(no bland space, lower case), and you will get “Acid
Calibration Successful” notice. Then go on with Alkali Calibration.

| Send

ik
luu Calibration Suecessful "‘

Alkali Calibration

Take out the pH probe out of the acid solution, CLEAN it again as you
did in last step. After this, insert it into the standard alkali solution with
pH = 10 or 9.18. Waiting for the stable readings

Enter “alkali:10.00", and you will see “Alkali Calibration Successful".

alkali10.00 | Send
il“ch Calibratien Successful " i

Enter “exit" to finish calibration. You will see “Calibration
Successful,Exit Calibration Mode”.

\ || semd |
lcdx&uun Successful, Exit Calibration Mode e

Check if the pH meter was calibrated successfully with the solution pH
=4.00, 9.18, 10.00, if the readings are within the error of 0.1. Congrats!
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® | @ COM33 (Arduina/Genuino Uno) =
\ || Sed |
Pa. v S A
pH:-0. 27
pH:4. 06
pH:4. 08
pH:4. 10
pH:4. 10
pH:4. 10
pH:4. 10
pH:4. 11
pH:4. 11
pH:4. 11
pH:4. 11
pH:4. 11
pH:4. 11
pH:4. 11

]

v

[ Astoscrol BN AR | |115200baud |

In Standard acid solution pH = 4.00

* | @ coMm33 (Arduino/Genuino Uno) - ] b
procIw A
pH:6. 18
pH:6. 28
pH:9. 83
pH:9. 87
ipH: 9. 87
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pH:9. 91
pH:9. 91
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pH:9. 91

v
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In Standard alkali solution pH = 10.00
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Gravity: Analog Electrical Conductivity Sensor /
Meter(K=10)

SKU:DFR0300-H

INTRODUCTION

DFRobot Gravity: analog electrical conductivity sensor/meter(K=10) 1s particularly used to
measure the high electrical conductivity liquid, such as seawater, concentrated brine, etc. The
measurement range is up to 100ms/cm. This product is suitable for the water quality
application of mariculture, for example, marine fisheries, marine aquariums,

It supports 3~5v wide voltage input, and 1s compatible with 5V and 3.3V main control board,
such as Arduino and Raspberry Pi. The excitation source adopts AC signal, which effectively
reduces the polarization effect, improves the precision and prolongs the life of the probe; The
software library uses single-point calibration method, and can automatically identify standard
buffer solution, so simple and convenient.

With this product, main control board (such as Arduino) and the software library, you can
quickly build an electrical conductivity meter, plug and play, no solding required, which
providing a set of plug-and-play conductivity measurement solution for makers.
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DFRobot provides a variety of water quality sensor products, uniform size and interface, not only
meet the needs of various water quality testing, but also suitable for the DIY of multi-parameter
water quality tester.

Tips:

This product does not contain a temperature sensor. In order to ensure the measurement
accuracy, it is strongly recommended to add a temperature sensor to measure the temperature,
and achieve automatic temperature compensation. DS18B20 waterproof temperature sensor can

be used.

AL (P

DFROBOT
DFRduino
UNOvage

Arduino Connection Diagram

Attention:

1.The probe is a laboratory-grade probe. Do not immerse in liquid for a long time. Otherwise this will
shorten the life of the probe.

2.Platinum black layer is attached to the surface of the sheet metal in the probe. It should avoid any
object touching it. It can only be washed with distilled water, otherwise the platinum black layer will be
damaged, resulting in inaccurate measurement.
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FEATURES

3.0~5.0V wide voltage input, 0~3.2V output voltage, which is compatible with SV and 3.3V main board
AC excitation source, effectively reduce polarization

Gravity connector and BNC connector, plug and play, no welding

Software library supports single-point calibration, and automatically identifies standard buffer solution,
integrates temperature compensation algorithm

Uniform size and connector, convenient for the design of mechanical structures

SPECIFICATION

Signal Conversion Board

Supply Voltage: 3.0~5.0V

Output Voltage: 0~3.2V

Probe Connector: BNC

Signal Connector: PH2.0-3Pin
Measurement Accuracy: 5% F.S.

Board size: 42mm*32mm/1.65in*1.26in

Electrical Conductivity Probe

Probe Type: Laboratory Grade

Cell Constant: 10+2

Support Detection Range: 10~100ms/cm

Temperature Range: 0~40°C

Probe Life: >0.5 year (Actual life is related to frequency of use and scene)
Cable Length: 100+2cm

SHIPPING LIST

Electrical Conductivity Probe (K=10, Laboratory Grade) x1

Signal Conversion Board x1
Standard Buffer Solution 12.88ms/cm x4
Gravity Analog Sensor Cable x1
Waterproof Gasket x2
Screw Cap for BNC Connector x1
M3 * 10 nylon pillar x4

M3 * 5 screw x8



Gravity: Analog TDS Sensor / Meter For Arduino
SKU: SEN0244

TDS (Total Dissolved Solids) indicates that how many milligrams of soluble solids dissolved in one
liter of water. In general, the higher the TDS value, the more soluble solids dissolved in water, and
the less clean the water is. Therefore, the TDS value can be used as one of the references for
reflecting the cleanliness of water.

TDS pen is a widely used equipment to measure TDS value. The price is affordable, and it is easy to
use, but it is not able to transmit data to the control system for online monitoring to do some water
quality analysis. The professional instrument has high accuracy and can send data to the control
system, but the price is expensive for the ordinary people. To this end, we have launched an analog
TDS sensor kit which is compatible with Arduino, plug and play, easy to use. Matching with Arduino
controller, you can build a TDS detector easily to measure the TDS value of fiquid.

This product supports 3.3 ~ 5.5V wide voltage input, and 0 ~ 2.3V analog voltage output, which
makes it compatible with 5V or 3.3V control system or board. The excitation source is AC signal,
which can effectively prevent the probe from polarization and prolong the life of the probe,
meanwhile, increase the stability of the output signal. The TDS probe is waterproof, it can be
immersed in water for long time measurement.

137
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This product can be used in water quality application, such as domestic water, hydroponics. With
this product, you can easily DIY a TDS detector to reflect the cleanliness of water to protect your
health.

Attention:

1.The probe can not be used in water above 55 degrees centigrade

2.The probe can not be left too close to the edge of the container, otherwise it will affect the
reading

3.The head and the cable of the probe are waterproof, but the connector and the signal
transmitter board are not waterproof. Please be careful

Specification

Signal Transmitter Board

Input Voltage: 3.3 ~ 5.5V

Output Voltage: 0 ~ 2.3V

Working Current: 3 ~ 6mA

TDS Measurement Range: 0 ~ 1000ppm
TDS Measurement Accuracy: + 10% F.S. (25 °C)
Module Size: 42 * 32mm

Module Interface: PH2.0-3P

Electrode Interface: XH2.54-2P

TDS probe

Number of Needle: 2

Total Length: 83cm

Connection Interface: XH2.54-2P
Colour: Black

Other: Waterproof Probe

Board Overview

TDS Meter V1.0 8
| I | - - .-
(111§ feiwioleli <(|

o0

Analog TDS Sensor / Meter For Arduino
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Num (Label IDescription
1 - Power GND(OV)
2 + Power VCC(3.3 ~ 5.5V)
3 A Analog Signal Output(0 ~ 2.3V)
4 ITDS ITDS Probe Connector
5 LED Power Indicator
Tutorial

This tutorial will show you how to measure the TDS value of the water. Please read this tutorial
carefully, and pay attention to the steps and details.

/; The probe can not to be used in water above 55 degrees centigrade.
Le) The probe can not be too close to the edge of the container, otherwise it will affect the
reading.

The head and the cable of the probe are waterproof, but the connector and the signal
transmitter board are not waterproof.Please pay attention to use.

Requirements

« Hardware
DFRduino UNO RS (or similar) x 1
Analog TDS Sensor / Meter Module x 1
TDS Probe x1
Jumper Wires x3
tested liquid x1

« Software
Arduino IDE (Version requirements: V1.0.x or V1.8.x), Click to Download Arduino IDE from Arduino®

https://www.arduino.cc/en/Main/Software%7C

Connection Diagram
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