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TOM TAT

Tén dé tai: Xay dung hé thong IoT gidm sat va diéu khién méi trudng chudng trai
Sinh vién thuc hién: Nguyén Phuong Ly
MSSV: 2151220214 - Lép: 21CT6

Dé tai tap trung xay dung hé théng IoT c6 kha ning giam sat va diéu khién méi
truong chudng trai theo thoi gian thuc, gitip ngudi chin nudi dé dang theo déi va dicu
chinh cac thong sé6 méi truong nham dam bao diéu kién sinh truéng 6n dinh cho vat
nudi. Hé théng st dung vi diéu khién ESP32 lam bo xtr 1y trung tim, két hop véi cac
cam bién do nhiét do, 46 am va do rung dé thu thap dit liéu moi truong. Cac thong sb
duogc hién thi tryc tiép trén man hinh OLED va truyén 1én Gng dung Blynk thong qua

két n6i Wifi, cho phép theo ddi tir xa trén dién thoai.

Hé théng hd tro hai ché d6 diéu khién: thu cong va tu dong. O ché d6 tu dong, quat,
dén chiéu sang va dén sudi s& duoc bat/tat dua trén cac gia tri ngudng cai dat tir ung
dung Blynk. O ché dong thu cong, nguoi dung cé thé diéu khién cac thiét bi thong qua
mg dung Blynk hoidc Remote hong ngoai. Két qua mong mudn 1a mé hinh hoat dong
on dinh, dé str dung va c6 kha ning ap dung tai cac chudng trai, gop phan giam stc lao

dong va nang cao hi€éu qua cham séc vat nuoi.



LOINOI PAU

Pé hoan thanh duoc d6 an tot nghiép nay, em xin bay t6 10ng biét on sau sic dén quy
thy c6 trong Khoa Cong Nghé Thong Tin — Trudng Pai hoc Kién Tric Pa Ning di tan
tinh giang day, truyén dat cho em nhiing kién thirc quy bau trong subt qua trinh hoc tap.
Nhitng kién thirc 6 khéng chi 14 nén tang dé em hoan thanh tot dd 4n t6t nghiép, ma

con 13 hanh trang quan trong gitip em tu tin budc vao con duong nghé nghiép sau nay.

bac biét, em xin gui 101 cam on chén thanh va sy tri an sau sic dén théy TS. LE
VAN MINH, ngudi di truc tiép hudng din, tin tinh chi bao, dinh hudng va giup d& em
trong subt qué trinh thyc hién dd an. Su hd tro va dong vién cua thﬁy la nguén dong luc

to 1on giup em vuot qua kho khan va hoan thanh do 4n nay.

Trong qué trinh thyc hién dé tai, do kién thtrc va kinh nghié¢m thyc tién con han ché
nén bai lam khé tranh khoi nhitng thiéu so6t. Em rat mong nhan dugc nhing y kién dong
g6p quy bau cua quy thay c6 dé em c6 thé hoan thién hon va tich lity thém nhiéu kinh

nghiém cho cong viéc sau nay.

Em xin chdn thanh cam on!



CAM DOAN

Em xin cam doan rang toan bd nodi dung va két qua dat duogc trong d6 an tét nghiép
la san phém nghién clru ciia ca nhan em, dugc thuc hién dudi sy hudéng dan tan tinh cta
TS. Lé Van Minh.

Dé tai khong sao chép hay str dung két qua ctia nguoi khac dudi bat ky hinh thirc
nao. Trong toan bo ndi dung ctia dd an, cac phan trich dan, tham khao déu dwogc ghi rd
ngudn gdc va tuan thi ding quy dinh vé trich dan tai liéu.

Em xin hoan toan chiu trach nhiém trudc nha truong vé tinh trung thuc va cam két
ctia minh ddi v6i d6 an tot nghiép nay.

Sinh vién thuc hién

ii
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MO DAU

1. Ly do chon dé tai

Trong chin nudi hién nay, viéc dam bao méi trudng chin nudi on dinh 1a yéu tb
quan trong anh hudng truc tiép dén sirc khoe, kha ning sinh truéng va ning suit cua vt
nudi. Tuy nhién, & nhiéu mé hinh chin nudi ho gia dinh va trang trai nho, cong tac giam
sat va diéu chinh méi trudng van chi yéu dua vao kinh nghiém va quan sat thi cong cia
nguoi chan nudi. Picu nay dé din dén tinh trang nhiét do va do am khong phi hop, anh
sang khong dam bao, thong gié khong hop 1y, khién vat nudi dé bi séc nhiét, giam stc

dé khang va lam tang nguy co dich bénh, anh huong truc tiép dén hiéu qua kinh té.

Cung v6i st phét trién cta cudc cach mang cong nghiép 4.0, cong nghé Internet of
Things (IoT) cho phép céc thiét bi cam bién va diéu khién két ndi Internet, thu thap dir
lidu va truyén tai thong tin theo thoi gian thuc. Nho d6, ngudi chian nudi co thé theo doi
cac thong sb moi trudng chudng trai nhu nhiét d6, do am théng qua tng dung trén dién
thoai, déng thoi diéu khién cac thiét bi nhu quat, dén chiéu sang, dén suoi tr xa mot

cach nhanh chong va chinh x4c ma khong can tryc ti€p c6 mat tai chudng trai.

Xuat phat tir nhitng yéu cau thuc té d6, dé tai “Xay dwng hé théng IoT giam sat va
diéu khién moi truong chudng trai” dugc lua chon nhiam thiét ké va trién khai mot hé
théng nho gon, d& sir dung, chi phi hop 1y va hoat dong hiéu qua. Hé thong str dung vi
diéu khién ESP32 dé thu thap dir lidu tir cac cam bién va truyén 1én tng dung Blynk
thong qua Wifi, cho phép nguoi dung theo ddi trang thai moi trudng va diéu khién tu

dong va tu dong cac thiét bi va nhan thong bao khi gia tri vuot ngudng tur dién thoai .

Pé tai gitip nang cao hiéu qua quan 1y chudng trai, giam sirc lao dong va kip thoi
theo ddi madi trudng, gop phan bao vé sirc khoe vat nudi. Pong thoi, dé tai gitp sinh vién
mg dung cong nghé IoT vao thuc tién, huéng dén mé hinh chin nudi tu dong va hién
dai.

2. Muc tiéu dé tai

Muc tiéu chinh ctia dé tai 12 xay dung mot hé thdng IoT c6 kha ning giam sat va diéu
khién méi truong chudng trai theo thoi gian thyc, gitip ngudi chin nudi d& dang theo
ddi cac thong s6 méi trudng va diéu chinh thiét bj phit hop nham dam bao diéu kién sinh

trudng 6n dinh cho vat nudi.

Cu the, dé tai huong dén cac muyc ti€u sau:



o Thiét ké va xdy dung hé thong phan cimg sir dung vi diéu khién ESP32 cung
cc cam bién do nhiét 4o, 36 4m dam bao thu nhap dit li¢u chinh xac va hoat
dong on dinh.

e Lap trinh xir 1y va truyén dit liéu tir ESP32 1én nén tang Blynk thong qua két
ndi Wifi, dam bao céc thong sb dugc cap nhat lién tuc theo thoi gian thuc.

e Xay dung giao dién giam sat trén ing dung Blynk, cho phép ngudi dung quan
sat cac gia tri moi trudong truc quan va chon ché do hoat dong cling nhu diéu
khién céc thiét bi trén dién thoai.

e Thiét ké hé thong diéu khién hai ché do:

o Ché dong tu dong: He théng tu dong bat — tat quat, dén sudi dua trén cac
gia tri ngudng duoc thiét lap trén dién thoai va bat tat dén chiéu sang dua
trén he gio tur dién thoai

o Ché dong thu cong: Nguoi dung co thé dicu khién cac thiét bi truc tiép
trén Gmg dung dién thoai hodc diéu khién thong qua remote hong ngoai.

e Thiét lap canh bao khi thong sé6 méi truong vuot ngudng, giup nguoi chin
nudi kip thoi xir 1y dé han ché anh huong dén strc khoe vat nuoi.

e Danh gid va kiém thir hé théng dé rat ra nhan xét, wu diém, han ché va dé xuat
hudng hoan thién trong tuong lai.

Thong qua dé tai ndy, sinh vién ching em c6 co hoi van dung kién thirc vé vi dicu
khién, 1ap trinh IoT, cam bién va truyén dit liéu khoéng day, dong thoi rén luyén tu duy
thiét ké hé thong, tao ra san pham c6 tinh (mg dung thuc té cao trong linh vuc chin nubi.

3. Doi twong va pham vi nghién ciru

a. Déi twong nghién ciru

Dé tai tap trung nghién ctru va xay dung hé thong IoT giam sat va diéu khién moi
truong chudng trai dua trén vi diéu khién ESP32, két hop vai ing dung Blynk va diéu

khién tryc tiép bang Remote hong ngoai.
Céc dbi twong nghién ctru chinh bao gom:

e Cam bién nhiét d6 - 46 4m (DHT22): dung dé do va theo ddi nhiét do va do
am khong khi trong chudng trai.

e Man hinh OLED (SSD1306): hién thi truc tiép cac gia tri cam bién va trang
thai hé thong (thu cong - ty dong) va tinh trang két ndi tmg dung Blynk , hd
tro theo ddi tai cho.

e Vi diéu khién ESP32: thu thap dir liéu cam bién, xir 1y va truyén dit liéu qua
Wifi d&én ung dung Blynk.

xi



e Module Relay: diéu khién hoat dong cuia quat , dén chiéu sang va dén sudi

e Ung dung Blynk: giao dién dé theo dai va diéu khién tir xa theo thoi gian thuc

e Remote hong ngoai: cho phép diéu khién thiét bi truc tiép tai chudng trai ma
khong can dung dén dién thoai.

b. Pham vi nghién ciru

H¢ thong gidm sat cac thong s6 moi truong (nhiét do, do am va do rung) va di€u

khién quat, den chi€u sdng va den suoi voi hai ché do hoat dong:

e Ché do tu dong: thiét bi duoc bat — tat dua trén ngudng moi trudng dugce cai
dat trén dién thoai.
e Ché dong thii cong: ngudi dung c6 thé diéu khién cac thiét bi thong qua tng

dung Blynk hoic Remote hong ngoai.

Dit liéu dugc trén 1én Blynk qua két ni Wifi, khong trién khai may chu riéng

hodc luu trit dir liéu phan tich chuyén sau.

Man hinh OLED hién thi dit liéu va trang thai hé thdng tai chd, hd trg quan sat
khi khong c6 Internet.

Mo hinh thuc hién & quy mé thir nghiém, nhung c6 thé mé rong ap dung thuc té

cho ho chéan nuo6i hodc chuong trai.

No6i dung dé tai tap trung vao do chinh xac va 6n dinh cta cam bién, kha nang
diéu khién thiét bi linh hoat (tw dong - thu cong) va giao dién hién thi rd rang trén
OLED va tng dung Blynk.

4. Noi dung bao cao
Chuong 1:Co sé Iy thuyét va cong nghé sir dung

Chuong nay trinh bay cac kién thirc nén tang phuc vu cho viéc xay dung hé thong
IoT giam sat va diéu khién méi truong chudng trai. Noi dung bao gdm tong quan vé IoT,
nguyén 1y hoat dong va cac tng dung trong gidm sat méi trudng; gidi thidu nén tang
Blynk dung dé quan sat dit liéu tir xa; ngdn ngit 14p trinh Arduino cung céac thu vién hd
tro; phém mém Arduino IDE; va céc thiét bi phﬁn cung nhu ESP32, cam bién DHT22,
man hinh OLED, Remote IR1838, Module Relay, Quat tan nhi¢t, dén LED, dén suoi.

Chuong gitip nguoi doc ndm duoc toan bd cong nghé va linh kién dung trong hé théng.
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Chuong 2:Phan tich va thiét ké hé théng

Chuong nay tap trung vao viéc phan tich yéu ciu, mé hinh hoa va thiét ké hé thong
giam sat. Noi dung bao gém xéc dinh chirc ning can c6 cia hé thdng (thu thap di liéu,
hién thi, canh bao, diéu khién thiét bi); thiét ké phan cimg v6i cac cam bién va két ndi
ESP32; thiét ké phan mém gdm xr 1y tin hiéu cam bién, truyén dit liéu 1én Blynk va xay
dung giao dién hién thi. Chuong ciing trinh bay ma 14p trinh chinh dé van hanh hé théng.

D4y 1a phan then chét hinh thanh cu trac va nguyén 1y hoat déng cia mé hinh.
Chuong 3:Thi cong va thue nghiém hé thong

Chuong nay md ta qua trinh lip dit mo hinh thyc té va tién hanh kiém thir hé thong.
Cac két qua do luong tir cam bién dugc so sanh véi dix liéu hién thi trén Blynk va OLED,
danh gia kha ning dua ra canh bao khi gié tri vuot ngudng va kiém tra tinh 6n dinh cta
hé théng trong moi trudng hoat dong. Cudi chuwong dua ra két luan chung, chi ra nhiing
han ché con t6n tai va dé xuat huéng phat trién trong twong lai nhim nang cao do chinh

xé4c va tinh tmg dung cta hé thong.
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Xay dung hé thong IoT giam sdt va diéu khién méi truong chudng trai

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

1.1. Tong quan vé Internet of Thing (IoT)
1.1.1. Khdi niém vé IoT

IoT (Internet of Things hay Internet van vat) 1 khai niém mé ta mang ludi cac thiét
bi vat ly, phuong tién, thiét bi gia dung va cac muc khac duoc két ndi vé6i Internet va cd
kha nang thu thap, chia sé dit li¢u véi nhau. Céc thiét bi nay thuong dugc trang bi cam
bién, phﬁn mém, va cac cong nghé khac dé giao tiép va trao doi dit li€éu mot cach tu

dong.

Hinh 1.1. Internet of Things

Diém ndi bat cua IoT 14 tinh két ndi va kha ning tuong tac giita cac thiét bi, cho
phép ching ty dong hoat dong, dua ra quyét dinh hoic kich hoat hanh dong dua trén dix
liéu thu thap duoc. IoT c6 Gng dung rong rii trong nhiéu linh virc nhu nha thong minh,

y té, néng nghiép, san xuét, va quan 1y ning luong.
Qua trinh phit trién ciia IoT

I0T c6 quy trinh phat trién trong d6i dai dé dat dén murc d6 phi séng manh mé nhu

hién nay.
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Xay dung hé théng IoT giam sdt va diéu khién méi truong chudng trai

Mot s0 mdce thoi gian quan trong ¢6 thé ké dén nhu sau:

Nim 1990: M4y nuéng banh mi gdy to mo khi 1an dau tién duogc két ni Internet.
Mot k§ su phan mém tai My tén 1a John Romkey da két ndi may nudng banh mi
vO1 mang may tinh.

Nim 1999: Kevin Ashton khi thuyét trinh vé mot hé théng cam bién va nhin
nhan dang qua tan s6 radio (RFID) gin trén hang hoa dé quan 1y chudi cung tmg
d3 1an d4u dwa ra thuat ngir “Internet of Things” — khéi dau cho khai niém Internet
van vat.

Niim 2000: Cong ty LG gidi thiéu san pham ti lanh c6 két ndi Internet dau tién
trén thé giéi duoc ban v6i mirc gia 20.000 USD. Cho phép nguoi tiéu dung mua
sdm thuc phém truce myén va thuc hién cudc goi video.

Nam 2008: Hoi nghi quéc té dau tién vé chu dé Internet van vat duge to chire tai
Zurich, Thuy Si.

Nam 2009: CISCO tuyén bd day la thoi diém ma Internet van vat thuc su dugc
khai sinh, khi sb luong thiét bi duoc két ndi Internet tham chi vuot ca dan sb thé
gidi.

Niim 2013: Tir dién Oxford chinh b6 sung dinh nghia “ Internet of Things” vao
hé thong.

Nim 2020: S6 luong thiét bi dugc két ndi Internet trén thé gi61 uoc tinh da vuot
qua con s6 20 ty.

Nim 2025: Du béo thé gidi s& co 75 ty thiét b sir dung IoT.

Cac dic diém chinh ciaa IoT

IoT (Internet of Things) c6 mot s6 dic diém chinh 1am ndi bat cong nghé nay va tac

dong dén cach no duogc trién khai va sir dung:

Két ndi lién tuc: Cac thiét bi IoT ludn két ndi voi nhau va véi Internet, cho phép
giao tiép va trao ddi dir lidu theo thoi gian thyc.

Tinh tw ddng: IoT cho phép cac thiét bi thuc hién cac hanh dong va dua ra quyét
dinh ty dong dya trén dir li¢u thu thap dugc ma khong can can thi¢p cua con
nguoi.

Tinh twong tac: Cac thiét bj IoT c6 kha ning giao tiép va tuong tac véi cac thiét

bi khac, tao ra mot hé théng lién két chat ché va lién tuc.
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Xay dung hé théng IoT giam sdt va diéu khién méi truong chudng trai

e Da dang thiét bi: IoT 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 dir licu.

e Tinh mé rong: IoT co kha ning md rong dé dang, cho phép thém cac thiét bi va
hé théng maéi ma khong anh hudng dén toan bd mang ludi.

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

e Tinh an toan va bao mat: V&i su két ndi lién tuc va luong dit liéu 16n, IoT doi
hoi cac bién phéap an toan va bao mat manh mé dé bao vé dir liu va nguoi dung.

e Ung dung da dang: IoT c6 thé duoc (mg dung trong nhiéu linh vuc khac nhau
nhu nha thong minh, y té, san xuat, ndng nghiép, giao thong, va ning luong, gitp

cai thién hiéu suat va hiéu qua trong cac linh vuc nay.

1.1.2. Nguyén ly hoat dong

Nguyén Iy hoat dong cta IoT duoc xay dung trén mot chu trinh gdm bbn bude: thu
thap dit liéu, truyén tai, phan tich xur 1y, va dua ra quyét dinh. Su phéi hop chit ché giita
cac budc nay gitp hé thong van hanh thong minh, tu dong va thich tng hiéu qua véi

méi truong thuce té.

ol - D - @1l

= @

Thu thép dir liéu Chia sé dif liéu X ly dir liéu Pua ra quyét dinh
Cam bién/thiét bi thu thap Nh& cam bién/thiét bi Di¥ liéu trén bd Iuu trir Ngudi dung nhan dir
dif liéu tir moi trudng. dudc két ndi internet, dam may dugdc hé liéu qua email, théng
DI liéu c6 thé don gian la dir liéu dugc chia sé théng may tinh x(r ly. béo, v.v., va co thé
nhiét dé, dé 4m, hay phirc théng qua bé luu trir May tinh tu dua ra dua vao db dé dua ra
tap nhu hinh anh, video. dam may. quyét dinh hodc gui két diéu chinh théng qua

qua dén ngudi dung. mot bo giao dién.

Hinh 1.2. Nguyén ly hoat dong co ban cua loT.
Thu thap dir li¢u:

O giai doan dau tién, cdc cam bién hodc thiét bi dau cudi (things) ddm nhiém vai trd
thu thap thong tin tir moi trudng. Dt lidu c6 thé 1a cac thong sb don gian nhu nhiét do,
d6 am, anh sang, hodc phtrc tap hon nhu hinh anh, 4m thanh va chuyén dong. Pay la
ngudn dit liéu dau vao quan trong, giup hé thong nim bét duoc tinh trang thuc té va
phuc vu cho cac bude xir 1y tiép theo. Chét luong dir liéu & bude nay quyét dinh do

chinh xac cta toan bd hé thong.
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Xay dung hé théng IoT giam sdt va diéu khién méi truong chudng trai

Chia sé (truyén) dir liéu:

Sau khi dugc thu thap, dit liéu s& duoc truyén dén bo xir 1y trung gian (Gateway)
hoic truc tiép 1én nén tang dam mAay thong qua giao thtrc két ndi nhu Wifi, Bluetooth,
ZigBee, LoRa hoac mang di dong 4G/5G. Giai doan ndy dam bao réng dir li€u duoc
chuyén giao mét cach lién tuc, 6n dinh va an toan dé hé thdng co thé xir 1y kip thoi. Day
cling 13 bude gitp thiét bi IoT két ndi va twong tac véi moi truong mang rong 16n hon.
Xir ly va phan tich dir li¢u

Tai may chi hodc nén tang ddm may, dir liéu duogc tong hop va xtr Iy bang cac thuat
todn phu hop. H¢ théng c6 thé thuc hién cac tac vu nhu loc nhiéu, phan tich xu huéng,
so sanh voi ngudng, phat hién bat thuong hodc dua ra dy doan. Giai doan nay dong vai
trd quan trong, boi két qua phan tich sé tao co s& cho cac hanh dong diéu khién tiép
theo. Py chinh 13 “bd ndo” cua hé théng IoT, noi dit liéu tho dugc bién thanh thong tin
cO y nghia.

Pura ra quyét dinh va phan hoi

Dua trén két qua xir 1y, hé thong s& dua ra cac phan hoi tudng ing. Cac hanh dong
6 thé bao gom gui canh bao dén ngudi dung thong qua ing dung hoic email, hoic tu
dong diéu khién thiét bi chap hanh nhu bat quat, kich hoat relay, diéu chinh 4nh sang
hay van hanh dong co. Phan hdi c6 thé do hé théng tu dong quyét dinh, hodc do con
nguoi dung thao tac thong qua giao dién diéu khién. Giai doan nay gitp hé thong IoT
duy tri kha nang hoat dong tu dong, thong minh va kip thoi theo thoi gian thuc.

1.1.3. Ung dung ciia IoT trong doi séng

Trong nhitng nim gan déy, Internet of Things (IoT) da trd thanh nén tang quan trong
trong viéc tu dong hoa va hién dai hoa nhiéu linh vuc cta doi séng va san xut. Thong
qua viéc st dung cac cam bién, két ndi mang va h¢ théng xur 1y dir liéu thong minh, IoT
gitip nang cao hiéu qua van hanh, giam chi phi va ho trg con ngudi trong viée giam sat,

diéu khién tir xa. Mot s6 tmg dung tiéu biéu cua IoT c6 thé ké dén nhu sau:
Ung dung trong nha théng minh (Smart Home)

IoT cho phép két ndi, giam sat va tu dong hoa cac thiét bi trong gia dinh nhu hé
théng chiéu sdng, rém cua, diéu hoa, 4am thanh va an ninh. Cac thiét bi c6 thé hoat dong
theo kich ban duoc 1ap trinh san nham mang lai sy tién nghi, tiét kiém nang lugng va
nang cao muc do an toan cho ngudi st dung. Vi du: Pén chiéu sang tu dong nhd cam

bién chuyén dong, ...
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Xay dung hé thong IoT giam sdt va diéu khién méi truong chudng trai

Hinh 1.3. Cong ngh¢ nha thong minh IoT.
Ung dung trong linh vire van tai

Trong linh vuc véan tai, IoT hd tro gidm sat phuong tién theo thoi gian thuc, giup
cac doanh nghiép t6i wu 16 trinh va quan 1y hiéu qua hoat déng van chuyén. Dit liéu thu
thap tir cic cam bién va thiét bi GPS gitp kiém soat toc d0, thoi gian di chuyén va mirc
tiéu hao nhién liéu cua ting phuong tién. Vi du: Xe tai gin thiét bi GPS dé theo dai 16

trinh va toc do, kho hang str dung RFID dé kiém soat vi tri va sb luong hang hoa, ...

Hinh 1.4. Theo doi 16 trinh di cua xe chd hang.
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Xay dung hé thong IoT giam sdt va diéu khién méi truong chudng trai

Ung dung trong linh vire néng nghiép

IoT gbp phan nang cao hiéu qua san xuit ndng nghiép nho kha ning giam sat diéu
kién méi truong va tu dong didu chinh cac hoat dong chiam soc cay trong. Cac cam bién
do d6 am, nhiét do, anh sang va do pH gitp hé thong dua ra quyét dinh tudi tiéu, bon

phan phi hop véi timg giai doan sinh trudng. Vi dy: Hé thong tudi ty dong, ...

sensor - ﬂ .::
- 'y
PPM “*

Hinh 1.5. Theo ddi tinh trang sinh trudng cua cdy trong.
Ung dung trong linh vuc y té

IoT déng vai trd quan trong trong y té nhd kha nang theo ddi sirc khoe lién tuc va
hd trg chan doan tir xa. Céc thiét bi deo thong minh va cam bién y té thu thap dir liéu
sinh 1y ctia bénh nhan va giri vé hé thong dé béac si giam sat va dua ra quyét dinh kip
thoi.

Vi du: Dong hd théng minh theo dai nhip tim, huyét ap, chit luong gidc ngu, ...

Hinh 1.6. Smart Watch — Thiét bi Internet of Bodies ph6 bién nhét hién nay.
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1.2. Téng quan vé &ng dung Blynk
1.2.1. Gigi thiéu vé Blynk

G Blyn

Hinh 1.7. Logo Blynk.
Blynk la gi?

Blynk 13 mét nén tang IoT (Internet of Things) giup ngudi ding d& dang tao ra cic
tmg dung diéu khién tir xa cho cac thiét bi thong minh. Piém dic biét ciia Blynk chinh

14 su linh hoat va dé st dung.

V6i Blynk, ngudi dung c6 thé tao ra cac g dung diéu khién thiét bi IoT chi trong
vai phiit ma khong can cé kién thirc chuyén sau vé lap trinh. Blynk cung cap mot loat
cic cong cu va giao dién ngudi ding tryc quan gitp nguoi dung dé dang kéo tha va
tuong tac voi cac thanh phan diéu khién, biéu d6, cam bién, va nhiéu tinh ning khac.

Cu thé, ngudi ding c6 thé tao ra cac Gng dung dé diéu khién dén, quat, cam bién
nhi¢t o, do luong do am va tham chi 1a may rua chén thong minh. Blynk hd tro da nén
tang, tir cc thiét bi di dong nhu dién thoai thong minh dén cac thiét bi nhiing nhur
Arduino, Raspberry Pi, ESP8266 va nhiéu hon nita.

Diéu nay giup Blynk tré thanh mét cong cu hitu ich khong chi cho cac nha phat trién
IoT chuyén nghiép ma con cho nhitng nguoi mai bat dau quan tim dén thé gidi IoT. Vi
su tién lgi va tinh linh hoat, Blynk di va dang gitip moi ngudi dé dang thuc hién nhiing

¥ tudng sang tao cua minh trong linh vuc IoT mdt cach hié¢u qua.
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Blynk.Console
B Blynk Rink's 2 O H 2
4 Developer Zone
f Heater XJ 6 (Basement) - : g >
g OF T
John Doe My Company » :
@ Devices - addTap
& lsecs Dashboard  Timeline  Devicelnfo  Metadata  ActionsLog  Service
Ell Organizations
m LastHour  GHours  1Day 1 Week 1Manth | 3Months  Custom Range
L Locations
S Power Chart Steam output
% Automations
On [ @)
Set T° Steam presure
Status it
R
as
Off E s
o =3
Twin Pesks ELua
) nais:
Average temperature e &
T ek
"
o I 45°C Clipger St Cen
= Collapse 5
] s ePmMes

Hinh 1.8 Blynk Console.

Blynk.Console 12 mot ¢mg dung website giau tinh ning, phuc vu cho nhiéu loai ngudi
dung khac nhau. Cac chirc ning chinh ctia né bao gom:

e Céu hinh cic thiét bi dugc két ndi trén nén tang, bao gdm cai dit ing dung.

e Quan ly thiét bi, dir liéu, nguoi ding, t6 chirc va vi tri.

e Giam sat va diéu khién thiét bi tir xa.

Blynk.Apps

Hinh 1.9. Blynk Apps
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Blynk.Apps 1a iing dung di dong i0OS va Android da nang c6 cac churc nang chinh

Sau:

e Giam sat va diéu khién tir xa cac thiét bi duoc két ndi hoat dong véi nén tang
Blynk.

e CAu hinh giao dién ngudi dung di déng trong giai doan tao mau va san xuat.
e Tuyu dong hoa hoat dong cua thiét bi dugc két ndi.

Blynk.Edgent va thw vién Blynk

BLYNK_TEMPLATE_ID
BLYNK_TEMPLATE_NAME
BLYNK _FIRMWARE VERSION
APP_DEBUG

“"BlynkEdgent.h"

void setup()
{
delay(100);
BlynkEdgent.begin();
}

void loop() {
BlynkEdgent. run();
}

Hinh 1.10. Blynk Library / Edgent.

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

Nho d6, ngudi dung khong can ty xay dung tmg dung hodc may cha phire tap ma
van c6 thé tao ra mot hé théng IoT hoan chinh — chi can 1ap trinh phﬁn cung voi thu

vién Blynk va ciu hinh giao dién diéu khién qua tng dung.
Blynk.Cloud

Blynk.Cloud 1a co so ha tang may cha déng vai tro 13 trung tAm ctia nén tang IoT
Blynk, lién két tt ca cac thanh phan lai v6i nhau.

1.2.2. Cach hoat dong ciia Blynk
Blynk hoat dong dya trén mé hinh thiét bi (Device) — ddm may (Blynk Cloud) — img

dung (App/Console), trong dé toan bo dir li¢u va 1énh diéu khién duoc truyén qua lai

Sinh vién thuc hién: Nguyén Phuong Ly Hudng dan: TS.Lé Van Minh 9



Xay dung hé théng IoT giam sdt va diéu khién méi truong chudng trai

gifta cac thanh phan thong qua nén tang Blynk Cloud. Toan bd qué trinh ¢ thé mé ta

theo cac budc sau:
Két noi thiét bi véi nén ting Blynk:

Pé két nbi thiét bi voi nén tang Blynk, trudc hét can chuan bi phan cimg nhu
Arduino, ESP8266, ESP32, Raspberry Pi hodc STM32, cung mdi truong 1ap trinh tuong
tmg va thu vién Blynk. Khi tao du 4n méi trén Blynk.Console, hé théng cip mot

AuthToken duy nhét, dong vai tro xac thyc giup thiét bi két ndi an toan véi Blynk Cloud.

Sau d6, ngudi dung cdu hinh mang cho thiét bi, phd bién nhét 14 WiFi, ngoai ra c6
thé dung Ethernet hoic 3G/4G tuy phan ctng hd tro. Trong chuong trinh, cin khai bao

tén mang va mat khau dé thiét bi ty dong két ndi Internet khi khoi dong.

Thiét bi s& st dung AuthToken va cac ham cua thu vién Blynk dé xac thuc va bét
dau trao do6i dir liéu voi Cloud. Khi két néi thanh cong, thiét bi co thé giri dir liéu cam
bién, nhan 1énh diéu khién va trang thai s€ hién thi “online” trén Blynk.App hoac
Blynk.Console. Néu gip su cb, nén kiém tra lai thong tin mang, AuthToken va két ndi

Internet dé hé théng hoat dong on dinh.
Guri va nhdn dir liéu qua Blynk Cloud:

Khi thiét bi da két ndi thanh cong v6i Blynk Cloud, viéc trao ddi dir liéu gitra thiét
bi va Cloud dién ra theo co ché hai chiéu. Thiét bi giri dit liéu 1én Cloud thong qua céc
cam bién dugc gén san, vi du nhu cam bién nhiét 4o, 36 4m, anh sang hoac murc khi doc.
Dit liéu nay c6 thé duoc giri theo chu ky dinh sin hodc theo yéu cau cta img dung, giup

nguoi ding giam sat trang thai moi truong va cac thong sd cam bién theo thoi gian thyc.

Nguoc lai, Blynk Cloud nhan céc 1€nh diéu khién tur nguoi dung va truyén xuéng
thiét bi. Khi thao tac trén Blynk.App hodc Blynk.Console, chéng han nhu bat/tit ro-le,
thay d6i ngudng canh bao hay cip nhat cdu hinh, 1énh s& dugc Cloud xir Iy va gui tiép
dén thiét bi tuong Gng. Thiét bi nhan 1énh va thyuc hién ngay cac hanh dong can thiét,

nho do6 viéc diéu khién tir xa tré nén tién 191, chinh x4c va nhanh chong.

Qua trinh truyén dir lidu giita thiét bi va Blynk Cloud sir dung giao thirc riéng ciia
Blynk (Blynk Protocol) hodc ¢ thé tich hop cac giao thirc phd bién nhu MQTT hay
HTTP, tuy theo cdu hinh ciia hé théng. Dir liéu duoc ma hoa va xir 1y theo thoi gian
thuc, dam bao tinh bao mat, chinh xac va on dinh. Nho co ché nay, hé thong Blynk cho

phép ngudi dung vira gidm sat cac cam bién, vira diéu khién thiét bi tir xa ma khong can
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két ndi truc tiép, tao diéu kién thuan loi cho viéc quan ly, giam sat va ty dong hoa thiét

bi trong nhiéu tng dung IoT khac nhau.
Hién thi va diéu khién trén irng dung:
Nguoi dung c6 thé truy cap hé thong qua:

e Blynk.Console (Trinh duyét web) dé theo dbi trang thai thiét bi, biéu d6 dit liéu,
lich str do va cAu hinh hé théng.
e Blynk.App (Ung dung dién thoai) dé xem thong tin cam bién, diéu khién thiét b

tir xa bang giao dién truc quan (Widget).

Khi ngudi dung thao tac trén ing dung, vi du nhan nat “Bat quat”, 1énh s& duogc guri

t6i Blynk Cloud, roi chuyén tiép xudng thiét bi trong tng.

Nguoc lai, khi cam bién do duogc gia tri méi, thiét bi guri dir liéu 1én Cloud dé tng

dung hién thi ngay 1ap tuc.
Tw dong hoa va canh bao:

Blynk cho phép thiét 1ap cac kich ban tiw dong dé thiét bi phan hoi theo diéu kién
moi truong. Ngudi dung cod thé d3t ra cac quy tdc nhu: khi nhiét d6 vuot 30°C thi hé

thdng tu bat quat hodc giri thong bao canh bao vé dién thoai.

Céc kich ban nay dugc thiét 1ap ngay trong Blynk.App hoidc Blynk.Console, va toan
bd qua trinh xtr 1y dugc thuc hién trén may chu Blynk Cloud, giup thiét bi tu van hanh
ma khong can can thiép thi cong.

Qudan Iy va cdp nhit thiét bi:
Blynk khong chi hd trg giam sat ma con cho phép quan tri toan bo thiét bi tir xa:
e D@ dang quan 1y danh sach thiét bi, phan quyén ngudi ding va t6 chic dy an.
e HO trg OTA (Over-The-Air), gitp cap nhat firmware méi, va 18i hodc bd sung
tinh ning ma khéng can thao tac truc tiép trén phan cing.
e Theo doi tinh trang hoat dong cua thiét bi nhu online/offline, cuong do tin hiéu

WiF1i, mtrc pin va lich str hoat dong (logs).

Céc kha nang nay gitip hé thong van hanh 6n dinh, dé bdo tri, va t61 uu cho cdc mo

hinh IoT quy mé nho dén 16n.
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1.2.3. Ung dung ciia Blynk trong hé thong IoT

Blynk 13 mot nén tang IoT manh m& cho phép két ndi, giam sat va diéu khién cac
thiét bi phan ctng thong qua Internet. Trong cac hé thong IoT hién dai, Blynk duoc tng
dung rong rdi nho kha nang tich hop linh hoat, giao dién truc quan va hd trg truyén dit

liéu thoi gian thue. Mot sb tng dung tiéu biéu cua Blynk trong hé thong IoT bao gdm:
Giam sat dir li€u thoi gian thuc (Real — Time Monitoring):

Blynk cho phép thu thap va hién thi dit liéu tir cac cam bién nhu nhiét do, do am,
anh sang, d6 rung hodc chat luong nudc,... Ngudi dung ¢ thé theo dbi cac thong sé nay
tryc tiép trén dién thoai hodc giao dién Web Dashboard bt cir luc nao. Piéu nay gitp
hé théng hoat dong minh bach, d& quan 1y va kip thoi phat hién bat thuong.

Piéu khién thiét bj tir xa (Remote Control):

Nguoi dung c6 thé diéu khién cac thiét bi nhu quat, dén, may bom, relay, ... thong
qua cac widget nhu button, switch hodc slider. Viéc diéu khién tir xa thong qua Blynk
gitip hé thong van hanh linh hoat, tiét kiém thoi gian va dé dang thao tac ngay ca khi
nguoi dung khong c6 mat truc tiép tai khu vuce lép dat.

Tuw dong hoa theo diéu kién (Automation Based on Conditions):

Blynk hd tro thiét 1ap cac diéu kién tu dong nhu bat quat khi nhiét do vuot ngudng
hoic bat dén khi d6 sang thap. Két hop gitra 1ap trinh trén vi diéu khién va Automation
cua Blynk Cloud, h¢ théng 6 thé hoat dong tu dong, chinh xac va lién tuc ma khong

can sy can thi¢p thu cong.
Lap lich hoat dong (Scheduling):

Blynk cho phép nguoi ding dit lich cho cac thiét bi hoat dong theo thoi gian dinh
san, chéng han nhu bat dén vao budi tdi hodc tuéi cay va budi sang. Tinh nang nay dac
biét hiru ich trong cdc mo hinh nong nghiép thong minh, chudng trai thong minh hoic
céc ung dung tiét kiém ning luong.

Canh bao va thong bao (Notifications and Alerts):

Blynk c6 kha ning thong bao dén dién thoai ngudi dung khi hé théng phat hién su

¢b hodc gid tri vuot ngudng.
Quaén 1y nhiéu thiét bi va mé rong hé thong:

Blynk hd trg két ndi nhiéu thiét bi IoT trong cing mot dy 4n, cho phép quan 1y tap

trung va phan quyén sir dung.
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Xay dung giao dién trwe quan dé sir dung:

Blynk cung cip giao dién kéo - tha giup nguoi dung d& dang tao Dashboard hién thi
dir liéu cam bién, dd thi, trang thai thiét bi, lich hoat dong va cac nat diéu khién. Viéc
thiét ké giao dién khong yéu cau kién thuc 1ap trinh, giup tiét kiém thoi gian trién khai

va tang tinh thim m¥ cho hé théng.

1.3. Ngon ngir 1ap trinh Arduino
1.3.1. Khdi niém vé ngon ngir ldp trinh Arduino

Pinh nghia ngon ngir 1ap trinh Arduino

Ngbn ngit 1ap trinh Arduino 14 mot ngén ngit don gian va co ban dé 1ap trinh céc vi
diéu khién Arduino — 1a mot nén tang phan ciing ma nguén md. Ngon ngit lap trinh
Arduino dua trén ngon ngit C/C++, nhung da duoc tiy chinh va don gian héa dé phu

hop véi vi di€u khién Arduino va céc tac vu di€u khién phan cung.
Lich sir va nguon goc phat trién

Arduino c6 ngudn gbc tir mot du an nghién ciru tai Interaction Design Institute Ivrea
(IDII) & Y. Nén tang ndy duogc phat trién vao khoang nim 2005 boi nhom sang 1ap gdm
Massimo Banzi, David Cuartielles, David Mellis, Tom Igoe va Gianluca Martino. Du
an ban dau str dung vi diéu khién Atmel AVR va duoc xay dyng dua trén ngdn ngi 1ap
trinh Wiring, sau ndy phat trién thanh Arduino Language dua trén C/C++.

Tén goi “Arduino” duoc ldy tir quan Bar di Re Arduino & Ivrea — noi nhom sang lap
thudng hop ban y tudng. Ngay tir dau, nhém da quyét dinh mo ma ngudn phan cing va
phén mém, tao nén tang cong d@)ng manh mé cho vi¢c hoc tap, sang tao va chia sé.

Ngay nay, Arduino trd thinh mét trong nhitng nén tang phd bién nhét cho cac du an
IoT, robot, tu dong hda va gido duc STEM, nho dac tinh don gian, dé hoc va kha nang

mo rong manh mé cua cong dong.

Chuong trinh Arduino c6 thé chia lam 3 phan: cau trac chuong trinh (structure), bién

s6 (variable) va hang s (constant), ham va thu tyc (function).
Céu tric chwong trinh (Structure):
Mot chwong trinh Arduino (goi 1a sketch) thudng ¢ hai ham bat budc:

e setup(): ham duoc goi mot 1an khi thiét bi khoi dong, dung dé thiét 1ap ban dau
(khoi tao bién, ché d6 pin,...).
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e loop(): ham chinh s¢ dugc goi lién tuc sau setup(), chira logic 1ap cho chuong

trinh chay cho t6i khi ngit hodc tit may.

Arduine setup() { loop() {

duoc ch. nguﬁn — lenh cuaban  p———p| //lénh cua ban §

} }

e

Bam nit Reset +

_ N/

Hinh 1.11. So d6 ludng thyc thi cia chwong trinh Arduino.

Ngoai ra, cau tric chuong trinh ciing can khai bao trude cac bién/hing, thu vién néu
dung va dinh nghia cdc ham phu néu cé.
Bién va hz‘“mg ) (Variable & Constants):

Ngbn ngit Arduino sir dung bién dé Iuu trir dit liéu thay doi trong khi chuong trinh
chay, va hﬁng s6 cho dir liéu cb dinh.

Céc kiéu dir liu thuong gdp nhu int, float, char, boolean, cung voi céac héng sb
(#define) hoac const

Viéc dung bién, hing dung cach gitip chuong trinh rd rang hon, d& bao tri va tranh
16i.
Ham va thu tuc (Functions):

Ham 13 khdi ma thue hién mot nhiém vu cu thé, co thé duge goi nhiéu lan. Trong

Arduino, c6 cic ham co san c6 dé diéu khién phén cung, toan hoc, bién ddi kiéu dir liéu,
giao tiép,...
Vi du mot s6 nhom ham néi bat:
e Digital I/0: pinMode(), digitalRead(), digital Write() — ding dé cau hinh va diéu
khién céac chan sb.
e Time & Delay: millis(), micro(), delay() - quan Iy thoi gian va tré trong chuong
trinh.
e Math: sqrt(), sin(), cos(), pow() — xir 1y toan hoc va sé hoc nang cao.

e Giao tiép: Serial.print() — giao tiép vat ly

Viéc t6 chirc ham rd rang gitip ma nguon gon gang, dé test va tai sir dung duoc.
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1.3.2. Ung dung ciia ngon ngii lgp trinh Arduino trong IoT

Ngbn ngit 14p trinh Arduino, dya trén nén tang C/C++, dugc thiét ké don gian va
than thién, gitp ngudi dung dé dang viét chuong trinh diéu khién phan ctng. Trong cac
ung dung Internet of Things (I0T), Arduino dong vai trd quan trong trong viéc thu thap
dir liéu tir cam bién, xtr 1y thong tin va truyén dir liéu 1én Internet dé giam sat va diéu
khién tir xa.

Arduino thuong dugc sir dung trong cac du an nhu nha thong minh, néng nghiép
thong minh, hé théng gidm sat moi truong, do ludng ning lwong, hodc didu khién thiét
bi qua Internet. Vi su hd tro clia cac thu vién c6 san, 14p trinh vién c6 thé nhanh chéng
két ndi voi cac module Wifi (nhu ESP8266, ESP32) hodc nén tang dam may (nhu Blynk,
ThingSpeak, Firebase...).

Ngbn ngit Arduino con hd tro tich hop nhiéu loai cam bién va module ngoai vi nhur
cam bién nhiét do, dd 4m, anh sang, pH, TDS, OLED, relay... giip xay dung h¢ théng
[oT linh hoat, tiét kiém chi phi va dé mé& rong. Nho do, Arduino trd thanh mot cong cu

manh mé& va pho bién trong nghién ctru, hoc tap va phat trién cac Gmg dung IoT thuc té.

1.3.3. Cdc thw vi¢n sit dung trong hé thong

Trong céac dy an IoT, Arduino va ESP32 thuong dugc st dung dé thu thap dir li¢u
tir cam bién, xir 1y thong tin va két ndi vi cac thiét bi khac hodc Internet. Dé thuc hién
nhirng chirc ning nay, chuong trinh can st dung mot sd thu vién hd trg. Mbi thu vién
dam nhi€ém mot vai tro riéng, tir giao tiép v&i cam bién, do tin hiéu analog, doc nhi¢t do,
hién thi dit liéu trén man hinh, cho dén két ndi Wifi va tuong tac v6i nén tang IoT nhu
Blynk. Viéc hiéu 5 chirc ning va ting dung cua timg thu vién s& giup 14p trinh vién t6

chtrc chuong trinh khoa hoc, t6i wu phan ctng va d& dang mo rong du an.
Sau déy 1a phan gi6i thiéu timg thu vién duoc sit dung phd bién trong cac du an IoT voi
Arduino/ESP32:

#include <Wire.h>

Thu vién Wire cho phép Arduino hodc ESP32 giao tiép véi cac thiét bi ngoai vi qua
giao thirc 12C, chi can hai day: SDA (dir liéu) va SCL (dong ho). N6 giup giri va nhan
dir liéu tir cam bién, man hinh OLED hay module ADC ma khong phai viét code phirc

tap, 1am du 4n gon gang va dé quan 1y.
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#include <Wifi.h>

Thu vién Wifi quan 1y két ndi Wifi cho ESP32, gitip thiét bi két ndi Internet dé gui
va nhan dit liéu tir xa. N6 cho phép giam sat cam bién, diéu khién thiét bi qua cloud hoic

smartphone, 13 thanh phan quan trong trong cac dy an IoT.
#include < BlynkSimpleEsp32.h>

Thu vién nay két ndi ESP32 vé6i ing dung Blynk, cho phép tao giao dién diéu khién
trén dién thoai, nhan dit liéu cam bién va diéu khién thiét bi tir xa. N6 giip nguoi dung
tuong tac voi hé thong IoT dé dang ma khong can lap trinh mang phirc tap.

#include < DHT.h>

Thu vién dung dé doc dir liéu tir cam bién DHT22. N6 cung cip cac ham do nhiét
dd va do am, phuc vu thuat toan tu dong bat quat hodc dén sudi dua trén ngudng nhi¢t
do cai dat.
#include < IRremote.h>

Thu vién hd trg giai ma tin hiéu tir remote hong ngoai, cho phép nguoi dung diéu
khién thiét bi theo ché do thii cong. Nho thur vién nay, hé théng nhan biét tirmg niit nhan

va xu ly chinh x4c ngay ca khi tin hi¢u bi 1ap.
#include < Adafruit SSD1306.h>

Thu vién Adafruit SSD1306 iéu khién man hinh OLED SSD1306, hién thi chit, sb,
biéu dd hodc biéu tuong. N6 gitip giam sat dit liéu truc tiép trén thiét bi ma khong can

smartphone, thuén tién trong cac dy an IoT tai chd.

1.4. Mbi trudng phat trién Arduino IDE

1.4.1. Gioi thiéu Arduino IDE
Arduino IDE la gi?

Arduino IDE (Méi truong Phat trién Tich hop) 1a mot nén tang phan mém dugc 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 1ap trinh bang ngon ngit twong ty C/C++, duge thiét ké
dic biét dé twong tac v6i phan ctiing Arduino.

Sinh vién thuc hién: Nguyén Phuong Ly Hudng dan: TS.Lé Van Minh 16



Xay dung hé thong IoT giam sdt va diéu khién méi truong chudng trai

Hinh 1.12. Logo Arduino IDE.

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 chudt.
Ngoai ra, Arduino IDE con:

e HJ tro thu vién phong pha: Cho phép d& dang két ndi cac cam bién, dong
co, man hinh va cac module khic ma khong can viét lai ma tr dau.

e Danén tang sir dung: C6 thé chay trén Windows, macOS, Linux va gitp 1ap
trinh vién dé dang st dung.

e Giao dién than thién véi nguoi méi: Ngay ca nhitng ngudi chwa biét 1ap trinh
ciing c6 thé bat dau nhanh chong.

e HJ trg cong dong 16n: Hang ngan vi dy, hudng dan va forum gitip giai quyét
van dé nhanh chéng.

Nho¢ nhiing tinh ndng nay, Arduino IDE tr¢ thanh cong cu ly tudéng cho ca nguoi

moi hoc dién tir 13n cac du an chuyén sau, tir robot, IoT, dén céc thiét bi thong minh.

1.4.2. Cac chivrc nang chinh cua Arduino IDE

Céc chirc ning chinh cta Arduino IDE bao gom:
Trinh soan thio van ban:

Arduino IDE cung cap giao dién soan thao ma ngudn don gian, hd trg t6 mau cua
phap, goi ¥ cau triic chuong trinh va hién thi hai ham mic dinh setup() va loop(). Pay

1a noi nguodi dung viét va chinh stra toan b chuong trinh diéu khién vi diéu khién.
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i setup() { A

// put your setup code here, to run once:

Hinh 1.13. Trinh soan thdo ma ngudn trong Arduino IDE.

Chirc nang bién dich chwong trinh:

Nt Verify giup kiém tra 18i ¢t phap va bién dich chuong trinh thanh ma may. Néu

c6 16i IDE s& bao vi tri va loai 16i & khung thong bao phia dudi gitp nguoi dung sta

nhanh chong.
Verify Upload MNew Open Save Serial Monitor
z ==
Bk ';-d..,.-\..; I;'?(. / /”—-— Winrdow besr = (=] \ =
F Edinf Shetch Jooly Meip — Fanu bar

Text Box — Text Editor

Hinh 1.14. Chuc ndng Verify - Upload trong Arduino IDE.
Chirc nang nap chwong trinh:

Nt Upload cho phép nap mi da bién dich vao bo mach Arduino thong qua cong
USB. Qua trinh upload ty dong thuc hién budc bién dich trude khi nap chuong trinh.

Sinh vién thuc hién: Nguyén Phuong Ly Hudng dan: TS.Lé Van Minh 18



Xay dung hé thong IoT giam sdt va diéu khién méi truong chudng trai

Quain ly board mach:

Arduino IDE hd trg nhiéu loai board khac nhau. Nguoi dung co thé cai dat thém

board tai Boards Manager va lya chon dung loai board trudc khi dich chuong trinh.

L BN
BOARDS MANAGER
7 Nano Every

g Arduino megaAVR Boards - Pre-release by Arduino
Boards included in this package:
Arduino Uno WiFi Rev2, Arduino Nano Every
More info

187 v INSTALL

Hinh 1.15. Giao di¢n Boards Manager.
Serial Monitor:

Serial Monitor cho phép hién thi dit liéu dugc gui tir vi diéu khién vé may tinh, hd
trg kiém tra gia tri cam bién va debug chuong trinh. Pay 14 cong cu thudng dugc s
dung trong cac du an IoT.

Serial Plotter:

Serial Plotter giup tryc quan héa dir li¢u dang dd thi theo thoi gian, va dac biét khi
theo ddi nhi¢t do, d am, ...

& COMD (Arduina/Genuin Una) || D

000,10

000,90 |

Hinh 1.16. Giao dién Serial Plotter.
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Quan ly thw vién:

Library Manager la cong cu cai dat va quan 1y cac thu vién dung cho cam bién va

module nhu DHT, Blynk,... giip m& rdng chirc nang lap trinh.

@@ Fading | Arduino 1.8.9

File Edit Sketch Tools Help

Verify/Compile Ctri+R

Upload Ctri+U

Upload Using Programmer  Ctri+Shift+U &8

Export compiled Binary Ctri+ AltS

Show Sketch Folder Ctri+K

Include Library : .
Add File... Manage Libranes... Ctri«Shift+!

Add .ZIP Library...

Arduino libranes
Bridge
EEPROM
Esplora
Ethernet
Firmata

GSM

Hinh 1.17. Giao dién Library Manager.

1.4.3. Uu diém va nhwoc diém cia Arduino IDE trong lap trinh IoT

Arduino IDE 12 phan mém 14p trinh phd bién cho cic bo mach Arduino va vi diéu
khién nho giao dién don gian va dé st dung. Bén canh nhing uu diém noi bat, phﬁn
mém cling ton tai mot sé han ché nhat dinh trong qua trinh phat trién cac dy an 16n hodc

yéu cau k¥ thuat cao.
U'u diém cia Arduino IDE:

e Arduino IDE c6 giao dién truc quan, dé thao tac, pht hop cho ngudi méi tiép cin
1ap trinh nhing va IoT.

e Phin mém tich hop céc chirc nang quan trong nhu viét ma, bién dich, nap chuong
trinh va theo ddi dir liéu qua Serial Monitor, giup qué trinh phat trién dién ra
nhanh chéng.

e HJ tro nhiéu loai board mach va thu vién mé rong, kém theo hé théng vi du mau

phong phti, giup nguoi dung dé dang thir nghiém va hoc tap.
Nhuwoc diém ciia Arduino IDE:

e Kha ning hd tro 1ap trinh nang cao con han ché, thiéu céac tinh nang nhu ty dong

goi y mé, phan tich 18i ning cao hodc quan 1y du an 1on.
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e Khéng hd trg debug chuyén sdu, viéc tim 18i chu yéu dua vao Serial Monitor nén
d6i khi t6n thoi gian.

e Tbc dd bién dich chua that su tdi vu va giao dién con don gian so voi cac IDE
hién dai nhu VS Code hoac PlatformlO.

1.5. Gi6i thiéu vé cac thiét bi phin cirng
1.5.1. Thiét bi diéu khién

Trong hé thdng IoT, MCU déng vai trd “bd xir 1y trung tim”, nhan dir liéu tir cam
bién, xtr 1y thong tin va diéu khién cac bo phan chap hanh nhu relay, LED, quat hay
dong co. MCU ciing dam nhiém truyén thong, giri dit liéu 1én cac nén tang IoT (Blynk,
MQTT, Firebase) va nhan 1énh tir ngudi ding. Nho kha niang két ndi — xur Iy — diéu
khién, MCU giir vai tro diéu phdi toan bd hoat dong ctia hé thong.

Céc thiét bi diéu khién pho bién trong IoT hién nay la:
ESP8266 NodeMCU:

ESP8266 NodeMCU la mdt bo mach phat trién (development board) dua trén
chip WiFi ESP8266, tich hop vi diéu khién va module WiFi, thuong dung dé xay
dung cac du 4n IoT. N6 c6 kha ning 1ap trinh dé dang qua Arduino IDE va hd trg

giao tiép WiFi, gitip thiét bi két ndi Internet ma khong can thém module roi.

Hinh 1.18. ESP8266 NodeMCU.

Uu diém: 1ap trinh dé véi Arduino IDE, ¢6 mach nap USB tich hop, phut hop cac
mo hinh IoT quy mo vura.
Nhuge diém: kich thudc board kha 16n, khong thuan tién cho thiét bi can ti wu

dién tich hoac PCB nhd.

Ung dung: trién khai du 4n IoT phé thong, diéu khién thiét bi qua Internet, hé

théng smart home, web server nho va ciac mé hinh prototyping yéu cau nhiéu GPIO.
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ESP8266 Wemos D1 Mini:

ESP8266 Wemos D1 Mini 1a mot bo mach phat trién nho gon dya trén chip WiFi
ESP8266, thuong dung trong cac du an [oT. So voi NodeMCU, Wemos D1 Mini ¢é
kich thudc nho hon, van tich hop vi diéu khién va module WiFi, d& 1ap trinh qua
Arduino IDE.

Hinh 1.19. ESP8266 Wemos D1 Mini.

Uu diém: siéu nho gon, dé tich hop PCB, gia ré, tiéu thu thap, phu hop thiét bi

[oT mini.

Nhuge diém: it GPIO hon NodeMCU, khé cim breadboard néu khong ding

header.

Ung dung: IoT mini va wearable, PCB c¢6 WiFi tich hop, cic cam bién moi truong

va anh sang, module diéu khién nhé nhu LED WS2812 hoic cong tic mini.
Arduino Uno:

Arduino Uno 1a mdt bo mach vi diéu khién pho bién dwa trén chip ATmega328P.

Hinh 1.20. Arduino UNO.
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Uu diém: d& thao tac, phu hop ngudi méi, cong USB 16n bén, twong thich nhiéu
shield.

Nhuoc diém: kich thudc cong kénh, khong phu hop thiét bi nhiing nho.

Ung dung: bai hoc va thi nghiém nhap mén, robot don gian, prototype véi nhiéu
shield, day hoc STEM, hé théng diéu khién co ban nhu do nhiét dg, 46 am, relay.

Arduino Nano:

Arduino Nano 1a phién ban nhé gon ctia Arduino Uno, cling dya trén chip
ATmega328P.

Hinh 1.21. Arduino Nano.

Uu diém: Kich thudc nh, dé tich hop vao cac mach nhd, 1ap trinh don gian qua
Arduino IDE.

Nhuoc diém: Sb luong chan I/O it hon Uno, han ché trong cac du an can nhiéu

thiét bi ngoai vi.

Ung dung: du an nhung, PCB, robot mini, [oT nho, thiét bi wearable, tu dong hoa

nhé nhu may bom, LED, canh béo.

1.5.2. Thiét bi cam bién

Cam bién 13 thanh phan khong thé thiéu trong cac hé théng IoT, ddm nhiém chic
nang thu thap dir liéu tir moi truong hodc tir cac thiét bi can giam sat. Chiing chuyén do6i
cac dai luong vat ly, héa hoc hodc moi truong thanh tin hi¢u dién (analog hoac digital)
dé vi diéu khién xtr Iy. Nho d6, hé thoéng IoT co thé theo ddi trang thai, danh gia diéu
kién hoat dong va dua ra cac quyét dinh diéu khién tu dong.
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Céc loai cam bién dugc sir dung rong rii trong IoT hién nay bao gom:
Cim bién anh sdng (LDR, BH1750):

Cam bién 4nh sang do cudng do sang moi trudng, gitp hé thdng nhan biét mirc
chiéu sang hién tai. Thuong dung LDR (tin hiéu analog) hoic BH1750 (digital,

chinh xac cao), ung dung trong chiéu sang tu dong, smarthome va cac du an IoT.

Hinh 1.22. Cam bién anh sang.
Uu diém: dir liéu nhanh, dé tich hop, LDR gia ré, BH1750 chinh xac cao.
Nhugc diém: LDR khong tuyén tinh, d& nhidu; BH1750 can 12C, phtc tap hon.

Ung dung: chiéu sang tu dong, smarthome, gidm sat anh sang, camera thong

minh.
Cim bién siéu am (HC-SR04):

Cam bién HC-SR04 do khoang cach dén vt thé bang song siéu 4m, khong tiép

xuc truc tiép.

Hinh 1.23. Cam bién siéu am.
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Uu diém: gia ré, chinh xac, khong tiép xuc, d& tich hop robot va IoT.

Nhuoc diém: khong do vat mong, mém, nghiéng; khoang cach han ché, d& nhidu
moi trudng On.

Ung dung: robot tranh vat can, gidam sat myc nudc, bon chtra, tu dong hoa cong
nghiép.

1.5.3. Thiét bi chap hanh

Thiét bi chép hanh trong IoT thuc hién cac I¢nh tir vi diéu khién, chuyén tin hiéu
dién thanh hanh dong vat Iy nhu bat/tit, quay, phat sang hay canh bao. Chang giup hé
thdng can thiép truc tiép vao mdi trudng, tr dong héa quy trinh va phan hoi theo dit liu
cam bién.

Céc thiét bi chap hanh pho bién trong IoT hién nay bao gom:

Servo Motor:

Servo Motor giup diéu khién goc quay chinh xéac, pht hop cho robot, cira tu

dong hodc co cau md/dong.

Hinh 1.24. Servo Motor.

Uu diém: do chinh x4ac cao, luc kéo manh & loai 16n.
Nhuoc diém: gid cao hon dong co DC, tam quay gidi han ¢ loai servo goc.

Ung dung: ctra tu dong, robot canh tay, camera gimbal, co cau can diéu khién

gbc chinh xéc.
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May bom mini:

M4y bom mini giup bom hoic dan chét long trong hé thong tir dong.

B
eI
™

Hinh 1.25. May bom Mini.
Uu diém: gia ré, dap Gmg nhanh, luu lwong 6n dinh.
Nhuoc diém: khong chay lién tuc lau, can loc rac chéng nghet.

Ung dung: tuéi cay tu dong, bom nude hd ca, thay canh, diéu khién theo cam

bién do am hoac lich tudi.

1.5.4. Thiét bi hién thi

Thiét bi hién thi 13 thanh phan quan trong trong cac hé thng IoT, cho phép trinh
bay thong tin thu thap dugc tir cdm bién hoac trang thai hoat dong cua thiét bi mot cach
truc quan. Chung giup nguoi dung quan sat dit li€u, theo doi qua trinh van hanh va dua
ra cac thao tac diéu khién phu hop. Thiét bj hién thi c6 thé thé hién dit liéu dudi dang

chit, sb, biéu tuong hoac dd hoa tuy theo nhu cau cua hé théng.
Céc loai thiét bi hién thi dugc str dung phd bién trong IoT hién nay bao gom:
LCD 16x2:

LCD 16x2 14 man hinh hién thi ky ty gébm 2 dong, mdi dong 16 ky tu, ding dé
hién thi cac thong tin co ban nhur s6 lidu hodc trang thai thiét bi. Vi gia thanh thép,
dé két ndi va do on dinh cao, LCD 16x2 dugc st dung rong rdi trong cac dy an IoT

va hé théng nhung.
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Hinh 1.26. LCD 16x2.
Uu diém: gia ré, dé 1ap trinh, hién thi thong tin co ban tryc tiép.
Nhuoc diém: khong hién thi hinh anh/biéu do phtc tap, kich thudc han ché.

Ung dung: giam sat nhiét do, do am, ap suat, thiét bi IoT, smarthome, mach

nhing.
LED 7 doan:

LED 7 doan 1a bd hién thi so dugc tao tir 7 thanh LED ghép lai, dung dé hién
thi cac chir s6 tir 0-9. Nho don gian va ré, né thuong xuat hién trong dong ho sé va
céc thiét bi dién tir co ban.

Hinh 1.27. LED 7 doan.

Uu diém: hién thi so 10, gia ré, don gian, dé diéu khién, tiét kiém dién, bén.

Nhuogce diém: chi hién thi sd, can nhiéu chan néu khong dung drive, han ché
thong tin/dd hoa.

Ung dung: ddng hd s, bo dém/do téc do/khoang cach, hién thi gia tri ADC, IoT

hién thi nhiét 46, s 1an dém hodc trang thai hé thong.
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Chwong 2: PHAN TiCH VA THIET KE HE THONG

2.1. Phén tich yéu ciu chirc niing

Hé théng dugc xdy dung nham giam sat lién tuc cac thong sb méi trudng trong
chué)ng nudi, dic biét 1 nhiét do6 va do am, gitp nguodi dung theo doi diéu kién nudi theo
thoi gian thuc va phét hién sém cac dau hiéu bat thuong. Trong thyc té, hé thong dong
vai tro nhu mot cong cu giam sat — diéu khién tu dong: n6 thu thap dir liu tir moi truong,
hién thi thong tin cho nguoi sir dung va ty dong kich hoat quat, dén suéi hodc dua ra
canh bao khi céc gia tri vugt qua ngudng an toan. Bén canh do, hé théng con hd tro diéu
khién thu cong thong qua tmg dung Blynk hodc remote hong ngoai, cho phép nguoi

dung can thiép truc tiép vao cac thiét bi khi can thiét.

Nho két hop giita kha nang giam sat, canh bao va diéu khién linh hoat, nguoi chin
nudi c6 thé dé dang diéu chinh diéu kién nudi dé dam bao strc khoe va su phat trién on
dinh cua vat nuoi. T nhitng chirc nang thuc té néu trén, hé théng duoc thiét ké véi cac
mo-dun phan cig va phan mém phu hop, dam bao hoat dong chinh xac va 6n dinh. Céc

yéu cau chirc nang chinh cua hé thong bao gom:

2.1.1. Thu thip dir liéu tir cdc cam bién

Hé thong thu thap dit liéu mdi truong theo thoi gian thyc thong qua cam bién nhiét
d6 — @6 am DHT22. ESP32 phai doc va xur Iy cac gia tri do duogc, sau d6 cap nhat lién
tuc dé phuc vu cho viéc diéu khién ty dong va hién thi. Viéc thu thap dir liéu phai 6n

dinh, chinh x4c va dién ra theo chu ky dinh ky.

2.1.2. Nh@n tz’nNhiéu diéu khién tir Remote hong ngoai ‘

H¢ thong ho trg chirc ndng nhén tin hi¢u tr Remote hong ngoai thong qua module
thu IR. Khi nguoi dung nhan cac nat trén Remote, ESP32 gidi ma tin hi€u nhan duogc va
thue hién cac thao tic twong tng nhu bat - tit quat, dén sudi hodc dén chiéu sang. Chirc
ning nay cho phép diéu khién truc tiép va nhanh chong ngay ca khi khong sir dung Gng

dung Blynk.

2.1.3. Diéu khién thii cong qua vrng dung Blynk

Hé thong can hd trg ché do diéu khién thu cong thong qua giao dién cua tmg dung
Blynk, cho phép nguoi ding bat/tit truc tiép cac thiét bi nhu quat, dén sudi va dén chiéu
sang. Khi nguoi dung thao tac trén cac nut diéu khién, ESP32 s& nhan 1énh ngay 1ap tic
va thuc hién dung chirc ning twong tng, bo qua ché do tw dong trong thoi gian thi cong

duoc kich hoat. Chlrc nang nay mang lai su linh hoat trong qué trinh van hanh, giup
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ngudi dung c6 thé chu dong can thiép vao hé thdng khi cin thiét, dic biét trong nhitng

tinh hudng yéu cau thao tac nhanh hodc ngoai ngudng tu dong duoc cai dat.

2.1.4. Thiét ldp canh bdo khi gid tri viot nguwéng

Hé théng phai c6 kha nang phat hién va canh bao khi nhiét do hoac do am vuot qua
ngudng an toan. Cac ngudng nay (ngudng thip — ngudng cao) ¢ thé dugc ngudi ding
ty chinh truc tiép trén tng dung Blynk, gitip hé thong linh hoat véi tirng méi truong

nuoi khac nhau.

Khi gia tri do dugc vuot ngudng, ESP32 sé& tu dong kich hoat cac thiét bi chép hanh
nhu quat 1am mat hodc den sudi dé dua moi truong trd lai trang thai on dinh. Déng thoi,
mg dung Blynk c6 thé hién thi thong bao canh bao dé nguoi dung kip thoi theo doi va
xu ly.

2.1.5. Hen gio bt — tat dén chiéu sing ’ ,

H¢ thong can ho trg chitc nang hen gio bat/tat dén chiéu sang theo lich do nguoi
dung thiét 1ap trén Gng dung Blynk. Nguoi dung c6 thé cai dat thoi gian bat dau, thoi
gian két thuc va chon céc ngay trong tuan ap dung lich. ESP32 s& tu dong kich hoat dén
theo dting lich trinh da dit, ké ca khi mat két ndi Internet trong thoi gian ngin. Chirc

nang nay giup ti€t kiém ndng luong va ddm bao anh sang 6n dinh cho chuéng nuoi.

2.1.6. Hié?fz thi dﬁ"li.éu lén wng dung Blynk va OLED 7

H¢ thong truyén dir li¢u thu thap duoc 1én ing dung Blynk dé ngudi dung theo doi
tr xa qua Internet. Déng thoi, nhiét o, d6 am, trang thai thiét bi va ché do hoat dong
cling can dugc hién thi truc tiép trén man hinh OLED 0.96 inch. Viéc hién thi nay giap

ngudi ding dé dang quan sat tinh trang hé thong mot cach truc quan.

2.1.7. Gﬁ’i’ thén“g,7 bao canh bao qua Gmail khi vwot nguong 7

H¢ thong can c6 kha nang gui canh bado qua Gmail khi nhiét d§ hodc d§ am vuot
qua ngudng an toan do ngudi dung cai dit. Khi phat hién gia tri bat thuong, ESP32 s&
kich hoat chirc ning giri théng bao thong qua dich vu ctia Blynk hodc hé théng IoT tich
hop, giup nguot dung nhan canh bdo kip thoi ngay ca khi khong mé tng dung. Chuce
ning nay hd tro giam sat tir xa hiéu qua hon va nang cao do an toan cho méi truong

chuong nuoi.
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2.2. Thiét ké hé théng
2.2.1. Thiét ké phin cirng
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Hinh 2.1. So d6 thiét ké phan ctng.
Thiét bi xir ly:

ESP32 1a vi diéu khién trung tam cua hé théng, chiu trach nhiém doc dir li€u tir cam
bién DHT22, xtr Iy va gtri 1én Blynk dé giam sat tir xa. ESP32 dong thoi giai ma tin higu
tir Remote IR 1838 dé thuc hién diéu khién thil cong, hién thi théng 1én man hinh OLED
va diéu khién cac thiét bi chip hanh (quat, dén LED, sudi) thong qua Module Relay.

Thiét bi cam bién:

Cam bién DHT22 do nhiét d6 va d6 am khong khi trong chudng.
Thiét bi diéu khién tir xa:

Remote héng ngoai IR1838 nhan tin hi¢u tir remote dé diéu khién cac thiét bi quat,
dén LED, sudi hodc chuyén dbi gitta cac ché do cua hé thdng (thu cong/te dong).
Thiét bi hién thi:

OLED SSD1306 hién thi cac thong sd nhiét o, do am, trang thai két nbi Blynk va
trang thai ciia hé thong.
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Thiét bj chip hanh:

Module Relay: Dong/ngit dién cho cac thiét bi tai, 13 trung gian gitra ESP32 va quat,
dén LED, suoi.

Quat tan nhiét: Ty dong bat khi nhié¢t do cao hon ngudng diéu chinh (khi 6 hé théng
& ché do6 ty dong) hoic theo diéu khién tir Remote va Blynk (khi hé thong & ché do tha

cong).

DPén LED chiéu sang: Cung cp anh sang va c6 thé bat/tit theo lich (khi hé thong &
ché 6 tu dong) hodc theo 1énh diéu khién qua remote va Blynk (khi hé théng & ché 4o
thu cong).

Sudi: bat khi nhiét do thap hon ngudng diéu chinh (khi hé théng & ché do tu dong)
hoic diéu khién tir Remote va Blynk (khi hé thong & ché dong thu cong).

2.2.1.1. Vi diéu khién ESP32

ESP32 1a dong vi diéu khién (Microcontroller) gi thanh thap va tiéu thu nang luong
thap, dugc tich hop sin két ndi WiFi va Bluetooth dual-mode (gom Bluetooth truyén
thong va Bluetooth Low Energy — BLE). Vi diéu khién nay st dung bo xtr 1y Tensilica
Xtensa LX6 véi hai tuy chon 161 don hodc 161 kép, cho phép xtr Iy song song va dap ting
t6t cac tac vu thoi gian thuc trong nhitng tng dung IoT hién dai. Bén trong ESP32 con
duoc tich hop céac thanh phﬁn nhu anten switch, RF balun, bd khuéch dai cong suit, bo
khuéch dai nhiéu thap, bd loc va bo quan 1y nang lugng, giup giam sb luong linh kién

ngoai vi va nang cao do 6n dinh cua toan b h¢ thong.

ESP32 dugc phat trién boi Espressif Systems (Thuong Hai, Trung Quéc) va duoc
san xuét trén day chuyén cong nghé 40 nm ctia TSMC. Pay 1a phién ban ké thira va nang
cap dang ké tir dong ESP8266, duoc cai thién vé hiéu ning, kha nang két nbi khong day,

d6 an toan bao mat ciing nhu sy linh hoat trong trién khai img dung.
Ly do Iwa chon ESP32 trong hé thong:

e Tich hgp WiFi va Bluetooth: Giup két nbi tryc tiép v6i nén tang IoT (nhur
Blynk) ma khong can thém module WiFi roi, tir d6 giam chi phi va tdi uu
khong gian phan cimng.

e Hiéu ning cao: Bo xur Iy 1én dén 240 MHz du kha ning doc nhiéu cam bién
ddng thoi (TDS, pH, DS18B20, DHT22, MPU6050), diéu khién relay, xu Iy

dir liéu va giao tiép v6i Blynk trong thoi gian thuec.
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e HO tro nhiéu giao thuc giao tiép: Bao gém ADC, PWM, UART, SPI, 12C,
phu hop véi hé thdng c6 nhiéu thiét bi nhu quat, dén, man hinh OLED,
Remote IR va céc loai cam bién.

e Tiéu thy ning lugng thap: Nhiéu ché do tiét kiém nang lugng gitip hé thong
hoat dong on dinh trong thot gian dai.

e Hé sinh thai phdn mém phong pht: Puoc hd trg manh mé trén Arduino IDE,
PlatformIO clng nhiéu thu vién va tai liéu cong dong, gitip qué trinh 1ap trinh,
thir nghiém va mé rong tré nén dé dang hon.

e Gi4 thanh hop 1y: So véi cac vi diéu khién co tinh nang twong dwong, ESP32
mang lai hiéu suét rat tét & mirc chi phi thip, phit hop cho cac mo hinh IoT

trong do an t6t nghiép.

Véi nhitng uu diém trén, ESP32 1a lya chon phu hop dé 1am bo diéu khién trung tam
cho hé théng, dam bao kha ning thu thap di liéu cam bién, xir 1y va truyén tai dit liéu

1én nén tang di€u khién tr xa mot cach 6n dinh, chinh x4c va hiéu qua.

Hinh 2.2. Vi diéu khién ESP32.
Théng s k§ thuit:
CPU va bo nho:
e Vixu ly (CPU): Xtensa® Dual-Core 32-bit LX6.
e Tbc d6 xung nhip: 160 MHz — 240 MHz.

e RAM: 520 KB SRAM.
e Flash: 4MB (SPI Flash tich hop).
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Két néi khéng day:

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

Giao tiép va I/O:
e GPIO: 34 chan (tuy bo c6 thé truy cap duoc ~25-30 chan).
e ADC: 12-bit, t6i da 18 kénh.
e DAC: 2 kénh (8-bit).
e PWM: HJ trg trén tat ca GPIO.
e UART: 3 cong.
e SPI: 3 cong.
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).

Bdo mdt phan ciing:

e HO trg WPA/WPA2/WPA 3.

e Secure Boot va Flash Encryption.

e AES, SHA-2, RSA, ECC, RNG (b ting toc ma hoa phan cing).
e 1024-bit OTP memory.

Nguon va cong sudat:

e Pién ap hoat dong: 2.2V — 3.6V (thuong cip 5V qua USB)
e Chan nguon:

o 5V:cap nguon tir USB.

o 3.3V: dau ra 6n dinh tir mach 6n ap onboard.
e Nhiét d6 hoat dong: -40°C dén +85°C.
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I'Tng dung:

e Hé thdng ty dong héa nha thong minh.
e Cam bién IoT va thu thap dir liéu.

e Thiét bi deo théng minh.

e Robot diéu khién tir xa.

e Ung dung phat trién phan mém va phén cing.

2.2.1.2. Cim bién DHT22
DHT?22 trong hé théng dugc dung dé do nhiét do va do6 am khong khi chuff)ng trai.
N6 cung cép dit liéu cho ESP32 dé giam sat moi truong va tu dong diéu khién thiét bi

theo ngudng dat trudce.

Hinh 2.3. Cam bién DHT22.
Théng s6 ky thuat:

e Dién 4ap hoat dong: 3.5V dén 5.5V.
e Dong hoat dong: 0,3mA (do) 60uA (ché do cho).
e Pau ra: Dit liéu nbi tiép.
e Pham vi nhiét do: -40 ° C dén 80 ° C.
e Pham vi d6 am: 0% dén 100%.
e DO phan giai: Nhiét d6 va Do am déu 1a 16-bit.
e DO chinh xac: £0,5°C va+ 1%.
Ung dung:
e Po nhiét do va do am.
e Do thoi tiét dia phuong.

e Kiém soat khi hau tu dong.

e Giam sat moi truong.
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So do khoi néi cam bién DHT22 véi ESP32:

33 VCC
ESp3z GND GND DHT22
D15 DATA

Hinh 2.4. So do khdi ciia cam bién DHT22 v&i ESP32.

2.2.1.3. Module Relay 5V — 104

Relay 5V-10A trong hé thong duoc dung dé bat/tit cac thiét bi cong suit 16n hon
nhu quat, dén sudi, déen LED. ESP32 chi can xuat tin hiéu diéu khién 5V, con lai Module
Relay s€ thuc hién d(’)ng/cét tai mot cach an toan nhd co ché cach ly gitra mach diéu
khién va mach dién AC/DC.

Hinh 2.5. Module Relay 5V - 10A.
Théng s6 ky thuit:

e Di¢n ap hoat dong: 5V DC.

e Dong di¢n hoat dong max: 80mA.

e Dién ap kich tdi AC max: 250V.

e Dién ap kich tai DC max: 30V.

e Dong dién kich tai max: 10A.

e (Cong suat tai Max: 2500W.

e Nhi¢t do hoat dong: -20°C — 125°C.
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e Chon mtc tin hi€u: kich 0 hodc 1 qua jumper.
ITng dung:

e Piéu khién quat thong gio.

e Dicu khién dén sudi/dén nhiét.

e Bat/tit dén chiéu sang.

¢ Diéu khién may bom nuéc, van dién tir.

e Dong/ngit cac thiét bi gia dung trong md hinh nha thong minh.

So @6 khoi néi Module Relay 5V — 10A véi ESP32:

V5 VCC
Espaz GND GND RELAY
D12 SIG

Hinh 2.6. So d6 khéi cia Module Relay 5V - 10A véi ESP32.

2.2.1.4. Quat tin nhi¢t — 12V
Quat tan nhiét 12V trong hé théng dwoc dung dé lam mat va lwu thong khong khi

giup gitra nhiét dé6 moi tredng 6n dinh.

Hinh 2.7. Quat tan nhiét 12V.
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Théng s6 ky thuit:

bién &p hoat dong: 12V DC.

Kich thudc: 120x120x25mm.

Téc d6 quay: ~2200 — 2800 RPM.

Luu lugng gi6: ~70 — 90 CFM.

D¢ 6n: < 32dB.

Dong dién tiéu thu: ~0.2 — 0.3A.

Loai két ndi: 2 day (d6 — duong, den — am).
Chat liéu: Nhua ABS cao cép.

Tubi tho: Khoang 50.000 gid hoat dong lién tuc.

Ung dung:

Lam mat va giam nhiét cho thiét bi dién tir.
Thong gi6 va luu thong khong khi trong cac hé thong IoT.
Giai nhiét cho ta dién, may moc nho.

Duy tri nhiét do 6n dinh trong mé hinh chudng nuéi thong minh.

So @6 khdi diéu khién Quat tan nhiét 12V véi ESP32 thong qua Module Relay 5V

—10A:
12VDC
+ -
55 VCC NC
Esp32 GND GND RELAY COM
FAN
D14 SIG NO *

Hinh 2.8. So d6 khdi diéu khién quat tan nhiét véi ESP32 thong qua Module Relay
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2.2.1.5. Dén LED ddy din 12V (Pén chiéu sing)
Dén day LED 12V trong hé théng dugc dung dé chiéu sang mé hinh, gitip quan sat

moi truong ro rang hon.

Hinh 2.9. Beén LED day 12V.
Théng s6 ky thuit:

bién &p hoat dong: 12V DC.

e (Cong suit: 4-14W/m (tuy loai 2835, 5050, 5630...).

Mat do LED: 30-120 LED/m.

e Mau anh sang: Trang, vang, RGB.

e DJ sang: 300-1000 Im/m.

e Kha ning cat: Cat theo doan 3—5 cm.

e Chit liéu: Mach déo FPC, 16p phti chéng bui/am (tuy loai).
e Nhiét sinh ra: Thép.

e Tudi tho: 20.000 — 50.000 gid.

[’Tng dung:

e Chiéu sang mo hinh, hop trung bay va khong gian nho.
e Trang tri noi that, vién ti, ke, ban lam viéc.
e Chiéu sang trong cac hé thong IoT va thiét bi nhung.

e Tao anh sang phu trong tu dién hoac khu vuc lam viéc.
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So d0 khdi diéu khién Pén LED day 12V véi ESP32 thong qua Module Relay 5V —
10A:

12vDC
+ -

55 VCC NC ’J ’
Esp32 OND GND RELAY COM -

D12 SIG NO *

LED

Hinh 2.10. So d6 khdi didu khién Dén LED day 12V v&i ESP32 théng qua Module
Relay 5V — 10A.
2.2.1.6. Dén sgi dot loai C35 (Dén swéi)
Pén soi dot C35 trong hé thdng duoc diung nhu ngudn nhiét sudi, giup giit Am moi

treong khi nhiét do xudng thap.

Hinh 2.11. Dén soi d6t C35 - 40W.
Théng so ki thuit:

e Dién 4p hoat dong: 220V AC.
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e (Cong suit: 25W — 40W (tuy loai).
e Kiéu dang: Dang nén (Candle C35).
e Chat lidu bong: Thuy tinh.
e Ngudn sang: Day toc vonfram.
e Mau anh sang: Vang 4m (Warm White).
e Dui dén: E14 hoac E27.
e Nhiét toa ra: Trung binh — phu hop sudi nhe.
e Tuobi tho: ~1.000 gio.
l'fng dung:
e Dung trong chiéu sang va trang tri nhd 4nh sang vang am.
e Tao nguén nhiét nhe cho cac m6 hinh hodc khong gian nho.
e Sir dung trong dén ngu, dén nén, dén trang tri noi that.
e Ung dung trong mot sé mé hinh IoT can anh sang két hop toa nhiét.

So d6 khoi diéu khién Pén s¢i dot C35 - 40W véi ESP32 thong qua Module Relay
5V - 10A:

220VAC

L N
5V5 vee NC |
Esp32 GND GND RELAY COM HEAT
D27 SIG NO

Hinh 2.12. So d6 khdi diéu khién Pén s¢i d6t C35 - 40W véi ESP32 thong qua
Module Relay 5V — 10A.

Sinh vién thuc hién: Nguyén Phuong Ly Hudng dan: TS.Lé Van Minh 40



Xay dung hé thong IoT giam sdt va diéu khién méi truong chudng trai

2.2.1.7. OLED SSD1306 0.96 inch
Man hinh OLED SSD1306 0.96 inch trong hé théng duoc dung dé hién thi nhiét do,

d6 am, trang thai két nbi Blynk va trang thai hoat dong ctia hé théng.

0.96" PM-OLED
128 x 64 SPI

SSD1306 White

Hinh 2.13. OLED SSD1306 0.96 inch.
Théng so ki thuit:

e Di¢n ap st dung: 2.2~5.5VDC.

e Cong suit tiéu thy: 0.04w.

e Goc hién thi: 16n hon 160 d9.

e S diém hién thi: 128x64 diém.

e DO rong man hinh: 0.96 inch.

e Mau hién thi: Trang / Xanh Duong.
e Giao tiép: I2C.

e Driver: SSD1306.

Ung dung:

e Hién thi di liéu cam bién trong cac mo hinh IoT.
e Hién thi trang thai h¢ théng, canh bdo va thong tin hoat dong.

e Dung trong thiét bi nhung, dong hd, may do mini.
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So do khdi néi OLED SSD1306 0.96 inch véi ESP32:

KAV VCC
ESp32 GND GND pDHT22
D15 DATA

Hinh 2.14. So @b khdi ndi OLED SSD1306 0.96 inch v&i ESP32.

2.2.1.8. Remote hong ngoai va Remote IR1838

Remote hong ngoai va module thu IR1838 trong hé théng duoc dung dé diéu khién
thiét bi thu cong tur xa, nhu bat/tat quat, dén LED, sudi va doi trang thai hoat dong cua
hé thong.

Remote giri ma 1énh hong ngoai, IR1838 thu va chuyén ma nay cho ESP32 xu 1y,
gitip hé thdng phan hdi nhanh va tién lgi ma khong can dung Blynk.

Hinh 2.15. Remote hong ngoai va Remote IR1838.
Théng s6 ky thuit:
Remote hong ngoai:
e Tan sb phat: 38kHz (chuan NEC).

e S6 phim diéu khién: 21 phim.
e Khoang cach diéu khién: 5 — 10 m.

Sinh vién thuc hién: Nguyén Phuong Ly Hudng dan: TS.Lé Van Minh 42



Xay dung hé théng IoT giam sdt va diéu khién méi truong chudng trai

Nguén cap: Pin CR2025/CR2032.
Goc phat song: ~45-60°.
Tin hiéu xuat: M3 1énh dang ma hoa NEC.

Remote IR1838:

bién &p hoat dong: 3.3V — 5VDC.

Tén s6 nhén: 38 kHz.

Giao tiép: Digital Output (1 chan tin hiéu).

Khoang cach nhan: 5 — 15 m.

Chan két ndi: VCC — GND — OUT.

Tich hop loc nhiéu anh sang moi trudong, dd nhay cao.
Tuong thich: ESP32, Arduino, STM32.

Ung dung:

Diéu khién tir xa cho céc thiét bi trong hé thong IoT (quat, dén, may bom...).
Chuyén ché do hoat dong cua hé théng nhu Auto/Manual.

Diéu hudng giao dién hién thi trén man hinh OLED (menu, trang thong tin).
Ung dung trong céc thiét bi nhung: robot diéu khién tir xa, xe do duong.

Giai phap diéu khién dy phong khi hé théng mat két ndi Internet (ESP32 +
Blynk).

Hoc tap — nghién ctru vé giao thirc truyén IR va ma héa NEC.

So do néi Remote IR1838 véi ESP32:

w3 VCC
Esp32 GND GND |R1838
D13 ouT

Hinh 2.16. So d6 ndi Remote IR1838 v&i ESP32.
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2.2.2. Thiét ké phin mém
2.2.2.1. Cai dat moi truwong Arduino IDE

Cac buoc cai dat moi truwong Arduino IDE:

Buéc 1: Truy cip link https://www.arduino.cc/en/software/ sau d6 chon hé diéu hanh

ban sir dung va tai ing dung vé.
For Professionals  ForEducation  For Makers Products ~  Community ~  Documentation v m Q & Cloud

Bring Your Projects to Life with Arduino Software

O Arduino IDE 2.3.6
Release notes
The new major release of the Arduino IDE is faster and even more
powerful! In addition to a mere modern editor and a more responsive .

interface it features autocompletion, code navigation, and even a live

debugger. For more details, check the Arduino IDE 2.0 documentation.

Windows WIn 10 o newer (64-bit) . DOWNLOAD

Nightly Builds
Download a preview of the incoming release with the most updated -
features and bugfixes

ArdUING IDE 2.0 15 OPEN SOUTCE AN Its SOUCE o

Hinh 2.17. Tai tng dung Arduino IDE.

Buwéc 2: M6 phan mém Arduino ban vira tai 1én 4n I Agree véi thoa thuan cap phép:

& Arduino IDE Setup — X
License Agreement
Please review the license terms before installing Arduino IDE.

Press Page Down to see the rest of the agreement.

Terms of Service

The Arduino software is provided to you "as is” and we make no express or implied
warranties whatsoever with respect to its functionality, operability, or use, induding,
without limitation, any implied warranties of merchantability, fitness for a particular purpose,
or infringement. We expressly disdaim any liability whatsoever for any direct, indirect,
consequential, inddental or spedal damages, induding, without limitation, lost revenues,
lost profits, losses resulting from business interruption or loss of data, regardless of the
form of action or legal theory under which the liability may be asserted, even if advised of
the possibility or likelihood of such damages.

If you accept the terms of the agreement, dick I Agree to continue. You must accept the
agreement to install Arduino IDE.

1 Agree Cancel

Hinh 2.18. Giao dién ddng ¥ tai Arduino IDE.
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Budre 3: Quyét dinh thanh phan nao sé& cai dat, sau d6 nhap vao tiép theo (Next).

Check the components you want to install and uncheck the components

oo you don't want to install. Click Next to continue.

Select components to install: | % | Install Arduino software
Install USB driver
Create Start Menu shortcut
Create Desktop shortcut
Assodate .ino files

Space required: 254.9MB

Cancel I Mullsaft Install System v2,.46 < Back | Next >

Hinh 2.19. Chon thanh phan tai.

Bude 4: Chon thu muc dé cai dat chuong trinh, sau d6 nhép vao cai dat (Install).

Setup will install Arduino in the following folder. To install in a different
.0 folder, dick Browse and select another folder. Click Install to start the

installation.

:\Program Files (x86)\Arduino Browse...

|—Desﬁnaﬁon Folder

Space required: 254.9MB
Space available: 192.7GB

Cancel Nullsoft Install System v2.46 < Back Install

Hinh 2.20. Chon noi tai veé.
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Budce 5: Doi chuong trinh cai xong ré1 nhan “Close”.

Extract: avr ce. html
[o70) group__avr___pgmspai

Y—

Show details

Hinh 2.21. Béng tmg dung khi tai xong.
Bude 6: Sau khi hoan tit, ban c6 thé tim thfiy 16i tit Arduino trén man hinh va nhép
vao né IDE s€ mo ra va hién ra trinh soan thao.

File Edit Sketch Tools Help

LP P Devedue v _

sketch_dec6a.ino

1 hoid setup() {
// put your setup code here, to run once:

i

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

(e s R S s R -

=

Hinh 2.22. Trinh soan thao Arduino IDE.

2.2.2.2. Thiét lgp méi trwong ESP32 trong Arduino IDE
Huéng dan thiét lap méi truong ESP32 trong Arduino IDE:

Bwoc 1: Thém ESP32 Board vao Arduino IDE.
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e Mod Arduino IDE.

e Vao File — Preferences.

e Trong 6 Additional Board Manager URLs, thém duong link sau:
https://dl.espressif.com/dl/package esp32_index.json .

e Nhin OK d luu lai.

Bwée 2: Cai dat ESP32 Board.

e Vao Tools — Broad — Board Manager.
e Trong 6 tim kiém g& “esp32”.
e Chon esp32 by Espressif Systems, nhan Install.

e Cho qua trinh cai dit hoan tt.

LP P entode - _

BOARDS MANAGER sketch_dec6a.ino

[y

Esp32 void setup() {

| E Type: All v

Arduino ESP32 Boards by
Arduino

2.0.18-arduino.5 installed

1
g

void loop() {

Boards included in this package:
Arduino Nano ESP32
More info

® W o~ N R woN
—

=

2018+ REMOVE

esp32 by Espressif Systems
3.3.1 installed

Boards included in this package:
Adafruit pyCamera S3, RedPill(+)
ESP32-53, LilyGo T-Display, LilyGo T-...
More info

334 ~ UPDATE

Hinh 2.23. Cai dat ESP32 Broad.
Budéc 3: Chon Board ESP32 va cong COM.

e Vao Tools — Board — ESP32 Arduino — ESP32 Dev Module (hoac broad
tuong rng v&i model st dung).

e Két nbdi ESP32 v6i may tinh qua cap USB.

e Vao Tools — Port — chon cong COM twong tng v6i ESP32.
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ketch Tools

E

Auto Format

Archive Sketch

JARDS 1

sp32

Manage Libraries...

Serial Monitor

pe:

Serial Plotter

rduin
duing
0.18-3
sards il
duino,
ore inf

Firmware Updater

Upload SSL Root Certificates

Board: "ESP32 Dev Module”

Port: "COM3"

0.18-

Reload Board Data

Get Board Info

5p32t

CPU Frequency: "240MHz (WiFi/BT)"

3.3.7 in¢

»ards il

Sketch  Tools

3 €

sP32_MI
407
408
409
418
411
412
413
414
415
416
417
418
419
420
421

Core Debug Level: "None"

Help

Auto Format
Archive Sketch
Manage Libraries...
Serial Monitor

Serial Plotter

Firmware Updater

Cirl+T

Ctrl+Shift+

Ctrl+Shift+M

Hinh 2.24.

Upload S5L Root Certificates

Board: "ESP32 Dev Module”

Port: "COM3"

Reload Board Data

Get Board Info

> Boards Manager... Ctrl+Shift+8
>
Arduino AVR Boards >
Arduino ESP32 Boards >
. esp32 >
> esps266 >

Chon Board ESP32.

Hinh 2.25. Chon cng COM.

2.2.3. Thiét lgp veng dung trén app Blynk

Huéng dan thiét lap trén img dung Blynk

Buée 1: Tao tai khoan Blynk IoT.

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

ESP32P4 Dev Module
ESP32H2 Dev Module
ESP32C6 Dev Module
ESP3253 Dev Module
ESP32C3 Dev Module
ESP3252 Dev Module

v/ ESP32 Dev Module
ESP32-WROOM-DA Module
ESP32 Wrover Module
ESP32 PICO-D4
ESP3253 Dev Module Octal (WROOM2)
ESP32-53-Box
ESP32-53-USB-QTG
ESP3253 CAM LCD
ESP3252 Native USB

ESP32 Wrover Kit (all versions)

.

Ctrl+Shift+

Ctrl+Shift+M

> gl");

on ng

e Nhin dé dang ky tai khoan méi hodc dang nhap néu da co tai khoan.

Budc 2: Tao Template

e Trong Developer Zone — Nhan My Template — + New Project.

e Dién thong tin:
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o Template Name: Smart Barn.
o Hardware: ESP32 Dev Board.
o Connection Type: Wifi.

e Nhan Done dé tao Template.

Hinh 2.26.Tao Template cho giao dién Blynk.

Bwéc 3: Tao Device

e Vao Devices — + New Device.

e Chon Template ban vura tao: Smart Barn.

e Dién tén Device: Smart Barn.

e Nhéan Create dé tao Device.

e Blynk sé& cung cip Auth Token — Luu lai @& ESP32 két ndi v6i Blynk.
(Auth Token 13 duy nhat cho tirng Device, dung trong code ESP32 dé gtri va

nhan dit li¢u).

New Device

Create new device by filling in the form below

TEMPLATE

‘ iSmart Barn

DEVICE NAME

Smart Barn

Hinh 2.27. Tao Device cho giao dién Blynk.
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Budc 4: Thém Data Stream (Virtual Pin) vao Template.

e Trong Developer Zone — Nhan My Template Smart Barn— Datastreams —

Edit — New Datastreams dé Datastreams can thiét cho du an.

Home
@ Datastreams
% Datastreams Q, Search datastream
[@ Data Converters
Name

¥, Web Dashboard

1 Temp DHT
¥ Automation Templates

2 Hum DHT
= Metadata
®  Connection Lifecycle E AutoMode
[ Events & Notifications

4 Fan
M User Guides

5 Heat
[ Mobile Dashboard
§ Voice Assistants & Light
[ Assets 9 MinTempC

n MavTamar

w1

vz

Vi

V4

Vs

va

va

...“

imEnE

Data Type

Double

Double

Integer

Integer

Integer

Integer

Double

false

false

false

false

false

false

false

falea

0 100 ##
0 100 &2
0 1

0 1

0 1

0 1

10 100 #
n ann

Hinh 2.28. Thiét 1ap Datastream cho giao dién Blynk.

Buéc 5: Tao Event canh bao

e Trong Developer Zone — Nhan My Template Smart Barn— Events &

Notifications — Edit — Create Event — Custom.

Add New Event

General Notifications Settings

EVENT NAME

dht_temp_low

TYPE

Info  Waming Critical ~Content

DESCRIPTION (OPTIONAL)

Expose to Automations

EVENT CODE

dht_temp_low

Théng khi nhit d0 thap hon nhist 4O nquéng

43200

Hinh 2.29. Tao event cho hé thong Blynk khi nhiét do thip hon ngudng.
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Add New Event

General Notifications Settings Expose to Automations

EVENT NAME EVENT CODE

dht_temp_high ‘ | dht_temp_high

TYPE
Info Waming Critical Content

DESCRIPTION (OPTIONAL)

Théng khi nhit 4O cao hon nhiét dQ nguéng

42 /200

Hinh 2.30. Tao event cho hé thong Blynk khi nhiét d6 cao hon ngudng.

Add New Event

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

E-MAILTO

‘ Device Owner *

PUSH NOTIFICATIONS TO

‘ Device Owner X

SMS TO

‘ Select contact

Settings

@ Enable notifications management

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

Hinh 2.31. Thiét 1ap thong béo giri vé Gmail va ing dung Blynk.

Sinh vién thyc hién: Nguyén Phuong Ly Huéng dan: TS.Lé Vin Minh 51



Xay dung hé thong IoT giam sdt va diéu khién méi truong chudng trai

Add New Event

General Notifications Settings Expose to Automations

Limit

Every | 1 message will trigger the event

Event will be sent to user only once per

Show in Notifications & Events section
@ Device page (app and console)

@ Home screen (app only)

Other
Apply tag when this eventis recorded <~ Choose Tag

(B Allow users with Edit Timeline permission to archive this event

Hinh 2.32. Cai dat thoi gian giri ciia hé thdng trén Blynk.

Két qua giao dién ciia hé thong trén ing dung Blynk:

21:20 ¢ ol F &

“ Moo

Smart Barn »

TempDHT Hum DHT

AutoMode Light Fan Heat

Led Timer

14:06 —14:09

Tue

MinTempC

18°¢ =— o

MaxTempC

47

Hinh 2.33. Giao dién hé thng trén App Blynk.
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2.3. Lap trinh hé théng (Code)

#define BLYNK TEMPLATE ID "TMPL60oRdpm-VU"

#define BLYNK TEMPLATE NAME "Smart Barn"

#define BLYNK AUTH TOKEN "DQscV8UB951A00caQUG2L17xX1FJkluo"
#define BLYNK PRINT Serial

//Thu vién WiFi cho ESP32

#include <WiFi.h>

#include <WiFiClient.h>

//Thu vién Blynk cho ESP32

#include <BlynkSimpleEsp32.h>

//Time

#include <TimeLib.h>

#include <WidgetRTC.h> //Widget dong b thoi gia RTC tir Blynk
#include "DHT.h"

//Thu vién giao tiép 12C va OLED

#include <Wire.h> //12C

#include <IRremote.hpp>

#include <Adafruit GFX.h>//Thu vién dd hoa

#include <Adafruit SSD1306.h> //Diéu khién OLED

//Khai bao timer ctia Blynk dé chay ham dinh ky

BlynkTimer timer;

//Tao dbi tuong RTC cua Blynk

WidgetRTC rtc;

char ssid[] = "Tro 43 To Huu";

char pass[] = "43tohuutro";

//Céu hinh man hinh OLED

#define SCREEN_ WIDTH 128

#define SCREEN HEIGHT 64

#define OLED RESET -1 // khong dung chan reset riéng (-1)
#define SCREEN_ADDRESS 0x3C

//Tao dbi twong man hinh OLED

Adafruit SSD1306  display(SCREEN WIDTH, SCREEN _HEIGHT, &Wire,
OLED RESET);

//Remote hong ngoai
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#define IR RECEIVE PIN 13
//DHT22

#define DHTPIN 15

#define DHTTYPE DHT22

DHT dht(DHTPIN, DHTTYPE);
//Thiét bi

#define RELAY LIGHT 12 //led
#define RELAY FAN 14 //quat
#define RELAY HEAT 27 //suoi

float DHT22 C =0.0;

float DHT22 H = 0.0;

float minTemp = 22.0;

float maxTemp = 30.0;

bool autoMode = true;

//trang thai cac thiét bi

int fanState = 0;

int heatState = 0;

int lightState = 0;

bool blynkIsConnected = false; //trang thai két ndi Blynk

// bién cho hen giwof ty dong

int lightStartSec = 0; // thoi diém bat (tinh theo gidy trong ngay)
int lightStopSec = 0; // thoi diém tat
bool lightDays[8]; // mang ngay (1..7)

bool lightHasSchedule = false; // true néu da nhan lich it nhét 1 lan

//Khai bao ham

void Read Sensors();

void Read IRremote();

void controlDevice();

void auto_Control();

void manaul Control();

void Send blynk();

void showOLED();

void tryWiFiConnectlfNeeded();
void tryBlynkConnectIfNeeded();
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void auto LightSchedule();
void showWarning(float tempAir);

BLYNK WRITE(V2) { // Auto mode
autoMode = param.asInt();
b
BLYNK WRITE(V3) { // Fan manual
if (autoMode == false) {
fanState = param.asInt();

controlDevice();

}

}
BLYNK WRITE(V4) { // Heat manual

if (autoMode == false) {
heatState = param.asInt();

controlDevice();

}

}
BLYNK_WRITE(V5) { // Light manual

if (autoMode == false) {
lightState = param.asInt();

controlDevice();

}

}
BLYNK_WRITE(V8) { / MinTempC

minTemp = param.asFloat();

b

BLYNK WRITE(V9) { // MaxTempC
maxTemp = param.asFloat();

b

BLYNK_ WRITE(V6) {
TimelnputParam t(param); // tao dbi tuong doc dit liéu tir widget Time Input
// --- In thong tin gio ---
Serial.print("Start: ");
Serial.print(t.getStartHour());
Serial.print(":");
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Serial.print(t.getStartMinute());
Serial.print(" — Stop: ");
Serial.print(t.getStopHour());
Serial.print(":");
Serial.println(t.getStopMinute());

// --- Kiém tra xem ngudi dung c6 chon ngay nao khong ---
bool hasDaySelected = false;
Serial.print("Days selected (Blynk): ");
for(inti=1;1<=7;1++) {
if (t.isWeekdaySelected(1)) {
Serial.print(String(i) + " "); // In ngay theo thtr ty Blynk (T2=1..CN=7)
hasDaySelected = true;
}
}

// Néu khong chon ngay nao — coi nhu chon ca tuan
if ('hasDaySelected) {
Serial.println("(None) — Ap dung ca tudn (CN-T7)");
for (inti= 1; i <= 7; i++) lightDays[i] = true; //bat tat ca
} else {
Serial.println();
// Reset toan by mang trude khi gan lai
for (int 1 = 1; 1 <= 7; i++) lightDays[1] = false;

// Map chinh x4ac gitra Blynk va TimeLib:
lightDays[2] = t.isWeekdaySelected(1); // Tha 2
lightDays[3] = t.isWeekdaySelected(2); // Tha 3
lightDays[4] = t.isWeekdaySelected(3); // Thua 4
lightDays[5] = t.isWeekdaySelected(4); // Tha 5
lightDays[6] = t.isWeekdaySelected(5); // Tha 6
lightDays[7] = t.isWeekdaySelected(6); // Tha 7
lightDays[1] = t.isWeekdaySelected(7); // Chu nhat

// In két qua dé kiém tra
Serial.print("Days mapped to TimeLib: ");
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for (inti=1;1<=7;i++) {
if (lightDays[i]) Serial.print(String(i) + " ");
}

Serial.println();

}

// --- Luu thoi gian bat/tit (gidy tinh tir 0h00) ---

lightStartSec = t.getStartHour() * 3600 + t.getStartMinute() * 60;
lightStopSec = t.getStopHour() * 3600 + t.getStopMinute() * 60;
lightHasSchedule = true;

Serial.println("Lich dén da luu thanh cong!");
Serial.println("------===-=mmmm oo ");
}
// Ham gui dir li€u 1én Blynk
void Send blynk() {
if (!Blynk.connected()) return;
//DHT22
Blynk.virtualWrite(V0, DHT22 C);
Blynk.virtualWrite(V1, DHT22 H);
//Thiét b
Blynk.virtual Write(V2, autoMode);
Blynk.virtualWrite(V3, fanState);
Blynk.virtual Write(V4, heatState);
Blynk.virtualWrite(V5, lightState);
b
void setup() {
Serial.begin(9600);

Wire.begin(21, 22);
dht.begin();
IrReceiver.begin(IR_RECEIVE PIN, ENABLE LED FEEDBACK);

pinMode(RELAY FAN, OUTPUT);
pinMode(RELAY HEAT, OUTPUT);
pinMode(RELAY LIGHT, OUTPUT);
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//khoi tao Oled

if (!display.begin(SSD1306_SWITCHCAPVCC, SCREEN_ADDRESS)) {
Serial.printin(F("SSD1306 allocation failed"));
for (;;)

}
display.clearDisplay();

//kho1 tao Wifi
WiFi.mode(WIFI STA);
WiFi.begin(ssid, pass);

Blynk.config(BLYNK AUTH TOKEN);
Serial.println("Bét dau thtr két ndi...");

rtc.begin(); // Bt dau dong bo thoi gian thyc tir Blynk RTC
Blynk.syncAll();

//Dung timer

timer.setInterval(8000L, tryWiFiConnectlfNeeded);
timer.setInterval(9000L, tryBlynkConnectlfNeeded);
timer.setInterval(3000L, Read Sensors);
timer.setlnterval(500L, showOLED);
timer.setlnterval(5000L, Send blynk);

void loop() {
timer.run(); // chay cac timer dinh ky

if (Blynk.connected()) {
Blynk.run();

}

auto_Control();

manaul_Control();

Read IRremote();

delay(10);
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}
//Poc cam bién DHT22

void Read Sensors() {
float h = dht.readHumidity();
float t = dht.readTemperature();

if (isnan(h) || isnan(t)) {
//DHT22 C=DHT22 H=0.0;

return;
}
DHT22 C=t;
DHT22 H=h;
//
showWarning(DHT22 C);
b

//Piéu khiém Remote hong ngoai
void Read IRremote() {
if (IrReceiver.decode()) {
// B6 qua tin hiéu lap khi nhan gitr
if (IrReceiver.decodedIRData.flags & IRDATA FLAGS IS REPEAT) {
IrReceiver.resume(); //chuan bi khung nhan tiép theo
return; // khong xur 1y 1an nay

}

Serial.println(IrReceiver.decodedIRData.command, HEX);
if (IrReceiver.decodedIRData.command == 0x1C) { // nat OK : Pk ché do
autoMode = !autoMode;
)
if (lautoMode) {
if (IrReceiver.decodedIRData.command == 0x45) { // nut 1 : DK quat
fanState = !fanState;
)
if (IrReceiver.decodedIRData.command == 0x46) { // nut 2 : PK den
heatState = !heatState;

}
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if (IrReceiver.decodedIRData.command == 0x47) { // nut 3 : DK led
lightState = !lightState;
j

controlDevice();

b
IrReceiver.resume(); //chuan bi nhan goi IR tiép theo
b
}
//Ham dicu khién thict bi
void controlDevice() {
digitalWrite(RELAY FAN, fanState);
digital Write(RELAY HEAT, heatState);
digital Write(RELAY LIGHT, lightState);

if (Blynk.connected()) {
Blynk.virtual Write(V3, fanState);
Blynk.virtualWrite(V4, heatState);
Blynk.virtualWrite(V5, lightState);

b
b
//Che d0 tu dong
void auto_Control() {
if (autoMode) {
if (DHT22_C < minTemp) {
heatState = 1;
Yo/
else {
heatState = 0;
)
if (DHT22_C > maxTemp) {
fanState = 1;
Yo/
else {
fanState = 0;

}
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auto LightSchedule();

controlDevice();

h

h

//Ché d¢ thu cong

void manaul Control() {
Read IRremote();

}

//Ham hién thi Oled

void showOLED() {
display.clearDisplay();
display.setTextSize(2);
display.setTextColor(WHITE);

if (autoMode) {
display.setCursor(40, 0);
display.println("AUTO");

y o/

else {
display.setCursor(30, 0);
display.printin("MANUAL");

}

display.setTextSize(1);
display.println(" ");

// DHT22

// --- Nhiét d6 + ngudng ---
display.print("T: ");
display.print(DHT22 C, 1);
display.print("C (");
display.print(minTemp, 0);
display.print(",");
display.print(maxTemp, 0);
display.println(")");
display.println(" ");
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// --- DO am ---
display.print("H: ");
display.print(DHT22 H, 1);
display.println("%");
display.println(" ");

//Trang thai két ndi
if (blynkIsConnected == true) {
display.println(" Ket Noi1 Blynk");
Y/
else {
display.println(" Mat Ket Noi Blynk");
}
display.display();
}
//Ham thir két noi Wifi
void tryWiFiConnectlfNeeded() {
if (WiFi.status() != WL_CONNECTED) { //néu chua két ndi Wifi
Serial.printIn("Mat WiFi -> dang thtr két ndi lai...");
WiFi.disconnect(); //Ngat két ndi cit néu c6
WiFi.begin(ssid, pass); //Thiru két nbi lai
} else {
Serial.println("WiFi OK: " + WiFi.locallP().toString());

}
}
// Ham thwr két noi Blynk
void tryBlynkConnectIfNeeded() {
//két nbi khi c6 wifi va blynk bi ngat
if (WiFi.status() == WL _CONNECTED && !Blynk.connected()) {
Serial.println("Thir két ndi Blynk...");
if (Blynk.connect(5000)) { // thir trong Ss
Serial.printIn("Két nbi Blynk thanh cong!");
blynkIsConnected = true;
rtc.begin(); //khdi dong lai RTC
//Blynk.syncAll();
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Blynk.syncVirtual(V8, V9, V10, V11); // ddng bi trang thai
} else {
Serial.println("Blynk thét bai, s& thir lai sau.");
blynkIsConnected = false;
b
b
b
// Hen gio ty dong
void auto_LightSchedule() {
if (lightHasSchedule) return;

// --- Lay thoi gian hién tai ---
int nowSec = hour() * 3600 + minute() * 60 + second();
int today = weekday(); // CN=1, T2=2,...,T7=7

// --- Kiém tra hom nay cé trong lich khong ---
bool dayActive = lightDays[today];
bool allDaysActive = true;
for(inti=1;1<=7;1++) {
if (!lightDays[i]) {
allDaysActive = false;
break;

b
b

if (!dayActive && !allDaysActive) {
lightState = 0;
return;

}

bool lightActive = false;

if (lightStartSec < lightStopSec) {

lightActive = (nowSec >= lightStartSec && nowSec < lightStopSec);
} else {

lightActive = (nowSec >= lightStartSec || nowSec < lightStopSec);
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b
lightState = lightActive ? 1 : 0;
digitalWrite(RELAY LIGHT, lightState);

if (Blynk.connected()) Blynk.virtualWrite(V5, lightState);
¥
//Ham even
void showWarning(float tempAir) {

if (isnan(tempAuir)) return; // néu doc 15i thi b qua
bool danger = false;

// Nhiét d6 thap hon ngudng
if (tempAir < minTemp) {
danger = true;
Serial.println("CANH BAO: Nhiét d6 khong khi THAP hon ngudng!");
if (Blynk.connected()) {
Blynk.logEvent("dht temp low", "Nhiét d6 khong khi thap hon ngudng cai dit
(minTemp)!");
}
}

// Nhi¢t d0 cao hon ngudng
else if (tempAir > maxTemp) {
danger = true;
Serial.println("CANH BAO: Nhiét d6 khong khi CAO hon ngudng!");
if (Blynk.connected()) {
Blynk.logEvent("dht_temp high", "Nhiét d§0 khong khi cao hon ngudng cai dat
(maxTemp)!");
}
}
}
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Chwong 3: KET QUA THUC NGHIEM HE THONG

3.1. M hinh thyec té
Ung dung dé tai vao hé thong IoT nudi ga Ri binh thirong:

Hinh 3.1. Hé thong khi chwa hoat dong.

Hé théng bao gdm ESP32, cam bién DHT22, man hinh OLED, quat tan nhiét, bong
dén sud1, bo nhan tin hiéu diéu khién tir Remote héng ngoai. Khi hoat dong hé théng s€
gui cac thong sb nhiét do, 36 Am va trang thai hoat dong cua hé théng 1én ca Blynk va
man hinh OLED, néu vuot ngudng thi hé thong s& tu dong diéu khién cac thiét bj phu
hop (O ché dd tu dong).

Hinh 3.2. Hé thong khi dang hoat dong.
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3.2. Két qua thwe nghiém
3.2.1. Két qua do va hién thi trén Blynk va man hinh OLED
Két qua do va hién thi trén Blynk:

Két qua do va hién thi trén tng dung Blynk cho thay cac thong sd trinh bay 6 rang,
dé hiéu qua cac Widget, nhiét do va do am duogc hién thi qua Gauge gitp ngudi dung
quan sat mot cach tryc quan theo thoi gian thuce, trang thai hé théng va cac thiét bj duoc
hién thi qua Button va céc thanh diéu chinh ngudng. Giao dién trinh bay don gian giup

ngudi dung dé dang thao tac va sir dung.

< - EANNO
Smart Barn
TempDHT Hum DHT
25,3

AutoMode Light Fan Heat

Led Timer

14:06 — 14:09

Tue

MinTempC

18°

MaxTempC

A7°C — O

Hinh 3.3. Két qua do va hién thi trén Blynk.
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Két qua do va hién thi trén man hinh OLED:

Két qua do va hién thi trén man hinh OLED cho thdy céc théng s d6 1a trang thai hoat
dong cuia hé thong (MANUAL/AUTO) va céc chi s6 nhiét do (T), d6 am (H) va trang
thai két nbi Blynk cua hé théng.

Hinh 3.4. Két qua do va hién thi trén man hinh OLED.

3.2.2. Két qua cdnh bdo khi vwot nguwing qua teng dung Blynk va Gmail
Két qua canh bao khi nhiét do thcfp hon nguong nhiét do 16i thiéu:

Khi nhiét d6 hé théng thap hon ngudng nhiét do t6i thiu cai dat trén Blynk, hé
thdng s& giri canh bao vé tmg dung Blynk vé6i thong bao “Nhiét 6 khong khi thip hon
ngudng cai dat (minTemp)”. Va Blynk ciing dong thoi giri canh bao vé Gmail gitp
ngudi ding theo dbi hé théng kip thoi.
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Notifications Q &

3 Jun 2025 - Yesterday

All dht_temp_high @ Inactive ®

| Nov1i8, 14:33
dht_temp_low
1, Nhiét dO khéng khi thap hon ngudng cai dat
(minTemp)!

| Nov1s, 13:48 00
dht_temp_low
1. Nhiét dO khoéng khi thap hon nguéng cai dat
(minTemp)!

| Novis, 13:47 a00
dht_temp_low
1, Nhiét dQ khéng khi thap hon nguéng cai dat
(minTemp)!

| Nov1s,13:46 s0o
dht_temp_low
1, Nhiét dQ khéng khi thap hon ngudng cai dat
(minTemp)!

Hinh 3.5. Két qua canh bao khi nhiét do thap hon ngudng nhiét do tdi thiéu qua Blynk

@) Blynk 18thg 11 @ « -
@ déntiv
Bk Dichsang Tiéng Viét X

dht_temp_low
I, Nhiét d6 khéng khi thdp hon ngudng

cai dat (minTemp)!

Open in the app

Date: Tuesday, November 18, 2025, 1:37:09PM
Indochina Time

@) Blynk 18thg 1 @ « -
@ déntoiv
B Dichsang Tiéng Viét X

dht_temp_low
I, Nhiét d6 khdéng khi thdp hon ngudng

cai dat (minTemp)!

Open in the app

Hinh 3.6. Két qua canh bao khi nhiét d6 thap hon ngudng nhiét do tdi thiéu qua Gmail
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Két qua canh bao khi nhiét do cao hon nguong nhiét do 16i da:

Khi nhiét d6 hé théng cao hon ngudng nhi¢t do tdi da cai dat trén Blynk, hé théng
s& guri canh bao vé tmg dung Blynk véi thong bao “Nhiét d6 khong khi cao hon ngudng
cai dit (maxTemp)”. Va Blynk ciing d6ng thdi giri canh bao vé Gmail giup ngudi ding
theo di hé thong kip thoi.

Notifications Q @

3 Jun 2025 - Yesterday

All dht_temp_low @ dht_temp_high Inactive

I Nov 18, 13:54 s
dht_temp_high

1, Nhiét dO khdng khi cao hon ngudng cai dat
(maxTemp)!

| Novis,13:53 000
dht_temp_high

1. Nhiét dO khéng khi cao hon nguéing cai dat
(maxTemp)!

| nNov1s, 13:52 000
dht_temp_high

1, Nhiét dO khong khi cao hon nguéng cai dat
(maxTemp)!

Hinh 3.7. Két qua canh bao khi nhiét d6 cao hon ngudng nhiét do t6i da qua Blynk.

< B T =
Smart Barn: dht_temp_high

Hoép thu dén

@) Blynk 18thg 11 ® €

@ ntiv

Bk Dich sang Tiéng Viét X

dht_temp_high
!. Nhiét d6 khdéng khi cao hon ngudng
cai dat (maxTemp)!

Open in the app

Hinh 3.8. Két qua canh bao khi nhiét do cao hon ngudng nhiét do tdi da qua Gmail
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3.2.3. Két qua chire niing diéu khién cdc thiét bi qua irng dung Blynk
Ché dé tw dong (AUTO):

Hé¢ théng ho tro ty dong bat/tat quat va den suoi dua trén ngudng nhiét do tbi da va
toi thiéu. Khi nhiét d cao hon ngudng, quat s€ tu bat; khi thap hon ngudng, den suoi
s€ tu kich hoat.

« Boo
Smart Barn ©

TempDHT Hum DHT

( 26,1

AutoMode Light Fan Heat
p (, ) -\
|
| | )
- -,

Led Timer

14:06 — 14:09

Tue

MinTempC

18° =i @

MaxTempC

25%°

Hinh 3.9. Giao dién hé théng sau khi diéu chinh ngudng nhiét do.

Khi nhiét do chuéng vuot qua ngudng nhiét do tbi da cho phép, hé théng tu dong
kich hoat quat lam mat va trén ing dung Blynk, trang thai ciia nat dieu khién Fan duoc
chuyén sang ché d¢ bat.

Hinh 3.10. Két qua nhiét do cao hon ngudng nhiét do tdi da - Quat bat.
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Khi nhiét @ chu6ng vuot qua ngudng nhiét do tdi thiéu cho phép, hé théng tu dong
kich hoat dén sudi lam am va trén rng dung Blynk, trang thai cua nut diéu khién Heat
dugc chuyén sang ché do bat.

Hinh 3.11. Két qua nhiét d6 cao hon ngudng nhiét d6 tdi thiéu - Dén sudi bat.
Ché dj thii cong (MANUAL):

Ngudi ding ciing c6 thé chii dong bat/tit quat, dén sudi va dén LED chiéu sang tha
cong ngay trén tmg dung Blynk. Khi nhin nit tit AutoMode, hé thong chuyén tir ché 46

tu dong sang ché d6 thu cong. Luc nay, nguoi dung c6 thé didu khién ting thiét bi bang
cac nit bam riéng, gitp qua trinh van hanh linh hoat va phu hop theo nhu cau thuc te.

- Boo

Smart Barn

TempDHT Hum DHT
( 26,1
AutoMode Light Fan Heat
y e e
( | ) |
W, N ? =
Led Timer
14:06 — 14:09
Tue
MinTempC
28'¢ °
MaxTempC
39"0 — O

Hinh 3.12. Giao dién hé théng khi ¢ ché do thu cong.
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3.2.4. Két qud hen gio bt — tat dén chiéu sdng

Hé thong cho phép nguoi dung thiét 1ap lich bat - tat dén chiéu sang truc tiép trén
mg dung Blynk. Nguoi dung chon cac ngdy trong tuan mudn kich hoat lich hen, sau d6
cai dat thoi gian bat va thoi gian tat. Khi dén thoi diém da cai dat, dén sé tu dong bat
hoic tit theo dung lich, gitip qua trinh chiéu sang duge diéu khién hoan toan tu dong va
thuan tién.

x &

Set The Time

DAYS OF WEEK

Sun Mon - Wed Thu Fri Sat

Repeat on Tue

Start at 14:06

Stop at 14:09

TIMEZONE
Asia/Ho_Chi_Minh

Hinh 3.13. Thiét 1ap thoi gian hen gio bat - tat dén chiéu sang.

Hinh 3.14. Két qua hen gio cua dén chiéu sang.
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KET LUAN

Két luin:

Trong dé tai xay dung hé théng IoT gidm sat va diéu khién moi truong chudng trai,
em d4 trién khai thanh cong mot hé thdng hoan chinh dap tmg ddy du cac chirc ning cbt
161 cia mot hé théng giam sat — didu khién méi truong chudng trai tu dong — thu cong.
Hé thong c6 kha ning thu thap dit liéu tir cac cam bién méi trudng, xir Iy va hién thi
thong tin theo thoi gian thuc trén man hinh OLED va trén ung dung Blynk, gitp nguoi

dung dé dang theo ddi cac thong sd quan trong trong chudng trai.

Bén canh d6, hé thong hd tro diéu khién thiét bi & ca hai ché do tw dong va tha cong,
d6ng thoi cho phép ngudi dung thao tic bang remote hong ngoai trong trudng hop khong
c6 két ndi Wifi. Hé thong ciing tich hop chitc nang canh bao khi vuot ngudng va lap
lich bat — tit dén chiéu sang, giup t61 vu hoa qua trinh van hanh chuff)ng trai va tao moi

truong séng phi hop cho vat nudi.

Viéc sir dung vi diéu khién ESP32 mang lai kha ning két ndi on dinh, truyén dir liéu
lién tuc va nang cao do tin cdy trong qué trinh hoat dong. Qua thuc nghiém, mo hinh

hoat dong 6n dinh, dé sir dung va dap tng t6t muc tiéu nghién ctru da dé ra.
Han ché:
Mac du hé théng da hoat dong hiéu qua, van con ton tai mot sd han ché:

e DJ chinh x4c cua cam bién chua cao, c6 thé bi anh huong bdi vi tri lép dat va
diéu kién moéi truong trong chudng trai.

e Phu thudc vao két ndi Wifi, khi mat mang hé théng khong thé cap nhat dir li¢u
1én Blynk theo thoi gian thuc.

e Chua luu trit dit liéu lich sir, chi hién thi gia tri hién tai ma chua c6 kha ning
thdng ké hodc phan tich dai han.

e Pham vi cam bién con gidi han, hé théng méi chi do nhiét 46 va do am, chua mo
rong sang cac yéu t6 moi truong khac nhu khi doc (NHs, CO2), anh sang, chét

luong khong khi...
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Huwéng phat trién:
Trong twong lai, hé théng c6 thé duge mé rong va hoan thién theo cic hudng sau:

e Hiéu chuan va nang cp cam bién nham ting do chinh xac va do bén khi sir dung
trong moi truong khic nghiét.

e Bb sung cac loai cam bién méi nhe NH3, CO2, cam bién anh sdng, cam bién
gid... dé giam sat toan dién hon.

e Tich hop tinh nang luu trtr dit liéu 1én Cloud (Firebase, Google Sheets, Server
riéng) hodc Iuu vao thé nhd dé phuc vu phan tich lich si.

e Phit trién giao dién ngudi dung nang cao trén web hoic app riéng, thay thé cho
Blynk va ting kha ning tuy bién.

e Tu dong hoa thong minh hon, 4p dung thuat toan t6i wu hodc Al don gian dé du

doan xu hudng mai truong va diéu khién thiét bi theo logic nang cao.
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