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TOM TAT

Cong nghé LoRa (Long Range) dang duoc ting dung nhiéu trong cac linh vuc nhw
thanh phd thong minh, ndng nghiép thong minh, giam sat an ninh va moi treong,.
Coéng nghé LoRa véi vu diém mang khong day, pham vi phu séng rong va hoat
dong on dinh, rat thich hop cho cac ting diéu khién tir xa. Bai bao nay, tac gia nghién
ctu Gtng dung cong nghé mang LoRa va thiét bi IoT dé€ thiét ké ché€ tao hé thong
mach ty dong diéu khién chudéng bao gio tir xa. Hé thong st dung module Wi-Fi
ESP8266 NodeMCU lam b diéu khién trung tam, cdp nhat gio chuan GMT va phat
tin hiéu diéu khién khong day qua module Lora E32-433T20D. Két qua cho thay hé
thdng mach chay 6n dinh, cap nhat gio GMT kip thoi, qué trinh truyén nhan d@ liéu
diéu khién tir xa twong ddi chinh xac, thoi gian ddp ting nhanh, nghién cttu c6 gia

tri thuc tién cao, tinh kha thi khi trién khai ap dung vao thuec té.

Tw khoa: Arduino, diéu khién ty ddng, ESP8266, IoT, LoRa, SX1278.

1. GIOI THIEU

Diéu khién tir xa bang séng RF 1a loai diéu khién khdng con méi mé nira, da c6
rat nhiéu cong trinh nghién ctru nhu [1, 2] va két qua dwgc ting dung rong rai trong
nhiéu linh vic doi séng. Tuy nhién cac tng dung nay chi diéu khién nhiing thiét bi trong
pham vi gan, tin hiéu yéu hoac chap chon khong 6n dinh khi st dung cac diéu khién xa
hon. Hodc cac ting dung dung cac cong nghé truyén thong truyén thong nhu: Zigbee,
Wi-Fi, Bluetooth, ... va c¢6 pham vi hoat dong khong cao tir 10 dén 100m, chi phu hop
cho viéc giam sat diéu khién trong mot khu viec nho. Nhim dap tng nhu cau mo rong
két noi cac thiét bi véi s6 lwong 16n trén pham vi rdng va tiéu thu it nang lwgng, chuan
truyén thong LoRa da ra doi voi nhiéu vu diém vuot trdi so véi cac cong nghé truyén
thong [3].
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LoRa la mot chuan khong day méi ctia Semtech, dwoc phat trién trong nhiing
nam gan day, né dung cho cac mang dién rong cong suat thap, két ndi cac thiét bi bang
thong thap, vung phu song rong va tiét kiém nang luong. Tt nhitng dac diém noi troi
nay (Bang 1), chiing toa LoRa rat cé tiém nang cho cac ting dung IoT hién nay, dac biét
rat phu hop cho cac iing dung IoT tam xa [4].

Hién nay, cac hé thdng chudng bao gio treong hoc thuc hién thao tac bang tay
hodc ty dong nhung chura that sy hoan hao, ly do chi st dung cac bo lap trinh thoi gian
thuc chay theo hé thdng gio riéng, sau mot thoi gian gio hé thong chudng sé sai 1éch so
véi gio chuan GMT (Greenwich Mean Time). Méac khac nhiéu treong dai hoc hoac cao
dang c6 khudn vién truong rong va nhiéu day nha hoc ly thuyét va xuong thiec hanh
khac nhau nén qua trinh diéu khién chudng gitra cac day nha sé khong dong bd néu
dung nhiéu bd diéu khién. Giai phap la can cé mét bo diéu khién trung tdm cap nhat
theo gio GMT va phat tin hién diéu khién khong day dong bo dén cac chudng bao o day
nha hoc ly thuyét hay cac xwong thue hanh.

Xuat phat tir thuee tién trén, tac gia tiép tuc chon cong nghé mang LoRa va cac
thiét bi IoT d€ thiét ké ché tao hé thong mach tu dong diéu khién chudng gio tir xa. Bai
bao tap trung tim hiéu module Wi-Fi ESP8266 NodeMCU, 1ap trinh thiét k& dong ho
chay cap nhat gio chuan GMT qua mang Wi-Fi, st dung module LoRa E32-433T20D dé
phét tin hiéu diéu khién khong day ra ngoai khong gian. O phan nhan tin hiéu diéu
khién, st dung b diéu khién Arduino Nano va module LoRa E32-433T20D d€ nhan tin
hiéu khong day tir phan phat va diéu khién chudng reo theo khung gio cai dat.

Bdng 1. So sanh wu diém ctia mang LoRa so véi mang Wi-Fi, Bluetooth va Zigbee [5]

Tiéu chi Wi-Fi Bluetooth Zigbee LoRa
T6c dd dxliéu 600 Mbps-7 Gbps 1 Mbps -3 Mbps 20 - 250 kbps 0.3 - 50 kbps
Tiéu thu nang . Thap dén trung o o

Tuwong d6i cao . Rat thap Rat thap
leong binh
D6 nhay nhan Trung binh dén
" Vira Cao Cao
dir liéu cao
Pham vi phu Vai tram mét
) 30-100 m 10-20m 10-75m .
song dén vai km
Xuyén qua vat Trung binh dén Trung binh dén
. . Cao Cao
can thap cao
Truy cap internet, Mang ca nhan, Tw dong hoa, IoT, thanh phd
. phat video truc  thiét bi deo, phat ~ dong ho thong thong minh,
Ung dung o o S DR
tuyén, tng dung triec tuyén am minh, &ng giam sat moi
IoT, ... thanh, ... dung IoT, ... treong, ...

96



TAP CHI KHOA HOC VA CONG NGHE, Truong Dai hoc Khoa hoc, DH Hué
Tap 33, S5 1 (2026) ISSN: 2354-0842

2. CAC NGHIEN CUU LIEN QUAN

Ung dung cong nghé mang LoRa d¢ truyén nhan dit liéu, diéu khién gidm sat tix
xa hodc cac ting dung IoT da duoc nhiéu nha khoa hoc quan tam, nghién ctu. Mbi cOng
trinh nghién cttu c6 cach ti€p can khac nhau va tng dung trén cac linh vuc khac nhau,
nhung két qua nghién ctru déu dé cap dén khoang cach diéu khién xa, tiét kiém nang
lwong va giam sat theo doi thong qua mang internet. Bai nghién cttu [6] gidi thiéu mot
hé thong cac cam bién thu thap di liéu va truyén vé trung tam thong qua mang LoRa.
Hé thdng bao gdm 3 node cam bién, 1 tram thu thap dit liéu va 1 hé thong giam sat truc
tuyén. Hé thong c6 nhiém vu truyén dit liéu ndi tiép khong day gitra cac node trong moi
treong khong khi nham muc dich truyén di lidu di xa hon.

Dai véi bai nghién ctru [7], trinh bay vé kha nang st dung cdng nghé LoRa tién
tién trong linh vuc diéu khién tir xa cac doi twong nhu robot va UAV. Dya trén cac két
qua thtt nghiém dugc trinh bay, c6 thé két luan réng diéu khién tir xa dya trén bo thu
phat LoRa SX1278 la phu hgp va két 6n dinh véi tdc d6 dit liéu chdp nhan duwgc. Pham
vi ctia bd thu phat LoRa trong triedng hop tAm nhin thong thoang 1én dén 10km. O khu
vuc do thi phu thudc vao chudng ngai vat gitta bd phat va bo thu, dé€ két ndi duoc tot
hon can phai chon vi tri tot cho anten by phat. Va bai bao [8] tac gia noi vé tich hgp hé
thong truyén thong LoRa va hé thdng tu ddng diéu khién tir xa trong néng nghiép voi
vi diéu khién ESP32, Arduino Nano va STM32. LoRa dugc stt dung nhu mét giao thic
truyén thong khong day tim xa dé thu thap dit liéu tir cic cam bién, chang han nhw cam
bién do &m dat, nhiét do. Vi diéu khién ESP32 hoat dong nhw bd diéu khién chinh, xt ly
d@ liéu tir cac cam bién va gri dit liéu theo thoi gian thuc dén trung tam diéu khién
thong qua mang LoRa.

Qua cac cong trinh nghién ctru trén, tac gia nhan thdy ting dung cong nghé mang
LoRa va thiét bi IoT ESP8266 NodeMCU d¢€ thiét ké ché tao hé thong mach tw dong diéu
khién chudng bdo tir xa 1a phuong an hiéu qua va tdi wu nhat.

3. POI TUONG VA PHUONG PHAP NGHIEN CUU
3.1. Cong nghé mang LoRa

Coéng nghé LoRa la mot chudn khong day duoc thiét ké cho cac mang dién rong
cong suat thip LPWAN (Low Power Wide Area Network) nham két ndi cac thiét bi véi
bang thong va tdc do di liéu thap (0,3 — 30kbps), dong thoi tap trung vao hiéu qua vé
vung phu song (hang km ma khong can cac mach khuéch dai cong suat) cling nhu hiéu
sudt nang luong (thoi gian hoat ddng bang pin ctia thiét bi LoRa la 3 - 10 ndm). Chuan
LoRaWAN duoc phat trién boi LoRa Alliance dinh nghia 16p diéu khién truy nhap
phuong tién MAC (Medium Access Control) va LoRa lam viéc ¢ 16p vat ly trong kién
tric LoRaWAN. LoRa hoat dong & dai tan s3 vo tuyén Sub-GHz (nho hon 1GHz) mién

97



Ung dung cong nghé LORA va thiét bj IoT dé thiét ké, ché tao hé thong mach diéu khién ...

phi, bao gom 433MHz, 868MHz (chau Au), 915MHz (Australia va khu vize Bic My), 865
- 867MHz (A’n Do) va 923MHz (khu vuc chau A). Tai Viét Nam, B Thong tin va Truyén
thong quy dinh LoRa hoat dong ¢ tan s6 433MHz hodc ¢ dai tan s 920 - 923MHz [9].

3.2. So d6 khdi tong thé hé thong diéu khién tw dong tir xa

So d6 khdi nguyén ly hoat dong ctia hé thong mach c6 2 phén (hinh 1), d6 la phan
phat dit liéu tin hiéu va phan thu dit liéu d€ diéu khién chudng, mdi phan cé cac chirc
nang hoat dong chinh nhu sau:

Phan phat d@ liéu tin =
o , LoRa
hiéu: Module ESP8266 A E32 = E32
A, iy 433T20D 433T20D
NodeMCU 1la by xt ly trung !? '\\ i 1
tam, diéu khién moi qud trinh Khéi ;
N 8 e [ = hién thj Chubng
hoat dong cta khoi mach phat. ESP8266 LCD
A Module| | Node NG f
Module tir ddng két n6i mang thoi gian__,| Mcu AN R
. C T 3 A o thye [+ |« Khéi ban N
internet qua Wi-Fi dé cap nhat DS3231 Vit cong sudt
gid hé thdng GMT, hién thi f f f I f
KHOINGUON | | KHOINGUON |

chitc nang dong ho goém: gio |
phut gidy, thit ngay thangndm  Hiup 1. So &6 khdi nguyén ly hoat dong ctia hé thdng.
lén man hinh LCD 2004.

ESP8266 da duoc 1ap trinh lwu 40 mdc thoi gian dé diéu khién déng ngat chuong, khi
diung diéu kién ESP8266 gt 1énh, bang cach truyén dit liéu néi tiép cho module LoRa
E32-433T20D d€ phat dix liéu diéu khién khong day ra ngoai khong gian. Module thoi
gian thuc DS3231 giao tiép véi ESP8266 theo chudn giao tiép 12C, nham muc dich gui di
liéu thoi gian qua ESP8266 khi can truy cap. Chic nang nay duogc st dung khi ESP8266
mat két ndi internet, khong thé 1dy thoi gian tir hé thdng GMT thi chuong trinh 1ap tic
truy cap thoi gian ctia DS3231 dé€ tiép tuc duy tri chiic nang dong ho, cho dén khi
ESP8266 két ndi internet tro lai. Khoi ban phim lam nhiém vu nhéap (input) cac thong tin
cai dat cac mdc thoi gian hodc chon cac ch€ d thuc hién cta chuong trinh. Module E32-
433T20D két noi, giao ti€p voi ESP8266 thong qua chudn giao tiép UART, lam nhiém vu
nhan dit liéu va phat khong day ra ngoai khong gian.

Phén thu dix liéu tin hiéu: Mach diéu khién trung tam la Arduino Nano, nhéan tin
hiéu diéu khién t&r module E32-433T20D thong qua cong ndi ti€p, xu ly dit liéu theo
chuong trinh da nap, gtii tin hiéu diéu khién chudng thong qua khdi cong suat. Module
E32-433T20D két ndi, giao tiép vdi Arduino Nano thong qua hai chan RX, TX, thuc hién
chitc ndng nhan dit liéu khong day tir mdi treong khong gian, giri xudng Arduino Nano.
Khoi cong suat lam nhiém vu cap nguon dién xoay chiéu 220V dén chudng khi duoc
nhan tin hiéu diéu khién tir Arduino Nano.
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3.3. Cac linh kién chinh thiét ké

3.3.1. Module thu phat LoRa E32-433T20D . 36.0:£0.1mm

E32-433T20D la module céng néi tiép
khong day dwa trén chip tan s6 vo tuyén SX1278

ctia Semtech (hinh 2), truyén dan trong sudt, hoat
dong trong bang tan s6 410-441 MHz (méc dinh
433MHz). SX1278 hd tro cdng nghé trai phd truc
ti€p LoRa, vu diém la khoang cach truyén thong

Hinh 2. Module thu phat LoRa E32-
433T20D [11].

xa hon, kha nang chdng nhiéu manh mé va bao mat cao. SX1278 14 mot mdc quan trong
trong linh viee truyén thong toc d6 thap, téc do truyén tai mdc dinh nay la 2.4kbps, cong
suat truyeén tai la 20dBm, str dung bd dao dong tinh thé cong nghiép 6n dinh, nhat quan,
v0i do chinh xac dwdi 10ppm. Module dwgc st dung rong rai trong nganh cong nghiép,
IoT va cac linh viee khac. Module ¢6 chitc nang nén va ma hoéa dit liéu truede khi truyén
ngﬁu nhién ra moi treong khong khi, viéc thu phat dir liéu déu tuan theo cac thuéat toan
ma hoa giai ma nghiém ngat nén mc d6 bao mat thong tin rat cao [10, 11].

3.3.2. Module Wi-Fi ESP8266 NodeMCU

ESP-12E Chip 3.3V Voltage Regulator

NodeMCU la mot bd vi diéu khién
hién dai dugc tao ra bdi Arduino Enterprises

H .‘——V.\licl‘n USB Port
(hinh 3). B6 vi diéu khién hoat ddng nhw | I o
Arduino, st dung trinh bién dich Arduino tf ) CP2102
IDE dé bién dich va nap code[12]. BAGH e OnpurLED

DO Pin

NodeMCU la mot bo mach phat trién o 3 14016 ESP8266 Node MCU [13].
va firmware ma nguoén mo dua trén Lua, dugc

thiét k& dac biét cho cac ing dung IoT. N6 bao gom firmware chay trén SoC Wi-Fi
ESP8266 ctia Espressif Systems va phan cing dua trén module ESP-12 chtta chip
ESP8266 v6i bd vi xtt Iy Tensilica Xtensa 32bit LX106 RISC. Bd vi xtt Iy nay hd trg RTOS
va hoat dong & tan sO xung nhip c6 thé diéu chinh tr S0MHz dén 160MHz. NodeMCU
c6 RAM 128KB va bd nhé khong mat dix liéu 4MB dé€ luu trit dir liéu va chwong trinh.
Cong suat xt ly cao véi Wi-Fi tich hop va tinh nang van hanh Deep Sleep khién no trd
nén ly twong cho cac du an ToT. NodeMCU thuong duoc cap ngudn bang gidc cim Micro
USB, chan VIN (chan ngudn ngoai) va ho tro giao dién UART, SPI va 12C [13].
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3.3.3. Module Arduino Nano

Arduino Nano (hinh 4) la mdt bo mach
phat trién thong minh dwoc thiét k& dé xay
dung cdc mau nhanh hon véi kich thuéc nho
nhét. Arduino Nano cung cap du giao dién
cho cac ting dung than thién vdi cadc ing dung
ca nhan. B xtt ly chinh trong bo mach Nano
la vi diéu khién ATmega328 8-bit hiéu suit
cao va cong suat thap, chay o tan s6 xung nhip
16MHz. Kha nang giao ti€p voi cac thiét bi
bén ngoai thdng qua giao tiép ndi tiép, duoc
h& tro bai chip véi UART TTL (5V), 12C (TWI)
va SPI [14].

3.3.4. Module thoi gian thiec DS3231

DS3231 la mot RTC néi tiép (hinh 5)
duoc diéu khién bdi b dao dong tinh thé
32kHz duwoc bu nhiét do. TCXO cung cap
mot dong hod tham chiéu 6n dinh va chinh
xac, duy tri do chinh xdc cia RTC trong
pham vi mdi nam +2 phut voi nhiét do tt -
40°C dén +85°C. Ngd ra tan s TCXO c6 sdn

{012 | c1p0
[ +ava ] [~ ~p11" ] CoPI
(CAREF ) {016/ |
ancle] (2o IXED G
apcl1] I5E 015 2 (- os |
Anc[2] A2 I /v
ancl3] [ HEER (. ~vs ]
Apc(a] (2« DD L o5 |
ane(s) [ oe ]
avcle] A =
avcl7] D) oz |
nnnnn ) (reser
[ oo J
vIN
FT23RL

Hinh 4. Module Arduino nano [14].

P‘%’Eﬂnnun
EI o 32K (| —
Y2 20 L scL oy £
EN B T — B2y
'soa 4 2O SDA vee O 2 vee |
B \ n GHE — 65y

cC
ED aun.

AOATA2

D53231 Module JIITaT f Eooli .

Hinh 5. Module thoi gian thwc DS3231 [16].

¢ chan 32kHz. RTC la m¢t dong ho cong suat thdp, cung cap thong tin vé giay, phat, gio,

ngay, thang va nam. Cac thanh ghi bén trong c6 thé truy cap théng qua giao dién bus
I2C. Ngoai ra module DS3231 bo sung chip AT24C32 EEPROM khéng bay hoi véi dung
luwong 32K (4096 x 8) nham muc dich d& luu trix dit liéu khi can thiét va giao ti€p cing

bus 12C v6i DS3231 Arduino [15, 16].
4. KET QUA VA THAO LUAN

4.1. So d6 két ndi phan cing

OPh‘én phat

Phan thu

Hinh 6. So d6 két ndi cac module phan ciing cua hé thong.
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Phén cting duoc st dung trong nghién cttu nay gom cac module nhw hinh 6. O
phén phat, module ESP8266 NodeMCU la by phan trung tam, két ni va diéu khién moi
qué trinh hoat déng ctia cic module con lai. O phan thu, Arduino Nano la don vi xt ly
trung tam, nhan tin hiéu, diéu khién thiét bi. Chiic nang hoat dong va chuan giao tiép
cac chan két ndi ctia ESP8266 va Arduino Nano dwgc thé hién ¢ bang 2.

Bdng 2. Bang mo ta cac chan két néi ctia ESP8266 NodeMCU va Arduino Nano

Module diéu Chin két  Chudn giao Module dugc két

L e x e Chttc nang
khiéen noi tiép noi
ESP8266 LoRa E32- .
TX, RX UART Truyén dix liéu
NodeMCU 433T20D
ESP8266 Module DS3231 .
D1, D2 12C Truyén/nhén dix liéu
NodeMCU RTC
ESP8266 AT24C32 -
D1, D2 12C Truyén/nhén dit liéu
NodeMCU EEPROM
ESP8266 Man hinh LCD .
D1, D2 12C Truyén dix liéu
NodeMCU 2004
ESP8266 D5, D6, D7, Module ban )
GPIO Nhan tin hiéu
NodeMCU D8 phim
LoRa E32-
Arduino Nano D2, D3 UART Nhan dt liéu
433T20D
Module relay ban
Arduino Nano D5 GPIO & Gtri tin hiéu
an

4.2. Thiét ké phan mém
4.2.1. Cau hinh module LoRa E32-433T20D

Module E32-433T20D c6 4 ché do (mode) lam viéc theo [12, 13], duoc cai dat
thong qua viéc noi hai chan M0, M1 1én mttc cao hay xudng mtic thap. Trong nghién ctu
nay tac gia sit dung ché& d6 0 (ndi chan M0, M1 xudng mtec thap), thiét 1ap E32-433T20D
hoat dong ché€ dd giao tiép UART va truyén nhan dir liéu khong day.

Dé thyce hién viéc truyén nhan di liéu khong day gitta cac module E32-433T20D,
tac gia can phai thiét 1ap cac tham sd cadu hinh cho E32-433T20D. Theo tai liéu [12, 13]
cta nha san xudt Chengdu Ebyte Electronic, c6 6 tham sd can phai thiét 1ap (bang 3) va
stt dung phan mém RF_setting d€ nap cac tham sd cau hinh trén.
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Bdng 3. Bang mo ta cac tham s6 cau hinh cho module E32-433T20D

Tham s6 Gia tri cai dat Y nghia cac gia tri cai dat
HEAD 0xC0 C0: Luu cau hinh khi méat nguén
ADDH 00H 00H
ADDL 00H 00H

- UART parity = 8N1
SPED 0x1AH - UART baudrate = 9600

- Air data rate = 2.4Kbps

CHAN 17H - Kénh 23, Tan s6 truyén 433 (MHz)
- Bit (mode) =0’
- Bit (I/O) =1

OPION 0x44H - Bit (wake-up) =000’
- Bit (FEC) =1’

- Bit (power) =00

4.2.2. Cau hinh module ESP8266 NodeMCU két n6i Wi-Fi

ESP8266 két ndi internet, dung NTP (Network Time Protocol) d€ 1dy gio chudn
GMT, do d¢ tac gia st dung hai thu vién NTPClient va WiFiUdp d€ thuc hién 1dy gio va
cho phép gtri nhan dit liéu UDP (User Datagram Protocol) qua Wi-Fi. S&t dung thu vién
WiFiManager d€ cau hinh ESP8266 la mot tram (Station). ESP8266 c6 thé tu dong két n6i
lai mang Wi-Fi (da ting két ndi truede do) khi khoi dong lai module. Khi khoi dong, néu
khong két ndi duoc Wi-Fi, thi ESP8266 tu dong phat Wi-Fi AP (Access Point) riéng (co
tén la ESP_F60B3C) dé€ cdu hinh két ndi lai. Viéc thiét 1ap cdu hinh lai, nguoi dung truy
cap vao Wi-Fi AP cua ESP8266 phat ra, vao dia chi web Server ndi b 192.168.4.1, thiét
1ap lai tén va mat khau Wi-Fi cia mang mai can két noi.

4.2.3. Luu d6 thuat toan chwong trinh

Trong nghién cttu nay, tac gia sit dung ngdn ngtr 1ap trinh C, phan mém Arduino
IDE (Integrated Development Environment) d€ soan thao, bién dich va nap chuong trinh
cho module ESP8266 NodeMCU va Arduino Nano. Cac chwong trinh diéu khién, cdu
tric giai thuat duoc viét theo luu d6 hinh 7, hinh 8.
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4.2.3.1. Luu d06 thuat toan chuong trinh cho module ESP8266 NodeMCU

Luu d6 (hinh 7) thyce hién nhiém
vu cap nhat gio GMT hoac gio tte DS3231,
so sanh vdi cac moc gio da cai dat va phat
tin hiéu diéu khién khong day qua thiét bi
LoRa module E32-433T20D. Chuong
trinh gom cac budc thuc hién chinh nhw
sau:

- Kiém tra két ndi Wi-Fi: Khi khoi
dong phan cting, chwong trinh sé kiém tra
tinh trang két n6i Wi-Fi, néu Wi-Fi duoc
két ndi, chuong trinh sé cap nhat 14y gio
GMT trén internet d€ duy tri d6ng ho cta
mach. Nguwoc lai néu khong két ndi duoc
Wi-Fi, chwong trinh sé 18y gio cia module
thoi gian thye DS3231 d€ duy tri hé thong
gio. D€ thuc hién viéc két noi Wi-Fi moi
cho ESP8266, nguwoi dung st dung nut
nhén trén phan ctng, roi thiét 1ap lai cac
thong s6 ctia mang Wi-Fi mdi. Qua trinh
két ndi thanh céng, den béo tin hiéu bat
sang va chuong trinh tiép tuc chay theo
quy trinh.

- Hién thi d@ liéu 1én LCD: Lay dir
liéu thir ngay thang nam, gio phut giay ttr
mang internet hodc DS3231 hién thi lén
LCD.

- Chon module diéu khién: Trong
bai bao nay, tac gia ché tao 2 module dé

Khai bao cac thievién

Chwrong trinh
con thiét 1ap madi

r

Truy cap gi Truy cép gier
internet - GMT DS3231
Hién thi LCD
Gig-phut giay
Thit, ngay, thang, ndm
Checkl =1 Checkl =0
Chedk2 =0 Check? =1

Chon chwong
trinh diéu khién

Chuong trinh Chuong trinh Chuong trinh
con diéu khién con didu khién con diéu khién
module 1 ca 2 module module 2
Y
Chwong trinh

—. Cai dat cic moc
con cai dit cac !
’ thoi gian hen

mbc théi gian

Phat tin hi¢n diéu
khién ra module

E32-433T20D

Hinh 7. Luu d6 thuéat toan chuong trinh diéu
khién cua ESP8266 Node MCU.

diéu khién chuéng, d6 1a chuéng day nha hoc ly thuyét va chuéng xudng hoc thuc hanh

(Vihoc ly thuyét va thiec hanh ¢ thoi gian ra vao 16p khac nhau nén chudng bao ciing

khac nhau)
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- Cai ddt cac mdoc thoi gian hen: Cac mdc thoi gian hen duwoc tac gia 1ap trinh cho
nhép trén cac nut ban phim va trong nghién ctru nay c6 tat ca t6i da 40 mdc. Mdc thoi
gian gom gio phut vao 16p va gio phut ra choi, nguoi dung cé thé tuy chon nhép cac
moc thoi gian phtt hop véi y d6 diéu khién. Sau khi nhap xong chuwong trinh sé luu vao
cac moc thoi gian nay vao EEPROM cua AT24C32 va khong bi mat di liéu khi mat dién.
Khi bat dau chay chuong trinh chinh, chuong trinh sé doc tat ca 40 méc thoi gian nay ti
EEPROM ctia AT24C32 luu vao 6 nhd d€ phuc vu cac budc tiép ti€p theo cuia quy trinh.

- Phat dir liéu tin hiéu diéu khién ra mang

LoRa: Khi thuc hién, chwong trinh luén so sanh

thoi gian hién tai v6i 40 moc thoi gian da lvu. Néu

so sanh dung thi chuong trinh dua tin hiéu dir mlﬂ‘":i bdo cdc
I vién
liéu diéu khién ra module LoRa E32-433T20D dé 7
phat ra ngoai khong gian dudi dang song dien ttr. Khoi tzo cong
mem serial

42.32. Luu d6 thuat toan chwong trinh cho
Arduino Nano

h

Lwu d6 hinh 8, Arduino Nano lam nhiém
vu gidam sat cong serial, néu ¢ dix liéu truyén vao

Diéu khién

chuéng vao | #

bd dém cdng serial thi chwong trinh 1ap tie xit ly,

so sanh di liéu d6 véi ma tin hiéu diéu khién quy
dinh, nguoc lai néu khong thi chuong trinh quay

lai tiép tuc gidm sat cong serial. Khi nhéan dix liéu ?hiuailil 4
tin hiéu diéu khién chuwong trinh ti€p tuc so sanh

phan loai tin hiéu diéu khién vao 16p hay ra choi

d€ thuc hién diéu khién chudng reo ding quy Hinh 8. Luu d6 thuat toan chuong
dinh. diéu khién ctia Arduino Nano.

4.3. Thuc nghiém va binh luén két qua

4.3.1. Thit nghiém qua trinh truyén ===
nhan dit liéu khong day

Nhém tac gia tién hanh gui
nhan dit liéu khong day gitta hai
module LoRa E32-433T20D, va stt dung
phan mém Arduino IDE d€ quan sat

qua trinh gti nhan cdc goi tin. Gdi tin

duoc thit nghiém 13 mot chudi Ky tw ¢6 Hinh 9. Qua trinh nhan cac géi dit liéu.

do dai tir 25 byte dén 28 byte va duoc

thue hién 1000 Tan giri nhan cho mot lan do (hinh 9). Thuc hién 6 Tan do v6i moi truong
khong khi it vat can (mot toa nha), anten dat trén tang cao, két qua do thé hién ¢ bang 4.
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Chuyén vi tri dat anten xudng tang dudi, thuc hién 4 lan do véi moi truong khong khi

nhiéu vat can (nhiéu day nha), két qua do thé hién ¢ bang 5

Bing 4. Két qua nhan dit liéu d&i v6i moi treong it vat can

Khoang cach | S0 goigwi | SO goi nhan | S8 goi mat | Tilé mat goi
150 m 1000 998 3 0.3 %
200 m 1000 996 7 0.7 %
250 m 1000 995 9 0.9 %
300 m 1000 993 10 1.0 %
350 m 1000 989 15 1.5 %
400 m 1000 987 18 1.8 %

Bang 5. Két qua nhan dir liéu d6i v6i moi truong nhiéu vat can

Khoang cach | S0 goigwi | SO goi nhan | S8 goi mat | Tilé mat goi
100 m 1000 648 192 19.2 %
150 m 1000 616 244 24.4 %
200 m 1000 510 294 29.0 %
250 m 1000 474 386 38.6 %

Qua két qua (bang 4, 5) trén, cho thay tin hiéu van bi yéu di mot phan khi truyén

qua moi treong cd vat can. Khi moi treong cd nhiéu vat can thi di liéu bi mat trén duong

truyén kha nhiéu, gay nén chat luong duong truyén khong 6n dinh. Tuy nhién néu ti 1é

mat gdi tin trén duong truyén dudi 5% thi qua
trinh giao ti€p van chap nhan dwoc, dap tng
duoc cac bai toan diéu khién déng mo tir xa ma
khong can phai dap tng chinh xac vé thoi gian
nhw trong nghién cttu nay.
4.3.2. Thye nghiém trén san pham thiét ké hoan
thién

San phdm hoan thién nhu hinh 10, cip
nguon nudi 6n dinh 9VDC 1A cho hé thong phat
va thu. Tién hanh thao tac tir ban phim nhu:
Nhép cac mdc thoi gian hen gio diéu khién
(hinh 11), chon module diéu khién (module diéu

Phin th

Hinh 10. San phadm thiét k&€ hoan thién.

khién chudéng ¢ day nha hoc ly thuyét hoac chuoéng 6 xuwdéng hoc thye hanh hodc ca hai
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moduel trén), sau d6 thoat khoi man hinh hen gio vé lai man hinh chinh, chay van hanh
hé thdng tac gia nhan thay:

- Mach chay on dinh nhu y tudng ban
dau thiét k€&, khong c6 10i vé phan ctng cling
nhu phan mém. Qua trinh truyén nhan dix liéu
ctia hai module LoRa E32-433T20D trong moi
truong khong khi dam bao t6t, thong sudt, suy
hao khong dang ké hodc khong bi mat nhiéu d
liéu trén duong truyén va khoang cach truyén
nhan t6t nhat khoang 300m tro lai trong diéu

kién mdi truong c6 it vat can. Tuy nhién néu
khoang cach truyén xa hon va moi truong c6 rat Hinh 11. Man hinh hién thi LCD.
nhiéu vat can thi kha nang truyén nhan sé giam

xuong do hé thong mat nhiéu nang luwgng. D€ ting kha nang truyén nhan ctia module
LoRa E32-433T20D, chuing ta can phai cai thién, tdi wu phan cting va cing nhw phan
mém nhu: Nguodn dién dam bao 6n dinh, dung anten ngoai c6 hé s6 khuéch dai cao, cdu
hinh t6i vru modt s6 tham s ctia module LoRa E32-433T20D.

- ESP8266 két ndi mang Wi-Fi dn dinh khong bi chap chon gian doan, cdp nhat
gio chudn GMT kip thoi, chinh xac nén thoi gian dong ho trén hé thong mach gan nhuw
giong hoan toan dong ho may tinh hodc dién thoai. Truong hop mach mat két noi
internet, chwong trinh tw ddng chuyén sang truy cap thoi gian ciia mdule thoi gian thuc
DS3231 dé€ van hanh tam thoi hé thong. Truedce khi truy cap gio cia DS3231, chuong trinh
tw ddng 18y gio caia GMT tai thoi diém mat két noi d€ thiét lap lai dong ho DS3231, nén
sai s6 cua dong ho DS3231 nhé nhat dam bao tin cay cho hé thong.

5. KET LUAN

Bai bdo nay, tac gia nghién ctru ting dung céng nghé mang LoRa va thiét bi [oT,
da thiét ké ché tao thanh cong hé thong mach tu dong diéu khién chudng bao gio tir xa.
Str dung module Wi-Fi ESP8266 NodeMCU lam bo diéu khién trung tdm, két n6i mang
internet thong qua hai thw vién NTPClient, WiFiUdp va dung NTP dé€ 1ay gio chuin
GMT. Module LoRa E32-433T20D hoat dong ¢ ché€ d¢ giao ti€p UART, truyén nhan dix
liéu khong day va duoc cau hinh véi cac thong s6 t8i wu nén qua trinh truyén dan rat
tot, khoang cach 1én t6i 300m trong moi treong cd it vat can. Do dé hé thdng truyén nhan
dt liéu diéu khién chudng reo twong d6i chinh xac, thoi gian trung khép véi thoi gian
trén may tinh hodc dién thoai.

Hé thdng c6 phan cting don gian gon nhe, tiét kiém chi phi 1dp dit, nén c6 tinh
tng dung rat cao, c6 thé thay thé cac hé thong chudng bao gio ¢t chay theo module thoi
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gian thuee riéng. San pham ciing c6 thé lam mo hinh, tai liéu giang day cho hoc sinh sinh
vién chuyén nganh diéu khién ty dong o cac truong cao dang dai hoc.

Tuy nhién san phdm cua ching tdi van con mot s8 16i nhé, nhu mat géi tin trén
duong truyén khi c6 vat can hodc thinh thoang mat két néi do nguén dién khong on
dinh hodc c6 thé nhiéu séng dién tir lam yéu tin hiéu LoRa. Do d6 can phai t6i wu héa
phén cting cling nhu phan mém dé€ ting kha nang thu nhan tin hiéu tot hon khi trién
khai trong thuc t€ nhu sau:

- Vé phan cting, can anten ngoai c6 chat lwgng cao, cd d¢ loi khuéch dai tir 5 dBi
(decibel isotropic) trd 1én hodc néu moi truong phirc tap cé thé dung anten dinh hudng
c6 do loi tir 10 — 15 dBi; nguon dién cung cap phai dam bao du dong va dién ap 6n dinh
cho ca hé thong; c6 vé boc bén ngoai vira chdng nhiéu vira bao vé an toan thiét bi.

- Phan mém, can cdu hinh t8i vu cho mot s6 tham s6, nhuw giam tham s6 Air data
rate xudng trong khoang ttr 0.3k dén 1.2k, kich hoat FEC va chon c4c kénh it nhiéu, gan
tan s6 433MHz.
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APPLYING LORA TECHNOLOGY AND IOT DEVICES TO DESIGN AND
MANUFACTURE A REMOTE ALARM BELL CONTROL CIRCUIT SYSTEM

Pham Nhu Pham
Gia Lai College, Vietnam
Email: phamnhupham@gmail.com
ABSTRACT

LoRa technology is being widely applied in fields such as smart cities, smart
agriculture, security and environmental monitoring. LoRa technology with wireless
network advantages, wide coverage and stable operation, is very suitable for remote
control applications. In this article, the author studies the application of LoRa
network technology and IoT devices to design and manufacture an automatic circuit
system to remotely control an alarm bell. The system uses an ESP8266 NodeMCU
Wi-Fi module as the central controller, updates the GMT standard time and
transmits wireless control signals via the LoRa E32-433T20D module. The results
show that the circuit system runs stably, updates the GMT promptly, the remote
control data transmission and reception process is relatively accurate, the response
time is fast, the research has high practical value, and is feasible when deployed and

applied in practice.

Keywords: Arduino, automatic control, ESP8266, IoT, LoRa, SX1278.
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