STUUNUAINDA 1ULIR

Automatic Counter Tray System

Yy fud

q

Punyanud Tanbee

USRI IFNINS

Rinrada Ungsathaporn

%
o
2
)
=D
=
=
Qo
=De
ca
=
[2)

'swﬁwaamsﬁnmmwé’nqmﬂ‘%muzyﬁmnssmmamﬁ’mﬂm
AmAYAdInssuBannsaling
AMZIAINTTUANENS
dondumalulagnszaaunandinunmsainnssls

N.A.2566



é’ P N o 1 N ~ = I 3 . N ) N o -
wnansiiduenarsianubidmniunislynuiiensfinwimiu lueugalnillsdsslosununisen

lunsdllag visdu Bnnanuiilusaudadiienuasnasedaiuaivetenarsynasaminisintuly



STUUNUAINDA 1ULIR

Automatic Counter Tray System

1ng

o

Yeyeyy fud

SusAN 29dn NS

fal =
2191589NUInE"

NA.AT. BE952D UIN2

‘U’%zy,zyﬂﬁwu'a“'ﬁlﬁud'muﬁesuaamsﬁﬂ‘mmwé’ngmﬂ%zy,zyﬁmniimmamﬁmﬁm
aadyiranssudiannseiing
AMZIAINTTUANENS
aondumalulagnszaauinaiinaunimsainnszds

N.A.2566



a 6,

USgyeyrtinustnsdnen 2566
AT Amnssusannsedingd
ALY AMINTIUFERNS
anrdumaluladnszasundndnnummsatanseUs
Foq SZUUTIUOIA DR LUITR
Automatic Counter Tray System

ANV wanyeyy dul  sviausedeii 63010613

YIFNISUTAN D9FMNT  SHAUTEINNT 63010823

(%

YTy inusiiun1snsadeulnge1a1sgiusne1uan

A

(NA.AS. WIS UIN7)

b‘d‘ =1
9197158NUTNWN


Mobile User


WadalAseeu EEANDNIE RN
unAnwn waayeyy dul  s9aUsedndn 63010613

PINENISUTAN DIFINT SHAUTZINR 63010823

Usguan IFMINTTUFAN TN
ARV rnssuBanNIaing
Un1sfne 2566
el = a v v
97197159NUS N8 AT NELOT.WENTET UILA7
UNANED

Tassruiidunis@neuasiauindesduann Taeld Ultrasonic Sensor Tunsifu
Sruumafigeuty HussuuaenIus s wavkansmauuae LCD Taluisinwmannsvinay
v94 RFID Tagldf RFID Reader MFRC-522 RC 1ilagudoyavesingaieluninain RFID tag uuy
passive tag Avgunsnilvhanufinaud 13.56 MHz Foyaiildainnissiuargnaslugslusunsud
Waiuna1n Firebase iadatfunazfnnalulvun real-time 538mstivinlinstuainiinay

NI wagiiuusgavsnmlunisinnisteya



Project Title Automatic Counter Tray System
Student Miss Punyanud Tanbee Student ID 63010613

Miss Rinrada Ungsathaporn  Student ID 63010823

Degree Bachelor of Engineering

Program Electronics Engineering

Year 2023

Project Advisor Asst. Prof. Dr. Seangrawee Buakaew
ABSTRACT

This project is a study and development of a tray counting machine using an
ultrasonic sensor to count the number of nested trays. through a simulated conveyor
system and display on the LCD screen, including studying the working principles of RFID
by using the RFID Reader MFRC-522 RC to read information about objects inside the tray
from passive RFID tags. This device works at a frequency of 13.56 MHz. The information
obtained from reading will be sent to a program developed in Firebase for storage and
tracking in real-time. This method makes tray counting more accurate. and increase

efficiency in data management.
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AT 2.2 (1) 29955 (Voltage regulator)
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iz https://riverglennapts.com/th/current-voltage/234-voltage-regulator-7805.html



C1 Judiiuuszquiena

C2 waz C3 WJudunuuszgnses C2 Wiitevilinisiasundasilunseiulnihideuliiuies

Tusduuuni

€3 Mievihnisidsunlasidlunadnsussiulnihaindinivaaluieesludsuuuun e
YosfnAulsyguantiiindunnuatosazvenslugTu waduiuuszamarillaneuneiniell

gunsanseensdsunUasassaiuliih dunsuazioning

ca JJudufuvszquisnanidlunmstiuveuwasuadninnlugenuiuvsenu dllinlalagll

AMaNTENUABAIUUTENOUDUY

2.2.2 29953UNBLma3 (Drive Motor)

Tunfidenldiiluvesnluga A4988 ulugauesn dwiualunn Stepper Motor
AN LagaIun30AIuAY Stepper Motor wuv Bipolar 142995 H-Bridge 1nl4lunisdu
Stepper Motor &3 Stepper Motor {usuuiiugmuiilasupnuiongaguiieniu uazaunse

Uluuszendldlavainaleguuuuidu uueud wses CNC %38 3D Printer 1udiu
NanN151eU

1995 H-Bridge 93UNTELanUaLmes autiifivunmeaoIniianIuANAANIG du

ANUSIVDINOLADSUUILNAIUANIY Fryay1ad (PWM Pulse Width Modulation) 91n%&nnTs

Y 9

(%
Y

904 H-Bridge vibanunsaldaunsalaunsaldianseindviutinisin-nassasunuaisndld Men1s

T45ad wagnisligunsalansiedingi
N13AUANBIARTEaNTIANIIAIElad

lednlguundunawmas An A4988

Y

A4988 1 Uuled DMOS Microstepping Driver with Translator %ﬂﬂmamﬁﬁmmla%mﬁ

a

ausasesudnanlans 3.3 war 5 1iad Hsaslesiusing 9 wu dansinuliegnmgiias

Y

vy U99Un15 Short-to-Ground U891 Short-Load dnvadsanunsasassunsyinaulu

Step Mode #agnansudausta 1/1(Full Step), 1/2(Half Step), 1/4, 1/8, 1/16



Tunsldautiusdesralsasdndntiosniuiuandly Datasheet

Microcontroller or
Controller Logic

0.22 uF

VDD
0.22 )F ;r| gl

0.1 yF 0.1 yF

ih_——

VREG ROSC CP1

CP2 VCP yBB1

l 100 uF —g

=

=

¢ VDD
.. 3 VBB2
? :: 5kQ
>— SLEEP OUT1A
_I L A4988
>— STEP ouT1B
<l 0 SENSE1
>— MS2
- Usg OUT2A
>— DIR
>—| ENABLE B2
>—| RESET SENSE2
O— VREF GND GND
NN L

2NN 2.3 () BERINNSHBNITTULBRBSTUNBWas Whiuuesalulasaaulnsaaas

i1 https://fulnwhile.com/ /fu/_raw/m0/p5/22.0ng

lugaduainas A4988

Al 2.3 () lga A4988 AIUAN Stepper Motor

s https./fulnwfile.com/ /fu/ raw/3r/\f/sx.jpg

10
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Pins 19°) Y83 A4988

VDD

microcontroller

GND

T\

logic power supply
(3-5.5V)

ﬂ"l'W‘ﬁl 2.4 1L@n3%1 Pins maﬂmaa A4988

i https://commandronestore.com/products/cm4988.php

- 31910 VMOT wag GND Aavidmsulwidgeuawmas 8-35 V uawasazildssaindrudldly

FIUTLNOUAIE WSINULASNTLRAMUAUATILDLHDTADINT TIUNTITUDLADS NEMA 17

- Stepper fldussiusin 8 - 35 v Aaunsaldiulugasidld esndluga annsadeu
wssfuiidhandun VMOT Winanewdunseuaiivewessadd lnenisanussiuuagiiunssua
tfules 1nels19g#eaUsu Current Limit vesialuga amasaminds (P = IV) ved Output (LU
uew%) euniMaad Input Winvng VMOT wawe Tnefdsfimmely ssdeuluiduay
Fou

fidndnyseninenn VMOT fu GND Fessiodfiuuszqogstios 47 uF FulY (wusahlold

100 - 300 uF) ietleatiun1siin LC Voltage Spikes
~ 91 2B - 1B dewniuanglnvesuemesmudafivenuily Datasheet aaauewnasiiue

- VDD uag GND Aoulwides Logic 3 - 5.5 V flagmuungniuz HIGH / LOW Tvinannsgves
wawas ibiuewesiinn1svyunudens lnevlienaagldl 5 Vv a1n Arduino lnensuas

wikuzd1dn pasthuvasne 5 vV aeusnindeunu Tunsalinnsasiigunsallviiunng wsigli 5v
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A 1

294 Arduino 9139n8nszualaliiieane NdAyAe ag1dusie GND 983 Arduino WU GND

9992935 Driver 9g

- DIR 4z STEP f8v1AIuANNsvyuvetewmes F9azidun1ssey fiavng age uazausaly

sy Tngagsaldniu Pin Control fifmiualilu Code v89 Arduino

- Sleep waz Reset @031l Azso1ieiU tod91n1 Sleep azvimhidsmdslnindosiian
milalinewes Tuvusiuewesdilivyguy Walun1susendand ey @1l Reset asivun
a = ¢ & v i o v P - o
ATUUINYTE Home State Tun1svuvestames dwnsivaesunilliingli vseilu LOW agvi
Tivewmeslivyuy (Disable)datiutndanewiann Sleep W1Tuv1 Reset Litelvineinasoglulyun

Enable

- MS1 - MS3 111 3 nfiagldlunsiiviun Step Resolution w83 Stepper Motor @sfiailudnuiia

denaulalunisldeu Stepper Wluszansamaaan

- Enable wgavieil azgnuaselidu LOW aaennisldenu Wesnidanusianmusidu

HIGH qgvinlsh Output 1U&s Motor 1u Disable Mode
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A13UTU Current limiting

ApuNazBUlTUNULDWaTUUEIEAIn I ruUanselanay wetasnuldlinssualnin
TadnvealnvesuawasuniuludRzdalruamesiinenuderie nensusunseiaiazyi

nsUTuiunuUsuAlal Uy Trimmer vuialuga aed 2 35

1. 11 Datasheet ¥99u0035757128 10 Wo9M1 Rated Current ssglduawmas

NEMA17 1.2A

HIGH TORQUE HYBRID STEPPING MOTOR SPECIFICATIONS

General specifications Electrical specifications
Step Angle (*) 18 = g -
Temperature Rise (" C) 80 Max (rates comont2 phase
Ambient temperature (*C) -20-+50 o =
Number of Phase 2 Inductance Per Phase ¢tXimH) 28
pl;\;ulation Resistance 100M{) , Min 150ovoc) Hokling Torque (Kg.cm) 3.17
Insulation Class Class B Detent Torque (g.cm) 200
Max radial force (N) 28  (20mm from the ange) Rotor Inertia (g o) 68
Max axial force (N) 10 Weight (Kg) 0.365

M Dl At tAarmiia Alimaas

29 2.5 wanaDatasheet UBINDLADS

fisn https.//www.tme.eu/Document/.pdf

2. I NGRS
Current Limit = Vref x 2.5

Tuwiil Current Limit w179 1.2A dwagy Vref I 0.48 Buusnaslunalidu Full Step Mode
wanvinnsIneln saueswmasinly a1 Vref Tngtnlnanilwasdaufaa Trimmer Wiguns1Im

1 U Y A o b4
Aoeq myuUsuaulaAmuiAl]
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2.3 gunsaliiiedas
2.3.1 WuWa3INI2TUINgA8uasdunLsa (Infrared Proximity Sensor)

_afaildlulassani @0 IR Sensor Switch E18-DSONK-N
A Sensor Infrared AT19UsTEENe @ansaUSUEuNIASITULER LA 3 cm- 80 cm
9% Output eenuduwuy Logic TTL Ao 0 (GND) uagl (5V)
AMANUR
1. 55eEmensns1asy @annsausuldsaus 3 cm - 80 cm #e VR USUAN uasuansanue
3¥YEATIATUAIY LED
2. Yagitld Sensing avspadunvuiiuuamdonawulstiosuazmsidudmaziign
\foa1n6a Sensor vieulaeldinisasiieunes Infrared
- OUTPUT 1fusuu Open Collector naldamudawsio R 10 KQ Pull Up 7
Output etd
- uweylvidye e Output WU Admea TTL Aw 0= GND wag 1 = 5V
3. (¥lWides DC 5V nsvud 100 mA

) v

ANSAITLYLATINIU NOUNIS IIITUILADINITLYLNITNTIIIUNL LIRBINT M UlAU Sensor ¢ail

Y

1. 91elviAss 5V uaz GND Ui Sensor

2. s Sensor TRaannAuumEe LN

3. 19lsussintnseriidenisnsiaduanity i1 Sensor wazdu Sensor Aslaly
S¥uETIRoIN1INTIITY

4. USU VR fignurievesia Sensor uazdananisidsuulaswes LED fignusinevessa

Sensor #1491

- {1 LED diveg (OUTPUT=1) i3y VR sunduwifiniawiiu LED fin (OUTPUT=0)udalVinenusugn
71 LED wWalsuanurilfioszer Detect fisdesmsazldideulunsvhau fie S1svey Sensor Heenia
Wsawifiuseey Detect LED Status ag@nuazazla OUTPUT Wu Logic 0 wsignszey Sensor 1A
5vey Detect LED Status agsiunazazls OUTPUT 10u Logic 1

- {1 LED finag (OUTPUT=0) U5y VR ymauduunidniauiu LED du (OUTPUT=1) udalvien U5u

907 LED wWasuanuslifesyey Detect M51989n15 2z lakaulunsyineaude a1sees Sensor

q
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NNIUsaWiniUsrey Detect LED Status agdiunavazld OUTPUTU Logic 1 usignsyey Sensor

Wpeninsyey Detect LED Status azfauazazls OUTPUT tdu Logic 0

Tune VR for adjust detect distanceD L Detect-Distance R

<

5VDC v

Wall

LED-Status

46 3%2 1

Al 2.6 (n) Wuwesuasdmiunaduing
i https://www.ett.co.th/productSensor/E18-D8ONK/E18-D8ONK.html

If Sensor Distance <= Detect Distance Detect-Distance
OUTPUT =0

B g 2 Wall

f |
LED-Sensor-ON

Sensor-Distance

guuaasdenluiiio 3202 Sensor <= 3202A10FURMINUA LED Status 92@a 122 Output = 0

If Sensor Distance >= Detect Distance
OUTPUT=1

2 Wall

Sensor

LED-Sensor-OFF

\ 4

Sensor-Distance

gUnanaitonlviiio 320z Sensor > = 520:ATI0FUAMMUA LED Status 926U 122 Output = 1

Al 2.6 (@) uanafeulumsvinuvessume fnsiaduing
i https.//www.ett.co.th/productSensor/E18-D8ONK/E18-D80ONK.html
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2.3.2 Wwuwasvinoansilwiin (Ultrasonic sensor)

o

aunsalinsadaing lngldndnnisazvioulU-nduresrdudssanwuwesludsing

q

Wmng antuwdaseinisasvieuvesdeseanungusuuvesdgyaamelii adudansilaiin

TUAUNNTIEINIANSeRdsaTiuy sy
& a ¥ I3 =l
WwUWesoanslain Usenaulusie 2 asrusenau A
1. fhdudea (Transmitter)
2. A5uLde (Receiver)
1.édudes (Transmitter) Ingldnanifigledianninlunisasdayayiu

2.f5uldes (Receiver) SuAnvasdygaiiinanmsumsliuasnauainingudvune

wlasaonuiduaimgliily wSeA1szeEng

Transmitted Signal

7

Transmitter -
Ok A% OBJECT

Receiver

Reflected / Received
Signal

AN 2.7 NSYNUYRIRaUTansT lwla

fian http/jwtech.co.th/activity/2p=881

<

Tunslyaumbumesinssarn1auy Ultrasonic Sensor A59¢Aa9nNansased
HaNTEVUNINUEaMRNisensvhnuveduwes lnsenmngindsuwdasluazinavili

< = A A o = % = a Y 9 !
ﬂ'l']llLs'ﬂUﬂ'ﬁLﬂa@‘l‘W}‘U@QﬂaULaﬂﬂLUaEJULLTJaQITJﬂ'JFJ "'Zfﬂﬁ']ll'ﬁﬂ@ﬁ‘U']Slﬂgﬂqﬂﬁuﬂ'ﬁﬂr]ua'm

C =331 + 0.6t (m/s)
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I3 4' ‘:4' =
C= ﬂ'ﬁrlllLi'ﬂuﬂ’ﬁlﬂa@umsﬂaﬂaﬁlﬂ

o
' &Y

t = Agaunnl o vaueiiy ey waled

a

suiiulgnanusilunmsiedsunvendstiu auUasunUainaonia N9yl

Y

Wasuulas Tedaniledaduwesiuaglivdnnmsnisasvieuresrdudssiuing wdmaa

Fatrauseaudsslunaingl 97 linisinednnueaiandaule

JaveNdawanauszansninees Ultrasonic sensor

[

1. 528LI1NAVINITHTIAIU (Blind zone)

'
[ 1 =2

Ultrasonic sensor a¢ilseegdnauadn1snsliasusy d9asyinlmauwasasiadulilalae

Y

#111509e1 Blind zone ¥84 Ultrasonic sensor mﬂ@jﬁa‘umﬁwﬁuma% WU Ultrasonic sensor

$u UDB00 94l Blind zone o8l 0.4 fia 1.8 luns
2. wansenumuaumnnil (Effect of Temperature)

aumgiiavdinavesndu Ultrasonic Aadulunisldamves Ultrasonic sensor azfiaail

)]

QUMM aY

3. yusnnsznuingaely

(% 1%
v v v Y

nsluves Ultrasonic sensor tadfiantuinginsenudeadianwugaiainiu

q

¥
a =

Ultrasonic sensor seiuuddenyuvesingiloseiiiuiuagiilasednsamuenisideu

Ultrasonic sensor anas lnediulvajuuvesinguuagdesandeniosndt 10 o wazingiiag

MM sazviouaInAdu Ultrasonic A5aziianwaustdululsu elnlduszansanlunisnsiady

[ A o

ingvhnsesedudutudng wielisusediliudueu sxvilirnuuivdianas

De

=
ign

o))}

4. ALVUIN15AARAIYDY Ultrasonic sensor Msiangay

ANSAAFIHUILEINANBNITIAATLAE AIULUUEN AIUUALAUIVDINITANGS Ultrasonic

[

sensor A¥dl 4 Uselnnedadl
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4.1 AN5AMAY Ultrasonic Sensor USHIUMLAULAILAR N1SARAY Ultrasnic Sensor A5

gunsalffesiudumesnazldsuanudameann mnudou Taazdsoninuusiug

4.2 n13fnRs Ultrasonic Tunsaliifinisdiuing wilvludwuvendeusedidugiswweddan

PNMIZAUNIAARS Ultrasonic Sensor tuaisaglvineaingaiiy litedesiunisinau

RANa1IANT oAU ESNEWAFT U DS

4.3 n13AnR3 Ultrasonic Tunseiniin1sudosveseaniuansegananuediia A3sass

a

dedayey1eu (Emission Angle) va4 Ultrasonic sensor e lin153Indadnuiiiugnan

9

4.4 n13AnEa Ultrasonic Nigunsaluselnn Pneumatic 98a111505UNIUN15aAGY
Ultrasonic la@sagyinli Ultrasonic sensor fnnuuaiugnanas aatuliinsings Ultrasonic

sensor nafuynilauay

n13Useyndild Ultrasonic sensor anunsaussendnisidaulavainvanglugnaivnssy

1. n5191U Ultrasonic Sensor dmsusuLaTy
2. Wasunisvessneudluaiuaensa
3. Winsgiuaugvetnuliuiaznes
2.3.3 4aLA5 Stepper igu NEMA 17 Stepper Motor

Stepper Motor \Juseinaslwihslandsitlddmiuauaunismyuitommuadumis
waziiamaseyuerliiunalnnsiauvesaissinsnafifesnisnuutiugige wu szuy
pruaulurusud, 103 osliud wazaeniudndodlulssny deendonisvinauainnisld
Fuanalniuuuadududen (Pulse) %’U;JaLmaiﬁaiﬁl,mwguuwimiaLﬁml,wi%%’um?iauiﬂﬂ

azdulagaiuisanyuladsauunuy 360 asa vinlinalnnisindoufivesunumnyudainuismn

WaLSNW IS0 ko luuilagluvinliuamasidenne
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| @ I
FAUUTENBUYRIALAUUBLNDS

Rotor 1
Permanent Magnet

Rotor 2

Shaft

\ Stator
Winding

A 2.8 Tsadns Stepper Motor

111 https://www.orientalmotor.com/images/stepper-motors/stepper-motor-structural-diagram.jpg

1. Stator WudufRniuimdwewewes aulududiminfdvatoduiiuian q Wumevnain

- = o § v -
WowteniraunLlivdildsuLUag

2. Rotor \Jufpuuiimanans ddnwaraaioiles dilwdug 9 iegadiluassiuiudiluves

Stator Ing Rotor UfagAnagiuwnunyuiiotluldinunusenis
lnuanisvinny

11199910 Stator Y83 Stepper Motor Usgnounigunainnaizvn n153elndugdly

NsEAUNAYAAINANY 9 douyiiAANSYINUNWANFA19AY amnsauenlanal

9

Full Step Mode lulvuafiifiodny Pulse WlU 1 gn uewesazudu 1 Step Wi o W
walmas NEMA 17 flaiupfa 200 Step/Revolution astunINAeenIsliieInesnyuAsusey

foaRnedusuIy 200 Pulse

Half Step Mode n15¥9 Ul UL Half Step Mode vlildmuasideaiiudu Tnenis

91 Pulse usiagAS Rotor 9enyuAsIaAsIaiAy 1wy NEMA 17 wnld Full Step 9zmyunsiae
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1.8 83A1 wAnNlY Half Step AgvyuLiied 0.9 BIANYINTU kaENINABINTTIINLUATUTEY 360

9471 ARD9918 Pulse NN 200 LU 400 A

Micro Step Mode ulnuafidanududoudign wilikanisuyuvesunuiiaziden

Tiuselngs Ine3Fdvnainvzgnnseduiieniulel (sin wave) 91uiuassgnaaaiu 90°

¥
¥ o

aa o v A v Yo a o § v
aaedstinlinauau Pulse Mdnluldvisianiauazvuin viliaIu1s0AuANNITUYUTBILNY
wolneslaedsavideauin 9 (lane 0.007°/Step) FaduAdsuthunldauduegrannly

LATOIADANN 9 WU LATDY 3D Printer, 1AT83 CNC

MS3 MS2 MS1 Step Increment (°) Steps per Revolution
0 0 Full Step (1.8°) 200
0 1 Half Step (0.9°) 400
0 1 0 1/4 Step (0.45°) 800
0 1 1 1/8 Step (0.225°) 1600
W ATD RN 0/ e SEp 15 > \~ 3200 | |
10 1 1/32Step(0.05625° 6400
=70 1 4 1/32 Step (0.05625°) . e400
1 1 1 1/32 Step (0.05625°) 6400

AT 2.9 munnsieuwes Nema 17 Stepper Motor

fian https://makersportal.com/blog/raspberry-pi-stepper-motor-control-with-nema-17

2.4 53UV RFID

RFID Aowmaluladlun1susduuuniy gou191n Radio Frequency Identification

'
[ v = o Y

ngUszasAnaniiodiunldfnduingsieg ieusuaniamnuduiinuanizianzas wiedu

% 1

MueavUsEans W [Wuwnuaain “seswawyia (Bar Code) Nanfudua usaltdutheidniu

luyvesdndides n13viuves RFID oderduing lagasildiulsznouddyme 1n30981u

=

uIng

[ 3

Auwin laguiinaziinisdsdayaiiiuendnvalnsanuieaviszandsanundun

' '
N v 1 1 o

W 90NNTEAUAIYNTLUIUNITUNIDEI9INEAT DIDIU ANNSULAS 998 1UET AU SUA DY

Y 9

184

o

a

aduInglaliienansiadayaiidanannuin

9
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UagUuladniswauinisldeu RFID iliauaiunsanindu wu nsinluldeuiy

DAY

Jasaursnarsardulnsauisnaisanuulsninduia (Contactless Smart Card) viluanan

sgfinssudoyavuneiavuszdniauds Adtaunsafinredeasuasiliousudoyaniusua

wnnInAule
2.4.1 pdwngnldluszuu RFID

RFID aunsaldaduinglavianvaiedisainud wandeuduuin deg 3 Yaunselyil
1. pAuANDA (LF) 125 KHz WJuenudidinisldawinlulussuuves RFID Sszeglunisiuds

U % @ 1 1 4 v % 1 a
Tayatngd Anustuntseruasutedn IWunluseuy Access Control WU syuUAIUANNISIUA

Y

(3

UnUseg v3eseUUAdANn, svuvadnayinny, Unsaundn wagldnumenudeadng

2. AduADEs (HF) 13.56 MHz Tdunnlununimiuled uazauidenisanulaonsdiegs 1wy

Tuludnsaunsnensawuulindndusa (Contactless Smart Card) FedauslUlfiduinsduan,

Unsiashn uastnslagarssalui waziinsldnuduuiinnuunnsgiu NFC dwmsulnsdnwidete

wagldanuduthedud

3. AAUANAAIN (UHF) 860-960 MHz anunsaldaulaluszesilnaningisminudiou deuly
8§  a

ududivdudimuuinsgiu EPC Fagnimunuilildauunuszuuuisidn daduidinng

T uALIN A UNUNIIAUARIAUAT NISHAR LAXNITINIINUY
2.4.2 RFID Tag

- %ﬁmim@@ﬁﬁ@ﬂﬂu‘lmmmﬁ f® RFID-RC522

v '
a v a

win Aeduianiiiieasdiannsetinded nelunasdnuantfauisasudatayadiu
=~ ! P A a v A A 2 v = <V v
w3838 ulinuNeduIng lagenaldniuaiuiwinle nIeldnseuiunisdeasuuulafla

a a 1 A e ¥ 1 av v 1% 1 4 ¥
wavazfiwumnesagnelunsaliily susndldvarnvansududrnudosnistunisldu
winanansauvaeenlallu 2 ¥ia Ap Active Tags U Passive Tags

1. Active Tag fouvinfifiunasdglnludaes wu duusnesegniglu viliuinaieilaguin

gannsnsudioyalatuszuglng Tussiuwnstuluaudvaneduuns
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feg19u Win Easy Pass Misfaliniutinszansaieldiusyuumeaau aziduuiinuuuill

. = o a i ' = N ! <
Active Tag Faindvunanilvg wazilsAmigenduinkuusssum

Tof : szpznseulalna duheanudinelusuiniveg uenainideheuluusnunidyyiu

suniulan

VOLEY © TIMUNG WAZAI tag ABUTNSHIUIA LG

AN 2.10 WANLUU Active

iz https:.//www.smartiden.com/17695828/rfid-tag

o 5 = [ o v A v = < |
2. WANLUY Passive AwinLuuiag W Wndanwuziuy wagdauraidn aneluazlud
wiasndanuduvesiues (Wlluunnes) deserdandwuainAiuingidaiuiaina3esu

< & = o [ 1 & = 1 v A 1 aa
winUssnnildndssegyinnueglugae 1 cm dulvaufisUssana 1 wns (winnldiasesgund

ageniAvatng e1aldanulalnaniig)

HI0819UBMVINLUY Passive W Ynsmudmiuilalnuses (Proximity Card) Ynsauisnaiin

wuulsmindua (Contactless Smart Card) waziinuad NFC 1dusy

1

Y a o % =3 a [ 1o w 1 .
VDA © UUIWUNLUT YUIREAN umqmﬂmmlﬁlumﬂm LRSI NNIN tag Usglnn active tag

Toudy : svuzmssudadeyalnd Wuegiu RFID reader fe) Iniganudvuiadnussuin 32

04 128 Un
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AW 2.11 WANWUY Passive

fisn https://www.smartiden.com/17695828/rfid-tag

2.4.3 n5i@anlde1u RFID Tag

& A o v 3 v o = = i Y & a o d'
N15LaenN RFID tag LW@U'{LUTLGU\‘]']UUULﬁ']ﬁ@\‘]ﬂ']ﬂ\‘]ﬁfl TYTNITIBIUNABINNT, Wum'ﬁ'ﬂﬁ@]‘w

A89n1511 RFID tag WUdn waganizwinaew (Uunu

4
Aoy o a v dd a a o A

1. Label tag 1¥u tag AFuuigndmsulifnduiifiuinBSeu wazdaniliiduman wielans

Hdenva1evuInnINALABINT TINsEuNsaiun Barcode Taasuu tag 14

a o <)

2. Anti Metal Tag \Uu tag fignesnuuuiiislianunsafnasuuiiuiiianndumin vielangla

Inglaignsuniudayaios wu sadurudu Ju Rack Tundsdue wsosdiogadusiu

3. High Temperature Tag \Uu tag Mumnzdwiunisihluldnuluansidanudougs vie
FuSunuiinednis tag Nanunsanuauseulamiu 100 sermTuly we tag Uszinniinazisnan

genin tag Y

4. Laundry Tag A tag fianunsanumean1sdnais, nuseanuseulunissa lauwazanunsaduia
Audedld Laundry Tag dngnianldlunisnsiatududn wie dudnuiuaslunisdndud

i1EerUYHn WU 9 Cleanroom dusieaiinisnsivaeudnuiuasslunisdn

5. Windshild Tag fi® tag NlddmsuAnnszansagus dagnesnuuuniiiavenedyaadlvinduiile
Aniunszansaeus wagly Windshild Tag u193usa Chip aggnindausigansiu UV vilid

ANMUAINUADNIT N UNINTITUDNAE
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6. Tool Tag fe tag Usstamdeniuiu Anti Metal Tag uadlvunadniiadusuilufeniaiasile
UseLnengs wu sesliownyd vse nsesliovasdndontnys wWeldlunisasivaeugunsal
wianilindsegasunselyl

7. Active Tag \Ju tag Nifluunmaslum wavdaddaunuinsessulseinn RFID Active Reader

Y

| gj d' = Qll = ] 4 ! | . 1 (K%
Wt N139 tag AuusmeslumIvilraunsaetuszuzlalnanin tag wuu Passive d@ulungiin

£ ]
= %

gnihluldanulu Solution NTWLTINI1N wazdpIN1sIzEYNISEIULNG W 20 - 30 LWAS

8. Wristband fie Tag Usstnnuilsieanuuusnluguves sesadeile weltlunisaild anunse
uluuszendldaulavainvans Tulagtuinuiiulanaly wu nasldenulussuy E-payment,

nslandengdaennes, nsldsmunmeluaiull wazanufioaniidnie
2.4.4 RFID Reader

wSessuthe (RFID Reader) fnthiiluns@eusiefutihe (RFID Tag) ievhniseunie
Beudeyaadluthelaglidyagaing FanelupSessruazlsznaudie w@eine wieldsu — ds
dya dy1dng 21ATU-11AES 9ITAIVAN N1581U- 18U oY A wazdIuT Ansofy
AoUTLADS RFID Reader Hufloguaguszinvuansitstuly iwu Foswesvuininiessiu RFID
Bowespduaiud (LF, HF, UHF) ﬁfaqsua«,mafmfmé’igwgm (Antenna) tJusu Fathusiaasiden
RFID Reader Trinseriugauszasdfiunmslanuiielst RFID Reader vioinTesenu RFID vl

Usyandnngen

2.5 g1udayauuuaa1dn (Cloud Database)

a

gudeya Ao nquvestayangniiusiuiuld Inedenuduiusdeiuuaziu lnglddady

Y

v

Tdeyarmunvzsegniuliluidieriuvseweniunaneuiludeya Jstoyadzgnisivess
Jussileulngazdgonviwsidunmuaunszuiunisldau nsviau vsenisuszanana vl

AlEusnnsanunsaifsloyaldegneliusednsnmn

Futeyakuunang Ao ssuuvesgIudeyadnuilsgiuuianunsavinnuldiuuesulall

aansanveyinuenlesiu Web Application laeggzainuiniiu 1see139znailaonegny
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=

11 Ao sruuwleyanviinueguwmalulag Cloud vilvszuugiudeyaiianuiavgu auise

Sudsloyalaagng Realtime dwnndoyalaiuuiuil uasdanunsausuuss Winvuaniaveny

guteyauazyinisuiluliegedasy
2.6 szuugutaya (Database System)

J¥UUTIUTeYA (Database System) vidngis N1sTINdIiuveIgIutayasnald 2 g1uteya

£ Ly

& A Y] s o N o s A % v o q v
LUUG]UVLUV]Nﬂ'JWNﬂNWUSﬂu IﬂﬁJN’JmQU?%ﬂ\‘iﬂLW@LUUﬂWﬁa@ﬂ')']iJG?ﬂ"U@usUaQSUaiquﬁ LLﬁ%‘V]'ﬂMﬂqﬁ

[

Urgesnwdmlusinsudignindu Ingsuseuun1sinnisgiudeya vie senge 9 31 DBMS

J¥UUTANI531UTRLA (Database Management System 138 DBMS) w18 na

=

TWsunsunsevenduwisalianis Nasrunieaimtnuinisgiudeyalaenss Wuesoden

= Y

YrusrneANaznIN g Wausandoyals Inengldlidnludessuiifeiuseasiden
aelulassasagiudeya wadte q Ade DBMS # Lludinarslunisifenlesseninely uas
TUsunsusing q Mdeatesiuseuupudeyadimeniu diegrees DBMS Niuuliludagdu laun

Microsoft Access, FoxPro, SQL Server, Oracle, Informix, DB2 Dudu
2.7 Firebase

Firebase Ao Platform 75205 LAT0EBANY o) d1m5UNIITANITIUEIUUDY Backend
3o Server side @winlwa@nnsa Build Mobile Application ldognsfiusz@nsnin uazdsantian

wazAlY918989n15911 Server side nTaMTIATIERTeyalaNeY IngdniaaTellen s uay

a A1 gy o ) a ' a . Y a Ay
in3slindaldane (@ nsunis Scale) USN196n99 7 Firebase Tusnnsdl laun

2.7.1 Cloud Firestore daiiunasdendayasenineifuaraunsalluszauvlanlayly
g1utoua NoSQL leaduumanig Cloud Firestore lins@alasluduuueeulatuagmsativayu
sonlatnsouiunsduAudoyaniused@nSan MkauTINUNEnsiu Firebase du 9 98l

asaaukuulsdsnneslaot1awiasa
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2.7.2 Authentication dnn1sgltaumelsnineuazUasnse Firebase Auth InaneTslu
N3R5 UANSTINABWaLarsTar WL IUIN1sUARaANNWY Google %38 Facebook warly
seuuUnileglaense adrdunesingewseliuselovianlamugesa Ul iuTuussldedia

]
al

[
LAAUN

. o Y I L v a A A v X ° o &
2.7.3 Hosting anamnududeuaesivlgan nioiniesdiefasisiuianisdmsuiiviey
afelv WedUlvantlonu azdadenimaitiulids CON ylanlassnlutifnazueulususes
ssL wswelgldlasulszaunisaiivaendewetioliuazinaulwiliinavegnlainiu

2.7.4 Realtime Database - Realtime Database A8g Ut 03 AnLANYDY Firebase
I U z:l'z:l a a a 6 o o 6 z:l' d'z:l'il a I3
L‘I.JUI“UQ‘ZJUV]%J‘Ui%ﬁ‘VIﬁﬂ’]WLLﬁ%iJL’Jﬁ’]LLNW]’]ﬁ’MiULLEJ‘LJ‘UL!Q‘UﬂimLﬂa@LWWIG]@Gﬂ’]iﬁmuzﬂ’]iﬁtiﬂﬁ

1 6 = 6
sernalAauRwUUSgabng
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uni 3
NANNITNIIULAZNITIDNLUU

3.1 ANWAIZNISYINU

navasnanglidiudqlulasneulnsaaes ESP8266 lasTnaussiunseualnssvuin 5
Thad leviliiuesmianu Tnsdsdeyaluguuuunisdomseynsy Serial wagdnsussunssua
Tnsavunn 12 Taad Wity Nema 17 stepper motor Wlo¥ng (019) iadeufiuuaeniu uagiae
IR Sensor agvhmansiaiuimgiu wavdstoyalst ESP8266 Liioaruay Drive Motor Tanemu
ngauyudung 5 3uft anduludianafivemesvganyu ESP8266 agdaniaviaruls
Ultrasonic sensor 8145¥8¥ANEIv8InIATIBg uuae U waziansuadudiuuandiduld
Uy 98 LCD S1uauniafianstufinainmsdunanssssanugsiwugesoiuaildmsde

J2E¥ANGRININ 1 WU uazantumanivinwiuliazgniilunsivaevdsvesiegindlunin

dusiosnde Bududnelidguesn RFID-RC522 azyilik RFID Reader ¥ieu niush
RFID Reader 210159532 3uUN1sueqandeya1ad vnil RFID tag USHIM O-1 Lwufluns RFID
Reader zyhn1seuavesdyaaniy lulassowilldimun RFID tag dmsunseudoyald
7 UseLnn Ae Hammer, Screwdriver, Wrench, Electrical Tape, Pliers, Steel scale wag Drill
Fadfosyafl RFID Reader silazuanmauulusing Arduino IDE uasfinsAinda library NTPClienth
dieldlunise i fusasialuvaefisudoya RFID tag Tngldnandssmalng andudedeya

21N ESP8266 U4 real-time firebase database

v

wennidaiinmsfimundeyadug Wy @n1usIeIsyuU (Available/Unavailable), 91u7u
0199197 wazdwIuaasedunav Wulusinsy Arduino IDE msdsdeyaliazidunuy real-

time firebase database Fudunisadagiudoyariiounluvih dashboard laeidugiudeyasile

¥ = 1

NoSQL uagiiutayaduviin JSON antiudeyaiiegnielu realtime firebase database vt

Y Y

aluda dashboard dnsunN1suanItoyalUU realtime way Google sheet iiiaLfiudoyaad

gudeyanazaunsnautoyadoundsla
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1

1ne dashboard agUsenaulumedoyaiadnin ESP8266 sufanTvukuNIiLie uasunund

Y

9na ﬁﬁmié’wmw%’aa&anm 10 Wit sufifuslu trisger ¥a9 Goosle sheet
3.2 N59NLUUNINAY Hardware

3.2.1 naidanldgunsallumsiniuaitetunu

3.2.1.1 nMsAuuNnaudenUas

nseuinavawladlag

1
Vo(DC) + 7AV + V¢
VAC(rms) > \/E

19.3 +%(1) +14
s V2

Vacrms) = 14.99 ~ 15

Womwuali Vo oo Ao Aussduerdnalinss mieidu had

AV fia Anussaunsziion ety Vo, Iaeivue T AV = 1.0 V,,

Ve fo Aussnunnaseslaloniivinuluassseunisanelnnseuaaduluniidu

1.4V (Maximum sialalan 1 #)

[y

Ainnszuavemsisulasildiianwugnisriadu Full wave Bridge avla

e =1.8p =1.8(1)=1.8A ~2 A,

(% LY aa v

ISz TuINs oL Uas TR aLsasu 15V wazdnnnnseia 2A Wunsloudas

USulsanuan Wiy 220 V.., daanas

28
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[

3.2.1.2 29959nnanefifisnuusediu (Voltage regulator)
\@onle IC LM7805, LM7812

910 datasheet 83 LM78XX nanaanaisiisatiudszuieniaduny ielidnisviruilades
Tngldandafiuuszguunn 0.33 uF Juld Judssiavumunadu luas vieduiuussqdus Aifia
duiwaudnglusiianuiae wenaindadsfadedaiviszauremalidsseegnisvinmin

regulators input terminals ﬁ’uﬂqmvﬁﬁ%lﬂﬂﬂiﬁ

(M

Vi L78XX Vo
(3) (2)
C,=0.33uF T T Co=0.1uF

L. €s25250

2NN 3.2.1 2995TNNA18 TS NI
P37 https://www.microkitschile.com/product-page/lm7924

3.2.2 N1592NLLUY

Block Diagram

input 5 ; Regulator
ssovae Transformer Rectifier B Filter . 12V
Nema 17
ESP i
IR Sensor 8266 B Mo::dr‘;:;vef — ' Stepper Motor
tect / J
7~ & U 2
Obstacle " .ccoe ftrasonic . LCD Display

sensor

A1l 3.2.2 () Block Diagram



schematic diagram
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u3
L7805ACV-DG U2
. 1l our)2 . {2 54-4P(EFH)
ut l ‘ GND l 49
KBLA04G & —L ” 2cs 3 g
: 2200uF __T__ggs - Twan 10uF 3
. se=ihs 1 e 1
CONN-TH_2P-P5.00 2 = Ng o o
R =~ GND GND GND GND -L
1 3 = GND
2 . GND
—34- U4
L7812ABV Us
XH2 54-4P(HE$T)
- i i 7R T
GND ca ’Twu: 32
100nF <
:[: -
L -
GND GND

A9 3.2.2 () schematic diagram

PCB fianuuuld

A9 3.2.2 (R) PCB Timanuuuld
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3.3 N159DALUUNIATU Software

Tun1seenuuusu Software Hifluniseenuuulusunsuvedisas Insussnoudie 4 dau
Ao drnusnaziduns@eulusunsuvearaasmelusunsy Arduino IDE lngagyinn158aniuuLan
2vgn upload 1d ESP8266 iielilun1smuaugunsaiwumeiingg sorniuandunisesnuuy
Tsunsulunisdadeyaann ESP8266 LUd real-time database firebase lngldlusunsu Arduino
IDE, ﬂ’liaaﬂLL‘U‘UIU?LLﬂiiﬂumidx‘lsﬁjayjamﬂ real-time database firebase U84 google sheet

waznseenuuUluNTdstayadn real-time database firebase 1Ugt dashboard

3.3.1 JUuUUMSYINeu

[N ] control

A7 3.3.1 (n) JULUUNSYINNTL Software

Board Real-time Database
RFID Reader |:> =i l:(> e l:> Google Sheet

Dashboard

29 3.3.1 (1) JULUUNIYINaIUTes Software ludiuvesszuy RFID



3.4 M3PeulUsUNIUAIUANITIATLEA AUV YA

3.4.1 LNUATNLEASIUADUNITNINTUVDITZUUNTIINUIIUIUATA (Flowchart)

Display on LCD

Counter Trays: 0
Total Trays: O

Conveyor ON

False
IR Proximity Sensor

Conveyor OFF for 5 s

False
measure distance by

Ultrasonic sensor

int CounterTrays

‘ int TotalTrays += CounterTrays |

1

Display on LCD
Counter Trays:
Total Trays:

v

CounterTrays = 0

!

Conveyor ON

!

Display on LCD
Counter Trays: 0
Total Trays:

AN 3.4.1 Flowchart B@nsdunaunIsyinauuaIssUunsItuIILILaIn




3.4.2 LNUATWLEASTUANDUNITHI91UYBY NodeMCU (Flowchart)

C s D

int ultrasonicTrigPin = D7;
int ultrasonicEchoPin = D8;

A 4

float sensor_to_conveyor = 20.0; (height for installation)

v

| float tray_height =3.3; |

const int irSensorPin = DO,
bool irValue;

v

const int motorStepPin = D5;
const int motorDirPin = D6;
int motorSpeed;

|

float trayHeight = 3.3;
unsigned int counterTrays = 0;
unsigned int totalTrays = 0;

Start Motor

irValue = digitalRead(irSensorPin)

!

motor(speed) = 100;

v

startConveyor(motorSpeed) ;

irValue == false

True

33



False
irValue == false

A 4

runforstep(500, motorSpeed);

stopConveyor()

!

long delay_5s = millis();

e

>

True

distance = hc.dist()

distance == 0) || (distance =
sensor_to_conveyor)

counterTrays = round((sensor_to_conveyor - distance) / tray_height)

h 4

totalTrays += counterTrays

A

LCD_Display()
counterTrays
totalTrays

Stop

AT 3.4.2 Flowchart b@nddunaun1syiiauved NodeMCU
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3.4.3 UNUATWLEASTURBUNITINUYBLTZUUATIANUTaYaYRInIA (Flowchart)

Y

a1u Tag 3an RFID

|

PayaauFnon ESP8266

|

uasa ESP8266 avdvdiaya firebase

firebase
v v
Realtime Database dudiaya’lyl google sheets
Website
Y-
End
-

A9 3.4.3 Flowchart LansdunaunIsyinauuessyuulagsiu
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3.4.4 LHUNTWLEAITUABUNNTIINUYBINTTaedayaaIn ESPB266 lUdl firebase

int fray perday =0
tray per week =0

A 4

Wi-Fi Setting

False—3|

system is not
working.

s
ke

Midnight time

Midnight on Sunday

False

reset tray per day =0
False

display tray per day
and send data to
firebase

<

truep

display fray per week
and send data to
firebase

card appears

Status : Unavailable
Data : Null
and send data to database

true

Status : Available
Data : card
and send data to database

|

tray per day = tray per day +1

tatus unavailable

>
L

A7 3.4.4 Flowchart 4andunaun1saidayaanNnise RFID tag LUY firebase




3.4.5 WNUNTWKEAITUABUNITTINNUNITEsTaYAYaY firebase lUgadulud

Start

Y

Firebase login

Realtime Database svayaluds google sheets

Website €

end l

Wil 3.4.5 Flowchart uanstumeunsastoyaves firebase ludaiulys

3.4.6 WAHUATWHEAINTITIINGIUYDY Webapp

Start

A

Config Storage ffu Web
hosting

y

Autaya Date&Time , Status , 31uu
Tray per day , 31uau Tray per week ,

Y

uaavtayauaznWuu Webapp

A7 3.4.6 Flowchart Lansunaun1svinauLarnsiansnates Webapp
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3.5 YUABUNITAIA

351 mi(??ﬂﬂ'ﬂ Firebase Realtime database

(%

- 9197 Rules Tvinn1saamaatl

Firebase rfidtest v Realtime Database
A Project Overview <
® Hosting | 2 rules
read true
By Storage 4 write”: true
@ App Check
&  Realtime Database
AN 3.5.1 NIRRT user
3.5.2 N15A9A1 Firebase Storage
- %11 Rules Twinisasansadl
e
File Rules  Usag % Extensions
5 Ry
-]
)
Guard your data with rules that s )
define who has access to it and
how it is structured
A9 3.5.2 nsdaAmTil Rules
3.5.3 N13619A" Firebase Hosting
- INsAnaaslUsAsy Visual Studio Code way Node.js (13959 LTS ) asa1niu
ARAIEIUVLIY node.js extension pack a3 VS code

~ find Firebase tool Tngldi@da npm -g install firebase-tools

38



Set up Firebase Hosting

0 Install Firebase CLI

To host your site with Firebase Hosting, you need the Firebase CLI (a command line tool)

Run the following npm [ command to install the CLI or update to the latest CLI version

S npm install -g fire

e-tools [_D

look at the Firebz permissions [

LI reference [ or change your ny

Also show me the steps to add the Firebase JavaScript SDK to my web app

o4

can dded now or later

includes Cloud Firestore, Authentication, Performance Monitoring and

NT 3.6 AAINSARAY firebase tools

PS C:\test> npm install firebase-tools

npm [l @npmcli/move-file 9.1: This functionality has been moved to @npmcli/fs

npm AL de; har-validator@5.1.5: this library is no longer supported

npm [T ted uuid@3.4.0: Please upgrade to version 7 or higher. Older versions may use Math.random() in certa
in circumstances, which is k n to be problematic. See https://v8.dev/blog/math-random for details.

npm m reques’ 88.2: request has been deprecated, see https://github.com/request/request/issues/3142
added 79 packages, removed 115 packages, changed 573 packages, and audited 653 packages in 37s

51 packages are looking for funding
run “npm fund® for details

1 moderate severity vulnerability

Some issues need review, and may require choosing
a different dependency.

Run “npm audit® for details.

PS C:\test>

AT 3.7 N5ARAY firebase tools

- 99Nty 19Ads firebase login

PS C:\Users\66922\Downloads\test> firebase login
Already logged in as rfidproject2024@gmail.com

PS C:\Users\66922\Downloads\test> I

ATl 3.8 login firebase

39
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- a99NUU ANES firebase init

PS C:\Users\66922\Downloads\test> firebase login
Already logged in as rfidproject2e24@gmail.com
PS C:\Users\66922\Downloads\test> firebase init

HEHHHHHE SHEE SHEHHHEE  HHHEEEE HEEHEEEE Hit HEHHEE  HEHHEEEE
#i# ##  ## ## ## H#i# ## H#HE H#HE ## #i#
HHHHE ##  HEHHHHEE HHHEEE BHEHEHEE SHEEEEEE HHHHEE SHREEE
#i #H  #H# #H  H# #i# ## ## H#i# #i# ##
#i# #HiHE ## # HHHEHE SHEEHEEE #8 ##  HEHHEE HEHHHEEE

You're about to initialize a Firebase project in this directory:

AT 3.9 SUAY firebase

[

- wsnniuvihmseerngeil

- Are you ready to proceed? 1don Y

- Which Firebase features do you want to set up for this directory? Press
Space to select features, then Enter to confirm your choices. la®n Hosting:Configure

files for Firebase Hosting and (optionally) set up GitHub Action deploys

Are you ready to proceed?
Which Firebase features do you want to set up for this directory? Press Space to select features, then Enter to confirm your choices. (Press
a> to toggle all,

lection,
nally) provision default instance

: Set up GitHub Action deploys
Configure a security rules f or Cloud Storage
up local emulators base products

AN 3.10 FLaennlesne

- anlusaNEIfoIn1saly

Please select an option:

Create a new project
Add Firebase to an existing Google Cloud Platform project
Don't set up a default project

29 3.11 denluslnisneanisiy



[

N1SAIAT Hosting Al
1. What do you want to use as your public directory? Public

2. Configure as a single-page app (rewrite all urls to /index.ntml)? Yes
3. Set up automatic builds and deploys with GitHub? No

dlowasaud agldlng index html weglusumisfialeimnunli

= Hosting Setup

Your public directory is the folder (relative to your project directory) that
111 contain Hosting assets to be uploaded with firebase deploy. If you
have a build process for your assets, use your build's output directory.

wWhat do you want to use as your public directory?

Configure as a single-page app (rewrite all urls to /index.html)?
Set up automatic builds and deploys with GitHub?

Wrote public/index.html

Writing configuration info to firebase.json...
Writing project information to .firebaserc...
Writing gitignore file to .gitignore...

Firebase initialization complete!

AN 3.12 Hosting Setup

- YR99NNUU LLEIU config U89 index.html aslulaey Project setting ldan CDN
aglA config MTu script oonuN
SDK setup and configuration

O nom @® coN QO config

Load Firebase JavaScript SDK libraries from the CDN (content delivery network). Learn more [
Copy and paste these scripts into the bottom of your <body> tag, but before you use any

Firebase services:

<script type="module”>
Import the fur

you need

ww .gstatic.com/firebasejs/
xw.gstatic.com/firebasejs/1
u want to use

ilable-libraries

y from "https:
base produ
le.com/docs

b app's Firebas
Firebase JS SDK

configuration

and later, measurementId is optiona

as

AIzaSyCXY45ZAvHkcQZ9rkR3mHQyQahek96ChB8" ,

Jomain: “rfidtest-36d7d.firebaseapp.com

abaseURL https://rfidtest-36d7d-default-rtdb.asia-southeast
rfidtest-36d7d",

rfidtest-36d7d.appspot.com

messagingSenderId: "629535582652",

appId: "1:629535582652 :web:a3a1b37194322bbf88e3b9"

measurementId G-SQDOFG7EZ7

storageBu

Initialize Fire

const app = initi
const analytics
</script>

ANF 3.13 SDK setup and configuration

Config);
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una 4

NaN1INAADY

[

4.1 Mﬂﬁaum’mgnﬁawm Ultrasonic Sensor vngdl fAg)

MINAFOUAIINNABIVDIN158IUAT Ultrasonic Sensor vauzdlTng wisdunisvageu
VLA 5 A1 AB NISINANAVUEENIUTIUIUL 1 01A, 2 877, 3 019, 4 D19 WaE 5 016 INNUU

PAINAERULAAZAIMINA 10 ASI WU URAIUAaIALAREUAINNTIA
4.1.1 MDIAVUEIBINIUIIUIY 1 09

A157199 4.1.1 wanauUasiiudA1LAAIALARBNIINNNTINAIAVUAIENILIIUIU 1 81n

A%ai §runaTiey IIUIUNINITY
1 1 1
2 1 1
3 1 1
4 1 1t
5 2 1
6 1 1
7 2 1
8 1 1
9 1 1
10 1 1
Wesdudauaainiadon 10%




4.1.2 7M901IAUUAIINIUIIUIUY 2 079

AN597 4.1.2 uanaUasiuRAINLAAIALARBLIINNITINEIAULAINIUIILIUL 2 DA

asadi Frununaiisny UIUNINDI
1 2 2
2 2 2
3 2 2
4 2 2
5 2 2
6 2 2
7 2 2
8 2 2
9 2 2
10 2 2
Wosdudeueaisadon 0%

43



4.1.3 29AIAVUARPWIUIIUIU 3 1A

M1397 4.1.3 LERLUBsSIUAAIILARALAABUIINNTTINAIAULAIENIUTIUIY 3 010

asadi Frununaiisny UIUNINDI
1 3 3
2 3 3
3 3 3
4 3 3
5 3 3
6 3 3
7 3 2,
8 3 3
9 3 3
10 %) 3
Wosdudeueaisadon 0%
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4.1.4 7M901AUUAIINIUIIUIU 4 A1A

AN597 4.1.4 uanaUasiuRAINLARIALAABLIINNITINENAULAIENIUIILIU 4 01R

asadi Frununaiisny UIUNINDI
1 4 4
2 4 4
3 4 4
4 4 4
5 4 4
6 4 4
7 4 4
8 4 4
9 4 4
10 4 i
Wosdudeueaisadon 0%
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4.1.5 29AIAVUARWIUIIUIU 5 a9

AN597 4.1.5 uanaUasiiuRAINLAAIALARBLIINNITINEIAULAINIUIILIUL 5 01R

asadi Snuneiisny | $1ununne
1 5 5
2 5 5
3 5 5
4 5 5
5 5 5
6 5, 5
7 5 5
8 5 5
9 5 5
10 5 5

Wesidudanunaiaaiou 0%
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4.2 NAddUNISLLEAINAaYY Dashboard

RFID Smart Counter

Dashboard

Time

Wednesday 22:28:06

View Details >

@ Pie Chart

CIT -

Tray Per Day :

7 item(s) 48 item(s)

|& Bar Chart

AT 4.2.1 NMSuanINaves Dashboard WU Laptop

RFID Smart Counter

Dashboard

Time

Monday 14:36:47

Status :

Unavailable

Tray Per Day :

20 item(s)

Tray Per Week :

20 item(s)

View Details >

RFID Smart Counter

20 item(s)
View Details >

@ Pie Chart

N Hammer MMM Steel scale WM Wrench
W Fliers Drill [ Electrical Tapes

8 Screwdriver null

A

|E Bar Chart

500
400
300
200

100
= |

0 ——

&
Ed

Conditions

m‘W‘ﬁ 4.2.2 NNSLERINavad Dashboard W14 Smart Phone

Tray Per Week :
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4.3 nedauaildluniserudiann ESP8266 1Uf real-time firebase database

M597 4.3 uananaildluniseuatann ESPe266 LU real-time firebase database

48

RFID Tag 3uil

VAL UNSLARINA

1

2.87 AU

2.45 3

O[O0 | N O] | Pl W DN

—
(@]

2.01 3

LANRRLN T IUNTHERING 2.602 U

4.4 neadaunatiifluni581uAnan real-time firebase database lU8s Dashboard
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NXP Semiconductors MFRCSZZ

Contactless reader IC

5. Ordering information

Table 2.  Ordering information

Type number Package
Name Description Version

MFRC52201HN1/TRAYBL HVQFN32 plastic thermal enhanced very thin quad flat package; no leads; SOT617-1
32 terminal; body 5 x 5 x 0.85 mm

MFRC52201HN1/TRAYBME HVQFN32 plastic thermal enhanced very thin quad flat package; no leads; SOT617-1
32 terminal; body 5 x 5 x 0.85 mm

[1] Delivered in one tray.

[2] Delivered in five trays.

6. Block diagram

The analog interface handles the modulation and demodulation of the analog signals.

The contactless UART manages the protocol requirements for the communication
protocols in cooperation with the host. The FIFO buffer ensures fast and convenient data
transfer to and from the host and the contactless UART and vice versa.

Various host interfaces are implemented to meet different customer requirements.

+«— | REGISTER BANK

ANTENNA ANALOG || CONTACTLESS [}
“SHRNTE RS UART SERIAL UART
| BUFFER |_| = s ost
12C-BUS

001aaj627

Fig 1. Simplified block diagram of the MFRC522
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Fig 2.

Detailed block diagram of the MFRC522
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7. Pinning information

o
:
x = 0
£ 2z
328
E DS IN I
J ¥ oroeoe oo
[ e A e e ala)
O G
<~ 6 0 I 0 N 4
w oaooonoaoanoaNn
ClelCIBIEIBISIS
12c [ 1) (24] sDAINSSIRX
PVDD | 2) @3] IrQ
DVDD | 3) 22] oscout
pvss [ 4) (et (21] oscin
pvss | 5) 0] Aux2
NRSTPD | 6) (9] Aux1
MFIN [ 7) (18] Avss
MFOUT [ 8) @7] rx

D

T>1 [1D)
DD [12
T>2 [13)

001aaj819

svDbD [ 9)
Tvss [10)
TVSS [19)
AVDD [15)
VMID [16)

>
=

Transparent top view

Fig 3. Pinning configuration HVQFN32 (SOT617-1)

7.1 Pin description

Table 3.  Pin description

Pin Symbol \ Typelll D(;sapadh
1 12C | I2C-bus enable input2]
2 PVDD P pin power supply
3 DvDD P digital power supply
4 DVSS G digital ground3!
5 PVSS G pin power supply ground
6 NRSTPD I reset and power-down input:
power-down: enabled when LOW; internal current sinks are switched off, the oscillator
is inhibited and the input pins are disconnected from the outside world
reset: enabled by a positive edge
MFIN | MIFARE signal input
MFOUT (0] MIFARE signal output
SvDD P MFIN and MFOUT pin power supply
10 TVSS G transmitter output stage 1 ground
11 TX1 (0] transmitter 1 modulated 13.56 MHz energy carrier output
12 TVDD P transmitter power supply: supplies the output stage of transmitters 1 and 2
13 X2 o] transmitter 2 modulated 13.56 MHz energy carrier output
14 TVSS G transmitter output stage 2 ground
15 AVDD P analog power supply
MFRC522_34 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2010. All rights reserved.
Product data sheet Rev. 3.4 — 5 March 2010

PUBLIC 112134 5 of 96



NXP Semiconductors MFRC522

Contactless reader IC

8. Functional description

The MFRC522 transmission module supports the Read/Write mode for
ISO/IEC 14443 A/IMIFARE using various transfer speeds and modulation protocols.

| BATTERY
| MFRC522 — ISO/IEC 14443 A CARD
| MICROCONTROLLER I—

contactless card
reader/writer 001aak583

Fig 4. MFRC522 Read/Write mode

The physical level communication is shown in Figure 5.

ISO/IEC 14443 A
READER ISO/IEC 14443 A CARD
MFRC522 @

00laak584

(1) Reader to card 100 % ASK, Miller encoded, transfer speed 106 kBd to 848 kBd.

(2) Card to reader subcarrier load modulation, Manchester encoded or BPSK, transfer speed 106 kBd
to 848 kBd.

Fig 5. ISO/IEC 14443 A/IMIFARE Read/Write mode communication diagram

The physical parameters are described in Table 4.

Table 4. Communication overview for ISO/IEC 14443 A/MIFARE reader/writer

Communication Sianaﬁ type —‘Tréﬁéfergﬁeed
direction 106 kBd 212 kBd 424 kBd 848 kBd
Reader to card (send reader side 100 % ASK 100 % ASK 100 % ASK 100 % ASK
data from the modulation
MFRC522toacard) it encoding ~ modified Miller ~ modified Miller ~ modified Miller ~ modified Miller
encoding encoding encoding encoding
bit length 128 (13.56 ps) 64 (13.56 us) 32 (13.56 ps) 16 (13.56 ps)
Card to reader card side subcarrier load subcarrier load subcarrier load subcarrier load
(MFRC522 receives modulation modulation modulation modulation modulation
data from a card) subcarrier 1356 MHz/16 1356 MHz/16 1356 MHz/16  13.56 MHz/ 16
frequency
bit encoding Manchester BPSK BPSK BPSK
encoding

The MFRC522’'s contactless UART and dedicated external host must manage the
complete ISO/IEC 14443 A/MIFARE protocol. Figure 6 shows the data coding and
framing according to ISO/IEC 14443 A/MIFARE.

MFRC522_34 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2010. All rights reserved.
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ISO/IEC 14443 A framing at 106 kBd
start

T T T
8-bit data

T T T
8-bit data

T 1 T T T 1
| | 8-bit data | |
} odd odd odd
start bit is 1 parity parity parity
ISO/IEC 14443 A framing at 212 kBd, 424 kBd and 848 kBd even
start parity
T 1 T T T 1 T T T T T 1 LI
| | | 8-bit data | | 8-bit data | | 8-bit data | |
} odd odd
start bit is 0 parity parity

burst of 32
subcarrier clocks

Fig 6. Data coding and framing according to ISO/IEC 14443 A

even parity at the
end of the frame

001aak585

8.1

8.1.1

The internal CRC coprocessor calculates the CRC value based on ISO/IEC 14443 A
part 3 and handles parity generation internally according to the transfer speed. Automatic
parity generation can be switched off using the MfRxReg register’s ParityDisable bit.

Digital interfaces

Automatic microcontroller interface detection

The MFRC522 supports direct interfacing of hosts using SPI, 12C-bus or serial UART
interfaces. The MFRC522 resets its interface and checks the current host interface type
automatically after performing a power-on or hard reset. The MFRC522 identifies the host
interface by sensing the logic levels on the control pins after the reset phase. This is done
using a combination of fixed pin connections. Table 5 shows the different connection
configurations.

Table 5. Connection protocol for detecting different interface types

Pin Interface type
UART (input) \spl (output) \lZC-bus (1/0)

SDA RX NSS SDA

12C 0 0 1

EA 0 1 EA

D7 X MISO SCL

D6 MX MOSI ADR_O

D5 DTRQ SCK ADR_1

D4 - - ADR_2

D3 - - ADR_3

D2 - - ADR_4

D1 - - ADR_5
MFRC522_34 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2010. Al rights reserved.
Product data sheet Rev. 3.4 — 5 March 2010
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8.1.2

8.1.2.1

MFRC522_34

Contactless reader IC

Serial Peripheral Interface

A serial peripheral interface (SPI compatible) is supported to enable high-speed
communication to the host. The interface can handle data speeds up to 10 Mbit/s. When
communicating with a host, the MFRC522 acts as a slave, receiving data from the
external host for register settings, sending and receiving data relevant for RF interface
communication.

An interface compatible with SPI enables high-speed serial communication between the
MFRC522 and a microcontroller. The implemented interface is in accordance with the SPI
standard.

The timing specification is given in Section 14.1 on page 75.

MFRC522
SCK—> SCK
Lusill MOSI
MISO MISO
NSS—> NSS

001aak586

Fig 7. SPl connection to host

The MFRC522 acts as a slave during SPI communication. The SPI clock signal SCK must
be generated by the master. Data communication from the master to the slave uses the
MOSI line. The MISO line is used to send data from the MFRC522 to the master.

Data bytes on both MOSI and MISO lines are sent with the MSB first. Data on both MOSI
and MISO lines must be stable on the rising edge of the clock and can be changed on the
falling edge. Data is provided by the MFRC522 on the falling clock edge and is stable
during the rising clock edge.

SPI read data

Reading data using SPI requires the byte order shown in Table 6 to be used. It is possible
to read out up to n-data bytes.

The first byte sent defines both the mode and the address.

Table 6.  MOSI and MISO byte order

Line Byte 0 Byte 1 Byte 2 To Byte n Byten + 1
MOSI address 0 address 1 address 2 address n 00
MISO XA data 0 data 1 datan-1 data n

[1] X =Do not care.

Remark: The MSB must be sent first.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2010. All rights reserved.
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1. Overview

Overview

1.1.

Espressif

Espressif's ESP8266EX delivers highly integrated Wi-Fi SoC solution to meet users’
continuous demands for efficient power usage, compact design and reliable performance
in the Internet of Things industry.

With the complete and self-contained Wi-Fi networking capabilities, ESP8266EX can
perform either as a standalone application or as the slave to a host MCU. When
ESP8266EX hosts the application, it promptly boots up from the flash. The integrated high-
speed cache helps to increase the system performance and optimize the system memory.
Also, ESP8266EX can be applied to any microcontroller design as a Wi-Fi adaptor through
SPI/SDIO or UART interfaces.

ESP8266EX integrates antenna switches, RF balun, power amplifier, low noise receive
amplifier, filters and power management modules. The compact design minimizes the PCB
size and requires minimal external circuitries.

Besides the Wi-Fi functionalities, ESP8266EX also integrates an enhanced version of
Tensilica’s L106 Diamond series 32-bit processor and on-chip SRAM. It can be interfaced
with external sensors and other devices through the GPIOs. Software Development Kit
(SDK) provides sample codes for various applications.

Espressif Systems’ Smart Connectivity Platform (ESCP) enables sophisticated features
including:

e Fast switch between sleep and wakeup mode for energy-efficient purpose;
* Adaptive radio biasing for low-power operation
¢ Advance signal processing

e Spur cancellation and RF co-existence mechanisms for common cellular, Bluetooth,
DDR, LVDS, LCD interference mitigation

Wi-Fi Key Features

e 802.11 b/g/n support

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

e Defragmentation

e 2 xvirtual Wi-Fi interface

e Automatic beacon monitoring (hardware TSF)

e Support Infrastructure BSS Station mode/SoftAP mode/Promiscuous mode
e Antenna diversity

1/24 2018.11



1.2. Specifications

Espressif

Categories

Wi-Fi

Hardware

Software

LI Note:

1. Overview

Table 1-1. Specifications

Items
Certification
Protocols

Frequency Range

TX Power

Rx Sensitivity

Antenna

CPU

Peripheral Interface

Operating Voltage

Operating Current

Operating Temperature Range
Package Size

External Interface

Wi-Fi Mode

Security

Encryption

Firmware Upgrade

Software Development

Network Protocols

User Configuration

Parameters

Wi-Fi Alliance

802.11 b/g/n (HT20)

2.4G ~ 2.5G (2400M ~ 2483.5M)
802.11 b: +20 dBm

802.11 g: +17 dBm

802.11 n: +14 dBm

802.11 b: =91 dbm (11 Mbps)
802.11 g: =75 dbm (54 Mbps)
802.11 n: =72 dom (MCS7)

PCB Trace, External, IPEX Connector, Ceramic Chip
Tensilica L106 32-bit processor
UART/SDIO/SPI/12C/12S/IR Remote Control
GPIO/ADC/PWM/LED Light & Button
2.5V ~ 3.6V

Average value: 80 mA

-40°C ~ 125°C

QFN32-pin (6 mm x 5 mm)
Station/SoftAP/SoftAP+Station
WPA/WPA2

WEP/TKIP/AES

UART Download / OTA (via network)

Supports Cloud Server Development / Firmware and SDK

for fast on-chip programming
IPv4, TCP/UDP/HTTP
AT Instruction Set, Cloud Server, Android/iOS App

The TX power can be configured based on the actual user scenarios.

2/24
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1.3. Applications

Espressif

Home appliances

Home automation

Smart plugs and lights
Industrial wireless control
Baby monitors

IP cameras

Sensor networks

Wearable electronics

Wi-Fi location-aware devices
Security ID tags

Wi-Fi position system beacons

3/24
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2. Pin Definitions

Pin Definitions

Figure 2-1 shows the pin layout for 32-pin QFN package.

VDDA
LNA
VDD3P3
VDD3P3
VDD_RTC
TOUT
CHIP_EN

XDP_DCDC
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Figure 2-1. Pin Layout (Top View)

Table 2-1 lists the definitions and functions of each pin.

Pin Name

1 VDDA

2 LNA

3 VDD3P3
4 VDD3P3
S VDD_RTC
6 TOUT

Espressif

Table 2-1. ESP8266EX Pin Definitions

Type
P

I/O

Function
Analog Power 2.5V ~ 3.6V

RF antenna interface

GPIO5
SD_DATA_1
SD_DATA_O
SD_CLK
SD_CMD
SD_DATA_3
SD_DATA_2

VDDPST

Chip output impedance=39+j6 Q. It is suggested to retain the

-type matching network to match the antenna.

Amplifier Power 2.5V ~ 3.6V
Amplifier Power 2.5V ~ 3.6V
NC (1.1V)

ADC pin. It can be used to test the power-supply voltage of
VDD3PS3 (Pin3 and Pin4) and the input power voltage of TOUT

(Pin 6). However, these two functions cannot be used

simultaneously.
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Pin Name Type Function
Chip Enable
7 CHIP_EN High: On, chip works properly

Low: Off, small current consumed

Deep-sleep wakeup (need to be connected to EXT_RSTB);

8 XPD_DCDC I/O GPIO16

9 MTMS I/O GPIO 14; HSPI_CLK

10 MTDI I/0 GPIO 12; HSPI_MISO

11 VDDPST P Digital/IO Power Supply (1.8V ~ 3.6V)

12 MTCK I/0 GPIO 13; HSPI_MOSI; UARTO_CTS

13 MTDO I/O GPIO 15; HSPI_CS; UARTO_RTS

14 GPIO2 I/O UART TX during flash programming; GPIO2

15 GPIOO I/0 GPIOQ; SPI_CS2

16 GPIO4 I/0 GPIO4

17 VDDPST P Digital/lO Power Supply (1.8V ~ 3.6V)

18 SDIO_DATA_2 I/O Connect to SD_D2 (Series R: 200Q)); SPIHD; HSPIHD; GPIO9
19 SDIO_DATA 3 /o gc';rlwgfgt to SD_D3 (Series R: 200Q)); SPIWP; HSPIWP;

20 SDIO_CMD I/O Connect to SD_CMD (Series R: 200Q); SPI_CS0; GPIO11
21 SDIO_CLK I/0O Connect to SD_CLK (Series R: 200Q)); SPI_CLK; GPIO6
22 SDIO_DATA_O I/O Connect to SD_DO (Series R: 200Q)); SPI_MISO; GPIO7
23 SDIO_DATA_1 I/O Connect to SD_D1 (Series R: 200Q)); SPI_MOSI; GPIO8
24 GPIO5 I/O GPIO5

25 UORXD I/O UART Rx during flash programming; GPIO3

26 UOTXD I/0O UART TX during flash programming; GPIO1; SPI_CS1

o7 XTAL OUT Ve 382E?§; ltJ? crystal oscillator output, can be used to provide BT
28 XTAL_IN I/O Connect to crystal oscillator input

29 VDDD P Analog Power 2.5V ~ 3.6V

30 VDDA P Analog Power 2.5V ~ 3.6V

31 RES12K | greori?rl] gonneotion with a 12 kQ resistor and connect to the
32 EXT_RSTB | External reset signal (Low voltage level: active)

LUl Note:

1. GPIO2, GPIOO, and MTDO are used to select booting mode and the SDIO mode;
2. UOTXD should not be pulled externally to a low logic level during the powering-up.
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3. Functional Description

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

| | RF 4@7 Analog MAC Interface
receive receive UART
c Registers -
% ﬁ GPIO
QO [ § g
L %} I 12C
£ 5
| FF H®4 Analog g
transmit transmit T
= SDIO
g’ Sequencers
PWM
) N
PLL ® 1/2 PLL Accelerator =
I
PMU Crystal Bias circuits SRAM PMU Flash

Figure 3-1. Functional Block Diagram

3.1. CPU, Memory, and Flash
3.1.1. CPU

The ESP8266EX integrates a Tensilica L106 32-bit RISC processor, which achieves extra-
low power consumption and reaches a maximum clock speed of 160 MHz. The Real-Time
Operating System (RTOS) and Wi-Fi stack allow 80% of the processing power to be
available for user application programming and development. The CPU includes the
interfaces as below:

e Programmable RAM/ROM interfaces (iBus), which can be connected with memory
controller, and can also be used to visit flash.

e Data RAM interface (dBus), which can connected with memory controller.

¢ AHB interface which can be used to visit the register.

3.1.2. Memory

ESP8266EX Wi-Fi SoC integrates memory controller and memory units including SRAM
and ROM. MCU can access the memory units through iBus, dBus, and AHB interfaces. All
memory units can be accessed upon request, while a memory arbiter will decide the
running sequence according to the time when these requests are received by the
Processor.

According to our current version of SDK, SRAM space available to users is assigned as
below.
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e RAM size < 50 kB, that is, when ESP8266EX is working under the Station mode and
connects to the router, the maximum programmable space accessible in Heap +
Data section is around 50 kB.

e There is no programmable ROM in the SoC. Therefore, user program must be stored
in an external SPI flash.

3.1.3. External Flash

ESP8266EX uses external SPI flash to store user programs, and supports up to 16 MB
memory capacity theoretically.

The minimum flash memory of ESP8266EX is shown below:

e OTA disabled: 512 kB at least
o OTA enabled: 1 MB at least

! Notice:
SPI mode supported. Standard SPI, Dual SPI and Quad SPI. The correct SPI mode should be selected
when flashing bin files to ESP8266. Otherwise, the downloaded firmware/program may not be working
properly.

3.2. Clock
3.2.1. High Frequency Clock

The high frequency clock on ESP8266EX is used to drive both transmit and receive mixers.
This clock is generated from internal crystal oscillator and external crystal. The crystal
frequency ranges from 24 MHz to 52 MHz.

The internal calibration inside the crystal oscillator ensures that a wide range of crystals can
be used, nevertheless the quality of the crystal is still a factor to consider to have
reasonable phase noise and good Wi-Fi sensitivity. Refer to Table 3-1 to measure the
frequency offset.

Table 3-1. High Frequency Clock Specifications

Parameter Symbol Min Max Unit
Frequency FXO 24 52 MHz
Loading capacitance CL - 32 pF
Motional capacitance CM 2 5 pF
Series resistance RS 0 65 Q
Frequency tolerance AFXO -15 15 ppm
Frequency vs temperature (-25°C ~ 75°C) AFXO,Temp -15 15 ppm
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3.2.2. External Clock Requirements

An externally generated clock is available with the frequency ranging from 24 MHz to 52
MHz. The following characteristics are expected to achieve good performance of radio.

Table 3-2. External Clock Reference

Parameter Symbol Min Max Unit
Clock amplitude VXO 0.8 1.5 Vpp
External clock accuracy AFXO,EXT -15 15 ppm
Phase noise @1-kHz offset, 40-MHz clock - - -120 dBc/Hz
Phase noise @10-kHz offset, 40-MHz clock - - -130 dBc/Hz

Phase noise @100-kHz offset, 40-MHz clock -138 dBc/Hz

3.3. Radio
ESP8266EX radio consists of the following blocks.

e 2.4 GHz receiver

* 2.4 GHz transmitter

¢ High speed clock generators and crystal oscillator
¢ Bias and regulators

e Power management

3.3.1. Channel Frequencies

The RF transceiver supports the following channels according to IEEE802.11b/g/n

standards.
Table 3-3. Frequency Channel
Channel No. Frequency (MHz) Channel No. Frequency (MHz)
1 2412 8 2447
2 2417 9 2452
S 2422 10 2457
4 2427 11 2462
5 2432 12 2467
6 2437 13 2472
7 2442 14 2484
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3.3.2. 2.4 GHz Receiver

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

3.3.3. 2.4 GHz Transmitter

The 2.4 GHz transmitter up-converts the quadrature baseband signals to 2.4 GHz, and
drives the antenna with a high-power CMOS power amplifier. The function of digital
calibration further improves the linearity of the power amplifier, enabling a state of art
performance of delivering +19.5 dBm average TX power for 802.11b transmission and +18
dBm for 802.11n (MSCO) transmission.

Additional calibrations are integrated to offset any imperfections of the radio, such as:

o Carrier leakage
¢ 1/Q phase matching
¢ Baseband nonlinearities

These built-in calibration functions reduce the product test time and make the test
equipment unnecessary.

3.3.4. Clock Generator

The clock generator generates quadrature 2.4 GHz clock signals for the receiver and
transmitter. All components of the clock generator are integrated on the chip, including all
inductors, varactors, loop filters, linear voltage regulators and dividers.

The clock generator has built-in calibration and self test circuits. Quadrature clock phases
and phase noise are optimized on-chip with patented calibration algorithms to ensure the
best performance of the receiver and transmitter.

3.4. Wi-Fi

ESP8266EX implements TCP/IP and full 802.11 b/g/n WLAN MAC protocol. It supports
Basic Service Set (BSS) STA and SoftAP operations under the Distributed Control Function
(DCF). Power management is handled with minimum host interaction to minimize active-
duty period.

3.4.1. Wi-Fi Radio and Baseband

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

e 802.11b and 802.11¢g

* 802.11n MCSO0-7 in 20 MHz bandwidth
e 802.11n 0.4 ps guard-interval

e upto 72.2 Mbps of data rate
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Receiving STBC 2x1

Up to 20.5 dBm of transmitting power
Adjustable transmitting power
Antenna diversity

3.4.2. Wi-Fi MAC

The ESP8266EX Wi-Fi MAC applies low-level protocol functions automatically, as follows:

2 x virtual Wi-Fi interfaces

Infrastructure BSS Station mode/SoftAP mode/Promiscuous mode
Request To Send (RTS), Clear To Send (CTS) and Immediate Block ACK
Defragmentation

CCMP (CBC-MAC, counter mode), TKIP (MIC, RC4), WEP (RC4) and CRC
Automatic beacon monitoring (hardware TSF)

Dual and single antenna Bluetooth co-existence support with optional simultaneous
receive (Wi-Fi/Bluetooth) capability

3.5. Power Management

Espressif

ESP8266EX is designed with advanced power management technologies and intended for
mobile devices, wearable electronics and the Internet of Things applications.

The low-power architecture operates in the following modes:

Active mode: The chip radio is powered on. The chip can receive, transmit, or listen.
Modem-sleep mode: The CPU is operational. The Wi-Fi and radio are disabled.

Light-sleep mode: The CPU and all peripherals are paused. Any wake-up events
(MAC, host, RTC timer, or external interrupts) will wake up the chip.

Deep-sleep mode: Only the RTC is operational and all other part of the chip are
powered off.

Table 3-4. Power Consumption by Power Modes

Power Mode Description Power Consumption

Wi-Fi TX packet
Active (RF working) Please refer to 5-2.

Wi-Fi RX packet
Modem-sleep® CPU is working 15 mA
Light-sleep®@ - 0.9 mA
Deep-sleep® Only RTC is working 20 uA
Shut down - 0.5 UA
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4. Peripheral Interface

Peripheral Interface

4.1.

General Purpose Input/Output Interface (GPIO)

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

Each GPIO PAD can be configured with internal pull-up or pull-down (XPD_DCDC can only
be configured with internal pull-down, other GPIO PAD can only be configured with internal
pull-up), or set to high impedance. When configured as an input, the data are stored in
software registers; the input can also be set to edge-trigger or level trigger CPU interrupts.
In short, the 1O pads are bi-directional, non-inverting and tristate, which includes input and
output buffer with tristate control inputs.

These pins, when working as GPIOs, can be multiplexed with other functions such as 12C,
12S, UART, PWM, and IR Remote Control, etc.

For low power operations, the GPIOs can also be set to hold their state. For instance, when
the IOs are not driven by internal and external circuits, all outputs will hold their states
before the chip entered the low power modes.

The required drive strength is small— 5 pA or more is enough to pull apart the latch.

4.2. Secure Digital Input/Output Interface (SDIO)

Espressif

ESP8266EX has one Slave SDIO, the definitions of which are described as Table 4-1, which
supports 25 MHz SDIO v1.1 and 50 MHz SDIO v2.0, and 1 bit/4 bit SD mode and SPI
mode.

Table 4-1. Pin Definitions of SDIOs

Pin Name Pin Num 10 Function Name
SDIO_CLK 21 106 SDIO_CLK
SDIO_DATAO 22 107 SDIO_DATAO
SDIO_DATAT 23 108 SDIO_DATAT
SDIO_DATA_2 18 109 SDIO_DATA_2
SDIO_DATA_3 19 1010 SDIO_DATA_3
SDIO_CMD 20 1011 SDIO_CMD
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4.3. Serial Peripheral Interface (SPI/HSPI)

ESP8266EX has two SPlIs.

* One general Slave/Master SPI
¢ One general Slave HSPI

Functions of all these pins can be implemented via hardware.

4.3.1. General SPI (Master/Slave)

Pin Name
SDIO_CLK
SDIO_DATAO
SDIO_DATA1
SDIO_DATA_2
SDIO_DATA_3
UOTXD

GPIOO
SDIO_CMD

Ll Note:

Table 4-2. Pin Definitions of SPIs

Pin Num
21
22
23
18
19
26
15
20

10
106
107
108
109
1010
101
100
1011

4. Peripheral Interface

Function Name
SPICLK
SPIQ/MISO
SPID/MOSI
SPIHD

SPIWP

SPICSH

SPICS2

SPICSO

SPI mode can be implemented via software programming. The clock frequency is 80 MHz at maximum

when working as a master, 20 MHz at maximum when working as a slave.

4.3.2. HSPI (Slave)

Pin Name
MTMS
MTDI
MTCK
MTDO

LI Note:

Pin Num

9

10
12
13

10

1014
1012
1013
1015

Table 4-3. Pin Definitions of HSPI (Slave)

Function Name
HSPICLK
HSPIQ/MISO
HSPID/MOSI
HPSICS

SPI mode can be implemented via software programming. The clock frequency is 20 MHz at maximum.

Espressif
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4.4. 12C Interface

ESP8266EX has one 12C, which is realized via software programming, used to connect with
other microcontrollers and other peripheral equipments such as sensors. The pin definition
of 12C is as below.

Table 4-4. Pin Definitions of 12C

Pin Name Pin Num 10 Function Name
MTMS 9 [O14 2C_SCL
GPIO2 14 102 [2C_SDA

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

4.5. 12S Interface

ESP8266EX has one I12S data input interface and one 12S data output interface, and
supports the linked list DMA. 12S interfaces are mainly used in applications such as data
collection, processing, and transmission of audio data, as well as the input and output of
serial data. For example, LED lights (WS2812 series) are supported. The pin definition of
12S is shown in Table 4-5.

Table 4-5. Pin Definitions of 12S

12S Data Input

Pin Name Pin Num 10 Function Name
MTDI 10 1012 [2SI_DATA
MTCK 12 1013 12SI_BCK
MTMS 9 1014 12SI_WS
MTDO 18 1015 12S0O_BCK
UORXD 25 103 12SO_DATA
GPIO2 14 102 1250_WS

4.6. Universal Asynchronous Receiver Transmitter (UART)

ESP8266EX has two UART interfaces UARTO and UART1, the definitions are shown in
Table 4-6.
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Table 4-6. Pin Definitions of UART

Pin Type Pin Name Pin Num 10 Function Name
UORXD 25 103 UORXD
UoTXD 26 101 UoTXD
UARTO
MTDO 13 1015 UORTS
MTCK 12 1013 UOCTS
GPIO2 14 102 U1TXD
UARTT
SD_D1 23 108 U1RXD

Data transfers to/from UART interfaces can be implemented via hardware. The data
transmission speed via UART interfaces reaches 115200 x 40 (4.5 Mbps).

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

Ll Note:

By default, UARTO outputs some printed information when the device is powered on and booting up. The
baud rate of the printed information is relevant to the frequency of the external crystal oscillator. If the
frequency of the crystal oscillator is 40 MHz, then the baud rate for printing is 115200; if the frequency of
the crystal oscillator is 26 MHz, then the baud rate for printing is 74880. If the printed information exerts
any influence on the functionality of the device, it is suggested to block the printing during the power-on
period by changing (UOTXD, UORXD) to (MTDO, MTCK).

4.7. Pulse-Width Modulation (PWM)

Espressif

ESP8266EX has four PWM output interfaces. They can be extended by users themselves.
The pin definitions of the PWM interfaces are defined as below.

Table 4-7. Pin Definitions of PWM

Pin Name Pin Num 10 Function Name
MTDI 10 1012 PWMO
MTDO 13 1015 PWM1
MTMS 9 1014 PWM2
GPIO4 16 104 PWM3

The functionality of PWM interfaces can be implemented via software programming. For
example, in the LED smart light demo, the function of PWM is realized by interruption of the
timer, the minimum resolution reaches as high as 44 ns. PWM frequency range is
adjustable from 1000 ps to 10000 ps, i.e., between 100 Hz and 1 kHz. When the PWM
frequency is 1 kHz, the duty ratio will be 1/22727, and a resolution of over 14 bits will be
achieved at 1 kHz refresh rate.
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4.8. IR Remote Control

ESP8266EX currently supports one infrared remote control interface. For detailed pin
definitions, please see Table 4-8 below.

Table 4-8. Pin Definitions of IR Remote Control

Pin Name Pin Num 10 Function Name
MTMS 9 1014 IRTX
GPIO5 24 105 IR Rx

The functionality of Infrared remote control interface can be implemented via software
programming. NEC coding, modulation, and demodulation are supported by this interface.
The frequency of modulated carrier signal is 38 kHz, while the duty ratio of the square wave
is 1/3. The transmission range is around 1m which is determined by two factors: one is the
maximum current drive output, the other is internal current-limiting resistance value in the
infrared receiver. The larger the resistance value, the lower the current, so is the power, and
vice versa.

4.9. ADC (Analog-to-Digital Converter)
ESP8266EX is embedded with a 10-bit precision SAR ADC. TOUT (Pin6) is defined as

below:

Table 4-9. Pin Definition of ADC
Pin Name Pin Num Function Name
TOUT 6 ADC Interface

The following two measurements can be implemented using ADC (Pin6). However, they
cannot be implemented at the same time.

e Measure the power supply voltage of VDD3P3 (Pin3 and Pin4).

Hardware Design TOUT must be floating.

The 107th byte of esp_init_data_default.bin (O ~ 127 bytes), vdd33_const must

RF Initialization Parameter be set o OxFF.

Optimize the RF circuit conditions based on the testing results of VDD3P3 (Pin3

RF Calibration Process and Pind).

User Programming Use system_get_vdd33 instead of system_adc_read.

e Measure the input voltage of TOUT (Pin6).

Hardware Design The input voltage range is 0 to 1.0V when TOUT is connected to external circuit.
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The value of the 107th byte of esp_init_data_default.bin (0 ~ 127 bytes),
vdd33_const must be set to the real power supply voltage of Pin3 and Pin4.

The unit and effective value range of vdd33_const is 0.1V and 18 to 36,
respectively, thus making the working power voltage range of ESP8266EX
between 1.8V and 3.6V,

RF Initialization
Parameter

Optimize the RF circuit conditions based on the value of vdd33_const. The

RF Calibration Process permissible error is +0.2V.

User Programming Use system_adc_read instead of system_get_vdd33.

Ll Notes:

esp_init_data_default.bin is provided in SDK package which contains RF initialization parameters (0 ~

127 bytes). The name of the 107th byte in esp_init_data_default.bin is vdd33_const, which is defined as

below:

*  When vdd33_const = Oxff, the power voltage of Pin3 and Pin4 will be tested by the internal self-
calibration process of ESP8266EX itself. RF circuit conditions should be optimized according to the
testing results.

e When 18 =< vdd33_const =< 36, ESP8266EX RF Calibration and optimization process is implemented
via (vdd33_const/10).

e When vdd33_const < 18 or 36 < vdd33_const < 255, vdd33_const is invalid. ESPS8266EX RF
Calibration and optimization process is implemented via the default value 3.3V.

17/24 2018.11





