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Abstract

This thesis aims to design and develop a mobile trash cart that can
autonomously follow the user and be controlled and monitored through a web
application accessible via smartphones or tablets. In designing and developing the
mobile trash cart, the ESP32 board is utilized for wireless data transmission, serving as
a communication bridge between the web application and the control board via Wi-
Fi. The ESP32-CAM module is used to detect specified colors, which determine the
movement of the cart the mobile trash cart features two operating modes: automatic
and manual, both of which can be controlled through the web application during
operation. In automatic mode, users can select a specific color via the web
application to activate the cart's tracking behavior The system is configured to
recognize three preset colors: red, blue, and purple. Users can choose a suitable
color based on the environmental conditions of the application area the web
application also displays various data metrics, including the weight being carried by
the cart supporting loads of no less than 50 kilogramsthe battery voltage level, and
the total distance traveled by the cart. The cart is capable of operating for no less
than 30 minutes per charge the results from testing the user-following mobile trash
cart show that the cart performs efficiently and is suitable for practical use, as well as

for various everyday applications.

Keywords: Aotonomous Trash Collecting Robot Following User, web application,

autonomous operation, Wi-Fi, application integration
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Viare fo ussnulwiuvasdnenasanunseuanss (as)
0.8  fa Uszandnmnisanenssualiivesunasarendsaului

mMsmwvvuInasliilaainaunis

_ZxLxI
T KxVd

il A #e fufiwindaangln (mm?)
L @e anmemasli (wes lU-ndu Ao x2)
I fe nszualvian (A)
K #o finsiivesaneveuns = 56 (§ldan S))

Vd #e usesusnaseufisenlsiin (0.03 x RAALSIFLLUALADS)



2.2 nquijiiiades

wowmaslii (Motor) fie wdasnalwilviminiwdsundsaulnfi i dundsauna
lngaAEnannInALaNANTRIEUINLLIIAAN

nanmMsiursNaneInszualiiing

dlednelnihnssuansslituuewed nszualwihavivadnluluvaainauiuuivén
(Field coil) a¥vauuimantamile 16Ty waznszualwihdnarunisasivariiuudsediu
uazaufummesiiluluramnerfuesnssduliiAnduussininiusoy q dnes
wwe$ waniduusuaiminiionsunassiashuindenfuduusauiminiidauingn vildian

wsawanTuvusinhesuees dwaliorsuaeivyulule Aamsveuseiifiadumlnlagly

13 14
=

nglagreveananils (Fleming left hand rule) usefiiinduiiagaglunuinaminiuiduns
wiwdnuaznszuailvaciuludauniu

= ¢

JUN 2.1 ¥9a90919
(fian : http://ms.pktc.ac.th/files/76384_18062313135103.pdf)

wivesifinszualnilvauazinvegluauiuuiman

nsSuuuemesiihnsuanss

nMsisudunamesluiinszuanss weannszualwiiluensiuaey uagildiie
ussdasumyy FsluvaziSuduueimesaznuindnseualiihdnuinnlvaiuensiunaes
\lesndanusudugudvililisiussiulviiiundy (Back ennf.) wiaussiulwilndy
ndudugud mnemmuiumueserfuesiimdunnyszina 0.05-0.5 Teviu il
nszualwihlvaniuenfunsesidusiuiuinn SohlinssualwihGuduvesweimesasiiang
nANsEuaduRiafe 15 i1 Fefidunnneiasviliuusenuuazreniamneitiye
yamnefuaeilvsl vawmesliuAnaudsme ussiuliihiselifunemesandama
nsgnuiulvaniieglndifes

NMINAUTIAN MUY TN TEwan TS

nMsnauiienvyuveitaweiihnsswanseluausavila 2 35 fe
1. Wasufimmanseualidilasiuerfuees



2. Wasuiienanssualwihilvasiueeanauiuusivan
uaweslrinssuansiuliansanduiiamanmnaulflasnisaduitansvesweme sl
wszavilinsruadlvanuiiensuiesuasvnainauiuwindnuasufienslundeusy
Junalivawasmyulufianiaiy

nMsndumavyuraseimasiinssuansuvaynsy vhldlasldnmsivdeuiianie
nszualnii nan1ue151u1903 wavn15.Ua suilantensualaini nanuvaadn
AUULILMAN

YAFIATI AN A YRR AT
+T +$
unasduluida \v unaainglybin (
NILUART NTUART

ﬂﬁ ) ?W‘iﬂ'l‘iﬂﬁ‘t.l?l']\‘lmmﬂﬂ\‘mﬂWli)‘ﬁ‘ﬂﬁﬁﬂ‘ivLLEW]‘NLLUU@Uﬂ‘ﬁJIﬂEJLUaFJUVIFIWN
nszualihiilvasiueduiaes
(- http://rms.pktc.ac.th/files/76384 18062313135103.pdf)

YRR ATIAN AP

: - :
YARIPTIAN AP
unasinalyiia \ unashnulviin {

NIBUANII NITUARTY

R R

‘L’ﬁ 2.3 ’Nﬁl‘iﬂﬁ‘iﬂﬁ‘uqﬂﬂx‘mﬂﬂﬂa\‘lﬁlaLG]E]‘?LW“NWﬂ‘i”LLEW]‘NLLUUaUﬂﬁJIﬂEJLUﬁE}UVIﬁWN

nszualnihiiluasiusnanauuaivgn
(- http://rms.pktc.ac.th/files/76384 18062313135103.pdf)
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N13Na UMY UTBINBRRT N InTTLansauvIuIL taeldnisiud suiianig

nszualnihdilvaniuensuinass wasmsidsuiirmanseualnihfilvasuvnalauiuutvan

719 2 35 elyaindanstiduanani (DPDT Switch)

+ L
uvasw i I'unmﬂ >?< awminau
NILUARTY Fustias ® e FiAnImiu
2150903

(n) Wasunienanszualwiilvaswinuersweedlaslvaintassvrdvasinig

+

uuasanw iy
NIEUARTY

>< amindu
?® 9 Aanwyu

VAAIA

Fudvias P
p13uned

(9) Wavunemanszualuihflvaritueeanauuwivanlnsldalndassnduasima

U 2.4 20asmsnduvnanyuveseines N ssuan s UL
(ﬁm : http://rms.pktc.ac.th/files/76384 18062313135103.pdf)
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nsnuAiAN vy uYeamesiinszuansauuuneulMg Aedldisdsuiianig
nzudalnine fuIeses1ufiel MiBasUNANIINIELATIIVARINDYNTULASYARINTUIY

umaIndsanan

-

amindu

NILUARTY Vi avay

P

(n) Wasuiamanszualwiflvarutueiuieslaglvaindaswndvasina

uva sy lvivi I YAAIN

R

YAAIATI AN AR N YPAINT; AN AR
+
uva s i N unaag gl
NFEUARSY FudTan ‘ ‘ NIEUARTY ( (
27505 YPaIR Sdisiient
i Fusivtad
B - @

(¥) WasUAANIINTEUANIIYARINBYNTULALYAAIATUIY

JU# 2.5 1asnsndumamyuvesnainesliinssiansiwuunesuU e

Q°

(ﬁ@ﬂ : http://rms.pktc.ac.th/files/76384 18062313135103.pdf)
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=3

AUVNIBYDIVIEWIERNAUUTY

ffulssguuuuemanieiieniaifivlssquuunenduduiududidnnsedng
wuumad i lslunisnsesdyimsuniukazauiunIuvenssdulniluaeas
Sidnnsetind Wousdsvuruiunwnadiglnwasnsad vudiidudunisdsesiidny
ammmmmﬁqﬂﬂé‘fmsnﬁ FreandynyusunIulungs duiuussquismainlilulasue

vaonuarAdviatieandunusuniuluiwasiel DC

Tnum Soft Access Point (AP)
Tulnun Access Point (AP) 1iu ESP32 9visAnaSatne WiFi vaiiesiusnuwasiminfidu
Audnaramiloutuisuned WiFi egrslsfiniy deinisunes wiki assit ESP32 laifinng
\Feuseiudatisuuuiiany safulnuanisvihanuiizadenin Soft Access Point (soft-AP)
uarSsannsnideusiogunsnl (stations) Idliuiiaiedunanfieaiu

QD)

PC/Laptop

ESP32 Web Server
WIFI Access Point (AP) Mode

Tablet
:I% Last Minute ESP32 Client
L

1417 ENGINEERS.com WIFI Station(STA} Mode

sUTl 2.6 Tvum Soft Access Point (AP)

(ﬁm : https://\lastminuteengineers.com/creating-esp32-web-server-arduino-ide/)
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uni 3

YUADUNITATLLUIU

Tuunilasnanile mssenuuusaldvssindeuiiniugléonu Tnsldlusunsu Solid works
winmsidengunsaliilddmsumsaisaldvzindeuiimudldonn msahuazyseney
Tassnu wasmsvinuvedlassny dumeunsvinuvessalavesindoufiniudliou Bms
naaes yludansadesoldvesiedoufinugldauielidulunuveuivaveslasany
Faptaluil

annsosduetuneumssuiulassnulded

j 4
@t

Tuneuil 1 AuahuasAnwiiediuauidenngudeyanuldamnssuiiiieites

=

o ot € o = [ o 1
unuil 2 vinmsduaneideyaiailuwuimadumsilasanusiely

ge

2

ge

unoudl 3 Anwinsyheulazneasinsidsulusunsy Arduino IDE

2

g

(~

uneuil 4 senuuuwardlelsaldvezindeuiinuglia laglusunsu Solid works

=

unaui 5 Imvhsaldvesiadouninuglianu

ge

[

€e

URNDUT 6 NAABILATUUTINHANISNNADY

2

ge

umaud 7 InviunanuLaziEueNUUTEEAYTING

[

€e

= g

umaudl 8 InvirguiauUSyaiinus

2

L
. = = o

Jumaun 9 asulasiuuTygtinus
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3.1 YuABUMINNUYRITaldusziafaunn gy

<>

h 4

ifausia WIFi

- - a ds o \ o4 % ar
LEAIUaNAUUWUILLANNALATUY Hmﬂauﬂﬁ1LlﬂnLﬂas,ﬂ"l“un,fﬂuz“-\\l/

usavdayanng 1 U

/s’uzimgm‘m ESP32-CAM asasaudaulunisviu

LHUUUIR

A

AuANUaLAas

N
EHGRE R Ry

Y

JUN 3.1 vanmsvhauvessaldvesindouinugldonu
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3.2 sanuuusnldvezinaauinugldey
3.2.1 MseeniuulATITNTuY
mseenuuulaswainsaldvevindeuinugldnu awlilusunsu Solid works

Tumseenuuuiiiefisviiluilunuulumsussgnduasdnvigunsalldanuass Feudavinla
2ONUUULUNBINWYLIUIA 60 GRS

= o ' o oo o
JU# 3.2 wuudaessaldvesiadioudinuglia

L 50 mu. Y
I

105 mu,

65 1

JUN 3.3 wuuiassnudesaldvesiadaunaugliay



= o v Y : a4 oo o
JUN 3.4 wudnaewnunisalaveviafiouinugltay

16
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3.3 2NAIAVANNTTNNUYBSLATIY
Inerunsinavsreldnuvessaldvevinfouninugldau

HC-SR04
(Sensor Ultrasonic)

Counter Module Motor Speed
Sensor

ESP32 Cam

Capacitor 100nF

|
|-,_l 105 f120k0

I

ESP32 Passive Buzzer

i Step Down 5V

Module Relay Motor
Module Relay 5V 30A (2)
Motar 5V 304 (1) 1

DC Switch

S

Lithium-lon Battery 20V
28h

DC Circuit Breaker 32A

Motor Gear 24V (2)

Motor Gear 24V (1)

Lithium-lon Battery
24V 40Ah

JU# 3.5 2055 nvessaldvezindauinugldny
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' o oo o
nseenuuvasivihvessaldveindouiougldam

Loagost
@
wzl
25
LS F Rt
ESFIICAM _l - —
v ] = oD
@o  osf— 2 Do
w0 100 — A
0l @0 f— ax @
Wi — SEEE eturesr module motor speed sensar
04 103U —
WOLTET |— L
51 @0 ‘
1 a2 R1 = |
= B ||1m
J VIN

U 3.6 29aslaiiih
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3.4 wannsiaengunsainlddmiunisainesaldvezinfounaiudldau
3.4.1 ESP32

esp32 Wuledlulasraulnsaiaesiisesiunisiiousia WiFi uay Bluetooth

4.2 BLE nAnlagu3em Espressif v1ldausing 4 veq ESP32 seasumaidousiovasing q fail

1 GPIO 91u7u 32 994
5935U UART 91u2u 3 984
5845V SPI 972U 3 %99
3993V IPC 91u7u 2 999
5993U ADC 977U 12 999
5845V DAC 9117 2 994
$995U I°S 917U 2 109
5893U PWM / Timer 9jn%as

saasuNsWausanu SD-Card

Uil 3.7 ESP32
(flan - https://www.artronshop.co.th/article/51/esp32-)
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3.4.2 Relay 5V
Tugasiad muaula-Uadelwlvigunsaididnvseiind wieu LED uans
anumsaliay 1lWdss sv Tnsannsadenlwunyiaiuuwuy Active High / Active LOW
Tnsmsadusuies 1916vieln DC way AC nunszualigegn 30A

gﬂﬁ 3.8 Relay 5V

(‘ﬁlm : https://www.analogread.com/product/1915/4-channel-relay-5v-high-and-low-
trigger-240v-30a-module)

3.4.3 ESP32-CAM
ESP32-CAM uuesawmu (development board) ﬁ'ﬁ‘[u@a ESP32-S 4
590 MCU 7§ WiFi uwav Bluetooth 1ilufa nfoufnsendss OV2640 uazsossunia
microSD Turuaiin vilsmuizdmsuu loT, nsaniunn, naensastavuindn way
F¥UU Al Vision
- lulasmaulnsaiaas : ESP32-S (Dual-core Tensilica LX6, 240MHz)

- ndes : OV2640 (5995 JPEG, BMP, Grayscale) A21uazidengaan
1600x1200 (UXGA)

- uvarlusi : 4MB (32Mbit)

- PSRAM . 4MB

- WiFi : 802.11 b/g/n/e/i

- Bluetooth : Bluetooth 4.2 (BR/EDR + BLE)

- @den TFCard  : 5895UN¥A MicroSD gegn 4GB

- Puwmasive . UART, SPI, 12C, PWM

- nase 1/0 9 wase
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- unasdnelvl : 5V (@11150318RUYT 5V v3eluga USB-to-Serial)

STl 3.9 ESP32-CAM
(#an : https://th.hwlibre.com/)

3.4.4 HXT711
lugavenedyyin HX711 Aslugaveedyinainivanwaddmivdddi
Arduino \Judyaauuuidnea 24-bit iuvesamaveedygyinninivanisad dveiduns

dmsusanulranwaalalaense 1olwidsd 2.6-5.5 1as

J1

(=l
o

r
a

TERLHLE)

|E+
E-
A_

®

| A+
B-
B+

Ul 3.10 HX711
('ﬁm : https://eresearch.rbru.ac.th/pdf-uploads/thesis-1807-file06-2020-09-29-11-12-
28.pdf)
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3.4.5 Load cell
Tnaniead Aegunsaiflilumadsunnusmietmiindinssiseslua
waddudg sl Samnsaidyaamdwihifluded lugaveedyaals
Arduino ileuansenduthminuieuseiinseyin
TManwad 1910 Strain Gauge fidA3snaslugunuuasinalay uind

(Wheatstone Bridge) Fsanunsauvasaunsing vioussns idudayralvdhla

<>
~ 4

™

g‘ﬂﬁ 3.11 Load cell
(i3 - https://www.tic.co.th/th/news/detail/499/2)

3.4.6 waLAsIAEs 24V (Gear Motor)
fio gUnsaiszuvdshidsivseneulusmeneineslniuwazyaisinasou vh
vihfiuamdsnulihlidundsnuna Sesldlunugmamnssusing wu sewududss
Aufn 1n3eeuTsqsiue Usendnlud@ ndesdnsnanisinums ssuunadey
WanNN9vY vamawmesiies andeuawmasiniudaimdsnulniidy
N manvawawesiivyudwsidaludaieivaseu Yaiesvaseuansauns
viuLaz s DnTeunaI e
wsasiuluih - 24 v
mdalwih 250 W
ANSITU : 120 RPM
usslngegm : 0.80 N.M
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Ul 3.12 wawmedifes 24V (Gear Motor)
(i - https://highcontrol.co.th/)

3.4,7 DC Step Down
NITAAUTINULUY Step-Down %38L38NBNLUUIT Buck Converter (UnAAau

nasnes) [anussiuainusadugalisias Tindnnsadnde-sdundenil) Failniianiy
Sounasaugadsidslnies limlisuiunisaauseiulagly IC asena 78xx / 317 U
lindanmsaanauinliiinAuougs 299sUARsunBs N oanusualaIlanseua

Output YU

sUfl 3.13 DC Step Down
(i - https://www.arduitronics.com/product/570/dc-to-dc-step-down-lm2596-
lm2596s-module-3a)



24

3.4.8 Ultrasonic ranging module HC-SR04

L

lugadaniledadilugunsalliinsseznalaslisoadinsdudadusmumy

1447
foan3¥n Jalddeus 2 cm §9 400 cm nwdsdyaudanileinnmud 40 kHz WiTagi

oy auiiasviounauun niauiadunaniauunlglunisauinuszesng

ar

foINsInLarsu

gﬂﬁ 3.14 Ultrasonic ranging module HC-SR04

(i3 - https://www.arduitronics.com/product/20/ultrasonic-sensor-module-hc-sr04-5v)

3.4.9 wuawasaiseulosau (Lithium-lon Battery)
Aouuninaduuunialdiiendensindoussveslonsudionsenineia
ualva ($2u7n) uazuelua (H1av) Hednfuuarinendanu MeqaiiuvesdiBeuiidimin
Tuanavasuarfivuinén Wethunldlunuames Fuihlifiauvuiutuvemdanugs
annsafnfiundanuldinnniuunneiviadug defeuiiwinuasusunsiiu

40000mAh

= Ha o
UM 3.15 wummesaiBesleasu (Lithium-lon Battery)

(ﬁm : https://www.gmssolar.com/lithium-battery-comprehensive-guide/)
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LuAmeIYARe (40AH 24V) A Tasmsianssualnilvusnnasdlasvuysald
vgzindauiinugldauviinu Full Load asldnszualniinegi 31.64A thanszualviing
Faldmen W (Tod) dsaun1s W = A x V idenlduunimed 24V 9elé = 31.64 x 24 =
759.36 W uagiien W fidanldum WH (Yad-d2lu9) ilesnindesnisldsaldney
indoufiauglinuyialivinels 05 Fliauveuin daluiidesnsldum WH &
aums WH = W x H 9¢l§ WH=759.36 x 0.5 (#alua)= 379.68 WH

Ptoml

Ah =
VBattxO.S
Wie Ah A ANURUBIMUALNET (Lauuwds-Talua)
Piotar A® WUl (Tnd-47134)
Viare fo ussnulwiuvasdnenasanunseuanss (as)
0.8 A Uszandnmnisanenssualiiivesunasarendseului

MIMIUIAMLLUARBIYRITa ldvezaduiimuldrulasnnihAmdanulnih iy
Anadluaunisaglea

_ 379.68Wh
~ 24x0.8

Ah =19.78 Ah
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3.4.10 @l THW(F)

Ao anglvihAfidauivdnduneuas Tdnvazlu Wdukesvuiadn ae
aoulnsa Juduaalnifinnugeusige Hrelinisdaaneliiluszdeulilagdite diulvgda

fimeienihunldiduaelndmivdeuselugroulnsaiiiinuiios9iin wis dainduesa

winthunldigeusslunugnamnssy

sUfl 3.16 anglnl THW(F)

(ﬁm : https://www.enscigroup.com/bangkok-cable-vsf-thw-f-2/)

mMsemwvvuInaelimileanaunis

_2xLxI
- KxVd

gl A A Nudinthdaansln (mm?)
L @e armemasl (wes lU-ndu Ao x2)
I #e nszualvian (A)
K #o fnsiivesaneveuns = 56 (§ldan SI)
Vd fe ussunanasouiiveuliiin (0.03 x AfALsuLUANDS)

Awmmneansinvnsauiigeueimesiudelastirnssuaiiinld 15.82 wazAuseiu

wuamesdenld 24V wuvuasluauns

_ 2x16x1582  50.62

- = 110G mm?
56x072 4248 mm




j 24
ol  at

Manu NIyauawmeitudaidentdats THW(F) vu1nuasgIu = 2.5 mm?

YU9a8 (mm?) nszaanialgnulasUsyan
1.5 mm? 12 A
2.5 mm? 20 A
4.0 mm? 25-30 A
6.0 mm? 32-40 A
10 mm? 55 A
16 mm? 70 A
25 mm? 90 A
35 mm? 115 A

A15197 3.1 Ywnaslnunsgu

ansansuvLInans lWiNzanaInnsuIensekanInla wasAIuINLN91999
Auteyalunsnleeiyauawestudenimdtldaralvawin 2.5 mm?ilssninnseuala
15.62A

3.4.11 widnyuianlud (Hot-Dip Galvanized Steel)

= ]

Ao wanfivrluirunssuiumsygananlud lnedundngunssaluyguian

v
=t b =r=1

lugwiogudanzd Jalunszuvrunmsievilinantesiuadulafiy

3UT 3.17 winndasyuianlud (Hot-Dip Galvanized Steel)
(flan - https://www.knbwatsadu.com)
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3.4.12 \dagnAuauasiouuas
Ao derlylun1sufuAnunielylunisneasunisdvdvesdisalavey
wdsuiimugldmiluvasyirnu @enld 3 & fie Funs induuazdiin

sUN 3.18 L@l gNALaUALYIDULAY

U

(ﬁm : https://www.lazada.co.th/products/-i5251245570-s22305315806.html?)

3.4.13 Passive buzzer
fie buzzer fiannsanuaulnuides e sdsdyrursagiieaiislny

LESANLANA9AUTUMTLIWADULUALADTAN

5U# 3.19 Passive buzzer

U

(i - https://www.arduitronics.com/product/1527/passive-buzzer-dc-5v-buzzer)
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3.4.14 counter module motor speed sensor ( LguasNUY )
Wulugadilddmiuiannudnsvyuveweinesil Output Wuuuu Digital
Output 14lvidns 3.3 - 5v. Geuthlulfidu wuiwestusey Tumiey asaduinguiu Ia
ANUSINM VY UVD DD

5Tl 3.20 Counting Sensor Module ( Wwuwaffiu )
(i3 - https://shorturl.asia/ayvgF)

3.4.15 fraiudszq (Capacitor)
TolunrsnsesdyarusuniunazAaul unIuve Il sIa ulnw1lureas
dinnsedind WWeurevuuiuwva g lniaynse

sUfl 3.21 fufiuuseq (Capacitor)
(i - https://shorturl.asia/X1YhG)



3.4.16 A201un1u (Resistor)

30

WJugunsailwihedavieifinuant@lunsiumsivariiuresnssualni

vimihfianrussdulnih wazmuantiinadninisivavesnsyualniinluims

sU# 3.22 fadunu (Resistor)

o

(i - https://shorturl.asia/vSOnH)



3.5 IULON

3.5.1 AUAULDN

a4 a a
128190 LAWAIUANNITO

2 JHAIUANIULUNUIA I

3.1udan Inuansianuuazijy
WWandndasms ldoarldauna
sauvuaaln

AUy SaFHY
4.‘qﬁlltﬁﬁliﬁﬂ"l‘uzﬂ'l‘i

o 4 % ar
YU, UUAAET, UNTN
USTNA,528ENTIUAAITOYINU

uuALea3: 0.00V (0%)

fiwiin: 0.00 kg

szpzg; 0.41 m

U 3.23 niiuuen

31
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3.6 vanmsinnuvessaldvesiadeuiinugléau

wannsviavessaldvesiad suinugliau insleainddidasauazinig
\Fousia WIFI vasuasn ESP32 fidasaldvesiad sufimugldsnuiulnsdwiudadsoay
annsadunshauldviuilagasiaimdn uunnoiuasseormafiazuanduvumingy
uenynq 1 wiiikazazanunsomuauisaldaesileddy fe

MsmuALMsIAAsuTLUULILLIA TasnsmuAARBUTILUULLILLIAILAUANKY
nsvhaumalnsfmiinuduien Tasasdifsddumsneulnsaneluiiuuendeaziyunn
\ndouiiluni indeudilusude indeuilusun indeufinesvdiuasvgalng Esp32 &
Isiadmunuuanes

o 1

nsindeufinuudnludfagyhaeiuivsenduiulaefiovzfiduiudwsdunisisy

adey

AMsYiuNsiAdauiwuuanlulfdadididelmasnltu 3 4 Ao Aun dUdunazaung e

\ioidendfiagldauuds Esp32-cam awUszinanmudidsdyanadeyadunuindumnds
Esp32 uae Esp32 dlvisiadmunusamasingu

3.7 msaauazUsznausaldvszindouiinnuglday

3.7.1 myalassasesaldvasaunlianu

1) ihlassadaiildeanuuulilulusunsy Solid works seenuuuiiientsdivezauin
60 ans lnglFeanuuulasadredsolasldininnades uazaseeniiuliidugunsedmaes a
Mwaniidanumun 1.4 mm Safismesomudanismssuimindilidesnd 50 Alansu
fayalassairesiadefuiminuasgnssuuiundou ndmnmssenuuuisldtandevunn
asluBunuiuess Tnedunmisdrevunavedassaiieids Insldndnndestanlug vunn
187*18 v 1.4 mm andauvaduviouas 50 cm wau 12 vieu

sU 3.24 Saruamannandliia* 197 3um 50 cm WU 12 vieu

U



33

o et

2) dundnnaesiifavwialiudaudaiievnisi@onduguillunaes 4 mdsuinda
mudilsviniseanwuulaseadaly

= ° @ ¥ o v v
U7 3.25 vhmsdiaminiassaieilainauall

@ ° = ' oy v ' L 2 - & = 4
3) nanuwmannasntasiawlualineuntudenduguitulaswasi

e

Mfavasnsamuieanwuuinauntniasla

o o o w Mo = Y w W o
U 3.26 Yunanidaliundouasldlasiadsiaduesdiase
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4) aigaduirdoudaluyaiuindoulaglifofunsuunmuiioanuuulilay
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TUsHASUNITNINIUY

TUsuNsuNISYNUYeIUBsA Esp32
#include <WiFi.h>

#include <WiFiUdp.h>

#include <WebServer.h>

#include "HX711.h"

// FadnTouazsavaliln AP

const char* ap _ssid = "Follow-Bot";
const char* ap_password = "12345678";
const int udp_port = 1234;

// Uszmavaeines

const int motor1Pinl = 26;
const int motor1Pin2 = 27,
const int motor2Pinl = 14;

const int motor2Pin2 = 12;

// RaFuunned

#define BATTERY PIN 33
#define R1 120000.0

#define R2 15000.0

#define ADC_MAX 4095.0
#define VOLTAGE_REF 3.3
const float fullVoltage = 29.5f;

const float emptyVoltage = 24.5f;

// ®afn Load Cell

68



#define DOUT 35
#define CLK 32
HX711 scale;

#define BUZZER PIN 25
#define BUZZER FREQ 2000 // anudiveaden (Hz)
#define BUZZER _DURATION 3000 // S¥tigiiandes (ms)

unsigned long lowVoltageStartTime = 0;
bool buzzerActive = false;

unsigned long buzzerStartTime = 0;

// FandugesTaszazma

const int sensorPin = 34;

bool lastState = HIGH;

unsigned long lastDebounceTime = 0;
const unsigned long debounceDelay = 50;
int count = 0;

const float distancePerCount = 0.41;

WIFiUDP udp;
WebServer server(80);

bool enableReceive = false;

// S¥UUN1SRRAILE

int selectedColor = 1,

bool colorTrackingEnabled = false;
// a§13¥pya UDP

typedef struct struct_message {



int command;

int detectedColor;
} struct_message;
struct_message receivedData;
String lastCommand = "viga";
int lastDirection = 0;
// Fulsdumasisusiui o
float batteryVoltage = 0.0;
int batteryPercent = 0,
float weight = 0.0;
float distance = 0.0;

unsigned long lastDataUpdate = 0;

const long dataUpdatelnterval = 60000;

void setup() {
Serial.begin(115200);
// fapneines
pinMode(motor1Pin1, OUTPUT);
pinMode(motor1Pin2, OUTPUT);
pinMode(motor2Pin1, OUTPUT);
pinMode(motor2Pin2, OUTPUT);
pinMode(sensorPin, INPUT);
pinMode(BUZZER_PIN, OUTPUT);
digitalWrite(BUZZER PIN, LOW);

analogReadResolution(12);

// saen Lalw AP
WiFi.softAP(ap_ssid, ap_password);
// % UDP

udp.begin(udp_port);
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// i Load Cell
scale.begin(DOUT, CLK);
delay(2000);
scale.tare();
scale.set scale(44888.f);
// Fedudivies
setupWebServer();
lastDataUpdate = millis();
}
void loop() {

server.handleClient();

if (enableReceive) {
int packetSize = udp.parsePacket();
if (packetSize) {

udp.read((uint8_t *)&receivedData, sizeof(receivedData));

Serial.printf("SuAds: %d, @Nn293ula: %d\n", receivedData.command,

receivedData.detectedColor);
if(colorTrackingEnabled) {
if(receivedData.detectedColor == selectedColor) {
processMovementCommand(receivedData.command);
}else {
stopMotors();
lastCommand = "viga (Linud)';
}
}else {

processMovementCommand(receivedData.command);

}
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}

readDistanceSensor();

if (millis() - lastDataUpdate >= dataUpdatelnterval) {
updateSensorData();
lastDataUpdate = millis();

}

checkBatteryAlert(batteryVoltage);

void readDistanceSensor() {
int reading = digitalRead(sensorPin);

unsigned long currentTime = millis();

if (reading == LOW && lastState == HIGH && (currentTime - lastDebounceTime) >
debounceDelay) {
count++;
distance = count * distancePerCount;
Serial.printf("1IU: %d | S¥8EN8: %.2f WAT\N", count, distance);
lastDebounceTime = currentTime;
}

lastState = reading;

void setupWebServer() {
server.on("/", HTTP_GET, [J({
String html = R"=====(<IDOCTYPE html>
<html lang="th">
<head>

<meta charset="UTF-8">
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<meta name="viewport" content="width=device-width, initial-scale=1.0">
<title>Follow-Bot</title>
<style>
body { font-family: sans-serif; margin: 0; padding: 10px; background-color: #f8f8f8;
text-align: center; }
h1 { color: #333; }
.dpad {
display: grid;
grid-template-areas:
" up
"left stop right”
" down .
grid-gap: 10px;
justify-content: center;
align-items: center,;
margin: 20px auto;
width: fit-content;
}
.dpad button {
width: 80px; height: 80px; font-size: 40px; border: none; border-radius: 10px;
background-color: #4CAF50; color: white; box-shadow: 0 4px 6px rgba(0,0,0,0.2);
transition: 0.2s;
}
.dpad button:hover { background-color: #45a049; }
.up { grid-area: up; }
.down { grid-area: down; }
\eft { grid-area: left; }
right { grid-area: right; }
stop { grid-area: stop; background-color: #d9534f limportant; }
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.color-buttons {
display: flex; justify-content: center; gap: 10px; margin: 10px 0; flex-wrap: wrap;
}
.color-buttons button {
width: 90px; height: 40px; font-size: 16px; color: white;
border: none; border-radius: 8px; font-weight: bold;
}
red { background-color: red; }
.green { background-color: purple; }
.blue { background-color: blue; }
.control-buttons { margin: 10px; }
.control-buttons button {
width: 130px; height: 40px; margin: 5px; font-size: 16px;
border: none; border-radius: 8px; color: white;
}
.control-buttons button:nth-child(1) { background-color: #007bff; }
.control-buttons button:nth-child(2) { background-color: #d9534f; }
status-box {
margin-top: 20px; background: white; padding: 15px; border-radius: 10px;
box-shadow: 0 2px 6px rgba(0,0,0,0.1); width: 90%; max-width: 400px;
margin-left: auto; margin-right: auto; text-align: left;
}
</style>
<script>
function sendCommand(cmd) {
fetch(/' + cmd).then(res => res.text()).then(() => updateStatus("ddﬁﬂgd: "+ cmd));
}
function toggleTracking(state) {

fetch('/control?emd="' + state).then(res => res.text())



then(() => updateStatus("finmud: " + (state === "start" ? "(3u" "vgn");
}
function selectColor(color) {
fetch(//selectColor?color="+ color).then(res => res.text())
then(() => {
let name = color == 1 ? "uA3" : color == 2 2 "UN" : "ﬁ'}ﬁu";
updateStatus("\dand: " + name);
;
}
function updateStatus(text) {
document.getElementByld("status").innerText = "@0uy: " + text;
}
function fetchSensorDatal() {
fetch('/data'’).then(res => res.json()).then(data => {
document.getElementByld("battery").innerText =
data.batteryVoltage.toFixed(2) + "V (" + data.batteryPercent + "%)";
document.getElementByld("weight").innerText = data.weight.toFixed(2) + " kg";

document.getElementByld("distance”).innerText = data.distance.toFixed(2) + "

D;
}
setinterval(fetchSensorData, 5000);
window.onload = fetchSensorData;
</script>
</head>
<body>
<h1>Follow-Bot</h1>
<div class="dpad">

<button class="up" onclick="sendCommand(forward’)"> T </button>
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<button class="left" onclick="sendCommand('left)">«—</button>
<button class="stop" onclick="sendCommand('stop')">B</button>
<button class="right" onclick="sendCommand('right’)">—></button>
<button class="down" onclick="sendCommand('backward)"> | </button>

</div>

<div class="color-buttons">
<button class="red" onclick="selectColor(1)">uni</button>
<button class="green" onclick="selectColor(2)'>323</button>
<button class="blue" onclick="selectColor(3)">1h1i3u</button>

</div>

<div class="control-buttons">
<button onclick="toggleTracking('start")">Auto</button>
<button onclick="toggleTracking('stop’)">Manual</button>

</div>

<div class="status-box">
<p id="status">an1uy: eAAI</p>
<p>LLUmma?§i: <span id="battery">--</span></p>
<p>tmtin: <span id="weight">—</span></p>
<p>38HENN: <span id="distance">--</span></p>

</div>

</body>
</html>)====="

server.send(200, "text/html", html);

b;

server.on("/forward", HTTP_GET, []() {
processMovementCommand(2);
server.send(200, "text/plain", "WAunin");

D;

server.on("/backward", HTTP_GET, [I() {



processMovementCommand(4);
server.send(200, "text/plain”, "neeval");
b;
server.on("/left", HTTP_GET, [I0) {

processMovementCommand(1);

server.send(200, "text/plain", "Wagng1e");

b;
server.on("/right", HTTP_GET, [10 {
processMovementCommand(3);
server.send(200, "text/plain”, "LgEJ’}‘UTI");
D;
server.on("/stop", HTTP_GET, [10) {
stopMotors();
server.send(200, "text/plain”, "ve)n");
b;
server.on("/control", HTTP_GET, [J() {
String cmd = server.arg("cmd"”);
if (cmd == "start") {
enableReceive = true;
colorTrackingEnabled = true;
}else {
enableReceive = false;
colorTrackingEnabled = false;
stopMotors();
}
server.send(200, "text/plain”, "OK");
b;
server.on("/selectColor", HTTP_GET, [10 {

String color = server.arg("color");
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selectedColor = color.tolnt();
server.send(200, "text/plain”, "OK");
b;
server.on("/data", HTTP_GET, [J0) {
String json = "{";
json += "\"batteryPercent\":" + String(batteryPercent) + ",";
json += "\"weight\":" + String(weight, 2) + ",";
json += "\"distance\":" + String(distance, 2);
json += "}
server.send(200, "application/json", json);

D;

server.begin();
}
void processMovementCommand(int command) {
switch(command) {
case 1: // iyudne
digitalWrite(motor1Pin1, HIGH);
digitalWrite(motor1Pin2, LOW);
digitalWrite(motor2Pin1, LOW);
digitalWrite(motor2Pin2, HIGH);
lastCommand = "@ende”;
break;
case 2: // indoudilusumin
digitalWrite(motor1Pin1, HIGH);
digitalWrite(motor1Pin2, LOW);
digitalWrite(motor2Pin1, HIGH);
digitalWrite(motor2Pin2, LOW);

json += "\"batteryVoltage\":" + String(batteryVoltage, 2) + ",";
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lastCommand = "LAunL";
break;
case 3: // ¥juIN
digitalWrite(motor1Pin1, LOW);
digitalWrite(motor1Pin2, HIGH);
digitalWrite(motor2Pin1, HIGH);
digitalWrite(motor2Pin2, LOW);
lastCommand = "Lgﬂi‘um";
break;
case 4: // MUNBUNAY
digitalWrite(motor1Pin1, LOW);
digitalWrite(motor1Pin2, HIGH);
digitalWrite(motor2Pin1, LOW);
digitalWrite(motor2Pin2, HIGH);
lastCommand = "n8uas";
break;
default:
stopMotors();
break;
}
lastDirection = command;
}
// nyaueines
void stopMotors() {
digitalWrite(motor1Pin1, LOW);
digitalWrite(motor1Pin2, LOW);
digitalWrite(motor2Pin1, LOW);
digitalWrite(motor2Pin2, LOW);

lastCommand = "vga";
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lastDirection = 0;
}
void updateSensorData() {
batteryVoltage = readBatteryVoltage();
batteryPercent = (int)((batteryVoltage - emptyVoltage) / (fullVoltage -
emptyVoltage)) * 100);
batteryPercent = constrain(batteryPercent, 0, 100);
weight = scale.get units(10);
Seriat.printf("l,vumma%i: %.2f V (%d%%), ﬁmﬁ'ﬂ: %.2f ke\n", batteryVoltage,
batteryPercent, weight);
}
float readBatteryVoltage() {
const int samples = 10;
long total = 0;
for (inti = 0; i < samples; i++) {
total += analogRead(BATTERY PIN);
delay(5);
}
float avgAdc = total / float(samples);
float measuredVoltage = (avgAdc / ADC_MAX) * VOLTAGE REF;
return measuredVoltage / (R2 / (R1 + R2));
}
void checkBatteryAlert(float batteryVoltage) {
if (batteryVoltage < 25.2) {
if (lowVoltageStartTime == 0) {
lowVoltageStartTime = millis();
} else if (millis() - lowVoltageStartTime >= 3000 && !buzzerActive) {
tone(BUZZER PIN, BUZZER FREQ); // dudsamuanudiitvun

buzzerActive = true;



buzzerStartTime = millis();
}
}// gmidvadiouseiuifisdy
else {
lowVoltageStartTime = 0;
if (buzzerActive) {
noTone(BUZZER_PIN);

buzzerActive = false;

}

// veaidsssaluiRidionsunaniirinun

if (buzzerActive && millis() - buzzerStartTime >= BUZZER DURATION) {
noTone(BUZZER PIN);

buzzerActive = false;

TUsuNIuMIYNUYeIUesa Esp32-cam
#include <WiFi.h>
#include <WiFiUdp.h>

#include "esp_camera.h"

#define TRIG_PIN 15
#define ECHO PIN 13
#define FLASH_LED PIN 4

const char* ssid = "Follow-Bot";
const char* password = "12345678"

const int udp_port = 1234;
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IPAddress esp32IP(192, 168, 4, 1);

WIiFiUDP udp;

typedef struct struct message {
int command;
int color;

} struct_ message;

struct_message dataToSend;

void setupCamera() {
camera_config t config;
config.ledc_channel = LEDC_CHANNEL 0;
config.ledc_timer = LEDC_TIMER 0;
config.pin_dO = 5;
config.pin_d1 = 18;
config.pin d2 = 19;
config.pin_d3 = 21,
config.pin_dad = 36;
config.pin_d5 = 39;
config.pin_dé6 = 34;
config.pin_d7 = 35;
config.pin_xclk = 0;
config.pin_pclk = 22;
config.pin_vsync = 25;
config.pin_href = 23;
config.pin_sscb sda = 26;

config.pin_sscb_scl = 27;

82



config.pin_pwdn = 32;

config.pin_reset = -1;

config.xclk freq hz = 20000000;
config.pixel_format = PIXFORMAT RGB565;
config.frame_size = FRAMESIZE VGA;

config.fb_count = 1;

if (esp_camera_init(&config) I= ESP_OK) {
while (true);

}

void reconnectWiFi() {
if (WiFi.status() = WL_CONNECTED) {
WiFi.disconnect();

WiFi.begin(ssid, password);

unsigned long startAttemptTime = millis();
while (WiFi.status() I= WL_CONNECTED && millis() - startAttemptTime < 10000) {
digitalWrite(FLASH _LED PIN, HIGH);
delay(250);
digitalWrite(FLASH_LED_PIN, LOW);
delay(250);
Serial.print(".");

if (WiFi.status() == WL_CONNECTED) {
} else {

}
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}

int getDistance() {
digitalWrite(TRIG_PIN, LOW);
delayMicroseconds(2);
digitalWrite(TRIG_PIN, HIGH);
delayMicroseconds(10);

digitalWrite(TRIG_PIN, LOW);

long duration = pulseln(ECHO PIN, HIGH);
return (int)(duration * 0.034 / 2);

void detectColor() {
camera_fb t *fb = esp_camera fb_get();
if (ifb) {

return;

dataToSend.color = 0;
int redCount = 0, blueCount = 0, purpleCount = 0;

int sumX = 0, totalCount = 0;

const int redThreshold = 150;
const int blueThreshold = 150;

const int purpleThreshold = 150;

for (int y = fb->height / 4; y < fo->height * 3 / 4; y++) {
for (int x = fb->width / 4; x < fo->width * 3 / 4; x++) {
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int pixelindex = (y * fb->width + x) * 2;

uint8 t r = (fb->buflpixelindex] & 0xF8);
uint8_t ¢ = ((fo->buf[pixelindex] & 0x07) << 5) | ((fo->buflpixelindex + 1] & OXEQ)
55 3);

uint8 t b = (fo->buf[pixelindex + 1] & 0x1F) << 3;

if (r > redThreshold && ¢ < 100 && b < 100) {
redCount++;
sumxX += X;
totalCount++;
} else if (b > blueThreshold && r < 100 && ¢ > 100) {
blueCount++;
sumxX += X;
totalCount++;
}else if (r > 70 && b > purpleThreshold && g < purpleThreshold) {
purpleCount++;
sumxX += X;
totalCount++;
}
}
}
esp_camera_fb_return(fb);
if (totalCount > 50) {
int maxCount = max(redCount, max(purpleCount, blueCount));
if (maxCount > totalCount * 0.6) {
if (maxCount == redCount) {
dataToSend.color = 1;

} else if (maxCount == purpleCount) {



dataToSend.color = 2;
}else {
dataToSend.color = 3;

}

int aveX = sumX / totalCount;
if (avgX < fb->width / 3) {
dataToSend.command = 1; // a1ugg
} else if (avgX > fo->width * 2 / 3) {
dataToSend.command = 3; // AU
}else {
dataToSend.command = 2; // AU
}
}else {
dataToSend.command = 0;
dataToSend.color = 0;
}
}else {
dataToSend.command = 0;

dataToSend.color = 0;

}

void setup() {
Serial.begin(115200);
pinMode(FLASH_LED PIN, OUTPUT);
pinMode(TRIG_PIN, OUTPUT);
pinMode(ECHO_PIN, INPUT);

WiFi.begin(ssid, password);
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WiFi.setSleep(false);

while (WiFi.status() != WL _CONNECTED) {
digitalWrite(FLASH LED PIN, HIGH);
delay(250);
digitalWrite(FLASH_LED_PIN, LOW);
delay(250);
Serial.print(".");

}

udp.begin(udp_port);

setupCamera();

}
void loop() {

reconnectWiFi();

int distance = getDistance();

if (distance <= 40) {
dataToSend.command = 4;
dataToSend.color = 0;

}else {
detectColor();

}

if (WiFi.status() == WL_CONNECTED) {

udp.beginPacket(esp32IP, udp_port);

udp.write((uint8_t *)&dataToSend, sizeof(dataToSend));

udp.endPacket();

}
delay(100);
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