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TRUGNG PH KIEN TRUC PANANG CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA CONG NGHE THONG TIN Poc 1ap — Tw do — Hanh phuc

BAN NHAN XET CUA GIANG VIEN HUONG DAN
PO AN TOT NGHIEP
(GVHD ngp Ban nhdn xét nay vé Van phong Khoa)

1. Ho va tén sinh vién/ nhém sinh vién dwoc giao dé tai (si sé trong nhom...... ):
() MSSV: o Lop: .
(2) e MSSV: .o Lop: e
) TP MSSV: oo LOP: oo
Nganh PP PURPRPS
CRUYEN NOANN & et et ee e ae e ee e e

2. TR @8 LA ...vveereeeeeeeie s

3. Tong quat vé PA/KLTN:

SO trang: e, SO chuong: e,
S6bang sé lieu: e, SONINhVE: e,
S4 tai lieu tham Khao: .....coevevevevnn. Phan mém tinh t0AN: ...voveveeeeeeee e,
S6 ban v& KM theo:  ..oocvvevvevevennee, Hinh thac ban v&: oo
Hién vat (SaN PhAm) KEM thEO: .......oviveieceeeeeeeeeeeeeeee ettt

4. Nhan xet:
a) Veé tinh than, thdi dg 1am viéc cia sinh vién:

5. Pé nghi:
Puoc bao vé (hoic nop DA dé cham) O Khéng duoc bao vé O
Pa Nang, ngay ... thang ... nam ...
Giang vién huéng din
(Ky va ghi rd ho tén)

Ghi ch(: Binh kém Phiéu chdm diém DA/KLTN.



TRUGNG PH KIEN TRUC PANANG CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA CONG NGHE THONG TIN Poc 1ap — Tu do — Hanh phuc

BAN NHAN XET CUA GIANG VIEN PHAN BIEN/ PANH GIA
PO AN/ KHOA LUAN TOT NGHIEP
(GVPB nép Bdn nhdn xét nay vé Vin phong Khoa)

6. Ho va tén sinh vién/ nhém sinh vién dwoc giao dé tai (si s6 trong nhom. ..... ):
()i MSSV: o Lop: e
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A X (N (=T TSSOSO P PR

8. Nhan xét:
a) Nhiing két qud dat dwec ciia PA/KLTN:

9. Peé nghi:

Puoc baové O B6 sung thém dé bao vé O Khong duoc bao vé [
10. Céc cau héi sinh vién can tra |oi trueéc Hoi dong:
(L) oottt R R et R Rttt R Rttt R e e ettt e ne et nerens
(2) ettt et bRt R Rttt R Rttt e ettt et nerens
() TSRS URTT SRR
Pa Nang, ngay ... thang ... nam ...

Giang vién phan bién
(Ky va ghi r6 ho tén)

Ghi ch(: Binh kém Phiéu chdm diém DA/KLTN.



TOM TAT

Tén dé tai: Xay dung hé thong 10T giam sat chat lugng nudc sinh hoat
Sinh vién thuc hién: Nguyén Thi Thu An
MSSV: 2151220163 Lop: 21CT6

Pé tai tap trung vao viéc nghién ciru va ap dung cdng nghé Internet of Things (1oT)
nham xay dung mot hé thong c6 kha ning giam sat chat luong nudc sinh hoat theo thoi
gian thyc. Hé théng str dung vi diéu khién ESP32 két hop véi cac cam bién pH, TDS va
nhiét d6 dé thu thap dit liéu, sau do truyén thdng tin I&n tng dung Blynk théng qua két
ndi Wifi. Nguoi dung c6 thé quan sat truc tiép cac thdng sb chat lugng nude trén dién
thoai va nhan canh bao tu dong khi gia tri vieot ngudng an toan.

Hé thong duoc 1ap trinh bang ngdn ngir C/C++ trén nén tang Arduino IDE, téi wu vé
hiéu ning, tinh on dinh va kha nang mé rong. Ngoai ra, dé tai con huéng dén viéc dam
bao tinh truc quan, d& sir dung va chi phi thap, gitp md hinh c6 thé dugc trién khai rong
rdi trong ho gia dinh, khu dan cu hoic c4c tram cap nudc nho.

M6 hinh hoan thién gop phan nang cao nhan thirc vé tam quan trong cua viéc kiém
soat chat lugng nudce, dong thoi thé hién kha nang wng dung cong nghé 10T trong céc
van dé thyc tién caa doi séng.



LOI NOI PAU

Dé hoan thanh duoc d6 an tot nghiép nay, em xin bay té 1ong biét on sau sic dén quy
thay cd trong Khoa Cong Nghé Théng Tin — Trudng Pai hoc Kién Trac Pa Néng da tan
tinh giang day, truyén dat cho em nhitng kién thirc quy bau trong suét qué trinh hoc tap.
Nhitng kién thitc 6 khong chi 1a nén tang dé em hoan thanh tot do an tét nghiép, ma
con 1a hanh trang quan trong gip em ty tin budc vao con duong nghé nghiép sau nay.

Dic biét, em xin gui 10i cam on chan thanh va su tri an sau sic dén cd Th.S Nguyén
Thi Vii Thao, ngudi di truc tiép hudng dan, tan tinh chi bao, dinh huéng va giup d&
em trong sudt qua trinh thyuc hién d6 an. Sy hd trg va dong vién caa cb 1a ngudn dong
lyc to Ion gitp em vuot qua kho khin va hoan thanh d6 an nay.

Trong qué trinh thuc hién dé tai, do kién thirc va kinh nghiém thuc tién con han ché
nén bai lam kho tranh khoi nhitng thiéu s6t. Em rat mong nhan duoc nhitng y kién dong
gop quy bau cua quy thay co dé em co thé hoan thién hon va tich liily thém nhiéu kinh
nghiém cho cdng viéc sau nay.

Em xin chan thanh cdm on!



CAM DOAN

Em xin cam doan rang toan b noi dung va két qua dat duoc trong d6 an tét nghiép
la san pham nghién cru ctia c& nhan em, duoc thuc hién dudi sy huéng dan tan tinh cua
Th.S Nguyén Thi Vii Thio.

Pé tai khdng sao chép hay st dung két qua cia nguoi khac dudi bat ky hinh thuc
nao. Trong toan bo noi dung cua d6 &n, cac phan trich dan, tham khao déu duoc ghi rd
ngudn goc va tuan tha dang quy dinh vé trich dan tai liéu.

Em xin hoan toan chiju trach nhiém trude nha trudng vé tinh trung thuc va cam két
ctia minh ddi véi d6 &n tét nghiép nay.

Sinh vién thuc hién

{Chir ky, ho va tén sinh vién}
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DANH SACH CAC CUM TU VIET TAT

Ky Hiéu Tiéng Anh Tiéng Viét
loT Internet of Things Internet van vat
TDS Total Dissolved Solids Tong chat ran hoa tan
H potential of Hydrogen/ Tiém nang Hydro/lyc
P power of Hydrogen Hydro
Organic Light-Emitting o .
OLED i biot phat quang htru co
Diode
LED Light-Emitting Diode Di6t phat quang
Van chuyén/truyén tai dir
Message Queuing liéu do dac tir xa (vién tai)
MQTT R o
Telemetry Transport thdng qua viéc xép hang
doi thong di¢p
Hypertext Transfer Giao thtc truyeén tai siéu
HTTP
Protocol van ban
Cam bién anh sang co
LDR Light Dependent Resistor | dién trg thay doi theo
cudng do sang chiéu vao
TFT Thin-Film Transistor Bdng ban dan mang mong
LCD Liquid Crystal Display Man hinh tinh thé long
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MO DAU

1. Ly do chon dé tai

Trong doi sdng hién nay, chat luong nudc sinh hoat ¢6 anh hudng truc tiép dén sic
khoe, doi sdng con ngudi. Vi & nhidu khu vyce, ngudn nudce thudng bi 6 nhiém boi cac
tap chat hodc khong dat tiéu chuan do 6 nhiém méi trudng va hé théng cap nudc xudng
cap.

Véi sy phat trién cua cdng nghé Internet of Things (10T), céc thiét bi cam bién co
thé duoc két ndi Internet dé thu thap va truyén di liéu tu dong theo thoi gian thuc. Nho
d6, viéc giam sat cac chi sé moi truong nhu d6 pH, do dan dién (TDS) hay nhiét do nuéc
c6 thé dugc thuc hién mot cach nhanh chéng, chinh xac va tién loi.

Tir thyc té d6, dé tai “Xay dung hé théng loT giam sat chat lwong nudce sinh hoat”
duoc thuc hién nham tao ra mot md hinh nho gon, dé trién khai va hoat dong 6n dinh.
Hé thong sir dung vi diéu khién ESP32 dé thu thap dit liéu tir cac cam bién pH, TDS,
nhiét do, sau do gui dit li¢u 1én (rng dung Blynk thdng qua mang Wifi. Nguoi dung c6
thé quan sat truc tiép chét luong nudce trén dién thoai va nhan canh bao khi gia tri vuot

ngudng cho phép.

Hé théng nay hudng dén muc tidu gitip nguoi dan dé dang giam sat ngudn nude sinh
hoat hang ngay, dong thoi co thé mo rong dé tmg dung trong cac khu déan cu, truong
hoc, hodc tram cip nudc quy md nho. Pé tai ciing gop phan giup sinh vién hiéu rd hon

vé cach ung dung cong nghé IoT trong cac van dé thuc té cia do1 song.

2. Muc tiéu dé tai

Muc tiéu chinh cta d¢é tai la xay dung mot hé théng IoT ¢ kha ning giam sat chat
lugng nude sinh hoat theo thoi gian thuc, gitip nguoi dung dé dang theo ddi cac thong

sd co ban ctia nudce va kip thoi phat hién khi chét lugng nudc khong dat tiéu chuan.
Cu thé, dé tai hudng dén cac muc tiéu sau:

1. Thiét ké va xay dung hé thong phan cting gdm vi diéu khién ESP32 va cac cam
bién pH, TDS, nhiét d§ c6 kha nang thu thap dit li¢u chinh xac va 6n dinh.
2. Lap trinh xir 1y va truyén dir liéu tir ESP32 1én nén tang Blynk thong qua két ndi
Wifi, dam bao dit liéu dugc cap nhat lién tuc.
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3. Xay dung giao dién hién thi trén ing dung Blynk, cho phép ngudi ding quan sat

cac gia tri do dugc mdt cach tryc quan trén dién thoai.

4. Thiét lap ngudng canh bao ty dong, gitip ngudi dung nhan biét khi chat luong

nudc vuot ngoai gidi han an toan (vi du: pH qua thap hodc TDS qua cao).

5. Danh gia va kiém thir hé thong, tir 46 rat ra nhan xét, wu diém va han ché dé hoan

thién mo hinh.

Thong qua dé tai nay, sinh vién ching em co thé van dung kién thirc da hoc vé Vi

diéu khién, 1ap trinh [oT, cadm bién va truyén dir li¢u khong day dé tao ra mot san phém

c6 tinh tng dung thuc té cao, phuc vu doi sdng hing ngay.

3. Péi twong va pham vi nghién cieu
a. Péi twong nghién criu

Pé tai tap trung nghién ciu va xay dung hé théng loT giam séat chat lugng nudc
sinh hoat dua trén nén tang vi diéu khién ESP32 va ing dung Blynk.

Cac ddi tuong nghién cieu chinh bao gom:

Cam bién pH: do d¢ axit hodc do kiém cta nude.

Cam bién TDS (Total Dissolved Solids): xac dinh tong luong chat ran hoa tan
trong nudc, phan anh do tinh khiét ctia ngudn nudc.

Cam bién nhiét 6 DS18B20: do nhiét d6 nudc dé hd tro phan tich va giam
sat diéu kién méi truong.

Vi diéu khién ESP32: xt 1y dit lidu thu duoc tir cac cam bién va gui 1én
Internet qua Wifi.

Ung dung Blynk: 1am giao dién hién thi dit liéu thoi gian thuc va canh bao

khi cac chi s6 vuot ngudng an toan.

b. Pham vi nghién cizu

Hé thdng chi thuc hién giam sat va canh bao cac thong sé co ban ctia nude
(pH, TDS, nhiét d), khong bao gém chire ning xur 1y hodc loc nudc.

Dir liéu duge truyén qua Wifi 1én nén tang Blynk, khong trién khai may chu
riéng hay luu trtr dir 1iéu chuyén sau.

Mo hinh dugc thyc hién & quy mé thir nghiém, nhung c6 thé mo rong tng
dung thuc té cho ho gia dinh, khu dan cu nhé hodc cac tram cép nudc.

Dé tai tap trung vao do on dinh, do chinh x4c cua cam bién va kha nang hién

thi, canh bao ctia hé théng.
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4. Ngi dung bao céo
Chuwong 1. Co sé 1y thuyét va cong nghé sir dung

Chuong nay trinh bay cac kién thirc nén tang phuc vu cho viéc xay dung hé thdng
gidm sét chat luong nudc dua trén 1oT. Noi dung bao gom téng quan vé 10T, nguyén ly
hoat dong va cac tng dung trong giam sat méi truong; gidi thiéu nén tang Blynk ding
dé quan sat dir liéu tir xa; ngdn ngit 1ap trinh Arduino cing cac thu vién hd tro; phan
mém Arduino IDE; va céc thiét bj phan ctrng nhu ESP32, cam bién TDS, cam bién pH,
cam bién nhiét d6, man hinh OLED, buzzer va LED. Chuong giup ngudi doc ndm duoc
toan bo cdng nghé va linh kién dung trong hé thong.

Churong 2. Phan tich va thiét ké hé thong

Chuong nay tap trung vao viéc phan tich yéu cau, md hinh hoa va thiét ké hé thdng
giam sat. Noi dung bao gom xac dinh chirc ning can c6 cua hé thong (thu thap dix liéu,
hién thi, canh bo); thiét ké phan cirng vai cac cam bién va két ndi ESP32; thiét ké phan
mém goém xir Iy tin hiéu cam bién, truyén di liéu Ién Blynk va xay dung giao dién hién
thi. Chuong ciing trinh bay ma l4p trinh chinh dé van hanh hé thong. Pay 1a phan then
chét hinh thanh cau tric va nguyén ly hoat dong caa mé hinh

Chuwong 3. Thi cong va thue nghi¢m hé thong

Chuong nay mé ta qué trinh lap dit mé hinh thyc té va tién hanh kiém thir hé thong.
Cac két qua do luong tir cam bién duoc so sanh véi dit liéu hién thi trén Blynk va OLED,
danh gia kha nang dua ra canh béo khi gié tri vuot ngudng va kiém tra tinh 6n dinh cua
hé thdng trong méi truong hoat dong. Cudi chuong dua ra két luan chung, chi ra nhiing
han ché con ton tai va dé xuat hudng phat trién trong twong lai nham nang cao d6 chinh
xé&c va tinh tng dung cua hé thong.
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Xay dung hé thdng 10T gidam sat chdt liong nuwéc sinh hoat

Chuwong 1: CO SO LY THUYET VA CONG NGHE SU DUNG

1.1. Téng quan vé Internet of Thing (1oT)
1.1.1. Khéi nigm vé loT

loT (Internet of Things hay Internet van vat) 1a khai niém mé ta mang ludi cac thiét
bi vat 1y, phuong tién, thiét bi gia dung va cac muc khac dugc két ndi véi Internet va co
kha nang thu thap, chia sé di liéu voi nhau. Cac thiét bj nay thuong duoc trang bi cam
bién, phan mém, va cac cong nghé khac dé giao tiép va trao doi dir liéu mot céch ty
dong.

Diém noi bat cua 10T 14 tinh két ndi va kha ning twong tac gitta cac thiét bi, cho
phép ching tu dong hoat dong, dua ra quyét dinh hoic kich hoat hanh déng dya trén di
liéu thu thap duoc. 10T ¢ wng dung rong réi trong nhiéu linh vye nhu nha théng minh,
y té, ndng nghiép, san xuat, va quan 1y nang luong.

Hinh 1.1.10T

loT (Internet of Things) c6 mot s6 dic diém chinh 1am ndi bat cong nghé nay va tac
dong dén cach né duoc trién khai va st dung:

e K&t ndi lién tuc: Cac thiét bi 10T lubn két néi véi nhau va véi internet, cho
phép giao tiép va trao ddi dir liéu theo thoi gian thuec.

e Tinh tu ddng: 10T cho phép céc thiét bi thuc hién cac hanh dong va dua ra
quyét dinh tu dong dya trén dit liéu thu thap duoc ma khdng can can thiép cua

con nguoi.
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Xay dung hé thdng 10T gidam sat chdt liong nuwéc sinh hoat

e Tinh twong tac: Cac thiét bi 0T c6 kha ning giao tiép va twong tac voi cac
thiét bi khac, tao ra mot hé théng lién két chat ché va lién tuc.

e Da dang thiét bi: 10T bao gom nhiéu loai thiét bi khac nhau, tir cac thiét bi
thong minh trong nha dén cac hé théng cong nghiép, tit ca déu co kha ning két
ndi va chia sé dit liéu.

e Tinh mé réng: 10T c6 kha ning mé rong dé dang, cho phép thém cac thiét bi
va hé thdng méi ma khdng anh huéng dén toan bo mang luéi.

e Thu thap va phan tich dir liéu: Cac thiét bj IoT thuong dugc trang bi cam
bién va phan mém cho phép thu thap va phan tich dir liéu, gitp dwa ra cac quyét
dinh dya trén dir liéu do.

e Tinh an toan va bao mat: Véi su két ndi lién tuc va luong dit liéu 16, IoT doi
hoi cac bién phap an toan va bao mat manh mé dé bao vé dir liéu va ngudoi dung.

e Ung dung da dang: 10T cd thé dugc tng dung trong nhiéu linh vuc khac nhau
nhu nha théng minh, y té, san xuat, néng nghiép, giao thong, va ning luong,
gilp cai thién hiéu suat va hiéu qua trong cac linh vuc nay.

1.1.2. Nguyén ly hoat dgng

Hé thong Internet of Things (IoT) thudng hoat dong theo mét quy trinh gém bén
buéc chinh: thu thap dix liéu, chia sé dit liéu, xa Iy dir liéu, va dua ra quyét dinh. Quy
trinh nay dam bao dit liéu tir méi trudng thue duoc ghi nhan, truyén tai, xt ly, va chuyén
thanh thong tin hitu ich phuc vu cho viéc diéu khién, giam sét hoac ra quyét dinh thong
minh.

Thu thgp da ligu:

O giai doan dau tién, cac cam bién hoac thiét bi IoT duoc st dung dé thu thap di
liéu tir moi truong xung quanh. Céc loai dir liéu nay cd thé rat da dang tir nhitng thong
s6 don gian nhu nhiét do, d6 am, &p suat, anh sang, cho dén nhiing dix liéu phirc tap hon
nhu hinh anh, video.

Nho cac cam bién nay, hé théng co thé ghi nhan tinh trang thuc té mot cach lién tuc,
chinh xac, tao nén nén tang thong tin cho cac budc xt Iy tiép theo. Dit liéu thu duoc tir
budc nay chinh 1 “nguyén liéu ddu vao” cta toan bo hé thong loT.

Chia sé di ligu:

Sau khi duoc thu thap, dix liéu s& duogc truyén tai va chia sé dén cac hé théng khac

théng qua mang Internet. Cac cam bién va thiét bi IoT duoc két ndi mang giup dit liéu
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Xay dung hé thdng 10T gidam sat chdt liong nuwéc sinh hoat

duoc gui 18n hé thdng luu trit ddm may (cloud storage), noi dit liéu dugc luu giir an toan
va c6 thé truy cap tur xa.

Budc chia sé dit liéu nay dong vai tro cuc ky quan trong, vi nd giup thong tin duoc
tap trung hoa va dong bo hoa, tao diéu kién thuan loi cho viéc xir Iy va phan tich ¢ budc
tiép theo.

X ly dar ligu:
Khi dir liéu dd duoc luu trix trén nén tang dam may, cac hé thong may tinh hoic

phan mém phan tich dir liéu sé tién hanh xir ly. Dit liéu duoc 1am sach, sip xép, téng
hop, va phén tich nham trich xuét ra cac théng tin hitu ich.

Tuy theo y&u cau, hé thdng co thé sir dung thuat toan phan tich dit liéu, tri tué nhan
tao (Al) hodc cac md hinh hoc may (machine learning) dé dua ra két qua, du doan hoac
canh bao.

Két qua xtr 1y nay sau d6 duoc giri dén nguoi ding hoic cac bo phan diéu khién
khac trong hé théng.

Dura ra quyét dinh:

Budc cudi cung 1a dua ra quyét dinh hodc hanh dong dya trén di lidu da xu ly.
Nguoi dung cd thé nhan két qua théng qua email, @ng dung dién thoai, bang diéu khién
(dashboard) hoac cac hinh thic théng bao khac.

o - - -

=%

Thu thap dir liéu Chia sé dif liéu XU ly dif liéu Pua ra quyét dinh
Cam bién/thiét bj thu thap Nh& cam bién/thiét bj D{r liéu trén bd luu trir Ngudi dung nhan dif
dif liéu tir méi trudng. dugc két ndi internet, dam may dugc hé liéu qua email, théng
Dif liéu co thé don gian la dir liéu dugc chia sé théng may tinh xur ly. béo, v.v., va co thé
nhiét dg, do am, hay phic théng qua bg luu trir May tinh tu dua ra dua vao doé dé dua ra
tap nhu hinh anh, video. dam may. quyét dinh hoac gui két diéu chinh théng qua

qua dén ngudi dung. mot b giao dién.

Hinh 1.2 Nguyén ly hoat dong co ban cua 0T

Dua vao thong tin d6, ngudi ding co thé dua ra cac diéu chinh can thiét (chang han
nhu thay d6i thiét 1ap, kich hoat hozc tat mét thiét bi). Trong nhiéu truong hop, hé théng
con cd kha ning ty dong ra quyét dinh, vi du nhu ti diéu chinh nhiét do phong, bat canh
bao an ninh, hay ti wu héa hoat dong cua thiét bi ma khéng can con nguoi can thiép
tryc tiép.

Sinh vién thyc hién: Nguyén Thi Thu An Hudng dan: Th.S Nguyén Thi Vii Thao 3



Xay dung hé thdng 10T gidam sat chdt liong nuwéc sinh hoat

1.1.3. Ung dung ciia IoT trong doi séng
Trong linh vuC San xudt:

Muc dich ung dung loT la:

e Giam sat nhiét do, do rung, muc dién tiéu thu caa may maoc trong thoi gian thuec.
e Phat hién diu hiéu bat thuong, tu dong diéu chinh hoic giri canh bao dé bao tri
Kip thoi.
Dit liéu thu thap & Phan hoi:
e Giam sat nhiét do, do rung, muc tiéu thu dién caa may maoc trong thoi gian thuec.
e Phét hién dau hiéu bat thuong, tu dong diéu chinh hoic gui canh bao dé bao tri
Kip thoi.

Vi du V& thiét bi 1oT:

e Hé théng cam bién rung dong, ap suat, dong dién.
e Robot cong nghiép.
e Hé thdng du doan bao tri.

Trong linh vuc Y té va chim séc sirc khoe:

Muc dich tng dung IoT la:
e Theo dbi stc khoe bénh nhan tir xa nham giam tai cho bénh vién hoic co so y té.
Dit liéu thu thap & Phan hoi:

e Theo dbi nhip tim, huyét ap, ndng do oxy trong mau.
e Gui dit liu dén tng dung hoic bac si dé kip thoi phat hién cac diu hiéu nguy
hiém.
Vi du vé thiét bi loT:

e May do huyét ap thdng minh.

e Giuong bénh thong minh.

e Thiét bi theo ddi sic khoe deo tay.
e Robot phau thuat.

Trong linh vuc giao thdng van tai:

Muc dich tng dung loT la:

e Giam Un tic.
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e Cai thién an toan duong bo.
e Tbi wu hoa hiéu suit cua phuong tién.
Dit liéu thu thap & Phan hdi:
e Theo dbi luu lwong giao théng, téc d6 xe co, mat do xe.
e Ty dong diéu chinh dén tin hiéu dé giam tic nghén, canh béo hanh vi l4i xe nguy
hiém va cai thién y thic 14i xe.
Vi du vé thiét bi loT:
e Hé théng dén giao thong thong minh.
e Bii d6 xe thong minh.
e He thdng theo doi phwong tién.

Nha théng minh:

Muc dich ung dung loT Ia:

e Nang cao su tién loi.
e Tiét kiém ning lugng.

e Tang cuong an ninh va giam sét.
Dit liéu thu thap & Phan hoi:

e Cam bién do nhiét d6, anh séang, am thanh, chuyén dong.
e Tu dong diéu chinh hoat dong theo diéu Kién méi trudng xung quanh, hoic giri
thong bao dé ngudi ding ra quyét dinh.

Vi du vé thiét bi loT:

e Hé thong dén, diéu hoa, may giat, khoa ctra, bép théng minh.
e Camera giam sat.

Trong linh viec NnONQ Nghiép:

Muc dich tng dung loT la:

e Tu dong hoa chim soc ciy trong.
e Du béo san luong.

e T6i vu héa niang suat mia vu.
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Xay dung hé thdng 10T gidam sat chdt liong nuwéc sinh hoat

Dir liéu thu thap & Phan hoi:

e Theo ddi diéu kién cua dat (@46 am, pH, ham luong dinh dudng,..), anh séang, nhiét
do.

e Cung cip cho ngudi ndng dan dir liéu sic khoe cy trong theo thoi gian thuc,
ddng thoi dé xuat tudi tiéu, bon phan hop ly.

Vi du V& thiét bi 1oT:

e Hé thng tudi tidu tu dong.
e Thiét bi theo ddi sic khoe géin trén vat nudi.
e May bay khong ngudi l4i (drone) phun thude bao vé thuc vat.

1.2. Tong quan vé wng dung Blynk
1.2.1. Giédi thigu vé Blynk

Blynk 12 mot nén tang IoT (Internet of Things) gitip ngudi ding dé dang tao ra cac
ng dung diéu khién tir xa cho cac thiét bi thong minh. Diém dic biét cua Blynk chinh
la sy linh hoat va dé st dung.

G Blynk

Hinh 1.3 Logo Blynk

Véi Blynk, nguoi dung c6 thé tao ra cac ung dung diéu khién thiét bi 10T chi trong
vai phat ma khdng can c6 kién thirc chuyén sau vé 1ap trinh. Blynk cung cap mot loat
cac cong cu va giao dién nguoi ding truc quan giup ngudi ding dé dang kéo tha va
tuong tac vai cac thanh phﬁn diéu khién, biéu dd, cam bién, va nhiéu tinh nang khac.

Sinh vién thyc hién: Nguyén Thi Thu An  Hudng dan: Th.S Nguyén Thi Vii Thao 6



Xay dung hé thdng 10T gidam sat chdt liong nuwéc sinh hoat

Cu thé, ngudi dung c6 thé tao ra cac ung dung dé diéu khién dén, quat, cam bién
nhiét o, do luong d6 am va tham chi 1a may rira chén théng minh. Blynk hd tro da nén
tang, tir cac thiét bi di dong nhu dién thoai thong minh dén céc thiét bi nhung nhu
Arduino, Raspberry Pi, ESP8266 va nhiéu hon nita.

Diéu nay gitp Blynk tré thanh mot cong cu hitu ich khéng chi cho cac nha phét trién
loT chuyén nghiép ma con cho nhimg nguodi mai bat dau quan tim dén thé gidi loT. Véi
sy tién loi va tinh linh hoat, Blynk da va dang gitip moi ngudi dé dang thuc hién nhiing
y tuong sang tao cta minh trong linh vuc 10T mét cach hiéu qua.

Blynk cung cip mot hé sinh thai day da gom:
Blynk.Cloud: May chii dam may trung tam dé két néi va xur Iy dit liu giira thiét bi
va nguoi dung.

Blynk.Console: Giao dién web cho phép giam sat, quan ly thiét bi, nguoi dung, dit
liéu va tu dong hoda.

[ synk Rink's

£ ™  Heater XJ 6 (Basement) - =

Hinh 1.4 Blynk.Console
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Blynk.App: Ung dung di dong trén i0S/Android dung dé diéu khién va theo doi
thiét bi theo thoi gian thyc.

\ - ' \ ‘ \

Hinh 1.5 Blynk.App

Blynk Library / Edgent: Thu vién phan mém danh cho vi diéu khién (nhu ESP8266,
ESP32, Arduino...) gitp thiét bi két ndi dé dang véi Blynk Cloud.

BLYNK_TEMPLATE_ID
BLYNK_TEMPLATE_NAME
BLYNK_FIRMWARE_VERSION
APP_DEBUG

"BlynkEdgent.h"
void setup()

delay(100);
BlynkEdgent.begin();

void loop() {
BlynkEdgent. run() ;

Hinh 1.6 Blynk Library / Edgent

Nho d6, nguoi ding khong can ty xay dung tng dung hoic may chu phic tap ma van
cd thé tao ra mot hé thdng 10T hoan chinh — chi can 1ap trinh phan ctng véi thu vién
Blynk va c4u hinh giao dién diéu khién qua ang dung.

1.2.2. Cach hoat dgng cria Blynk

Blynk hoat dong dya trén mé hinh thiét bi (Device) — dam may (Blynk Cloud) — ing
dung (App/Console), trong d6 toan bd dir lidu va 1énh diéu khién duoc truyén qua lai
gitra cac thanh phan thong qua nén tang Blynk Cloud. Toan bo qua trinh ¢6 thé mé ta
theo cac budc sau:
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Két nai thiét bi véi nén tang Blynk:

Pé bit dau, viéc két ndi thiét bi vai nén tang Blynk yéu cau chuan bi day du ca phan
ctng 1an phan mém. Céac thiét bi 10T pho bién co thé st dung bao gdm Arduino,
ESP8266, ESP32, Raspberry Pi hoic STM32. VVé phan mém, can cai dat moi truong 1ap
trinh twong Ung nhu Arduino, d6ng thoi tich hop thu vién Blynk théng qua Library
Manager hoic GitHub. Khi tao du &n mai trén Blynk.Console, hé théng s& cung cap mot
ma Auth Token duy nhat cho thiét bi, dong vai trd 1a thong tin xac thuc gidp thiét bi
giao tiép an toan vai Blynk Cloud.

Sau khi chuan bi xong phan cting va phan mém, budc tiép theo 1a ciu hinh két ndi
mang cho thiét bi. Hau hét c4c thiét bi 10T hién nay hd tro két ndi WiFi; vai mot sb thiét
bi khac c6 thé sir dung Ethernet hoac mang di dong 3G/4G. Trong code cua thiét bi,
nguoi ding can khai bao tén mang va mat khau, nho @6 thiét bi c6 thé tu dong két noi
khi khoi dong, dam bao viéc truyén dit liéu dén Cloud dién ra 6n dinh va lién tyc.

Tiép theo, thiét bi sir dung ma Auth Token dé két ndi vai Blynk Cloud. Viéc nay
duoc thuc hién thong qua cac ham cua thu vién Blynk, gidp thiét bi xac thuc danh tinh
va bat dau trao doi dir lidu véi Cloud. Qua trinh xac thuc dam bao rang chi nhiing thiét
bi hop 18 méi o thé két ndi, tir d6 nang cao tinh bao mat va dang tin cay cua hé théng.

Khi két ndi thanh cong, thiét bi s& sin sang nhan cac lénh diéu khién tir nguoi ding
va guri dix liéu cam bién 1én Cloud. Trang thai két néi cua thiét bi c6 thé duoc theo ddi
truc tiép trén Blynk.App hoic Blynk.Console, noi thiét bi s& hién thi trang thai “online”.
Piéu nay cho thay thiét bi di san sang hoat dong trong hé sinh thai Blynk va tuong tac
Véi céc ang dung quan ly tir xa. Trong qué trinh thiét 1ap, néu xay ra 16i két néi, can
kiém tra lai théng tin mang, xac thuc Auth Token, ciing nhu kha nang truy cap Internet
cua thiét bi dé dam bao hé théng hoat dong 6n dinh.

Guri va nhgn da ligu qua Blynk Cloud:

Khi thiét bi da két ndi thanh cong véi Blynk Cloud, viéc trao doi dit liéu giira thiét
bi va Cloud dién ra theo co ché hai chiéu. Thiét bj gui di liéu I&n Cloud théng qua cac
cam bién duoc gan sin, vi du nhu cam bién nhiét do, do 4m, anh sang hoac mirc khi doc.
Dit lidu nay c6 thé duogc gui theo chu ky dinh sin hoic theo yéu cau cua tng dung, gilp
ngudi diing giam sét trang thai moi truong va cac thong sé cam bién theo thoi gian thyc.

Nguoc lai, Blynk Cloud nhan céc Iénh diéu khién tir ngudi ding va truyén xudng
thiét bi. Khi thao tac trén Blynk.App hoic Blynk.Console, chang han nhu bat/tat ro-le,
thay d6i ngudng canh bao hay cap nhat cau hinh, 1énh s& duoc Cloud xu Iy va gui tiép
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dén thiét bi twong tng. Thiét bi nhan lénh va thuc hién ngay cac hanh dong can thiét,
nho d6 viée diéu khién tir xa tro nén tién loi, chinh x4c va nhanh chéng.

Quaé trinh truyén dit liéu gitta thiét bi va Blynk Cloud sir dung giao thuc riéng cua
Blynk (Blynk Protocol) hoic c6 thé tich hop cac giao thic phd bién nhu MQTT hay
HTTP, tuy theo c4u hinh cua hé thdng. Dit liéu dugc ma hoa va xu ly theo thoi gian
thuc, dam bao tinh bao mat, chinh xac va 6n dinh. Nho co ché nay, hé théng Blynk cho
phép ngudi ding vira giam sat cac cam bién, vira diéu khién thiét bi tir xa ma khéng can
két ndi truc tiép, tao diéu kién thuan lgi cho viéc quan ly, giam sét va tu dong hoa thiét
bi trong nhiéu tng dung 10T khéac nhau.

Hién thi va diéu khién trén ing dung:
Nguoi ding c6 thé truy cap hé thong qua:

e Blynk.Console (trinh duyét web) dé theo ddi trang théi thiét bi, biéu @6 di liéu,
lich str do va cau hinh hé thong.

e Blynk.App (tng dung dién thoai) dé xem thdng tin cam bién, diéu khién thiét bi
tir xa bang giao dién truc quan (widget).

Khi ngudi dung thao tac trén tng dung, vi du nhan nat “Bat quat”, 1énh s& duoc gui

tgi Blynk Cloud, rdi chuyén tiép xudng thiét bj trong tng.

Nguoc lai, khi cam bién do dwoc gia tri méi, thiét bi gui dit liéu 1én Cloud dé tng

dung hién thi ngay lap tuc.
Tw dong hda va canh béo:
Blynk hd trg tao Automation — tirc 1a cac quy tic hoat dong tu dong:

e Vi du: khi cam bién nhiét 46 > 35°C — tu dong bat quat hodc gui canh bao dén
nguoi dung.

e Cic automation nay dwgc cdu hinh truc tiép trong Blynk.Console hoic
Blynk.App, va dugc xir Iy trén nén tang Blynk Cloud ma khéng can nguoi ding
can thiép thu cong.

Quadn ly va cap nhdt thiét by:

Ngoai viéc giam sat, Blynk con cho phép quan ly va cap nhat thiét bi tir xa:

e Quan ly danh sach thiét bi, nguoi ding, va té chuc.

Sinh vién thyc hién: Nguyén Thi Thu An Hudng dan: Th.S Nguyén Thi Vii Thao 10



Xay dung hé thdng 10T gidam sat chdt liong nuwéc sinh hoat

e Cap nhat phan mém (firmware) qua Internet (OTA — Over The Air) dé sua 16i
hoac thém tinh nang mai.

e Kiém tra trang thai thiét bi (online/offline, pin, tin hiéu mang) va ghi lai nhat ky
hoat dong.

1.2.3. Ung dung ciia Blynk trong hé théng 1oT
Trong linh vuc sdn xudt:

Muc dich ung dung loT Ia:

e Giam sat trang thai may mac tir xa qua dién thoai/may tinh bang.
e Nhan canh bao khi may moc c6 dau hiéu bat thuong.
e Diéu khién hoic tam dirng may ty dong tir xa dé bao tri kip thoi.
Dir liéu thu thap & Phan hoi:
e Nhiét do, do rung, mic dién tiéu thu cua may mac.
e Hién thi di liéu theo thoi gian thuc trén tng dung Blynk.
e Gui canh bao ty d6ng néu vuot ngudng.
Vi du vé thiét b loT:
e Hé théng cam bién rung dong, ap suat, dong dién két ndi Blynk.
e Robot cdng nghiép co thé diéu khién tir xa.

e He thdng du doan bao tri tich hop Blynk dé canh bao kip thoi.

Trong linh vuc Y té va chim séc sirc Khée:

Muc dich ung dung 10T la:

e Theo ddi stc khoe bénh nhéan tur xa.
e Gui dir lidu dén bac si, trung tim y té dé phat hién sém cac dau hiéu nguy
hiém.
Dir liéu thu thap & Phan hoi:
 Nhip tim, huyét ap, nong d6 oxy trong mau.
e Hién thi tryc quan trén (ng dung Blynk.
e Canh béo tic thoi khi c6 bat thuong.

Vi du vé thiét bi loT:

e Miy do huyét ap, nhip tim théng minh.
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e Giudng bénh théng minh két néi Blynk.
e Thiét bi theo ddi sirc khoe deo tay.
e Robot phau thuat duoc giam sét tir xa.

Trong linh vuc giao thong van tdi:

Muc dich ung dung loT Ia:

e Giam sat luu luong giao thong va toc do xe tir xa.
e Diéu khién hé théng dén tin hiéu théng minh, giam tic nghén.
e Canh bao hanh vi lai xe nguy hiém.
Dir liéu thu thap & Phan hoi:
e Luu luong giao thong, mat do xe, toc do xe.
e Hién thi di liéu trén Blynk theo thoi gian thuc.
e Nhan canh bao va diéu khién dén giao thong tir xa.
Vi du vé thiét bi 10T:
e He thdng dén giao thong thong minh.
e Bii d6 xe thong minh.

e Hé thng theo ddi phuong tién va camera giam sat.

Nha thong minh:

Muc dich ung dung 10T la:
o Diéu khién thiét bi dién tu tir xa.
e Ting tién nghi, tiét kiém nang lwong va giam sat an ninh.
Dir liéu thu thap & Phan hoi:
e Cam bién nhiét d¢, anh sang, &m thanh, chuyén dong.
e Hién thi dix liéu va trang thai thiét bi trén Blynk.
e Tuy dong diéu chinh thiét bi theo diéu kién méi trudng hoac giri thdng bao cho
nguoi dung.
Vi du vé thiét bi loT:

e Dén, diéu hoa, may giat, khoa cira, bép théng minh.
e Camera giam sat va hé théng canh béo an ninh.
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Trong linh vuc ndng nghiép:

Muc dich ung dung loT Ia:

e Giam sat cay trong, dat, thoi tiét tir xa.
e Diéu khién tudi tiéu, bon phan tu dong.

e Duy bao san lugng va tbi wu hoa ning suét.
Dit liéu thu thap & Phan hoi:

e Theo ddi diéu kién cua dat (d6 4m, pH, ham lwong dinh dudng,..), 4nh sang,
nhiét do.
e Hién thi trang thai cay trong, canh bao bat thuong trén Blynk.
e Diéu khién hé thdng tuéi tiéu, thiét bi trén ddng ruong tir xa.
Vi du vé thiét bi 10T:
e Hé thng tudi tiéu ty dong.
e Thiét bi theo ddi strc khoe vat nubi.

e Drone phun thudc bao vé thuc vat.

1.3. Ngbn ngir lap trinh Arduino
1.3.1. Khai nigm vé ngdn ngi l@p trinh Arduino
Khéi niém:

Ngon ngit 1ap trinh Arduino 12 mét ngén ngit don gian va co ban dé lap trinh c4c vi
diéu khién Arduino - 1a mot nén tang phan cang ma nguén mo. Ngon ngir 1ap trinh
Arduino dua trén ngdn ngit C/C++, nhung da duoc tiy chinh va don gian hoa dé phu
hop Vi vi diéu khién Arduino va céc tac vy diéu khién phan cang.

Chuong trinh Arduino c6 thé duoc chia 1am 3 phan géom:

Cadu truc (structure):

Day la b cyc tong thé cia chuong trinh Arduino, bao gom hai ham bat bugc 1a
setup() va loop().

e setup(): Chira c4c Iénh duoc thuc hién mot 1an khi mach Arduino khoi dong.
e loop(): Chura cac Iénh duoc thuc hién lién tuc lap lai.
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Bién sé (variable) va hang sé (constant):

e Bién s6: Dung dé luu trix dit lidu c6 thé thay doi trong qua trinh chay chuong
trinh, vi du: int ledPin = 13;.

e Haing sb: Dung dé luu trix dit liéu khong thay d6i trong qué trinh chay, vi du:
const int threshold = 100;.

Ham va tha tuc (function):

e L& cac khoi lénh thuc hién mot nhiém vu cu thé, giap chuong trinh tr¢ nén rd
rang va dé quan ly.
e Vidu: Ban c6 thé viét ham dé bat tit dén LED:

void blinkLED(int pin, int delayTime) {
digitalWrite(pin, HIGH);
delay(delayTime);
digitalWrite(pin, LOW);
delay(delayTime);

}

Lich si va nguon géc phat trién:

Ngon ngir 1ap trinh Arduino va nén tang phan cang Arduino ¢ ngudn goc tir mot
du 4n nghién ctru tai mot trung tdm nghién ciru va phat trién ¢ Y. Dy an duoc khoi dau
vao nam 2003 boi mot nhém cac nha khoa hoc va ki su gom Massimo Banzi, David
Cuartielles, David Mellis, Tom Igoe va Gianluca Martino.

Tén "Arduino" duoc ldy tir tén mot ngdi lang tai Y, noi cac thanh vién sang 1ap
nhém c6 mét budi hop. Ban dau, ho phat trién mot board mach phu thude vao vi didu
khién cua hang Atmel va sir dung ngén ngir lap trinh Wiring. Sau d6, nhom quyét dinh
ma& ngudn ma ngudn va phan cang cua du an, cho phép moi ngudi ¢6 thé tham gia, phat
trién va chia sé thong qua cong dong Arduino.

Tir khi ra mat dén nay, Arduino di tré thanh mét trong nhitng nén tang phé bién
nhét cho viéc phat trién cac dy an IoT, dién tu, robot va nhiéu tng dung khac. Su phat
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trién va sy déng gop tir cong dong da giup Arduino trd thanh mot cong cu hitu ich cho
viéc kham pha va sang tao trong linh vuc cdng nghé.

1.3.2. Ung dung cia ngdn ngé l@p trinh Arduino trong loT

Ngon ngit lap trinh Arduino, dya trén nén tang C/C++, duoc thiét ké don gian va
than thién, gitip nguoi dung dé dang viét chuong trinh diéu khién phan ctang. Trong cac
ung dung Internet of Things (IoT), Arduino dong vai tro quan trong trong viéc thu thap
dir liéu tir cam bién, xur Iy thdng tin va truyén dit liéu 1én Internet dé gidam sat va diéu
khién tir xa.

Arduino thuong dugc sur dung trong cac du an nhu nha thong minh, ndéng nghiép
thong minh, hé thong giam sat moi truong, do ludng nang luong, hoic diéu khién thiét
bi qua Internet. V&i su hd tro caa cac thu vién c6 san, 1ap trinh vién cé thé nhanh chéng
két ndi véi cac module Wifi (nhu ESP8266, ESP32) hoic nén tang dam may (nhu Blynk,
ThingSpeak, Firebase...).

Ngon ngit Arduino con hd tro tich hop nhiéu loai cam bién va module ngoai vi nhu
cam bién nhiét 4o, do am, anh sang, pH, TDS, OLED, relay... gitip xay dung hé thong
loT linh hoat, tiét kiém chi phi va dé mé rong. Nho d6, Arduino trd thanh mot cong cu
manh m& va pho bién trong nghién citu, hoc tap va phat trién cac ung dung loT thyc té.

1.3.3. Cdc thw vign sie dung trong hé théng

Trong cac dy 4n IoT, Arduino va ESP32 thudng duogc sir dung dé thu thap dix lidu
tir cam bién, xur ly théng tin va két néi vai cac thiét bi khac hoic Internet. Dé thuc hién
nhitng chirc ning ndy, chuong trinh can st dung mot sb thu vién hd tro. Mdi thu vién
dam nhiém mét vai trod riéng, tir giao tiép véi cam bién, do tin hiéu analog, doc nhiét do,
hién thi di liéu trén man hinh, cho dén két néi Wifi va tuong tac véi nén tang IoT nhu
Blynk. Viéc hiéu rd chirc ning va tng dung cua ting thu vién s& gitp 1ap trinh vién to
chic chuong trinh khoa hoc, tdi wu phan cang va dé dang mé rong dy én.

Sau ddy 1a phan gigi thiéu ting thu vién duoc sir dung phd bién trong cac dy an 10T V6i
Arduino/ESP32:

#include <Wire.h>

Thu vién Wire cho phép Arduino hoac ESP32 giao tiép voi cac thiét bi ngoai vi qua
giao thirc 12C, chi can hai day: SDA (di liéu) va SCL (dong hd). N6 gilp giri va nhan
dit liéu tir cam bién, man hinh OLED hay module ADC ma khong phai viét code phtc
tap, 1am du an gon gang va dé quan ly.
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#include <Wifi.h>

Thu vién Wifi quan 1y két ndi Wifi cho ESP32, gitp thiét bi két néi Internet dé gui
va nhan dit liéu tir xa. N6 cho phép giam sat cam bién, diéu khién thiét bi qua cloud hoic
smartphone, 1a thanh phan quan trong trong cac du &n loT.

#include < Adafruit_ADS1X15.h>

Thu vién nay ding dé diéu khién module ADC ngoai ADS1115/ADS1015, gitp do
tin hiéu analog chinh xac hon so vai ADC tich hop cua Arduino/ESP32. ADS1115 co
d6 phan giai 16 bit, rat hiru ich khi doc cam bién dién ap nho hoic nhay, dam bao dir
liéu do duoc dang tin cay cho IoT.

#include < BlynkSimpleEsp32.h>

Thu vién nay két ndi ESP32 véi ung dung Blynk, cho phép tao giao dién diéu khién
trén dién thoai, nhan dir liéu cam bién va diéu khién thiét bi tir xa. N6 giup nguoi dung
tuong tac voi hé thong 10T dé dang ma khong can lap trinh mang phic tap.

#include <OneWire.h>

Thu vién One Wire giao tiép véi céc thiét bi dung giao thirc 1-Wire, phé bién 12 cam
bién DS18B20. Chi can mét day di liéu cho nhiéu cam bién, gitp hé théng 1oT gon
gang, dé lip dat va dé& ma rong.

#include < DallasTemperature.h>

Thu vién nay hd trg doc dit liéu tir cam bién DS18B20 dya trén One Wire. N6 cho
phép doc nhiét do chinh xéc, hd trg nhiéu cam bién trén cing mot bus va chuyén doi
don vi dé dang, rat phii hop cho cac tng dung gidm sat moi trudng.

#include < Adafruit_SSD1306.h>

Thu vién Adafruit_SSD1306 iéu khién man hinh OLED SSD1306, hién thi chit, sb,
biéu d6 hoic biéu twong. N6 gilp giam sat dir liéu truc tiép trén thiét bi ma khéng can
smartphone, thuan tién trong cac du &n 10T tai chd.

1.3.4. Uu va nhwoe diém cia Arduino trong ldp trinh 1oT
Uu diém:

Nam lgi thé chinh cua ngbn ngit 1ap trinh Arduino Ia:

e Dé hoc va sir dung: Ngbn ngir 1ap trinh Arduino dya trén C++, ¢6 ca phap don
gian va dé hiéu, ngay ca ngudi méi bit dau ciing co thé hiéu duoc.
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Tinh linh hoat: Bo mach Arduino c6 thé dugc st dung trong nhiéu du an khéac

nhau, Chéng han nhu robot, ty dong hoa gia dinh va cac ung dung loT.

Duot hé tro réng rai: Cong dong Arduino rat I6n va ning dong, cé rat nhiéu tai
nguyén va huéng dan giup ngudi dung hoc tap va khic phuc sy cé.

Tiét kiém chi phi: Bo mach va linh kién Arduino c6 gia thanh twong d6i ré, phu

hop véi nhitng ngudi dam mé va sinh vién.

Nguén mé: Phan mém va phan cing Arduino 1a ma nguén mé, nghia 14 ngudi
ding c6 thé truy cap vao ma ngudn va sira d6i ma ngudn cho phu hop véi nhu
cau cua minh.

Nhwoe diém:

Ngon ngit 1ap trinh Arduino cling c6 mét sé nhuoc diém can luu ¥ nhu sau:

Bé nhd va sitc manh xa 1y con han ché: So vai cac bo mach vi diéu khién 16n

hon hoac may tinh hoan chinh, bo mach Arduino c6 b nhé va kha nang xu ly
han ché. Diéu nay cd thé han ché do phirc tap va quy md cua cac du an dugc xay
dung bang Arduino.

H4 tro' han ché cho mét sé giao therc truyén thdng: Bo mach Arduino c6 hd tro
tich hop cho mét sé giao thirc truyén théng, chang han nhu USB, Ethernet va
Wifi, nhung khong hd tro cac giao thic khac nhu Zigbee, Z-wave, Thread hoic
LoRa.

Higu sudt thoi gian theec han ché: Bo mach Arduino khong duoc thiét ké cho
c4c (ing dung thoi gian thuce doi hoi do chinh xac cao vé thoi gian va kha nang
phan hoi.

Tinh nédng bdo mdt han ché: Hon nita, bo mach Arduino c6 cac tinh ning bao
mat han ché, c6 thé khién chiing dé bi tan cdng mang hoic céc loai tan cdng mang
khac.

Dé chinh xac con han ché: Tuy nhién, mot s6 bo mach Arduino c6 d6 chinh xac
han ché khi chuyén d6i tin hiéu analog sang tin hiéu sb; diéu nay c6 thé anh huéng
dén d6 chinh xac cua mot s6 (ng dung.

Khd niang mé réng han ché: Bo mach Arduino khéng phi hop cho cac du &n
quy md 16n. Chung ciing khong duoc khuyén khich sir dung cho cac tng dung
chuyén nghiép hoac cong nghiép.

Sinh vién thyc hién: Nguyén Thi Thu An Hudng dan: Th.S Nguyén Thi Vii Thao 17



Xay dung hé thdng 10T gidam sat chdt liong nuwéc sinh hoat

1.4. Arduino IDE (Méi trwong phat trién)
1.4.1. Gigi thigu Arduino IDE
Arduino IDE 1a gi?

Arduino IDE (Moi truong Phét trién Tich hop) 1a mot nén tang phan mém dwoc st
dung dé viét, bién dich va nap ma chuong trinh vao cac bo mach Arduino. N6 cung cap
mot giao dién don gian dé lap trinh bang ngdn ngir twong ty C/C++, duoc thiét ké dac
biét dé tuong tac vai phan cing Arduino.

IDE gitip ngudi ding viét cac sketch (chwong trinh Arduino), kiém tra ma ngudn,
va nap chuong trinh vao vi diéu khién chi véi vai ci nhap chugt.

Ngoai ra, Arduino IDE con:

e H0 tro thu vién phong pha: Cho phép dé dang két ndi cac cam bién, dong
co, man hinh va cac module khac ma khong can viét lai ma tir dau.

e Panén tang sir dung: CH thé chay trén Windows, macOS, Linux va gidp 1ap
trinh vién dé dang sir dung.

e Giao dién than thién véi ngudi mai: Ngay ca nhitg ngudi chua biét 1ap trinh
ciing c6 thé bat dau nhanh choéng.

e H0 trg cong dong l6n: Hang ngan vi dy, huéng dan va forum gidp giai quyét
van dé nhanh chong.

Nho nhitng tinh nang nay, Arduino IDE tré thanh cong cu 1y tuong cho ca nguoi
méi hoc dién tir 1an cac du &n chuy@n su, tir robot, IoT, dén céc thiét bj thdng minh.

Hinh 1.7 Logo Arduino IDE
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1.4.2. Céac chirc nang chinh cua Arduino IDE
Soan thao ma nquén ( Code Editor):

Arduino IDE c6 trinh soan thao gidp viét chuwong trinh (Sketch) biang ngdn ngir
C/C++ don gian hoa. N6 hd trg t6 mau ct phap, xudng dong tu dong va tab indent, giup
code rd rang va dé doc.

Bién dich va nap chirong trinh(Compile & Upload):

IDE bién dich code thanh file nhi phan va nap truc tiép vao bo mach Arduino hoic
ESP32. biéu nay gitp lap trinh vién kiém tra I8i cii phap va chay chwong trinh trén thiét
bi mot cach nhanh chéng.

Quan Iy thu vién (Library Manager):

Arduino IDE cho phép cai dit, x6a hodc cap nhat thu vién hd tro cam bién, man
hinh, Wifiva cé4c thiét bi IoT khéac. Thu vién gidp mo réng chic ning phan cirng ma
khong can viét code tir dau.

Man hinh Serial Monitor:

Serial Monitor hién thi dix liéu tir Arduino guri vé may tinh, hd trg g& 16i va giam sat
hoat dong chuong trinh. Ngudi ding cling ¢6 thé giri Iénh tir may tinh vao Arduino dé

tuong tac truc tiép.

H4 tro nhiéu bo mach (Board Manager):

IDE tich hop danh séach bo mach Arduino pho bién va cho phép cai thém cac board
khac nhu ESP32, ESP8266 thong qua Board Manager. Diéu nay gilp 1ap trinh trén nhiéu
loai phan cirng mot cach dé dang.

Vi du:

Arduino IDE cung cap nhiéu vi du minh hoa céch str dung cam bién, module va cac
tng dung 1oT. Nhitng vi du nay giup nguoi méi hoc nhanh chéng hiéu cach lap trinh va
&p dung vao dir an thuc té.

1.4.3. Uu va nhwoc diém Arduino IDE
Uu diém:

e Khd ndng s dung: Arduino IDE c6 giao dién than thién, giup lap trinh tré nén
dé dang va thuan tién cho ca ngudi méi bat dau 1an ngudi c6 kinh nghiém.
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e Thén thién véi nguwoi mgi: Thiét ké don gian gilp viéc lap trinh tro nén truc
quan, thi vi va hiéu qua, pht hop véi nhimg ngudi lan dau 1am quen.

e Dé siz dung: Nguoi dung danh gia Arduino IDE rat dé dung, dic biét thuan tién
cho ngudi mai bat dau hoc 1ap trinh.

e Quadn Iy thur vién: Hé thdng quan 1y thu vién duoc don gian héa, giup ngudi ding
dé dang cai dat va sir dung cac thu vién can thiét, nang cao trai nghiém lap trinh.

e Don gidn va tric quan: Thiét ké than thién gitp viéc viét code cho céc bo mach
Arduino va dy an 10T troé nén nhanh chong, hiéu qua va dé quan ly.

Nhwoe diém:

o Kho khin khi debug: Nguoi dung gip kho khin khi theo ddi va stra 16i do cac
cong cu debug caa Arduino IDE con han ché so véi cac méi truong lap trinh nang

Cao.
e Khd ning tiy chinh han ché: Nguoi dung gap kho khan khi thém cong cu hoic

bo mach ngoai dé kiém thir vi diéu khién.
e Tinh ning han ché: So véi cac méi truong 1ap trinh chuyén nghiép, Arduino
IDE c6 chic nang han ché, dic biét trong viéc debug hoic quan ly dy an phuc

tap.
e Vin dé cdng cu: Nguoi dung doi khi gap truc tric véi cac cong cu, gap kho khin
khi thém thu vién, cdng cu hoac bo mach bén ngoai.

1.5. Gigi thigu vé céc thiét bi phan cing
1.5.1. Thiét bi diéu khién

Trong mét hé théng 10T, thiét bi diéu khién (Controller/MCU — Microcontroller
Unit) dong vai tro nhu b ndo trung tdm, dam nhiém toan bo qué trinh van hanh cta hé
thng. Thiét bi nay ¢ nhiém vu thu thap dir liéu tir cac cam bién, xtr Iy va phan tich cac
tin hiéu dau vao dé nhan biét trang thai méi truong hoic thiét bi. Bong thoi, né diéu
khién céc phan tir chip hanh nhu dén LED, dong co hay relay dua trén két qua xir ly.
Bén canh d¢6, MCU con chiu trach nhiém truyén di liéu 18n internet hoic cac nén tang
IoT nhu Blynk, MQTT hay Firebase, ciing nhu tiép nhan lénh va cau hinh tir nguoi diing
giri xudng. Nho kha ning két néi cam bién — xir ly dix liéu — truyén thong, thiét bi diéu
khién tro thanh trung tam diéu phéi quan trong, dam bao hé théng 10T hoat dong 6n dinh

va tron tru.
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Cac thiét bi diéu khién pho bién trong 10T hién nay 1a:

a) Arduino Uno:

Arduino Uno 1a bo mach Arduino phé bién nhét, dé dung cho ngudi méi
bat dau va ph hop cho hoc tap, thuc hanh va 1am prototype. N6 hoat dong 6n
dinh, két ndi chic chan va hd tro nhiéu shield ma rong, rat tién khi 1am cac md
hinh thir nghiém hoac du an giao duc.

Uu diém: D& sir dung, bén, tién két ndi va phu hop cho céc bai hoc STEM
hoac robot don gian.

Nhuoc diém: Kich thudc khé Ion, nén khong thich hop cho cac san pham
nhé gon.

Ung dung: Cac bai hoc 1ap trinh — dién tir, robot co ban, mé hinh diéu
khién (dong co, relay, cam bién), hodc cac du &n nguyén mau can tinh 6n dinh.

Hinh 1.8 Arduino Uno

b) Arduino Nano:

Arduino Nano nhé gon hon nhiéu so véi Uno, van ding cing loai vi diéu
khién nhung c6 loi thé vé kich thudc va dé gin vao céc thiét bj nhing. N6 phu
hop cho nhitng du &n can mach nho, nhe hozc Iap vao san pham thuc té.

Uu diém: Nho, ré, phi hop cho mach nhiing, va cac san pham can tiét
kiém khong gian.

Nhuge diém: Céng USB nho dé hong hon va khong dung dwoc hau hét
shield lon cua Uno

Ung dung: Thiét bi do mini, mach in PCB, robot nho, hé théng 10T gon
le, thiét bi deo, hodc cac du &n can nhiéu dau analog.

Sinh vién thyc hién: Nguyén Thi Thu An Hudng dan: Th.S Nguyén Thi Vii Thao 21



Xay dung hé thdng 10T gidam sat chdt liong nuwéc sinh hoat

‘3!

2
cT
o232
ﬁo;

o

) RST GND uI
' % @

Hinh 1.9 Arduino Nano

c) ESP8266 NodeMCU:

NodeMCU la bo phat trién dua trén ESP8266, tich hop san WiFi va co thé
lap trinh tryc tiép bang Arduino IDE. Kich thuéc cua no twong d6i 16n nén thao
tac thir nghiém rat thuan tién, dac biét pht hop cho nguoi méi lam loT.

Uu diém: D& 1ap trinh, c6 sdn mach nap USB, hoat ¢ong 6n dinh va phu
hop cho cac du an loT c¢o vira.
Nhuoc diém: Kich thudc khé I6n nén khdng phi hop cho cac thiét bi nho

gon hoic san pham can gén truc tiép 1én PCB mini.

Ung dung: C4c dy an 10T pho thong nhu diéu khién thiét bi qua Internet,
nha thdng minh, cam bién nhiét d6 — do am, canh b&o an ninh, xay dung web
server don gian hoic dung trong cac bai thir nghiém can nhiéu chan GPIO.

ESP8266 TYPE-C || Micro

Hinh 1.10 ESP8266 NodeMCU
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d) ESP8266 Wemos D1 mini:

Wemos D1 Mini 1a ban thu nho cia ESP8266, rat nho gon va phi hop dé
gan truc tiép vao cac san pham IoT. Du it chan hon NodeMCU, né van dap tng
t6t hau hét cam bién va module 10T théng dung.

Uu diém: Kich thuéc siéu nho, d& tich hop vao mach in, gia ré va tiéu thu
ning luong thap.
Nhuge diém: it chan GPIO va thao tac trén breadboard kém thuan tién

hon.

Ung dung: Thiét bi IoT mini nhu cam bién méi trudng, cdng tic thong
minh, bo diéu khién LED nho gon, wearable hoic cac du &n can tiét kiém tdi

da khong gian va nang luong.

()
WEMOS D1 mini

ESP8266

Hinh 1.11 ESP8266 Wemos D1 Mini
e) Raspberry Pi:

Raspberry Pi 12 mot may tinh thu nho chay Linux, manh hon nhiéu so véi
cac vi diéu khién. NG c6 thé xur 1y da nhiém, chay giao dién d6 hoa, két néi
camera, man hinh, USB, mang LAN/WiFi va dam nhiém nhirng tac vu phirc
tap trong loT hoac hé thong théng minh.

Uu diém: Hiéu nang manh, hd tro nhiéu thiét bi ngoai vi, chay duoc server
va cac tng dung xur ly anh, Al hoac di liéu 1on.

Nhuoc diém: Gia cao hon, tiéu thu dién 16n va yéu cau cai dat phuc tap
hon so véi Arduino hay ESP.
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Ung dung: Hé thdng 10T nang cao, camera giam sat, nhan dang hinh anh,
smart home, robot, server web/MQTT hoic cac bai toan can kha ning tinh toan
cao.

Hinh 1.12 Raspberry Pi

1.5.2. Thiét bi cam bién

Cam bién 1a cac thiét bi quan trong trong hé théng 10T, ¢d vai trd thu thap dix liéu
tir moi trudng hoic thiét bi, chuyén doi thanh tin hiéu dién (analog hoic digital) dé vi
diéu khién xur ly va ra quyét dinh. Théng qua cam bién, hé thong 10T c6 thé giam sat,
do ludng va diéu khién tu dong céc thdng s vat ly, hda hoc, méi truong hoic trang thai
cuia cac thiét bi khac.

Cac loai cam bién pho bién trong hé théng loT bao gom:
a) Cam bién nhiét 6 - do am (DHT11 — DHT22):

DHT11 va DHT22 la cam bién do nhiét 46 va do am phd bién trong 10T, cho
dir liéu dang digital va dé két ndi véi cac vi diéu khién.

Uu diém: D& lap trinh, gia ré, dit liéu khé 6n dinh, DHT22 cho dé chinh xac cao
hon.

Nhuoc diém: Toc do phan hoi cham va khéng phi hop méi truong 4m uét kéo
dai.

Ung dung: Giam sat mdi trudng, nha théng minh, hé théng HVAC, canh bao
nhiét do - ¢o am.
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Hinh 1.13 Cam bién nhiét d6 - d6 am DHT22

b) Cdm bién anh sang (LDR, BH1750):

Cam bién anh sang dung dé do cudng do sang méi trudng, thudng gap ¢ hai
loai: LDR vai tin hiéu analog va BH1750 véi tin hiéu digital qua I12C.

Uu diém: Dé tich hop; LDR rat ré, con BH1750 cho d6 chinh xé4c cao va doc dir
liéu 6n dinh.

Nhuoc diém: LDR dé nhiéu va khong tuyén tinh; BH1750 can giao tiép 12C nén
phuac tap hon mét chit.

Hinh 1.14 Cam bién anh sang
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c) Cam bién khi (MQ,CCS811):

Cam bién khi duoc dung dé do ndng d6 céc loai khi doc hai hoac VOC trong
khong khi, véi dang analog (nhu MQ series) hoac digital qua I12C (nhu CCS811).

Uu diém: Do duoc nhiéu loai khi, d6 nhay cao va dé két ndi véi vi diéu khién.

Nhuoc diém: Can hiéu chuan dinh ky va dé bi anh hudng bai méi trudong xung
quanh.

Ung dung: Giam sat chat luong khong khi, canh bao khi doc, hé thoéng nha théng
minh va cac du an IoT moi truong.

Hinh 1.15 Cam bién khi MQ

d) Cdm bién siéu &m (HC-SR04):

Cam bién siéu am la cam bién do khoang céch bang song siéu am, cho két qua
digital va do duoc vat thé ma khong can tiép xuc.

Uu diém: Gia ré, do kha chinh xéc, dé ding cho robot va cac hé thong loT.

Nhuoc diém: Kho do vat mong hoac mém, dé sai léch trong méi truong nhiéu
am.

Ung dung: Robot tranh vat can, do muc nudéc, gidm sat bon chira va hé thong tu
dong hoa.
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Hinh 1.16 Cam bién siéu am HC-SR04

1.5.3. Thiét bj canh bao

Thiét bi canh bao 1a cac module ding dé théng bao cho nguoi ding khi hé thdng
loT phéat hién su ¢6 hoac gid tri cam bién vugt ngudng an toan. Chung gitp ting tinh an
toan va giam sét thoi gian thuc. Trong cac du an 0T, ¢ thé sir dung cac thiét bi nhu
Relay canh bao dén, coi dién tir, LED ma tran dong, hoac thong bao qua man hinh va
ung dung di dong.

a) Coi dién tii/Piezo Buzzer dong:

Coi dién tir duoc dung dé phat &m thanh canh béo trong céc hé théng 10T va tu
dong héa. Khi dugc kich hoat, né phét tiéng bip hodc &m lién tuc tiy lap trinh.

Uu diém: Am thanh 16n, d& nghe va rat d& tich hop vao cac mach diéu khién.
Nhuoc diém: Chi béo bang am thanh va c6 thé gay kho chiu néu hoat dong lau.

Ung dung: Canh béo chay, trom, vuot ngudng cam bién, bao hiéu trong nha
théng minh va hé théng cong nghiép.

Hinh 1.17 Piezo Buzzer
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b) Dén LED ma trign/LED RGB déng:

LED ma tran dugc dung dé hién thi canh béo bang chit, biéu twong hoic hiéu
rng anh sang, gidp théng tin tre quan hon trong cac hé thong loT.

Uu diém: Hién thi r6 rang, d& tao hiéu tng va thé hién trang théi hé thong.
Nhuoc diém: Lap trinh phtic tap hon LED thudng va tiéu thy dién nhiéu hon.

Ung dung: Hién thi chit chay, canh bao trang thai thiét bi, c4c tin hiéu trong
10T cong nghiép va moi truong.

Hinh 1.18 LED RGB dong

1.5.4. Thiét bi hién thj
a) LCD 16x2 /20x4:

LCD la man hinh hién thi ky tu, dung dé hién thong tin co ban nhu s6 lidu
hoac trang théi trong cac du an loT.

Uu diém: Gia ré, dé Iap trinh va hién thj thong tin truc tiép trén thiét bi.

Nhuoc diém: Chi hién thi ky tu, khong phd hop véi hinh anh hay biéu do
phtc tap, kich thudc han ché.

Ung dung: Giam sét nhiét do, do am, &p suat, cac thiét bi 10T, nha théng minh
va mach nhdng.
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Hinh 1.19 LCD 20x4

b) Man hinh TET/LCD mau:

Man hinh mau dung dé hién thi hinh anh, d6 thi va giao dién truc quan trong
cac du an loT néng cao.

Uu diém: Truc quan, hién thi nhiéu théng tin cing IGc va hd trg d6 hoa, biéu d6
realtime.

Nhuoc diém: Gia cao hon LCD ky tu, tiéu thu dién nhiéu va Iap trinh phuc tap

hon.

Ung dung: Hién thi dit liéu cam bién, hé thong loT nang cao, smart home/farm,
gidm sat cong nghiép va may moc tu dong.

Hinh 1.20 Man hinh LCD mau

Sinh vién thyc hién: Nguyén Thi Thu An  Hudng dan: Th.S Nguyén Thi Vii Thao 29



Xay dung hé thdng 10T gidam sat chdt liong nuwéc sinh hoat

Chuwong 2: PHAN TICH VA THIET KE HE THONG

2.1. Phan tich y&u ciu chirc ning

Hé théng duoc xay dung nham giam sat lién tuc cac thong sé nude sinh hoat theo
thoi gian thyc, gitip nguoi ding quan sat duoc sy thay d6i cia chat lwong nudc va nhanh
chéng phét hién cac dau hiéu bat thuong. Trong thuc té, hé théng déng vai trdo nhu mot
cdng cu theo dbi tu dong: no thu thap dir liéu tir nuéc sinh hoat, hién thi thong tin cho
ngudi sir dung, ddng thoi dua ra canh béo khi gia tri viot qua ngudng an toan. Nho do,
ngudi ding o thé kip thoi xu ly hogc diéu chinh diéu kién moi truong theo nhu cau.

Tir nhitng chire ning thuc té néu trén, hé théng duoc thiét ké voi cac mo-dun phan
ctrng va phan mém phi hop dé dam bao hoat dong chinh xac, 6n dinh. Cac yéu cau chuc
nang chinh cua hé thong bao gdom:

2.1.1. Thu thdp dé liéu tir cac cam bién

Chtic nang thu thap dir liéu cho phép hé théng ghi nhan lién tuc cac thong sé nudc
sinh hoat nhu pH, nhiét do va TDS. Trong qua trinh hoat dong, hé thdng tién hanh do
cac chi sb nay theo thoi gian thue, dam bao phan anh chinh xéac tinh trang hién tai cua
ngudn nudce. Di liéu thu thap dugc dugc cap nhat lién tuc, gitip ngudi dung theo doi
bién dong theo thoi gian va phét hién sém nhitng dau hiéu bat thuong.

2.1.2. Hién thj di¥ liéu 1én seng dung Blynk va OLED

Sau khi dir liéu dugc thu thap, hé théng tién hanh hién thi cac théng sé6 mét cach
tryc quan. Trén man hinh tai vi tri lap dat, cac théng sé quan trong dugc trinh bay ro
rang, gitip nguoi dung nhanh chong nam bat tinh trang ngudn nude. Pong thoi, dir liéu
cling duoc gui 1én tng dung di dong Blynk, cho phép nguoi dung giam st tir xa, va so
sanh vai mic chuan. Viéc hién thi lién tuc va truc quan gidp nang cao kha ning theo
déi, quan Iy va ra quyét dinh kip thai khi ¢6 nhitng bién dong bat thudng.

2.1.3. Thiét Idp canh béo khi gia tri vieet ngwéng

Hé thong cho phép nguoi ding thiét 1ap cac ngudng an toan cho ting théng sé nuéc
trén giao dién dién thoai. Khi céc gié tri do duoc vuot qua mac cho phép, hé thong sé
phét canh béao kip thoi, thong bao truc tiép dén nguoi ding. Chirc nang nay gitp nguoi
ding chu dong theo ddi chat lugng nude, nhan biét nhitng nguy co tiém an va thyc hién
c4c bién phap xir Iy pht hop. Nho kha ning thiét 1ap va ty chinh ngudng, hé théng tro
nén linh hoat, dap (tng nhu cau kiém soét chat lwong nudc theo tig diéu kién thuc té.
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2.2. Thiét ké hé théng
2.2.1. So dé thiét ké phan cing
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Hinh 2.1So d6 thiét ké phan cang

Thiét bi xi Iy:

ESP32 1a vi diéu khién trung tdm cua hé théng, nhan va xu ly dir liéu tir cac cam
bién, loai bo gié tri 15i, chuyén d6i tin hiéu sang gia tri thuc, gui dir liéu 1én @ng dung

Blynk, dong thoi diéu khién hién thi trén OLED va thiét bi canh béo.

Thiét bi cam bién:

e Cam bién pH: do d9 axit/bazo cua nuéc. Két ndi qua ADS1115 (kénh A0) dé

chuyén dbi tin hiéu analog sang ESP32.

e Cam bién TDS: do do dan dién (ppm) cua nudc. Két ndi qua ADS1115 (kénh

Al)

e Cam bién nhiét d6 DS18B20: do nhiét do nuéc (°C), giao tiép qua bus 1-Wire tai

GPIOA4.

e ADS1115: module ADC 16-bit gitip chuyén d6i tin hiéu analog tir cam bién pH

va TDS sang dang s6 chinh xac cho ESP32
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Thiét bi hién thi:

OLED SSD1306: hién thi cac thong sé pH, TDS, nhiét do, trang thai Wifi, théng
bao “Nudc binh thuong” hoac “Vugt ngudng”.

Thiét bi canh bao:

e LED do/ xanh: bao trang thai nudc binh thuong hay vugt ngudng.
e Coi: Canh bao am thanh khi cac chi s6 vuot ngudng.

2.2.1.1. Vi dieu khien ESP32 7 ,

ESP32 Ia mét series cac vi dieu khién trén mét vi mach gié ré, nang lugng thap co
tich hop WIiFi va dual-mode Bluetooth (tam dich: Bluetooth ché do kép). Dong ESP32
str dung b vi xir Iy Tensilica Xtensa LX6 c6 hai bién thé 151 kép va 16i don, va bao gom
cac cdng tac anten tich hop, RF balun, bo khuéch dai cong suat, bo khuéch dai thu nhiéu
thap, bo loc va module quan 1y nang luong.

ESP32 dugc ché tao va phat trien boi Espressif Systems, mot cong ty Trung Qudc
c6 tru s& tai Thuong Hai, va duoc san xuit bai TSMC bang cach sir dung céng nghé
40nm. ESP32 14 san pham ké thira tir vi diéu khién ESP8266.

Théng sé ky thuat:

CPU va bé nho:

e Vixir ly (CPU): Xtensa® Dual-Core 32-bit LX6
e Tdc d6 xung nhip: 160 MHz — 240 MHz

e RAM: 520 KB SRAM

e Flash: 4MB (SPI Flash tich hop)

Két néi khong day:

e Wifi: IEEE 802.11 b/g/n (2.4 GHz)
e Bluetooth: v4.2 BR/EDR va BLE (Bluetooth Low Energy)

Giao tiép va 1/0:

GPIO: 34 chan (tiy bo c6 thé truy cap duoc ~25-30 chan)
ADC: 12-bit, t6i da 18 kénh

DAC: 2 kénh (8-bit)

PWM: H& tro trén tat ca GPIO

UART: 3 cong
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e SPI:3cong
e 12C:2céng
e 12S:2céng

e CAN bus, IR (TX/RX), Touch Sensor (10 kénh)
e SD card/SDIO/MMC, Ethernet MAC (v6i DMA)

Cdm bién tich hop:

e Cam bién Hall (do tir trudng)
e Cam bién nhiét d6 noi chip
e 10 cam bién cham dién dung (touch sensor)

B4o mdt phan cing:

e Ho tro WPA/WPA 2/WPA 3

e Secure Boot va Flash Encryption

e AES, SHA-2, RSA, ECC, RNG (bd ting téc ma hda phan cing)
e 1024-bit OTP memory

Nguén va cong sudt:

e Dién &p hoat dong: 2.2V — 3.6V (thudng cap 5V qua USB)
e Chan nguon:

o 5V:cap ngudn tir USB

o 3.3V:dau ra 6n dinh tir mach 6n ap onboard
e Nhiét do hoat dong: -40°C dén +85°C

19D 0DO® O ¢
€20 ZZAOXLOXY 170 610 810 50 L
H2259855958858 |
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Hinh 2.2 Vi xtr ly ESP32
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2.2.1.2. Cam bién ADS1115 , 7

ADS1115 trong hé thong loT gidm sat chat lugong nudc giup chuyén tin hiéu analog
tir cam bién pH va TDS sang s6, gitip ESP32 doc va xt ly chinh xac dit liéu dé hién thi,
luu trir va canh bao kip thoi.

Day 1a mach chuyén ddi ADC 16-bit 4 kénh tich hop bo khuéch dai, hoat dong véi
ngudn 2—5,5V, do duoc nhiéu loai tin hiéu va thiét ké nho gon, dé st dung, ph hop cho
cac du an vi diéu khién can d6 chinh xac cao.

Thong sé ki thudt:

e Tbc d¢ bit: 16 Bit.

e Kiéu giao tiép: 12C.

e Keénh: 4 kénh ANO AN1 AN2 AN3 hoic 2 dau vao riéng biét.

e Dién épvao: 2 ~5.5VDC.

e Dong tiéu thu: Chi 150uA.

e Pau vao diéu khién chuong trinh, 7 loai dau vao khoang: -0.256V ~ 0.256V,
-0.512V ~0.512V, -1.024V ~ 1.024 V, -2.048V ~ + 2.048V, -4.096V ~ 4.096
V, -6.144V ~ + 6.144V.

e Kich thudc: 18 x 28mm.

Ung dung:

Po cac tin hiéu analog chinh xéc trong dy an vi diéu khién.

Hé théng do dién &p, cam bién dién ti, thiét bi do luong.

Két hop véi Arduino, Raspberry Pi hoic cac vi diéu khién khac dé mé rong sé
kénh ADC.
Céac du an can do chinh xéc cao va dai do linh hoat.

Hinh 2.3 Cam bién ADS1115
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So dé khéi cua cam bién ADS1115 véi ESP32:

ESP32 ADS1115
V3 VCC
GND GND
D21 SDA
D22 5CL
+—-— ADDR
GND

Hinh 2.4 So dd khdi cua cam bién ADS1115

2.2.1.3. Cam bién TDS (Total Dissolved Solids sensor)
Trong hé thong 10T gidm sat chat lwong nudc sinh hoat, cam bién TDS duoc sir

dung dé do lién tuc d6 din dién cia nudc, tir d6 xac dinh tong chat ran hoa tan va cung
cap dir liéu chinh xé&c cho hién thi, luu trit va canh béo.

TDS (Total Dissolved Solids), hay tong chat ran hoa tan, 1a chi s6 dung dé dénh gia

chat lugng nudc, phan anh ham luong cac chat hitu co va vo co ¢ trong nudc.
Pon vi do thwong l1a mg/l (milligrams/liter) hoac ppm (parts per million).

Chi s6 TDS thap cho thay nuéc sach, nhung néu qua thap, nudc co thé thiéu khoang
chat; nguoc lai, TDS cao khong dong nghia voi nudc ban, vi day chi 1a chi sé tong hop
vé céac hop chat hoa hoc, khdng phai chi s 6 nhiém.

Thong 6 ki thudt:

e Dién 4p hoat dong: 3.3V -55V

e Dong dién tiéu thu: 3 ~6 mA

e Pham vi do TDS: 0 ~ 1000 ppm

e Do chinh xac do TDS: £ 10% f. S. (25 d6 C)
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Hinh 2.5 Cam bién TDS (Total Dissolved Solids sensor)

So do khéi cia TDS véi ESP32 qua ADS1115:

ESP32 ADS1115
3v3 VCC
GND GND
D21 SDA
D22 SCL

O ADDR
GND > Al
Cam bién TDS
VI —— +
GND €¢———— -
AQ

Hinh 2.6 So dd khdi cua cam bién TDS
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2.2.1.4. Cam bién pH ’ 7

Cam bién do d6 pH la thiet bi dién tir duoc st dung dé do d6 pH ctia mot moi truong
nuéc sinh hoat. Po pH 1a chi s6 biéu thi do axit hay bazo cua dung dich, do trén thang
tir 0 dén 14:

e pH < 7: M6i truong axit
e pH =7: Moi trrong trung tinh
e pH > 7: Mdéi truong bazo
Cam bién nay thuong duoc dung trong phong thi nghiém, hé théng do méi trudng,
Xt ly nudc, va cac du an 1oT néng nghiép hoac cong nghiép.

Thong S6 ki thudt:

e Ngudn cap: 5VDC.

e Dong dién lam viéc: 5 ~ 10mA.
e COng suat tiéu thy: <0.5W.

e Thoi gian dap ung: <5S.

e Thoi gian 6n dinh: <608S.

e Tin hiéu tra vé: Analog.

e Khoang do pH: 0 -14 pH.

e Khoang nhiét @6 do: 0 — 60 d6 C.
Do chinh xac: 0.1 pH (25 d¢ C).
e Tbc d6 phan ing: < 1 phat.

Luu ¥: Loai dau do nay chi sir dung trong phong thi nghiém, khong dwgc ngdm qua
lau trong mau chat long can do. Pau do can duoc rira sach sau mdi lan do va bao quan
trong dung dich 3M KCL.

Hinh 2.7 Cam bién pH
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So d6 khéi cua pH véi ESP32 gua ADS1115:

ESP32 ADS1115

5V5  3V3 \Yele}
GND GND
D21 SDA
D22 3 SCL
o —— ADDR
GND > A0

Cam bién pH

55 «———F— v

GND €«————1— G

PO

Hinh 2.8 So d6 khéi caa cam bién pH

2.2.1.5. Cam bién nhiéz dp DS18B20

Trong hé thong 10T giam sat chat lwong nudc sinh hoat, DS18B20 do lién tuc nhiét
d6 nudc, cung cap dir lidu chinh xac dé hién thi, luu trit va canh bao khi nhiét do vuot
ngudng an toan.

DS18B20 Ia cam bién nhiét ¢6 1 day c6 thé lap trinh, duoc ding pho bién dé do
nhiét do trong cac mdi truong khac nhau, bao gom dung dich, ham mo hoic dat.

Cam bién c6 phan vo chéic chan, d& Iap dit va cd thé chon loai chéng thAim nudéc.
N6 do dugc nhiét do tu -55°C dén 125°C véi dd chinh xac +0,5°C.

MJdi cam bién c6 mot dia chi duy nhat va chi sir dung mot chan vi diéu khién dé
truyén dit liéu, thuan tién khi do nhiét d6 nhiéu vi tri.

Thong 6 ki thudt:

e Ngudn dau vao: 3.3V.

e Dai do nhiét d6: -55 dén 125°C ( -67 dén 257°F).

e Sai sd: +- 0.5°C khi do & dai -10 — 85°C.

e Do phan giai: nguoi dung cd thé chon tir 9 — 12 bits.

e Chuan giao tiép: 1-Wire (1 day).

e CO6 canh b4o nhiét khi vuot ngudng cho phép va cap ngudn tir chan data.

e Thoi gian chuyén doi nhiét d6 téi da : 750ms (khi chon do phan giai 12bit).
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MJi IC c6 mot ma riéng (luu trén EEPROM cua IC) nén ¢ thé giao tiép nhiéu
DS18B20 trén cung 1 day.

Ong thép khong gi (chdng 4m, nude) duong kinh 6mm, dai 50mm

DPuong kinh dau do: 6mm.

Chiéu dai day: 1m.

Ung dung:

Giam sét nhiét d6 trong nha théng minh(diéu hoa,1o sudi,tu lanh).

Do nhiét d6 nudc, dat, moi trudng hda chat trong cac du an 10T ndng nghiép,
céng nghiép.

Str dung hé thong canh bao qué nhiét.

Céc duy an vi diéu khién Arduino, Raspberry Pi can nhiéu cam bién ciing mot
bus.

Hinh 2.9 Cam bhién nhiét 36 DS18B20

So do khéi cuia cam bién nhiét @6 DS18B20 véi ESP32:

ESPa2 DS18R20
ava Day dé
GND Day den
D4 Biento | pay vang

4.7kQ

Hinh 2.10 So do khdi caa cam bién nhiét d6 DS18B20
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2.2.1.6. OLED SSD1306
Trong hé thong 10T giam sat chat luong nudc sinh hoat, OLED dung dé hién thi cac

thong sé pH, TDS, nhiét do va trang thai nude, giup nguoi ding quan sat dit liu tryc
tiép tai vi tri lap dat.

Man hinh OLED 0.96 inch cua AZ Delivery c6 kich thudc rat nho véi duong chéo
man hinh 3 cm va d& doc nho do twong phan cao. Man hinh bao gom 128 x 64 diém anh
OLED, duoc diéu khién riéng Ié bai chip SSD1306 tich hop.

Tinh nang dac biét:

e Man hinh duoc diéu khién théng qua giao dién 12C va chi can 4 két néi.
e Két hop véi hai thu vién Adafruit GFX va Adafruit SSD1306, ciing chira cac
ban phac thao mau, man hinh c6 thé dugc lap trinh nhanh chéng.

Thong sé ki thudt:

e Bo vixu ly: SSD1306.

e Mau sic: Trang.

e GAc nhin thiy duoc: > 160°.

e Nghi quyét: 128 x 64 pixel.

e Dién ap hoat dong: 3.3V dén 5V.

e Nhiét d6 hoat dong: -30°C dén +80°C.

e Tiéu thy dién ning thap: 0,04W khi hoat dong binh thuong.
e Diéu khién: 12C/TWI.

e Gan ma pin: VCC, GND, SCL, SDA.

e Kich thudc: xép Xi27mm X 27mm X 4,1mm.

Hinh 2.11 Man hinh OLED 1306
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So d6 khéi ciia man hinh OLED SSD1306 véi ESP32:

ESP32 OLED SSD1306
3v3 VCC
GND GND
D21 SDA
D22 SCL

Hinh 2.12 So do khdi cua OLED 1306

2.2.1.7. Buzzer(Coi)
Trong hé thdng 10T giam sét chat lugng nudc sinh hoat, buzzer dung dé phét canh

bao am thanh khi cac thong sé nhiét do, TDS, pH vuot ngudng an toan, giup ngudi ding
kip thoi nhan biét va xu ly tinh trang nudc.

Coi Buzzer 5VDC la mét thiét b phat &m thanh dién tir nho gon, hoat dong véi dién
ap mot chiéu 5V (DC). Thiét bi nay dwoc st dung rong réi trong cac mach dién ti, hé
théng canh bao, bao hiéu va cac tng dung nhing nhu:

e Mach béo chay, bdo trom, bao nudc, bao qua nhiét.
e Thiét bj dién ti, ddng ho dién ti, robot.
e He thdng diéu khién Arduino, Raspberry Pi, ESP32, STM32,...

Coi Buzzer 5VDC c¢6 tudi tho cao, hiéu suat on dinh, chat luong tét, duoc san xuat
nho gon phu hop thiét ké véi cac mach coi buzzer nho gon, mach béo dong.

Thong sé ki thudt:

e Ngudn: 3.5V -55V.

e Dong dién tiéu thu: < 25 mA.

e Tan sb cong huong: 2300 Hz + 500 Hz.

e Bién dd am thanh: > 80 dB.

e Nhiét do hoat dong: -20 °C dén +70 °C.

e Kich thude: Buong kinh 12mm, cao 9,7mm.
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Hinh 2.13.C0i Buzzer

So dé khéi cua Buzzer véi ESP32

ESP32 Buzzer

GND Buzzer( =)

Buzzer(+)
GPIO 33

Hinh 2.14 So dd khdi cua Buzzer

2.2.1.8. Dén LEP(Light Emitting Dl:0de) 7

Trong hé thong 10T giam sét chat lugng nudc sinh hoat, LED dugc dung dé canh
b&o hiéu trang nudc, LED xanh bao nudc binh thuong, LED d6 bao vuot ngudng, gidp
ngudi ding d& dang nhan biét tinh trang nuéc ngay tai chd.

LED (viét tit cua Light Emitting Diode, c6 nghia la didt phat quang) 1a cac didt co
kha ning phat ra anh sang hay tia hong ngoai, tir ngoai. Ciing gidng nhu diot, LED dugc
cAu tao tir mot khdi ban dan loai p ghép vai mot khéi ban dan loai n.

Thong s6 ky thudt:

e Chiéu dai chan : >20mm.

e Duong kinh : 5Smm.

e Pién ap tham chiéu : 2.8-3.2V.

e Mau sic hién thi : do, vang, xanh 14, xanh duong.

e Dong : 5mA —40mA (Khuyén dung 10-20mA la bén).
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e Do sang: 2000 — 4000 mcd.
Ung dung:

e Ung dung dén LED trong quang 40 ngoai troi.

e Ung dung trong chiéu sang va trang tri.

e Céc bang hiéu quang cao di co sy phét trién voi su da dang vé chung loai
cling nhu phong cach. Noi bat trong s d6 1a su xuat hién caa dén LED duoc
cac nha quang céo rat “trong dung”.

Hinh 2.15 Bén LED

So do khéi cuia LED véi ESP32

ESP32 LED(Green/Red)
Dién tr&r
GND oo Anode(+)
GPID Canode( -)

(25/26)

Hinh 2.16 So do khdi cua LED
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2.2.2. Thiét ké phan mém
2.2.2.1. Cai dat méi trwong Arduino IDE
Cac budce cai dat moi trueong Arduino IDE:

Budc 1: Tai Arduino IDE

e Truy cap: https://www.arduino.cc/en/software/

e Chon phién ban twong thich véi hé diéu hanh: Windows, macOS, Linux va tai

Ve,
Budc 2: Cai dat Arduino IDE

e Windows: m¢ file .exe, nhin Next — I Agree — Next — Install — Finish.
e macOS: Kéo Arduino IDE vao Applications.
e Linux: Giai nén file .tar.xz, m¢ Terminal va chay ./install.sh.

Budc 3: Cai dit cac thu vién can thiét.

e Vao Tools — Manage Libraries.
e Tim va cai dit cac thu vién can thiét cho duy an.

@ sketch_nov23a | Arduino IDE 236

U wino D€ 236 A x
File fait Skewch Tooks Help
© © & EETNETEEEN s
ARIDS MANAG sketch_nov23aino -
! i p() {
Arduino AVR Boards
v REMOVE
Arduina ESP32 Boards
REMOVE
Arduina Mbed O Edge
Boards

Ln 10, Col 1 ESP32 Dev Module on COM3 not connected] 0

Hinh 2.17 Trinh soan thao va thu vién cua Arduino IDE

2.2.2.2. Thiét Igp méi trwong ESP32 trong Arduino IDE
Huéng dan thiét ldp méi trwong ESP32 trong Arduino IDE:

Budc 1; Thém ESP32 Board vao Arduino IDE.

e Mo Arduino IDE.

e Vaio File — Preferences.
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e Trong 6 Additional Board Manager URLSs, thém duong link sau:
https://dl.espressif.com/dl/package esp32 index.json .
e Nhén OK dé luu lai.

Budc 2: Cai dat ESP32 Board.

e Vao Tools — Board— Board Manager.

e Trong 6 tim kiém g& “esp32”.

e Chon esp32 by Espressif Systems, nhan Install.
e Cho qud trinh cai dat hoan tat.

18 sketch_nov23a | Arduine IDE 236 -

File Edit Sketch Tools Help

© © 6 EIENEEN * D
RDS MANAGER sketch_nov23aina =
s 1 v void setup() {

Arduino ESP32 Boards

2018 v REMOVE

esp32 by

iov REMOVE

Hinh 2.18 Cai dat ESP32 Board

Budc 3: Chon board ESP32 va cong COM.

e Vao Tools — Board — ESP32 Arduino — ESP32 Dev Module (hoac board
tuong ung voi model st dung).

e Két ndi ESP32 véi may tinh qua cap USB.

e Vao Tools — Port — chon cong COM tuong ing véi ESP32.
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Hinh 2.19 Chon board ESP32

Hinh 2.20 Chon cong COM

2.2.3. Thiét ldp &ng dung trén Blynk.
Huréng ddn thiét 1ap 1eng dung trén Blynk:

Budc 1: Tao tai khoan Blynk IoT.

e Mo trinh duyét, truy cap: https://blynk.io/ .

e Nhan Sign Up dé dang ky tai khoan méi va Log In néu da co tai khoan.
Budc 2: Tao Template

e Trong Developer Zone — nhan My Template — + New Project.
e Pién thdng tin:
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o Template Name: Water Quality Monitoring Device.
o Hardware: ESP32 Dev Board.
o Connection Type: Wifi.

e Nhan Done dé tao Template.

Create New Template

NAME

Water Quality Monitoring Device

HARDMWARE
ESP32

DESCRIPTION
Description

Hinh 2.21 Tao Template cho giao dién Blynk

Budc 3: Tao Device

e Vao Devices — + New Device.

e Chon Template ban vura tao: Water Quality Monitoring Device.

e Dién tén Device: Water Quality Monitoring Device.

e Nhin Create dé tao Device.

e Blynk s& cung cdp Auth Token — luu lai @& ESP32 két ndi véi Blynk.
(Auth Token la duy nhat cho timg Device, dung trong code ESP32 dé guri va
nhan dir ligu).

New Device
Create new device by filling in the form below

TEMPLATE

Water Quaiity Monitoring Device

DEVICE NAME
Water Quaiity Moitoring Device

Hinh 2.22 Tao Device cho giao di¢n Blynk
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Budc 4: Thém Data Stream (Virtual Pin) vao Template.

e Trong Developer Zone — nhan My Template Water Quality Monitoring Device
— Datastreams — Edit — New Datastreams dé Datastreams can thiét cho dy

7

an.

B Blynk.Console My organization - 85238K | (3

fr Get Started x = .. Water Quality Monitoring Device
WATER QUALITY MONITORING DEVICE o
@l Dashboards
@ Home Datastream:
B customData S
= N £ Datastreams. Q Search datastream
@ Data Comverters
@ Devicos B Web Dashboard 1 pH
% Automations % Automation Templates
2 Temperature
& Users = Metadata
3 08
@ Organizations ®  Connection Lifecycle
® Locations £ Events & Notifications ; puzzer
M User Guides. 6 pH_Mi
€3 Fleet Management >
[ Mobie Dashboard
@ in-App Messaging ! P
§ Voice Assistants
s DS
G Assels
10 Termp_Max

Hinh 2.23 Thiét lap Datastream cho giao dién Blynk

Budc 5: Tao Event canh bao

Vo

v

w2

V4

vs

V6

'

Ve

Messages used: 31 of 200.0k

=0 0@
- Edit

u o

125

3000

100

14

N

1500

100

Regon SGF1  Privacy Polcy  Terma of Service.

e Trong Developer Zone — nhin My Template Water Quality Monitoring Device

— Events & Notifications — Edit — Create Event — Custom.

TDS Alert

General Notifications Settings
EVENT NAME

08 et

EVENT CODE

s _alert
Ve

Info  Waming Critical  Content

DESCRIPTION (OPTIONAL]
Thing béo khi TDS vt ngudng cho phép

Expose to Automations

Hinh 2.24 Tao event cho hé thong Blynk
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TDS Alert

General  Notifications  Settings  Expose to Automations

@ Enable notifications

Default recipients

Users can set up the notification preferences by going to the Device > Notifications & Events > Notification Settings in
Console, or they can also disable them from the Left sidebar » Settings in the mobile app

EMAILTO

Device Owner

PUSH NOTIFICATIONS TO

Device Owner x

SMSTO

Select contact

Settings

@D Enable notifications management

When turned ON, end-users will access advanced notification management for this event

Hinh 2.25 Thiét lap théng béo gui vé email va ang dung Blynk

TDS Alert
General Notifications Settings Expose to Automations
Limit

Every 1 message will rigger the event

Event will be sent to user only once per | 1 minute

Show in Notifications & Events section

@D Device page (app and console]

@ Home screen (app only)

Other
Appiy tag when this event is recordsd 4 Choese Tag

OB Allow users with Edit Timeline permission to archive this event

Hinh 2.26 Cai dat thoi gian gui caa hé théng trén Blynk
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Két qua: Giao dién hé théng trén ing dung Blynk.

17:00 21, LTE (amm)

< WaterQuali.. @) ¢ @ 0 O

N g

pH

8,57

pH_Min

6,5

pH_Max

10,7 [

Temp

Temp_Max

397C e—

TDS

TDS_Max

582"

Buzzer

Hinh 2.27 Giao dién hé théng trén App Blynk

2.3. Lap trinh hé théng (Code)
I/ CAU HINH BLYNK=============
#define BLYNK_TEMPLATE_ID "TMPL6HYzeXEWM"
#define BLYNK _TEMPLATE_NAME "Water Quality Monitoring Device"
#define BLYNK_AUTH_TOKEN "fuJ2u7Md7JOf31rdkTSWTcV6W7NY Gp9a”
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#include <Wire.h>

#include <Adafruit_ADS1X15.h>
#include <WiFi.h>

#include <BlynkSimpleEsp32.h>

#include <OneWire.h>

#include <DallasTemperature.h>

#include <Adafruit_SSD1306.h>

// CAU HiNH WIFI] =============
char ssid[] = "Tro 43 To Huu";
char pass[] = "43tohuutro";

|| ============= CAU HiNH ADS1115 =============
Adafruit. ADS1115 ads; // khéi tao ADC ADS1115

/| ============= CAU HINH OLED =============

#define SCREEN_WIDTH 128

#define SCREEN_HEIGHT 64

Adafruit_SSD1306 display(SCREEN_WIDTH, SCREEN_HEIGHT, &Wire, -1); //
khoi tao OLED

|| ============= CAU HINH DS18B20 =============
#define ONE_WIRE_BUS 4 // GP104 két n6i DS18B20

OneWire oneWire(ONE_WIRE_BUS); // khéi tao giao tiép 1-Wire
DallasTemperature sensors(&oneWire);

|| ============= HEN GIC) BLYNK =============
BlynkTimer timer; // Timer gt dit li¢u 1én Blynk
BlynkTimer buzzerTimer; // Timer diéu khién nhap nhay buzzer

/| ============= THONG SO TDS + pH =============

float TDS_FACTOR = 0.5; // Hé s6 tinh TDS

float CALIBRATION_FACTOR = 1.0; // Hé s6 hiéu chinh TDS

float LSB = 4.096F / 32767.0F; // Gia tri dién ap cho 1 don vi ADC (gain=1)
float PH_SLOPE = -5.88; // Hé sé tinh pH
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float PH_INTERCEPT = 22.32; // Hang sé tinh pH

// ==== Ngudng c6 thé chinh trén Blynk ====

float pH_min = 6.5; // Ngudng pH thip

float pH_max = 8.5; // Ngudng pH cao

int TDS_max = 500; // Ngudng TDS tdi da (ppm)

float TEMP_max = 35.0; // Ngudng nhiét d6 t6i da (°C)

/| =============PIN LED + BUZZER =============
#define LED_GREEN 25// LED xanh bao nudc binh thuong
#define LED_RED 26// LED d6 bao vugt nguong

#define BUZZER 33// Buzzer canh bao

bool buzzerState = false; // Trang thai on/off buzzer
bool buzzerActive = false; // Buzzer can canh béo hay khong
bool buzzerEnabled = true; // Cho phép buzzer tr Blynk

BLYNK_WRITE(V5) { pH_min = param.asFloat(); Serial.printf("® pH_min =
%.2f\n", pH_min); }// Nhan pH_min tir Blynk

BLYNK_WRITE(V6) { pH_max = param.asFloat(); Serial.printf("@® pH_max
%.2f\n", pH_max); }// Nhan pH max

BLYNK_WRITE(V7) { TDS_max = param.asint(); Serial.printf("@® TDS_max
%d ppm\n", TDS_max); }// Nhan TDS max

BLYNK_WRITE(V9) { TEMP_max = param.asFloat(); Serial.printf(" §
TEMP_max = %.2f°C\n", TEMP_max); }// // Nhan TEMP_max

float readPH() {
const int samples = 10; // // LAy trung binh 10 mAu
long sum = 0;
for (inti=0; i <samples; i++) {
sum += ads.readADC_SingleEnded(0); // Poc ADC kénh 0 (pH)
delay(10);

¥
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float raw = sum / samples; // Gia tri trung binh

float voltage = raw * LSB; / Chuyén sang dién ap

float pH = PH_SLOPE * voltage + PH_INTERCEPT; // Tinh pH
pH = constrain(pH, 0, 14); // Gi6i han pH tir 014

Serial.printf("ADC0=%.0f | V=%.3f V | pH=%.2f\n", raw, voltage, pH);
return pH;

float readTDS() {
const int samples = 10;
long sum = 0;
for (inti=0; i <samples; i++) {
sum += ads.readADC_SingleEnded(1); // Boc ADC kénh 1(TDS)
delay(10);

¥

float adc = (float)sum / samples; // Gia tri trung binh
float voltage = adc * 0.125; /[l mVV
float voltageV = voltage / 1000.0; // V

float ec = (133.42 * pow(voltageV, 3)
- 255.86 * pow(voltageV, 2)
+ 857.39 * voltageV);

float tds = ec * TDS_FACTOR * CALIBRATION_FACTOR; // Tinh TDS
if (tds < 0) tds = 0; // Khéng cho am

Serial.printf("ADC1=%.0f | V=%.3f VV | TDS=%.2f ppm\n", adc, voltageV, tds);

return tds;

e Doc cam bién Nhigt d§ ------------------
float readTemperature() {
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sensors.requestTemperatures();// Yéu cau DS18B20 doc
float tempC = sensors.getTempCByIndex(0); // Lay gia tri nhiét 46

// Loai bo 18i khi cam bién chua sin sang hodc bi ngit
if (tempC == DEVICE_DISCONNECTED_C || tempC == 85.0 || tempC < -10.0 ||
tempC > 100.0) {
Serial.printin("A Cam bién nhiét d6 15i hodc chua sin sang!");
return NAN; // Tra v& NAN dé cc phan khac bo qua
¥

Serial.printf(" § Nhiét do: %.2f °C\n", tempC);
return tempC,

¥

R Coi bip bip --------=-==------
void buzzerBeep() {
if (buzzerActive && buzzerEnabled) {// Néu canh bao va buzzer bat
if (buzzerState) tone(BUZZER, 1000); // Phat tan s 1kH
else noTone(BUZZER); // Tét buzzer
buzzerState = !'buzzerState; // Pao trang thai buzzer

}else {
noTone(BUZZER); // Khong canh bao
}
}
e Hién thi LED + Buzzer ------------=-----

void showWarning(float tds, float pH, float temp) {
bool danger = false; // Flag canh bao

// Kiém tra TDS

if (tds >= TDS_max) {
danger = true;
Serial.printin("A CANH BAO: TDS vuot ngudng!");
it (Blynk.connected())
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Blynk.logEvent("tds_alert”, "A CANH BAO: TDS vuot ngudng!");

// Kiém tra pH
if (pH < pH_min) {
danger = true;
Serial.printin("4A CANH BAO: Nudc c6 tinh AXIT!");
if (Blynk.connected())
Blynk.logEvent("ph_alert", "A CANH BAO: pH thap!");
}
else if (pH > pH_max) {
danger = true;
Serial.printin("A CANH BAO: Nudc c6 tinh KIEM!");
if (Blynk.connected())
Blynk.logEvent("ph_alert", "/A CANH BAO: pH cao!");

// Kiém tra nhigt do
if (lisnan(temp) && temp > TEMP_max) {
danger = true;
Serial.printin("A CANH BAO: Nhiét d6 cao!");
if (Blynk.connected())
Blynk.logEvent("temp_alert", "A CANH BAO: Nhiét d6 vuot ngudng!");

if ('danger) Serial.printIn("</ Nudc binh thudng.");

digitalWrite(LED_GREEN, !danger); // LED xanh néu binh thuong
digitalWrite(LED_RED, danger); // LED d6 néu vuot ngudng
buzzerActive = danger; // Bat tat coi

e hién thi OLED --------=----=----
void showOLED(float pH, float tds, float temp) {
display.clearDisplay();
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display.setTextSize(1);
display.setTextColor(SSD1306 WHITE);

I/ ---- Hién thi trang thai Wifi ----
display.setCursor(0, 0);
if (WiFi.status() == WL_CONNECTED) {
display.print("WiFi: OK");
}else {
display.print("WiFi: Mat!");
}

// ---- hién thi trang thai pH trén OLED----
display.setCursor(0, 12);

display.printf("pH: %.2f ", pH); // hién thi pH
if (pH < pH_min) display.print("pH Thap");
else if (pH > pH_max) display.print("pH Cao");

I/ ---- hién thi trang thai TDS khi vuot ngudng----
display.setCursor(0, 24);
display.printf("TDS: %.0fppm ", tds); // hién thi tds

I/ ---- Hién thi trang thai nhiét 46 khi vuot ngudng ----
display.setCursor(0, 36);

If (Yisnan(temp)) {

display.printf("Temp: %.1fC ", temp); // hién thi nhiét 4o

}else {
display.print("Temp: ---"); // An khi 15i hoic 85°C

/[ ---- Trang thai téng thé cua hé théng ----

display.setCursor(0, 50);

if ((pH < pH_min) || (pH > pH_max) || (tds >= TDS_max) || (!isnan(temp) && temp
> TEMP_max)) {
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display.printin(* Vuot nguong!");
}else {
display.printin(** Nuoc Binh thuong");

¥

display.display();
}

R et Guri dir liéu 1én Blynk ------------------
void sendData() {

float pH = readPH();

float tds = readTDS();

float temp = readTemperature();

showWarning(tds, pH, temp);
showOLED(pH, tds, temp);

if (Blynk.connected()) {
Blynk.virtualWrite(\VO, pH);
Blynk.virtualWrite(V2, tds);
Blynk.virtualWrite(V1, temp);

k
k

/[ —— Diéu khién bat/tat coi tir app ------------------
BLYNK_WRITE(V4) {
int state = param.aslint();
buzzerEnabled = state;
if ("buzzerEnabled) {
noTone(BUZZER);

Serial.printin(" I\ Buzzer bi tat tha cong!");

}else {

Serial.printIn(" & Buzzer duoc bat lai!");

¥
k
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void setup() {
Serial.begin(115200);

it (Yads.begin()) {
Serial.printIn("Khong tim thiy ADS1115!");
while (1);

¥

ads.setGain(GAIN_ONE);
pinMode(LED_GREEN, OUTPUT);
pinMode(LED_RED, OUTPUT);
pinMode(BUZZER, OUTPUT);

sensors.begin();

if ('display.begin(SSD1306_SWITCHCAPVCC, 0x3C)) {
Serial.printIn("A Khong tim thiy OLED!");
while (2);

}

display.clearDisplay();

display.display();

WiFi.begin(ssid, pass); // két ndi wifi
Serial.print("Dang két ndi WiFi");
unsigned long startAttemptTime = millis();
while (WiFi.status() '= WL_CONNECTED && millis() - startAttemptTime <
10000) {
Serial.print(".");
delay(500);
¥
Serial.printIn(WiFi.status() == WL_CONNECTED ? "\naZ WiFi connected!" :

"\nA WiFi chua két ndi!");

Blynk.config(BLYNK_AUTH_TOKEN); // céu hinh Blynk
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Blynk.connect(1000);

timer.setInterval(2000L, sendData); // gui dit liéu mdi 2s
buzzerTimer.setInterval(300L, buzzerBeep); // Nhip nhay coi mdi 0.5s

¥

void loop() {
if (WiFistatus() == WL _CONNECTED && !Blynk.connected())
Blynk.connect(1000); // giit két ndi Blynk
Blynk.run();
timer.run();
buzzerTimer.run();

¥
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Chuwong 3: KET QUA THUC NGHIEM HE THONG

3.1. Md hinh thuc té
Mach hé théng 10T gidm sat chdt lirone nueéc sinh hoat khi chua hoat déng:

\ .l"Q‘ y’
,3‘ _f‘im{a

Hinh 3.1 M6 hinh mach IoT khi chua hoat dong
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Mach hé théng 10T gidm sat chdt lwong nweéc sinh hoat khi hoat déng:

Hinh 3.2 M6 hinh mach hé théng 10T khi hoat dong
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Hé théng loT gidm sat chdt lione nudc sinh hoat khi hoat dong:

Hé thong loT giam sét chat luong nudce sinh hoat gdm ESP32, cac cam bién pH —
TDS — nhiét d6, man hinh OLED ciing LED va coi canh bao. Khi hoat dong, hé thong
do céc thong sd nudc va hién thi 1én OLED va tng dung Blynk. LED xanh sang khi
nudc ¢ trang thai binh thuong, con LED do cung coi s€ kich hoat khi cac gia tri vuot

nguong.

Hinh 3.3 Hé thong 10T giam sat chat lugng nudce sinh hoat
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3.2. Két qua thuc nghiém
3.2.1. Két qud do va hién thi trén Blynk va man hinh OLED
Két qud do va hién thi trén OLED & trang thdi nuwdc binh thuong:

O trang thai nude binh thuong, man hinh OLED hién thi cac théng sé gom: trang
thai két nbi WIFi, gia tri pH, TDS, nhiét do va thong bao “Nuéc binh thuong”. Céc gia
tri dugc cap nhat lién tuc, giup ngudi dung dé dang theo ddi chat lugng nudéc tai chd.

| Nuoc Binh thuong

-

Hinh 3.4 Két qua do hién thj trén OLED khi binh thuong

Két qud do va hién thi trén OLED & trang thdi nuede vieot ngudna:

O trang thai nude vuot ngudng, man hinh OLED bé sung cac dau “!!!” bén canh
nhitng théng s6 vuot giGi han an toan, nhu TDS hodc nhiét do. Riéng dbi véi pH, man
hinh hién thi théng bao cu thé: “pH thap” hodc “pH cao”, ddng thoi kém theo canh bao
“Vuot ngudng”. Nho d6, ngudi ding nhan biét dugc loai thong sé nao dang bat thuong
va mirc d6 nguy hiém caa ngudn nudc.

Hinh 3.5 Két quéa do hién thi trén OLED khi vuot ngudng
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Két qud do va hién thi trén Blynk:

Két qua hién thi trén ang dung Blynk cho thay céac thdng sé dugc trinh bay rd rang
qua cac widget: pH va nhiét d6 duoc hién thi bang Gauge gilp quan sat truc quan theo
thoi gian thuc, trong khi TDS duoc hién thi bang Value Display dudi dang gia tri sb.
Cach b tri nay giup nguoi dung dé dang theo ddi chat lugng nude ngay trén dién thoai.

20:33 ol F @m

< WaterQuali.. @ & © 0 ©
7,35

pH_Min

6,5

pH_Max

8,5 ®

Temp

Temp_Max

42 —

TDS

TDS_Max

504"

Buzzer

pH History

Hinh 3.6 Két qua do hién thi trén Blynk
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3.2.2. Két qud canh bdo khi vieot ngwong qua ng dung Blynk
Két qud canh béo khi vicot nguwong cua TDS:

Khi gia tri TDS vuot qua ngudng cho phép, hé théng giri canh bao ngay lap tac 1én
tng dung Blynk véi thong bao “CANH BAO: TDS vuot ngudng!”. Dong thoi, Blynk
cling gtri email canh bao dén nguoi ding, gilp ho nhanh chéng nhan biét va xi 1y kip
thoi.

20:33 ol < @

Blynk bay git
p Water Quality Monitoring Device: TDS Alert
! TDSAlert | CANH BAO: TDS vugt ngudng!
Open in the app | Mute notifications -- Date:...

\'/,'dz

pH_Min
6,5
pH_Max
8,5 o
Temp
Blynk
Water Quality Monitoring Device:
TDS Alert
1. CANH BAO: TDS vugt ngudng!
OK
Temp_Max
400 co—— @
TDS
21.77%"
’
TDS_Max
12%" . e
Buzzer
pH History

Hinh 3.7 Két qua canh bao khi vuot ngudng cua TDS

Sinh vién thyc hién: Nguyén Thi Thu An Hudng dan: Th.S Nguyén Thi Vii Thao 65



Xay dung hé thdng 10T gidam sat chdt liong nuwéc sinh hoat

Két qud cdanh bdo khi vieot ngwdng cua nhiét do:

Khi nhiét do nudc vuot ngudng cai dit, hé thong giri canh béo ngay 1ap tic 1én ¢ng
dung Blynk véi thong bao “CANH BAO: Nhiét do vuot ngudng!”. Bén canh d6, mdt
email canh bao ciing duoc gui dén ngudi dung dé dam bao thong tin duoc tiép nhan
nhanh chéng.

20:34 ol = @m

Blynk bay gid
N Water Quality Monitoring Device: temp_al...
i temp_alert | CANH BAO: Nhiét d6 vugt
ngudng! Open in the app -- Date: Wednesday...

\7,38

pH_Min
6,5
pH_Max
85 =
Temp ) Bly".k . .
Water Quality Monitoring Device:
temp_alert
! CANH BAO: Nhiét do
vudt ngudng!
OK

Temp_Max
21° ®
TDS
21,85

’
TDS_Max
683PPM . §
Buzzer

pH History

Hinh 3.8 Két qua canh bao khi vuot ngudng cia nhiét o
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Két qud canh bdo khi vieot newdng cua pH:

Khi gi& tri pH vuot qua ngudng cho phép, hé thdng giri canh béo I1én tng dung Blynk
Vi thong bao tuong tmg: “CANH BAO: pH thap!” hodc “CANH BAO: pH cao!”. Bong
thoi, Blynk gai email canh bao dén ngudi dung, gidp ho kip thoi phat hién su bat thuong
ctia nguodn nudc.

20:36 ol = @

Blynk bay gid
N Water Quality Monitoring Device: ph_alert
il ph_alert ! CANH BAO: pH thap! Open in the
app -- Date: Wednesday, December 3, 2025, ...

pH
pH_Min
65
Blynk
pH_Max Water Quality Monitoring Device:
ph_alert
85 = 1. CANH BAO: pH thap!
Temp
OK
Temp_Max
53 o
TDS
6 Qppm
]
TDS_Max
683ppm —

Riuizzar

Hinh 3.9 Két qua canh bao khi vuot ngudng cua pH khi vuot muc tdi thiéu
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09:36 HH A0 B)

Blynk bay git
N Water Quality Monitoring Device: ph_alert
i ph_alert ! CANH BAO: pH cao! Open in the
app -- Date: Thursday, December 4, 2025, 9:...

pH
pH_Min
319
Blynk
pH_Max Water Quality Monitoring Device:
ph_alert
57 = I CANH BAO: pH cao!
Temp
OK
Temp_Max
420  co— @
TDS
ppm
4,22
TDS_Max
683ppm —————

Hinh 3.10 Két qua canh bao khi vuot ngudng cua pH t6i da

3.2.3. Két qud chikc nang diéu khién ngwong canh bao
Két qud chire nang diéu khién newong cua nhiét ds:

Déi vai thdng sb nhiét do, ngudi ding c6 thé diéu chinh ngudng canh bao tryc tiép
trén ing dung Blynk. Ban dau, ngudng dugc dat & mirc 35°C. Khi nguoi dung thay doi
ngudng, hé thong cap nhat ngay va ding gia tri mai dé so sanh vai nhiét do do dugc.
Néu nhiét do vuot qua ngudng da dat, hé théng gui canh béo I1én ang dung Blynk va
ddng thoi guri email, gitip nguoi dung kiém soét chat luong nudc linh hoat va kip thoi.
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Temp

Temp_Max

38 €

Hinh 3.11 Ngudng nhiét d6 trudc chinh ngudng

Temp

Temp_Max

17

Hinh 3.12 Ngudng nhiét d6 sau chinh ngudng
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Blynk

Water Quality Monitoring Device:
temp_alert

1 CANH BAO: Nhiét do
vugt ngudng!

OK

Hinh 3.13 Két qua khi diéu chinh ngudng nhiét o
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Két qud chire nang diéu khién newong cua pH:

Nguoi ding c6 thé diéu chinh ngudng pH tdi thiéu va tdi da truc tiép trén tng dung
Blynk. Ban dau, khoang pH duoc dat tir 6,5 dén 8,5. Khi ngudi dung thay doi cac gia tri
ngudng nay, hé théng cap nhat ngay lap tic va so sanh véi pH do duoc. Néu pH thap
hon ngudng tdi thiéu, hé thong giri canh bao “pH thap!”; néu pH vuot ngudng téi da, hé
thdng gui canh bao “pH cao!” 1én ting dung Blynk va ddng thoi giri email, giup nguoi
ding phéat hién kip thoi chat luong nuéc bat thuong.

pH

7,94

pH_Min
6,9
pH_Max

8,5 )

Hinh 3.14 Ngudng pH trudc khi hiéu chinh

Water Quality Monitoring Device

pH

7,49

pH_Min

8,2

pH_Max

9.3 )

Temp

Hinh 3.15 Ngudng pH tdi thiéu khi chinh ngudng

Sinh vién thyc hién: Nguyén Thi Thu An  Hudng dan: Th.S Nguyén Thi Vii Thao 71



Xay dung hé thong 10T gidm sét chdt lwong nuede sinh hoat

Blynk
Water Quality Monitoring Device:
ph_alert

1. CANH BAO: pH thap!

OK

Hinh 3.16 Két qua sau chinh ngudng pH tdi thiéu
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pH

7,49

pH_Min

pH_Max

7 o

Temp
Hinh 3.17 Ngudng pH t6i da khi chinh ngudng

16:32 ol T .

Blynk bay gid
N Water Quality Monitoring Device: ph_alert
i ph_alert ! CANH BAO: pH cao! Open in the
app -- Date: Thursday, December 4, 2025, 4:...

pH
pH_Min
5
Blynk
pH_Max Water Quality Monitoring Device:
ph_alert
7 — 1 CANH BAO: pH cao!
Temp
OK
Temp_Max
57C co—
TDS
ppm
46,32
TDS_Max
TA47"  com—

Rirrar

Hinh 3.18 Két qua sau chinh ngudng pH t6i da
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Két qud chire nang diéu khién newong cia TDS:

Nguoi dung c6 thé dat va diéu chinh ngudng TDS t6i da truc tiép trén Blynk. Khi
TDS do dugc vuot qua ngudng méi, hé théng 1ap tirc gui canh bao “TDS vuot ngudng!”
lén ung dung va giri email cho ngudi ding. Nho d6, viéc giam sat chat luong nudc tro
nén linh hoat va kip thoi hon.

Temp_Max

38°

TDS

TDS_Max

501°" . ®

Hinh 3.19 Ngudng TDS trudc khi chinh

TDS

TDS_Max

437" - o

Hinh 3.20 Ngudng TDS khi chinh ngudng
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16:28 Hsod 1

Blynk bay gid
N Water Quality h‘ﬂonito’ring Device: TDS Alert

TDS Alert ! CANH BAO: TDS vudt ngudng!

Open in the app | Mute notifications -- Date:...

\'/ Kol

pH_Min
6,5
pH_Max
Gt [
Temp
Blynk
Water Quality Monitoring Device:
TDS Alert
1. CANH BAO: TDS vugt ngudng!
OK
Temp_Max
57 @
DS
ppIY
52,18
TDS_Max
1. pem Py
Buzzer
pH History
* T .

Hinh 3.21 Két qua sau chinh ngudng cua TDS

3.2.4. Pdnh gid hoat déng thuc té

Qua qua trinh van hanh thtr, hé thong hoat dong 6n dinh va phan hoi tét véi cac thay
d6i cua chat luong nudc. Cac cam bién do pH, TDS va nhiét d6 cho két qua hién thi
chinh x&c trén man hinh OLED va trng dung Blynk. Chtrc nang canh bao hoat dong diung
yéu cau: LED xanh b&o trang thai binh thuong, LED dé va coi kich hoat ngay khi thong
s6 vuot ngudng. Ung dung Blynk giri thdng bao va email kip thoi, ddng thoi viée diéu
chinh ngudng canh bao duoc thuc hién dé dang va cap nhat ngay lap tac. Nhin chung,
hé thdng dap (ng tot muc tiéu giam sét chat luong nudc sinh hoat theo thoi gian thuc.
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KET LUAN

Sau thoi gian tim hiéu va thuc hién dé tai “Hé thdng loT gidm sat chat luong nudc
sinh hoat”, em da xay dung dugc mot moé hinh hoan chinh cé kha nang do pH, TDS va
nhiét do cta nude, dong thoi hién thi di liéu 18n man hinh OLED va ¢ng dung Blynk
theo thoi gian thuc. Hé thng ciing tich hop canh béo bing dén LED, cdi buzzer va thong
bao qua Blynk khi céc thong sé vuot ngudng, gitip ngudi ding dé dang nhan biét tinh
trang chét luong nudc.

Két qua thuc nghiém cho thay hé théng hoat dong 6n dinh, cac cam bién doc gié tri
twong d6i chinh xac, giao dién Blynk than thién va thuan tién cho viéc theo dbi tir xa.
Toan bo mach dugc bé tri trong hop nhua va sir dung ngudn adapter 5V, dam bao tinh
gon gang va an toan khi van hanh.

Tuy nhién, vi diéu kién thoi gian va kién thic con han ché, hé théng van con mot s6
diém chua hoan thién nhu chua t6i wu d6 chinh xac cua cam bién, chua c6 chirc ning
Iwu lai dit liéu, va chi mai tap trung vao céc thdng sb co ban nhat.

Huéng phat trién trong kha niang ca nhéan c6 thé thuc hién sau nay la:

e Cai thién viéc hiéu chinh cam bién dé gia tri do 6n dinh hon.

e Thém chirc ning luu dit liéu vao thé nhd hoac giri 18n cloud dé xem lai lich sur.
e B sung giao dién hién thi dep va dé dung hon trén Blynk.

DU con nhitng han ché nhat dinh, dé tai da dat dugc cac muyc tiéu ban dau dé ra va
gilp em cung co thém kién thac vé 10T, lap trinh vi diéu khién, 1am viéc véi cam bién
va xay dung mot hé théng hoan chinh.
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TAI LIEU THAM KHAO

https://www.pace.edu.vn/tin-kho-tri-thuc/iot-la-gi
https://vina-aspire.com/internet-van-vat-iot-la-gi/
https://base.vn/blog/iot-la-gi/
https://fptshop.com.vn/tin-tuc/danh-gia/blynk-la-gi-184300
https://docs.blynk.io/en
https://stringee.com/vi/blog/post/lap-trinh-arduino-vi-sao-pho-bien

https://thinkrobotics.com/blogs/learn/what-is-arduino-ide-a-complete-guide-for-
beginners?srsitid=AfmBOopSg5wR7FB-dW4fX4UP6_JJARPY -
Mc8URdOTuTntTDWmfz0OydrC&utm_source=chatgpt.com

https://3dpellet.com/tutorials/arduino/first-steps/arduino-ide/?utm_source=chatgpt.com
https://fptshop.com.vn/tin-tuc/danh-gia/phan-mem-arduino-ide-171894

https://emeritus.org/blog/coding-arduino-programming-language/#advantages-of-the-
arduino-programming-language

https://dientuviet.com/gioi-thieu-esp32/

http://arduino.vn/tutorial/1570-gioi-thieu-module-esp32-va-huong-dan-cai-trinh-bien-
dich-tren-arduino-ide

https://mlab.com.vn/cam-bien-tds-do-tong-chat-ran-hoa-tan-total-dissolved-solids-
sensor-dfrobot-mlab-com-vn

https://inno-corp.vn/cam-bien-do-do-ph-la-gi-ung-dung-va-nguyen-ly-hoat-dong/
https://nshopvn.com/product/cam-bien-do-do-ph/

https://www.az-delivery.de/en/products/0-
96zolldisplay?srsltid=AfmBOo0o2wI17Vsv_hpzfHQ4s9rXYjgsOhdl4cvSzrWLO3ErU
KJQruBXd

https://hshop.vn/coi-buzzer-5vdc

https://www.thegioiic.com/ads1115-mach-adc-16bit-i2c-2-5-5vdc
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https://community.blynk.cc/t/water-quality-monitoring-device-prototype/53868
https://cimpleo.com/blog/arduino-ph-meter-using-ph-4502c/#wiring-diagram
https://www.youtube.com/watch?v=GswTNPPCp70&t=826s
https://www.youtube.com/watch?v=Hjc_IFDs9jk&t=149s

https://www.g2.com/products/arduino-ide/reviews?qs=pros-and-
cons&utm_source=chatgpt.com#pros
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