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TOM TAT

Tén dé tai: Thiét ké va thi cong hé thdng giam sét thoi tiét trong néng nghiép tng dung
cong nghé LoRaWAN.

Sinh vién thuc hién: Nguyén Huy Hoang

M4 sinh vién 1811514110110

Lop : 18D4

Chwong 1 — Tong quan vé dé tai.

Noi dung chuong nay bay vé muc tiéu, ndi dung nghién ctu, Iy do chon dé tai, so
d6 khoi caa hé thong, pham vi ang dung ciia mé hinh, mat sé mé hinh ndng nghiép cong
nghé cao hién nay.

Chwong 2 — Tong quan vé cong nghé LoRa va cac giao thire truyén théng trong hé
théng.

Trong chuong nay sé trinh bay vé mot s6 mang truyén thong khong day pho bién
hién nay, khai ni¢m LoRa, nguyén 1y hoat dong, cac tham s6 cua LoRa. Khai niém vé
giao thirc LoRaWAN, cau trac cua mot hé théng LoRaWAN, wu va nhuge diém cua
LoRaWAN, mg dung LoRa trong thuc tién hién nay.

Chwong 3 — Tim hiéu vé vi diéu khién, cac module cam bién sir dung trong deé tai
va céch lay dir li¢u tir cam bién.

Chuong nay tim hiéu vi diéu khién ARDUINO UNO R3, module ESP32 — WiFi
LoRa 32 board, ‘module SX1278 mach thu phat LpRa SPI 433MHz, cac cam bién duoc
sur dung trong dé tai va cach doc gia tri tir cam bién.

Chuwong 4 — Thiét ké phan mém va két qua

O chuong ndy em sé& giéi thiéu vé Endnode, luu d6 thuat toan cua LoRaWAN
Endnode, giao thitc SPI, khung truyén giita LoRa Gateway va LoRa Node, cau tric thu
vién LoRa, thuat toan truyén LoRa, LoRaWAN Gateway, LoRaWAN Server.

Ciing trong chuong nay em s& trinh bay vé so d6 nguyén ly, mach in cia node, chat
luong tin hiéu khi truyén va nhan, giao dién hé théng va vu nhuoc diém cua hé théng.



TRUONG PAI HQC SU PHAM KY THUAT ~ CONG HOA XA HOI CHU NGHIA VIET NAM
KHOA DIEN - PIEN TU Doc 1ap - Tu do - Hanh phuc

NHIEM VU PO AN TOT NGHIEP

Giang vién hwéng din: TS. Nguyén Thi Khanh Hong
Sinh vién thue hién: Nguyén Huy Hoang M& SV: 1811514110110
1. Tén dé tai:
Thiét ké va thi cong hé théng giam sat thoi tiét trong nong nghiép tmg dung cong nghé
LoRaWAN.
2. Cac s6 liéu, tai liéu ban dau:
- Tai liéu ban dau:
Tram thoi tiét khong day dua trén LoRa véi Arduino &ESP32:
https://howZ2electronics.com/lora-based-wireless-weather-station-with-arduino-esp32/
Giam sat cam bién LoRa ESP32 véi May chii web (Giao tiép tam xa)

https://randomnerdtutorials.com/esp32-lora-sensor-web-server/

LoRa Based Smart City Air Quality Monitoring © MIT:
https://create.arduino.cc/projecthub/taifur/lora-based-smart-city-air-guality-monitoring-
3b5f1d?ref=tag&ref_id=lora&offset=17
3. Noi dung chinh ciia dd an:

Chuwong 1: Tong quan vé dé tai.
- Trinh bay vé van dé can dit ra Iy do chon dé tai, myc tiéu, ndi dung nghién ctru.
Chuong 2: Gi6i thiéu cong nghé LoRa.
- Gioi thiéu cong nghé Lora, truyén thong dit liéu khong didy LoRaWAN va nhiing
diém ndi bat cua LoRa so véi cong nghé khéc.
Chuwong 3: Tim hiéu linh kién va cach thirc giao tiép.
- Tim hiéu vé module Arduino UNO R3, module SX1278 mach thu phat LoRa SPI
433MHz, c4c cam bién.
- Hiéu duogc cach thirc giao tiép cua cac module v&i cac cam bién.
Chuong 4: Thiét ké, thi cong thue hién mé hinh hé thong.
- Thiét ké phan ctmg, viét va nap chuong trinh cho mach.
Chuwong 5: Lip dit thir nghiém va phan tich s6 liu.
- Lap dit va van hanh thir nghiém mo hinh, phén tich nhitng s6 liéu giri vé c6 chinh
xac khong.
Chuwong 6: Tong két, danh gia két qua thwe hién dwoc va huéng phat trién.


https://how2electronics.com/lora-based-wireless-weather-station-with-arduino-esp32/
https://randomnerdtutorials.com/esp32-lora-sensor-web-server/

- Trinh bay két qua thu dugc, nhitng mic con han ché va tim hudng di dé phat trién
san pham.
4. Cac san pham dy kién.
Tram giam sat thot tiét, Gateway dé nhan dir li¢u tir tram va trng dung trén dién thoai di
dong hién thi s liéu.
5. Ngay giao do 4n:
6. Ngay ndp dd an: 20/12/2022

Pa Ning, ngay thdng ndm 2022
Truéng BO mon Nguwoi hwéng din



LOI NOI PAU

Nong nghiép van dang dong mat vai trd quan trong trong thanh phan kinh té cua
dat nudc, tao ra cong an viéc va thu nhap cho ngudi dan. Néng nghiép con phét huy vai
trd quan trong cua minh 1a dam bao an ninh lwong thyc cho quéc gia. Nhiéu nuéc van
xem ndng nghiép 1a mot thanh phan kinh té quan trong trong nén kinh té cua dat nuéc.
Nhung ndng nghiép dang phai dimg truéc thach thire ddi mat véi bién doi khi hau ngay
cang khoc liét véi tan s6 ngay cang nhiéu. Bién doi khi hau anh huéng dén trong trot,
chin nubi, ning suat, chat luong néng san bi suy giam, dan dén nhiéu nudce roi vao tinh
trang thiéu luong thuc. Pung trude nguy co d6 thi viéc ap dung khoa hoc k§ thuat tién
tién vao trong san xuét 1a mot diéu tré nén tat yéu va can thiét ngay luc nay. Tur van dé
d6 em da quyét dinh chon dé tai “ Hé théng giam sat thoi tiét trong néng nghiép &ng
dung cong nghé LoRaWAN .

Dé thuc hién d6 an tét nghiép dé tai “ Thiét ké va thi cong hé théng giam sat thoi
tiét trong ndng nghiép wng dung cong nghé LoRaWAN” hoan thanh mét cach thuan
loi, thi trugc hét em xin cam on dén sy gitp d& cua moi ngudi cho em trong suét thoi
gian vira qua.

Truéc tién, em xin gui 10i cam on dén TS.Nguyén Thi Khanh Hong da giup d&
nhém trong qué trinh thuc hién db an tét nghiép nay. Bong thoi, xin cam on céc thay cd
trong khoa Dién, di giang day, cung cap kién thirc cho ching em trong nhitng nim thang
hoc tai truong Pai hoc.

Vi kién thirc con han ché, nén trong khong tranh khoi thiéu sét trong qua trinh thyc
hién d6 &n. Em rat mong nhan duoc su dong gop ¥ kién cua quy thay cd dé béo céo tot
nghiép dit duoc két qua tét nht.

Em xin chan thanh cam on!

Pa Ning, ngay thang nim 2022



CAM DOAN

Db &n nay la céng trinh nghién cau cua em. T4t ca cac doan vin, ¥ kién, quan
diém cuia nguoi khac sir dung trong bai déu dugc dan ngudn va 1ap danh muc tham
khao & cudi d6 4an. b an nay chi duoc nop voi muc dich thuc hién d6 &n tét
nghiép.

Toi thuc hién dé tai khdng sao chép tir bat ki mot bai viét nao da duoc cong
b6 ma khong trich dan ngudn géc. Néu co bat ki sy vi pham nao, t6i thuc hién s&
chiu hoan toan trach nhiém.

Pa thyc hién chinh sira, bo sung, hoan thién theo y kién gop y cua Giang vién
phan bién va Hoi dong cham D6 an tbt nghiép.

Sinh vién thuc hién
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CRC
CSS
loTs
LCD
LED
LoRa
MQTT
RTU
LoRaWAN :
TTN
10S
BLE
ADC
DMA
IC
WiFi
NFC
12C
SPI
LSB
HTTP
MCU
APP
SCK
MISO
MOSI
SS
MAC
QoS
Kbps
UART
USART
TCP/IP

DANH SACH CAC KY HIEU , CHU VIET TAT

: Cyclic Redundancy Check.

. Chirp Spread Spectrum.

. Internet of Things.

. Liquid-Crystal Display (Man hinh).

: Light Emitting Diode (DPén).

: Long Range.

: Message Queue Telemetry Transport.

: Remote Terminal Unit (Thiét bi dau cudi tir xa).

Long Range Wireless Area Network.

. The Things Network.

. iPhoneQsS.

: Bluetooth Low Energy.

. Analog-to-Digital Converter, DAC: Digital Analog Converter.
: Direct memory access.

. Integrated circuit, ID: Identification.

. Wireless Fidelity.

: Near-Field Communications.

. Inter — Integrated Circuit.

. Serial Peripheral Interface.

. Least significant bit.

. HyperText Transfer Protocol.

. Multipoint Control Unit.

. Application,  API:  Application Programming Interface.
. Serial Clock.

: Master Input Slave Output.

: Master Output Slave Input.

. Slave Select.

: Media Access Control.

: Quality of Service.

. Kilo bit per second, Mbps: Megabit per second.

. Universal Asynchronous Receiver / Transmitter.

: Universal Synchronous/Asynchronous Receiver/Transmitter.
: Transmission Control Protocol/ Internet Protocol.

Xi



Thiét ké va thi cong hé thong giam sat thai tiét trong nong nghiép ing dung cong nghé LoRaWAN

MO PAU

e Muc dich nghién cuu.
- Tbng quan vé mot s6 md hinh ndng nghiép cdng nghé cao tng dung 10Ts hién
nay.
- Thiét ké, thi cong tram giadm sat thoi tiét ng dung cong nghé LoRaWAN.
e Pham vi nghién cuu.
- Cong nghé truyén nhan dir liéu khéng day dién rong céng suat thap LoRa.
- Céc giao thuc truyén théng truyén nhan di liéu ESP32.
- Xay dung thuat toan va chuong trinh cho thiét bj nhing dua trén ngdn ngix 1ap
trinh C.
e Phuong phéap nghién ciru cua dé tai 1a két hop nghién cau ly thuyét két hop véi thuc
tién dé 1am rd noi dung dé tai.
- Nghién ctu vé c4c yéu té mai trudng anh hudng téi ndng nghiép va mot sé hé
thdng ndng nghiép thdng minh.
- Nghién cttu va lra chon mang truyén thong cong suat thap dién rong LoRa,
ddng thoi nghién ciru mot sb giao thie truyén thong.
- Tim hiéu vé vi diéu khién, cac module cam bién va cach doc gia tri tir cam bién.
- Thi céng md hinh bao gom phan cing va phan mém cho céc thiét bi.
- Lap dat thir nghiém thuc té, danh gia két qua.
e Céu triic do an tot nghiép.
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Chuong 1 - TONG QUAN VE PE TAI

1.1. Giéi thi¢u chwong.

Noi dung chuong nay bay vé muc tiéu, noi dung nghién ctu, ly do chon dé tai, so
d6 khdi caa hé thdng, pham vi tng dung ciia mé hinh, mét sé mé hinh ndng nghiép cong
ngh¢ cao hién nay.

1.2. Pit van de.

Tir thoi xua, néng nghiép da 1a chia khoéa dé duy tri nén vin minh. Néng nghiép
van dong mot vai trd quan trong trong doi séng con nguoi, cung cap luong thyc, thuc
pham ma con dong gop mot phan khdng nho vao GDP, nhiéu nudc van xem néng nghiép
la nganh kinh té quan trong dé phét trién dat nuge. Nong nghiép da trai qua mot chan
duong dai tir phuong phap trong cay thu cong khdng hiéu qua dén trong trot quy mé I6n
tu dong c6 thé sir dung may moc véi cac ky thuat xir Iy moi truong dat, moi truong
khong khi khac nhau va hat giéng nang suit cao. V& co ban, nganh ndy mot mit tiép tuc
bi de doa boi su bat thuong cua thoi tiét do hiéu tng nong I1&n toan cau, mat khac dich
bénh va sau bénh hai cay trong. Pong thoi, sy gia ting nhanh chong ciia dan s toan cau
anh huong téi dién tich dat ndng nghiép ngay cang bi han ché.

Nong nghiép 1a mot nganh cét 16i trong nén kinh té Viét Nam. Nganh nay von di
dugc biét dén véi viec phu thudc vao nhitng kinh nghiém cia nguoi néng dan, kinh
nghiém trong canh tac va san xuat dé cd thé dat duoc ning suat cao. Nhung khong phai
lac nao ning suat, san luong ciing duoc theo nhu ¥ mudn vi ¢6 nhiéu yéu tb tac dong.

Chinh vi 1y do d6, véi tinh hinh khi hau ciing nhu dén sé va luong thyc thi viéc
ting dung khoa hoc, cong nghé va ky thuat vao nong nghiép la tat yéu. Theo xu huéng
cua thé gioi trong thoi dai cong nghiép 4.0, viéc ap dung cong nghé vao trong ndng
nghiép 1a mot giai phap toi wu va c6 thé gitip ngudi nong dan dat duoc nhiéu két qua
cao. Ung dung loT ndng nghiép gilp sir dung phan bon mét cach hidu qua, giam thiéu
sir dung tai nguyén, giam chét tahri moi trudng, ting ning sut va chat luong néng san.
Tir nhitng thuc trang d6, em da quyét dinh chon dé tai “Hé théng giam sat thoi tiét
trong néng nghiép wng dung cong nghé LoRaWan” dé nghién cuu.

N6ng nghiép cbng nghé cao la gi?

Nong nghiép cong nghé cao hay nén cong nghiép ky thuat sé thuc chat 1a viéc 4p
dung cdng nghé hién dai vao nong nghiép. Bao géom cdng nghé thong tin, cong nghé
sinh hoc, cdng nghé vat lidu, cong nghé tu dong hoa, chon loc gidng khoe va cho ning
Suit cao,... Cung v&i cac md hinh san xuét day chuyén tién tién, canh tac hitu co huéng
toi viéc bao vé moi truong.

Qua d6, gdp phan lam ting ning suat va chat luong ndng san. Cai thién chat
lwong cudc sdng cho ngudi nong dan, dong thoi dam bao sic khoe cho cong dong.

0T trong ndng nghiép la gi?
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l0Ts — Internet of Things 1a d& cap dén hang ty thiét bi vat ly trén khip thé gioi
hién duoc két ndi voi mang internet, thu nhap, truyén tai, trao d6i thong tin va chia sé
dir liéu. Cho phép céc thiét bi vat ly giao tiép véi nhau ma khong can sy tham gia truc
tiép cua con nguoi. IoT da phat trién tir sy hoi tu cua cong nghé khdng day, cong nghé
Vé co dién tir va internet. Noi don gian hon, d6 1a sy tap hop cac thiét bi c6 kha nang két
ndi véi nhau, véi internet va thé gii bén ngoai dé thuc hién mot cong viéc nao do.

loTs trong ndng nghiép 1a cac thiét bi thdng minh, cam bién dugc ndi véi diéu
khién tu dong trong suét qué trinh van hanh san xuét canh tac gop phan tranh bi bién
d6i khi hau va hiéu wng nha kinh.

Thém vio d6, ting dung loT trong ndng nghiép gilp nang cao san luong va chat
lwong san pham, giam sir dung tai nguyén va chi phi, téi vu héa qua trinh san xuat. Bong
thoi, dam bao duogc sic khoe cong ddng.

Tai sao nén @ng dung 10T ndng nghiép?

V&i md hinh ndng nghiép hién dai, viéc 4p dung loT trong néng nghiép dang la
xu huéng toan cau, dic biét 1a dbi vai nhimg dat nudc lay nong nghiép lam trong tam,
trong do c6 Viet Nam.

loT s& bién ndng nghiép tir mot linh vire san xuét dinh tinh thanh mot linh vic
san xuat chinh xac dya vao nhitng sé liéu thu thap, tong hop va phan tich thong ke.

Viéc ung dung loT vao trong néng nghiép khong chi gitp gia ting ning suit va
chat luong, giam chi phi va tai nguyén ma con giup nguoi ndng dan tiép can duoc Voi
nén khoa hoc k§ thuat téi tan cua nhan loai, ciing véi dé dem dén cho nguoi st dung vo
van loi ich khong tudng.

Loi ich cta @wng dung 10T trong ndng nghiép
Hiéu qua vwot troi — Giai phap ndng nghiép téi wu

Hién nay, dat néng nghiép dang bi quy hoach dé dau tu vao cac du &n, khai thac
tai nguyén, khu céng nghiép... Lam cho dién tich dat néng nghiép ngay cang giam di.
Song song véi d6 thi nhu cau vé luong thyuc thuc pham cua thé gisi ngay cang tang. Dat
dai ngay cang di xubng do khau canh tac khong dung k§y thuat, thiéu khoa hoc, cong
thém bién ddi khi hau.

Trudce tinh hinh do, tng dung l0T vao ndng nghiép ra doi gitip nguoi ndng dan
kiém soét, theo ddi san pham va diéu kién ciing nhu tinh hinh canh tac theo thoi gian
thuc. 10T trong néng nghiép thu nhap cac thdng tin, s6 liéu va dy doan trudc cac van dé
nhu dich bénh, sy phat trién cua cay... Dé ngudi nong dan dua ra quyét dinh kip thoi.

Ap dung 10T vao ndng nghiép gilp tiét kiém duoc thoi gian va cong stc lao dong
hon thdng qua quy trinh tw dong hoa. Nhu tudi cay, bon phan, robot thu hoach tu dong...

Pha song néng nghiép théng minh
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Dap g nhu cau vé lvong thuc va viéc do thi hoa ngay cang tang. Cac mo hinh
trong cay, rau trong nha kinh va thity canh ra doi dua trén loT trong néng nghiép dé
cung &ng kip thuoi cho thi trudng cac san pham loai trai cay va rau ngian ngay vi du nhu
cai ngot, rau muéng, dau tay, ngo,...

Hé thong ndng nghiép théng minh két hop véi chu trinh khép kin cho phép trong
trot & moi noi nhu ban céng, san thuong. .. dé phuc vu cho ddi séng hang ngay.
Nhanh choéng, tiét kiém thei gian — cai thién tée d@é va thich nghi véi diéu kién phirc
tap.

Vi su hd tro tir cong nghé théng minh cﬁa loT 1’J:ng dung vao trong néng nghiép
gilp theo dbi va du doan dugc cac thay doi vé thoi tiét, do am, chét luong khong khi,
tinh hinh phaét trién va dich bénh cta vuon cay. Nho sy tién ich d6, moi truong song va
phét trién ciia cay trong ting giai doan déu & muc 1y tudng.

Qua d6, gitup ciy phat trién nhanh chong va it bi sau bénh.
Giam thiéu sir dung tai nguyén — Tiét kiém chi phi

Ung dung loT trong néng nghiép da duoc 1ap trinh sin céc ché d6 dé téi uu hoa
viéc str dung cac tai nguyén nhu nude, dat dai, nang luong. Thuc hién canh tac dya trén
hé thong cam bién gitip ngudi ndng dan phan bé tai nguyén dong déu va chinh xac. Giup
tiét kiém duoc chi phi va dem lai hiéu qua cao hon.

Quy trinh nudi tréng sach va an toan

Hé thong loT trong ndng nghiép tng dung khéng chi gilp giam thiéu viéc sir
dung tai nguy&n ma con giam thiéu sir dung thudc trir sdu va phan bon héa hoc. Diéu
nay hudng dén san pham cudi cing téi ngudi tiéu dung sach s& va dam bao an toan hon.
Cii thién chat lwong ndng san cho ndng dan

Hinh thtic san xuat ndng nghiép dua trén cdng nghé hién dai thdng minh gidp gia
tang san luong va chat luong hon. Nhu viéc sir dung cam bién, giam sat bang may bay
khong ngudi lai va 1ap ban do trang trai dé theo ddi sy phat trién ciing nhur tinh hinh sau
bénh.

Mt s6 md hinh néng nghiép cong nghé cao hién nay.
1.2.1. Téng quan vé md hinh.

Tong quan vé mot md hinh giam sat su phat trién cia cay trong.
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Application Control/ Monitoring

Application layer %
@
9 By E

Router 3G/AH4G Internet Server

Data and communication layer
)

.’

Environmental data acquisition layer

Hinh 1.1 M6 hinh &ng dung 10T trong ndng nghiép cong nghé cao tai 1 ndng trai
& Théi Lan

Céc chirc nang cua hé thong:

e Heé thdng nudi trong va cham soc tu dong hda hoan toan.

e Do dac cac chi s6 dinh dudng, d6 pH, anh sang, nhiét do, ¢ am ty dong 24/7.

e Ngudi dung c6 thé diéu khién cac khdi co cAu chap hanh tir xa qua céc app hoic
diéu khién truc tiép tai cac tram diéu khién.

Uu nhuoc diém cta mé hinh:
e Uudiém
- CO6 cac phan mém, app dé theo ddi, gidm séat cac thong sé mai trudng va
diéu khién céc khdi co cau chap hanh.
- Tbc @6 truyén dix liéu nhanh.
- Tén it thoi gian dé quan ly néng trai.
- Sir dung c6ng nghé dién toan dam may dé luu trit dir liéu.
e Nhugc diém
- Vi sir dung Wifi nén bi giéi han vé khoang cach.
- Phu thudc vao dién ludi.
1.2.2. Cac md hinh néng nghiép cdng nghé cao dang c6 hién nay trén thé giéi.
No6ng nghiép céng nghé cao la gi?
Nong nghiép cdng nghé cao 1a md hinh tng dung cong nghé tién tién vao san
Xuit nhiam thu duoc hiéu qua vé niang suit, chat lugng ndng san, tiét kiém suc lao

dong,...
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U'u diém ciia viéc &eng dung cdng nghé cao trong néng nghiép

- Viéc ¢ng dung su tién tién caa khoa hoc cdng nghé vao trong néng nghiép nham
t6i mot sb hiéu qua nhat dinh bao gom:

- Kiém soat duoc yéu td moi trudng trong trong trot va chin nudi.

- Tiét kiém stc lao dong.

- Kiém soét tir xa.

- Nang cao ning suat va chét luong cay trong, vat nudi.

- Tiét kiem nguyén nhién liéu néng nghiép.

- Bao vé moi truong.

- Han ché tac dong cua sau bénh hai dén nong san.

- Bao quan ndng san tét hon.

Céc mo hinh ndng nghiép cong nghé cao trén thé giéi [1]
AeroFarms — Nong trai thing ding Ién nhat thé giéi

Khi nhic dén linh vyc tréng rau sach trong nha s& that thiéu sét néu ching ta
khong nhic dén AeroFarms. Pay duoc xem la néng trai thwong mai dan dau thé gisi vé
quy trinh canh tac du bao dugc san lugng, thoi gian thu hoach. M6 hinh nay dac biét
khong hé gay 6i nhiém méi truong va chét lugng lwong thuc thuc pham tét hon han.

Hinh 1.2 Nong trai thang ding AeroFarms lon nhét thé gisi c6 dién tich 6400m2,
cung cap 900 tan rau la xanh mot nam.

Trang trai AeroFarms str dung hé théng khi canh va khéng dung anh sang mat
troi. Cay trong ¢ day hap thu anh sang thdng minh tir hé thong dén LED co thé diéu
chinh tu dong. Nong trai con ¢ mot hé théng dix liéu giam sat tinh hinh phat trién cua
tng cdy kem phan tich du béo.

Modular Farms — Néng trai trong container
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Hinh 1.3 Bén trong trang trai Modular Farms tai Canada

No6i dén ndng nghiép cong nghé cao trén thé giéi khong thé khdng ké dén md
hinh Modular Farms dén tir Canada. Hé thng canh tac dugc thiét ké trong nha dudi
dang module. Bao gom céc container dé dang thao lap va van chuyén bing tau bién, tau
hoa, xe tai. Cac 16p cach nhiét dic biét trong container gip cho rau xanh phat trién
quanh nim ma khong lo ngai vé thoi tiét,

Modular Farms bao gém cac module chinh va cac module phu b sung gitp cho
ngudi dan cd thé tich hop thém cac chice nang hodc mé rong hoat dong kinh doanh hiéu
qua. Module chinh duoc van hanh theo quy trinh khép kin va déng vai tro nén tang.
Module bé sung sé& c6 chie nang chuyén dung nhu: cap nudéc, bao quan, luu trir...co
kha ning tang hiéu suat canh tac dén 150%.

M6 hinh N6ng trai théng minh
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‘ [ l// -
=¥, B " S : AL

Hinh 1.4 M6 hinh néng trai théng minh

Mo hinh nay twong ddi phé bién trén thé gisi, trong md hinh nay cac san pham
ndng nghiép dugc quy hoach thanh ting khu vuc chuyén biét, dong thoi sir dung céc
cbng nghé canh tac hién dai, thong minh.

e Mot s6 cong nghé duogc (g dung vao trong mé hinh nay bao gom:
- Nha kinh diéu khién khi hau ¢ Phap.
- Canh tac nhiéu tang & Singapore.
- Cong nghé san xuat nha mang va tudi théng minh tai Israel. ..

M0 hinh Chudi cung @ng khép kin

Mo hinh Chudi cung ttng khép kin 1a mét loai mé hinh ndng nghiép cong nghé
cao cho phép tich hop nhiéu hinh thac tir trong trot dén chian nudi va canh tc.... trong
cung mét khu vuc ndng trai, muc dich tao ra mot vong cung uwng khép kin.

Ung dung md hinh chudi cung tng khép kin nay giup doanh nghiép c6 thé chi
dong, kiém soat dugc chat luong dau vao cua thic an ciing nhu chat luong san pham
khi tung ra thi truong, tao dung thuong hiéu cho san pham.

Mb hinh tréng rau “khi canh”

Pay la mo hinh néng nghiép cdng nghé cao kha mai. Trong md hinh nay, rau sé
duoc trong lo ling trén khong, ¢ng dung hé thdng phun swong dé cung cip nude cho
rau va c6 thiét bi lay lai nudc bay hoi dé tan dung lai.
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"

Hinh 1.5M0 hinh vuon rau khi ca‘nh st dung nang lugng Mat Troi tai Lam
bong

Ngoai md hinh trdng rau khi canh thi mé hinh trong rau thily canh duoc ap dung
phd bién tai nhiéu khu vuc & nuéc ta. Uu diém ciia md hinh trdng rau nay 1a tan dung
duoc tat ca rau sach khong bi ung Ga, nam lam hong 14 nhu khi trdng rau duéi dat.

Ung dung may bay trong néng nghiép phun thuéc, gieo hat, bon phan

Véi su phét trién cua khoa hoc cdng nghé, nhiéu loai may moéc ra doi duoc tng
dung trong san xuit ndng nghiép, gitp ting ning suét, chat lugng ndng san, déng thoi
giai phéng strc lao dong cho con ngudi. Mot trong nhitng thanh tuu d6 khong thé khong
nhic dén may bay ndng nghiép khong nguoi lai. May bay ndng nghiép khong ngudi lai
duoc str dung nhu mot ¢éng cu dac luc cho ngudi ndng dan trong cac cong viéc nhu:
gieo sa gidng, rai phan bon, rai thirc an chin nudi cho tdm, phun thudc trir sau.
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Hinh 1.6 May bay khong ngudi lai dang phun thude cho canh dong.

Véi cac dong may bay néng nghiép hién dai nhat hién nay nhu: DJI Agras T20P, DJI
Ag,ras T30, DJI Agras T40, AgriDrone Viét Nam mang dép cho ba con giai phap tot
nhat cho cac cong viéc: bon phg?m, gieo hat giong, phun thuoc trir sdu. Nho do giup toi
uu hoa cong viée, tang nang suat va giai phdng strc lao dong cho con nguoi.

Ung dung may bay ndng nghiép khong nguoi l4i 1a xu huéng tat yéu trong thoi dai
4.0, gilp nén ndng nghiép Viét Nam ngay cang phat trién, cai thién doi song cho nguoi
ndng dan.

1.4. Muc tiéu cia dé tai. ‘ o ,
Nhom da dét ra nhitng muc ti€u cia do 4n nhu sau: thiét ké va thi cong hé thong

giam sat thoi tiét trong nong nghiép tng dung mang LoRaWAN.
Pé dat duge muc tiéu nay, nhoém can phai thuc hién cac ndi dung sau:

« Tim hiéu vé cong nghé LoRa.

« Tim hiéu vé giao thic LoRaWAN va mét sé giao thirc khong day khac.

« Thiét ké LoORaWAN Endnode dé thu thap dit liéu tu.

« Cam bién, diu khién, truyén dit liéu 1én getaway, thiét ké giao dién wedsite

cho nguoi dung str dung.
1.5.So d6 khoi.

So dd téng quat ciia mot tram giam sat thoi tiét ung dung cong nghé LoRaWAN.
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Hinh 1.7 So do khdi ciia mot tram giam sét thoi tiét ing dung cong nghé
LoRaWAN

Vai tro ciia tirng khdi:

Khoi solar: Chuyén ddi ning lugng anh sang mit troi thanh dién nang - Cung
cap dién ning cho hoat dong cua timg Node va ddng thoi sac vao pin dé du trir
dién nang.

Khoi battery: Cung cap dién ning cho Node budi ti va nhitng ngay khong co
nang dé cap dién ap tir Solar.

Khéi cam bién: Doc céc gia tri nhiét 46, 46 am, p suit,... dé dua dir liéu vao
khoi xur ly trung tam.

Khoi xir Iy trung tam: Xir Iy cac tin hiéu dau vao va xuat tin hiéu dau ra cho
module LoRa.

Gateway: Nhan dir li¢u tr Node sau d6 gui I1én LoRaWAN Sever.

LoRaWAN Server: Hién thi giao dién nguoi dung, xdy dung cic biéu do thé
hién cac gia tri doc tir cam bién va luu trix gia tri do dé danh gia kha nang hoat

dong cua hé thong va cac chic nang di¢u khién thiét bi.

Nguyén Iy hoat dgng ciia hé thong:

Khi c6 ngudn tir Battery hoic Solar thi cac module cam bién s& doc gi4 tri tir moi

truong dua vé khdi xt 1y trung tAm dé xtr Iy dit liéu. Sau d6 khéi xtr ly trung tam s& dua
dir liéu vao module LoRa. Ttr module LoRa, dit liéu s& tiép tuc dugc truyén dén Gateway
nho mang LoRa. Tur Gateway dir liu sé duoc gui 1én LoRaWAN Sever, ¢ day dir li¢u
s& duoc luu trit va ngudi dung can cai dit app hodc vao web dé cd thé quan sat duoc cac
gia tri tir cam bién truyén vé.

1.6. No¢i dung nghién ciru.
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Céc noi dung chinh can thuc hién:
- Tim hiéu vé& cac yéu t6 thoi tiét lién quan dén néng nghiép
- Thiét ké so dd, cau truc hé thong
- Tim hiéu v& vi diéu khién, vi xtr Iy
- Tim hiéu v& truyén théng dit liéu khong ddy LoRaWAN
- Tim hiéu vé nén tang tng dung ngudi dung
- Thi cong thuc hién mé hinh hé théng
Lap dat thir nghiém va phan tich sé liéu

1.7.Pham vi irng dung.

Dé tai c6 thé ung dung cho mot trang trai, trai chdn nuoi, cac canh déng tréng trot

rong 16n, trong thanh phd,...
1.8. Két luan chwong.

Chuong ndy da trinh bay vé so d6 khdi so d6 khéi cua hé thong, nguyén Iy hoat
dong, nhitng muc tiéu, nhitng ndi dung can thuc hién trong qué trinh nghién ctru dé
tai, tong quan vé mot mo hinh va trinh bay mot sé mé hinh cong nghé cao trong thure
té hién nay. Chuong tiép theo em s& gi6i thiéu vé cong nghé LoRa va cac giao thic

truyén thong trong hé thong.
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Chuong 2 - TONG QUAN VE CONG NGHE LORA VA CAC GIAO
THUC TRUYEN THONG TRONG HE THONG

2.1. Gi6i thi¢u chwong.

Noi dung chuong nay sé& trinh bay vé mot sé mang truyén thong khéng diy phd
bién hién nay, khai niém LoRa, nguyén Iy hoat dong, cac tham sb ciia LoRa. Khai niém
vé giao thirc LoRaWAN, cAu tric ctia mot hé théng LoRaWAN, wu va nhuoc diém cua
LoRaWAN, ting dung LoRa trong thuc tién hién nay.

2.2. Cac mang truyén thong khong day phé bién hién nay.
2.2.1. Bluetooh.

Hién nay, Bluetooth da xuat hién hau hét ¢ cac thiét bi nhu may tinh, di¢n
thoai,...va n6 duogc du kién 1a chia khoa cho cac san phém IoTs dac biét, cho phép giao
tiép thiét bi v4i cac smartphone.

Hién nay, BLE — Bluetooth Low Energy — hodc Bluetooth Smart la mgt giao thirc
dugc st dung dang ké cho cac ung dung IoTs. Quan trong hon, cung vi mot khoang
cach truyén tuong tu nhu Bluetooth, BLE dugc thiét ké dé tiéu thu cong suat it hon rat
nhiéu.

Tuy nhién, BLE khéng thuc su duoc thiét ké cho cac ung dung dung dé truyén file
va s& pht hop hon cho khéi dit liéu nho. N6 ¢6 mot loi thé vo cung 16n trong bdi canh
hién nay, khi ma smartphone la mot thiét bi khong thé thiéu cia mdi nguoi. Theo
Bluetooth SIG, hi¢n c6 hon 90% dién thoai smartphone dugc cai bluetooth, bao g6m
cac hé diéu hanh 10S, Android va Window.

Mot s6 thong tin k¥ thuét vé Bluetooth 4.2
- Téan s6: 2.4GHz
- Pham vi: <400m (Smart/BLE)
- Dit liéu truyén duoc: 1IMbps.[2]
2.2.2. Zigbee.

Zigbee 12 mot loai truyén thong trong khoang cach ngan, hién dugc sir dung véi
s6 luong 16n va thuong duge sit dung trong cong nghiép. Dién hinh, Zigbee Pro va
Zigbee remote control (RF4CE) duoc thiét ké trén nén tang giao thirc IEEE802.15.4 —
13 mot chudn giao thirc truyén théng vat 1y trong cong nghiép hoat dong ¢ 2.4 GHz
thuong dugc str dung trong cac tng dung khoang cich ngin va dit liéu truyén tin it
nhung thudong xuyén, dugc danh gia phu hop véi cac ing dung trong smarthome hoac
trong mot khu vuc d6 thi, chung cu.

Zigbee va RFACE c6 mot loi thé dang ké trong cac hé thdng phirc tap can cac didu
Sinh vién thuc hién: Nguyén Huy Hoang GVHD: TS. NGUYEN THI KHANH HONG 13
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nhu: tiéu thu cong suét thip, tinh bao mét cao, kha ning mé rong sb luong cac node
cao,... vi du nhu yéu cau cua cac tng dung M2M va IoTs 13 dién hinh. Phién ban méi
nhit ciia Zigbee 13 3.0, trong d6 diém ndi bat 1 sy hop nhat cua cac tiéu chuan Zigbee
khac nhau thanh mot tiéu chuan duy nhat.
Mot sb thong sb ki thuat

- Tiéu chuén: Zigbee 3.0 dya trén IEEE802.15.4

- Tan s6 2.4GHz

- Khoang cach: <100m

- Tbc do truyén: 250kbps.[2]

2.2.3. WiFi.

Wifi (Wireless Fidelity hay mang 802.11) 1a hé thong mang khong day sir dung
song vo tuyén, ciing giébng nhu dién thoai di dong, truyén hinh va radio. Két ndi Wifi
thuong 1a sy lua chon hang dau cua rat nhiéu k¥ su giai phap boi tinh théng dung va
kinh té ctia hé thong Wifi va mang LAN véi mé hinh két ndi trong mot pham vi dia 1y
co gidi han.

Céc song vo tuyén sir dung cho Wifi gan giéng véi cac song vo tuyén st dung cho
thiét bi cam tay, dién thoai di dong va céc thiét bi khac. N6 c6 thé chuyén va nhan song
v tuyén, chuyén doi cac ma nhi phan 0 va 1 sang song vo tuyén va nguoc lai. Tuy nhién,
song Wifi c6 mot s6 khac biét so véi cac song vo tuyén ¢ chd: chiing truyén va phét tin
hiéu & tan s6 2.4GHz va 5GHz. Tan sd nay cao hon so v&i cac tan sb st dung cho dién
thoai di dong, cac thiét bi cam tay va truyén hinh. Tan sé cao hon cho phép tin hiéu
mang theo nhiéu dir liéu hon.

Hi¢n nay, da s6 cac thiét bj Wifi déu tuan tha theo chuin 802.11n, duoc phat &
tan s6 2.4GHz va dat toc d6 xur 1y t6i da 300Mbps.

Thong s6 k¥ thuat co ban

- Tiéu chuan: dua trén 802.11n

- Tan s6: 2.4GHz va 5GHz

- Pham vi: <I50m

- Tdc d6 truyén: t6i da 600Mbps, nhung dién hinh 1a 150-200Mbps. [2]
2.2.4. NFC.

NFC (Near-Field Communication) 12 cong nghé két ndi khong day trong pham

vi tAm ngin trong khoang cach 4 cm. Cong nghé nay sir dung cam Gng tir truong dé thuc
hién két ndi giira cac thiét bi (smartphone, table, loa, tai nghe,...) khi c6 su tiép xtc

cham.
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Khi hai thiét bj déu c6 két ndi NFC, ban c6 thé cham ching vao nhau dé kich
hoat tinh ning nay va nhanh chong truyén tap tin gdm danh ba, nhac, hinh anh, video,
ung dung hodc dia chi Website,.. .0 céc nudc phat trién, NFC con duogc xem 1a vi dién
ttr khi 6 thé thanh toan truc tuyén, tién lgi va nhanh chong.

Ngoai viéc giup truyén tai dit liéu nhu trén thi NFC con mé rong v6i nhitng cong
dung vi du nhu ban dén quan ca phé c6 mot thé NFC dé trén ban, trong thé nay di cai
dat sin Wifi, thong tin cua quan,...luc ndy ban léy chiéc dién thoai cham vao NFC nay
thi may s& bat tat ca cac tinh ning duoc cai san trong thé d6 ma khong can phai nhd goi
nhan vién. Hoic tién tién hon thi sau nay c6 thé mua hang hoa trong siéu thi 16n thi quet
NFC cua dién thoai dé thanh toan tién hang.

Thong s6 k¥ thuat co ban
Tiéu chuén: ISO/IEC 18000-3
- Tén sd: 13.56MHz (ISM)

- Pham vi: <20cm
- Tbc do truyén: 100-420kbps.[2]

2.2.5. LoRa.

LoRa 14 viét tit cuia Long Range Radio dugc nghién ctru va phat trién boi Cycleo
va sau nay dugc mua lai boi cong ty Semtech ndm 2012. V61 cong nghé nay, chiing ta
c6 thé truyén dir liéu voi khoang cach 1én hang km ma khong can cac mach khuéch dai
cong suat; tir d6 gitp tiét kiém ning luong tiéu thu khi truyén/nhan dit liéu. Do d6, LoRa
c¢6 thé duoc ap dung rong rii trong cac ing dung thu thap dir liéu nhu sensor network
trong d6 cac sensor node c6 thé giri gia tri do dac vé trung tim cach xa hang km va c6
thé hoat dong voi battery trong thoi gian dai trude khi can thay pin.

Thong s6 k¥ thuat co ban
- Tiéu chuan: IEEE802.15.4
- Tén so:
- 430MHz cho chau A
- 780MHz cho Trung Qudc
- 433MHz hodc 866MHz cho chau Au
- 915MHz cho USA
- Pham vi: 1én dén hang kilomet
- Toc do truyén: 0.25-50Kbps.
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Cong nghé LoRa di tao mdt budc tién 16n bang cach cho phép truyén nhan dir
liéu trong mot khoang cach xa trong khi tiéu thu rat it ning luong. Cac nhugc diém cia
cac cong nghé khong day khac nhu 14 yéu cau bang thong cao, ning luong tiéu thu cao
va giéi han vé khoang cach truyén déu dugc LoRa khéc phuc. Trén thuc té, cong nghé
LoRa c6 thé sir dung rit linh hoat trong cac tng dung nhu thanh phd thong minh, nha

thong minh, nong nghiép thong minh va chudi cung tng thong minh.[3]
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Hinh 2.1 M6 hinh LoRa giam sat c4c chi s6 méi truong.

2.3. Mang truyén thong khong day dién réng cong suat thap LoRa.
2.3.1. Dinh nghia.

LoRa la mot ky thuat diéu ché (modulation) dua trén ky thuat Spread-Spectrum
va mot bién thé ciia Chirp Spread Spectrum (CSS), do d6 chiing ta c6 thé truyén dit liéu
véi khoang céach 1én hang km ma khong can cac mach khuéch dai cong suat; tir d6 gitp
tiét kiém nang luong tiéu thu khi truyén/nhan dir liéu.

Bing tan lam viéc cua LoRa tir 430MHz dén 915MHz cho ting khu vuc khac
nhau trén thé gisi. Hé thong st dung bang tan 430MHz dugc cho phép ¢ khu vuc chau
A

Nho stir dung chirp signal ma cac tin hiéu LoRa véi cac chirp rate khac nhau co
thé hoat dong trong cuing 1 khu vuc ma khéng gay nhiéu cho nhau. Biéu nay cho phép
nhiéu thiét bi LoRa c6 thé trao doi dit liéu trén nhiéu kénh dong thoi (mdi kénh cho 1
chirprate).

Cac dic trung cua diéu ché LoRa:

- Kha ning md rong bang thong: Piéu ché LoRa c6 thé dugc sir dung cho
ca ung dung nhay tan bang tan hep va tng dung bang rong

- C6ng suat phét thap: viéc sir dung cac chirp dé diéu ché da gitp cho tin
hiéu LoRa c6 thé d& dang thu dwoc vi vay cdng suat cua tin hiéu phét chi
can & murc thap
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- Kha ning chéng nhiéu tét.
- Chéng lai hién tuong fading: do céc chirp cia LoRa c6 bing thong tuong
dbi rong.[3]
2.3.2. Mét s6 tham sé ciia LoRa.

e Heé sd lan truyén (SF — Spreading Factor): 1a s6 lugng tin hiéu chirp ma héa tin
hiéu cua dit liéu, SF nam trong khoang tir 7 dén 12. Vi du SF=12 nghia 1a mot mac logic
sé dugc ma hda thanh 12 tin hiéu chirp.

e Bing théng (BW): Bing thong xac dinh d6 rong tan sé ma tin hiéu chirp c6 thé
thay d6i, thong thudng BW = 125kHz, 250kHz hoic 500kHz.

e Ty lé midhda (CR — Coding Rate): 14 ti I¢ bit dugc thém vao trong gbi tin dé bén
nhan cd thé sir dung dé khoéi phuc lai mot sé bit dix liéu nhan sai va tir d6 khoi phuc lai
toan bo dir liéu.

e RSSI la cong suét tin hiéu thu duoc & may thu, do bang mW hoic dBm. Thuong
la gia tri am khi do bing dBm, cang gan 0 tin hiéu cang manh. Trong thuc té thi khi
truyén LoRa: 30dBm (tin hiéu manh), 120dBM (tin hiéu yéu).

o Data Rate (hay con goi la Bit Rate) 1a s luong bit truyén di trong 1 don vi thoi
gian.

e Symbol rate 1a dai dién cho 1 hoic nhiéu bit tin hiéu. [3]

2.3.3. Nguyén ly hoat dong.

;- \ \ /\\ % | fﬂ | (\' ” ’f’ HN l-
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LoRa sir dung k§ thuat diéu ché goi la Chirp Spread Spectrum. C6 thé hiéu la dix liéu s&
dugce bam bang cac xung cao tan dé tao ra tin hiéu c6 day tan sé cao hon tan s cua di
lieu goc (goi 1a chipped); sau d6 tin hiéu cao tan nay tiép tuc dugc ma hoa theo cac chudi
chirp signal 1a céc tin hiéu hinh sin c6 tan sé thay di theo thoi gian; ¢ 2 loai chirp
signal 1 up-chirp c6 tan s ting theo thoi gian va down-chirp c6 tan sé giam theo thoi
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gian; va viéc ma hoa theo nguyén tic bit 1 s& st dung up-chirp, va bit 0 s& si dung
down-chirp trudc khi truyén ra anten dé giri di.

Theo Semtech cong bé thi nguyén ly nay gidp giam d6 phac tap va do chinh xéac
can thiét cia mach nhan dé c6 thé giai ma va diéu ché lai dit liéu; hon nita LoRa khong
can cong suit phat Ié6n ma van c6 thé truyén xa vi tin hiéu Lora c6 thé dugc nhan &
khoang cach xa ngay ca d6 manh tin hiéu thap hon ca nhidu méi treong xung quanh.[3]

2.4. Giao thirc LoRaWAN.
2.4.1. Khai ni¢m.

Giao thic LoRaWAN 4 giao thirc dugc xay dung dé truyén nhan dix liéu giira cac
thiét bi sir dung cong nghé truyén thdng tim xa nang luong thap voi Server. Giao thirc
LoRaWAN duoc xay dung boi lién minh LoRa va dwoc chinh thic hoa trong dac ta
LoRaWAN tai trang web cua lién minh LoRa.

Thong s6 khu vic: LoRaWAN hoat dong trong pho vo tuyén khong can cap phép,
diéu nay co6 nghia 1a bat Ky ai ciing ¢ thé str dung ma khdng phai tra phi. N6 tuong tu
nhu WiFi, sit dung bang tan ISM 2.4GHz va 5GHz trén toan thé gioi. Bat ky ai ciing
duogc phép thiét 1ap bo dinh tuyén WiFi va truyén tin hiéu WiFi ma khong can giay phép.
LoRaWAN sir dung tan s6 vo tuyén thap hon véi pham vi xa hon. Thuyc té 1a cac tan sé
c6 pham vi dai hon ciing di kém véi nhiéu han ché hon thuong mang tinh quéc gia cu
thé. Picu nay dit ra mot thach thirc cho LoRaWAN, d6 1a ¢ gang dong nhat & tat ca
cac khu vuc khac nhau trén thé giéi. Do d6, LoRaWAN dugc chi dinh cho mot sé bang
tan cho céac ving nay. LoRaWAN c6 théng sé k¥ thuat khu vuc chinh thie dugc quy
dinh bai Lién minh LoRa

Mang LoRaWAN ludn duoc trién khai theo cau trdc lién két hinh sao. Khong
giong nhur cau trac lién két ludi, cau trdc lién két hinh sao 14 1y twong cho cac ndt cudi
han ché niang luong (tic 14 hoat dong bang pin) (cam bién) vi n6 chi phai truyén cac
thong diép cua chinh né va khéng phai 1ang phi tudi tho pin khi chuyén tiép céc thdng
bdo tir cac nut cudi xung quanh. Mang LoRaWAN bao gom mét hoic nhiéu cong
LoRaWAN dugc két ndi voi mot bo didu phdi mang trung tdm, hay con duoc goi 1a may
chu mang (NS).
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Khong giéng nhu cac tram gdc di dong c6 mic d6 phirc tap phan ciing va phan
mém cao va do d6 chi phi cao, cac cong LoRaWAN 1a cau ndi giao thirc co ban vai chi
phi thap hon nhiéu. M&i céng nhan duoc cac théng diép vo tuyén duoc diéu ché LoRa
tir tat ca cac nat cudi LoRaWAN trong khoang cach vo tuyén. [3]
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/Gateway Server Server
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LoRa® RF TCP/IP SSL TCP/IP SSL
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Figure 5: LoORaWAN Star Network Topology

Hinh 2.3 Mang hinh sao LoRaWAN
2.4.2. Cau tric ciia hé thong LoRaWAN.

Kién trac cua hé théng LoRaWAN duoc trién khai theo ciu trac 1ién két hinh sao

bao gdbm

- Nodes: cam bién léy dir liéu tor moi truong, s€ ma hoa cac dir li¢u thu thap duoc
thanh cac goi tin rdi guri vé gateway.

- Gateways: dam nhdn vai tro nhu mot thiét bi trung gian gitp lién két cac nodes
v6i internet. Trong moi trudng truyén thi mot gateway c6 thé nhan nhiu goi tin tir
cac node sensor khac nhau. Viéc cta gateway 1a sip xép cac goi tin nhan duoc rdi
dua qua network servers dé xir li.

- Network Servers: ddy 1a trung tam diéu khién, quan li cac géi tin. B4i trong hé
thdng s& c6 nhiéu gateway, cac gateway ndy c6 thé nhan trung géi tin cia nhau hoic
viéc nhan cac gobi tin bi tré, khong déng thoi. Network server s€ chd cho cac goi tin
duoc nhan du sau d6 so sanh dé loai bo cac goi tin trung lip, roi giai ma chung vé
dang dir liéu ma ngudi dung can.

- Application Servers: c6 thé 1a mot website hodc app, ngudi dung chi can truy can

vao dé xem dugc gia tri ma tir node giri ve.[3]
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2.5. Uu nhwoc diém cia LoRaWAN.
2.5.1. Uu diém.

Hoat dong trén tan sé6 mién phi, khdng can cip phép.

Mot gateway Lora don duoc thiét ké dé cham séc hang ngan thiét bi dau

cudi hoac node.
Tam xa cho phép céc giai phap tng dung nhu thanh phd théng minh, néng

nghiép thong minh,.....
- Truyén thong tam xa, 1én dén hang chuc km.
- Tiét kiém ning luong, ting tudi tho pin.
- Chi phi thap.
- Bao mat gai tin.
2.5.2. Nhwoc diém.

- Dt liéu thoi gian thuc.
- Khoéng phu hop véi cac (ing dung yéu cau biang thong cao.
- Vi la tan s md nén cd thé bi nhidu va tée do truyén khdng on dinh.
2.6. Ung dung LoRa.
- Ung dung LoRa trong thanh phé théng minh nhu: quan Iy giao théng, giam sat
moi trudng, gidm sat ning luong tiéu thy, hé théng chiéu sang,...
- Ung dung LoRa c4c toa nha nhu: phat hién ro ri nudc, phét hién chéay, giam sat an
ninh,....
- Ung dung LoRa vao trong ndng nghiép nhu giam sat thoi tiét, theo dai suc khoe
vat nu6i, gidm sat an ninh trang trai,..

2.7. Giao thirc MQTT.
2.7.1. Dinh nghia.

Giao thuc MQTT Ia giao thuc truyén thong diép (message) theo mé hinh
publish/subscribe (xuat ban — theo ddi), sir dung bang thong thap, d6 tin cay cao va co
kha ning hoat dong trong diéu kién duong truyén khong 6n dinh. Giao thiic ¢6 cac dic
diém sau:

« Céc message trong MQTT khong dong bo .

« Gui nhan c&c message theo publish/Subscribe.

« C06 3 cap do QoS (Qualities of service) 140, 1, 2
« Giao thixc MQTT chay trén nén tang TCP/IP.
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2.7.2. Kién truc giao thiec MQTT.

Client Broker

Application
E &=

MQTT

TCP

=

Hinh 2.4 M6 hinh giao thac MQTT.

Publisher va subscriber: M6 hinh publish/subscribe la mot m6 hinh duoc sur dung
thay thé cho mé hinh khach — chi truyén théng. Trong mé hinh giao thirc MQTT, cac
client c6 thé trao ddi cac goi tin vai nhau bang cach xuét ban goi tin (goi 1a publisher)
hodc dang ky nhan goi tin (goi la subscriber), tuy nhién cac client khong hé biét dén sy
t6n tai cua nhau. C6 mot thanh phan thir ba, dong vai trd nhu mot server trung tim (dwoc
goi 1a broker) 12 noi ma céc client c6 thé biét dén va dong vai tro trung gian c6 kha ning
loc cac g6i tin nhan tir cac publisher dé gui dén cac subscriber phu hop.

Topic message

Hinh 2.5 M6 hinh publish-subscribe.

MQTT Broker: Péi tac caa cac MQTT client 1a MQTT broker, dy chinh 13 trai
tim cua bat ky mot giao thirc to chirc theo mé hinh publish/subscribe. Ty thudc vao cac
cdng viéc cu thé, mot broker cd thé xu ly hang ngan két ndi ddng thoi tir cac client.
MQTT broker chiu trach nhiém chinh trong viéc nhan tat ca cac géi tin, loc goi tin va
quyét dinh guri goi tin dén cac client da ding ky nhan cac géi tin do.

Topic: La noi ma cac Publisher sé gui message t6i va cac Subcriber da dang ki
topic do s€ dugc nhan message.

Message: CAc message sé& chira cac thong tin ma cac Publisher/Subcriber muén trao
d6i.[4]
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2.8. Giao thirc truyén thong Modbus RTU.

Modbus RTU la giao thirc truyén dit liéu theo kiéu ndi tiép, hd trg ca 2 chuan truyén
RS232 va RS485. RS485 cho phép két ndi nhiéu cam bién, dong thoi ¢6 tinh 6n dinh va
truyén duoc khoang cach xa.

Trong Modbus RTU, cac thiét bi giao tiép véi nhau bang cach st dung co ché
Master — Slave, trong d6 Master 1a mot thiét bi chu c6 thé khai tao “query” (goi 1a truy
van) chira dia chi caa ting Slave. Cac Slave sé& thuc hién hanh dong duoc yéu cau hoic
cung cap dir liéu duoc yéu cau trong “query”, ddng thoi tra lai mot “response” cho
“query” ma twong uwng vdéi dia chi caa no.

Thiét bi Master c6 thé goi timg Slave doc lap, hoac khai tao mét tin nhan broadcast
(ban tin) cho tat ca cac Slave cuing mot ltc. Cac response sé khéng phan hdi véi tin nhan
broadcast tir Master.

2.8.1. Cau tric Query va Response.

Query message from Master .

Device Address Device Address
Function Code Function Code
Eight-Bit ~  Eight-Bit
— Data Bytes — — Data Bytes —
Error Check Error Check

. Response message from Slave

Hinh 2.6 C4u tric Query va Response.

Cau trdc Query:
« Truong dia chi (Address Field): sé dugc gan gia tri dia chi Slave ma Master
mubn giri dén.
« Truong chic ning (Function Field): s& bao cho Slave cai loai hanh dong dé thuc
hién.
« Truong dix liéu (Data Field): s& chia thong tin bo sung ma Slave can dé thuc thi
hanh dong duoc yéu cau.
« Truong kiém tra 15i (Error-checking Field): cung cap cho Slave mét phuong
phap dé xac minh tinh toan ven caa ndi dung tin nhan.
Cau triic Response:
« Truong dia chi (Address Field): chira dia chi cua thiét bj Slave.[5]
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« Truong chic niang (Function Field): phan hoi twong ty trudng chic ning cua
Query.

e Truong dir liéu (Data Field): chua dir liéu thu thap duogc, nhu 1a gia tri thanh
ghi.

« Truong kiém tra 16i (Error-checking Field): cho phép Master xac nhan rang noi
dung tin nhin 13 hop 18.

Néu c6 I5i xay ra, function code s& duoc sira ddi dé chi ra rang “response” 1a mét 15i
va data field s& chita doan code md ta 19i.

2.8.2. Khung truyén ciia Modbus RTU.

Start 0 1 2 3 4 ] 3] P Sh

Maéi ky tur khung bao gém

1 bit khoi déu (Startbit)

= 7 bit biéu dién mét chir s hex cia byte cin gini dudi dang
A=F), trong dd bt thﬁp nhét duoe gin di trude

e 1 hit parity chin/lé, néu sir dung parity

= 1 bit két thue [ Stopbit) néu sir dung parity hodc 2 bt kiét tha
parity

Hinh 2.0.7 Khung truyén Modbus RTU.

Trong ché do RTU, g6i tin bat dau véi mot khoang thoi gian bang it nhat 3.5 ki ty
(khoang thai gian nay phu thudc vao Baudrate dang dugc st dung trong Network).

Ki tu duoc phép gui trong tat ca cac truong 1a ma hexadecimal 0-9,A-F.

Khi ma di nhan xong trudng dia chi, cac thiét bi Slave s& giai ma va kiém tra xem
liéu rang n6 c6 phai 1a dia chi cia minh khong.

Truéc khi hoan thanh khung truyén, néu c6 mot khoang thoi gian 16n hon 1.5 ki
ty thi thiét bi nhan s& xda toan bo doan tin nhan chua hoan thanh dé va cho ring byte
tiép theo sé 1a truong dia chi caa gai tin mai.

Sau khi hoan thanh khung truyén, néu goi tin méi bat dau sém hon 3.5 ki ty sau
g6i tin trude thi thiét bi nhan s& coi nd 1a phan tiép theo cua géi tin trude. Truong hop
nay s& duoc xem 1a 16i vi gi tri CRC khdng hop 1é cho céc goi tin nhan két hop.[5]
2.9. CRC (Cyclic Redundancy Check).

2.9.1. Céach tinh CRC.

Truong CRC s& duogc thém dudi dang truong cudi cing trong tin nhan. Khi né duoc

thuc hién, byte thir tu thip nhat cta truong duoc thém vao trude, sau d6 12 byte cao nhat.
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CRC s& dugc tinh bai thiét bi truyén, thiét bi nhan sé tinh toan lai CRC trong khi nhan
lai tin nhan, va so sanh gié tri dwoc tinh toan vai gia tri thuc ma né nhan dugc trong
truong CRC. Néu 2 gié tri khdng bang nhau thi s& xuét hién 15i.

CRC s& duoc bit dau bing cach tao ra thanh ghi 16 bit voi tit ca gia tri la 1
(OXFFFF). Sau d6 mot qua trinh bat dau sir dung tirng 8-bit lién tiép cua tin nhin vao
noi dung cua thanh ghi d6. Chi dit liéu 8 bit trong mdi ki ty duoc dung dé tao ra CRC.
C4c Bit bat dau va bit két thic, bit kiém tra chin Ié khong dugc dung dé tinh CRC.

A B A XOR B
0 0 0
0 1 1
1 0 1
1 1 0

Bang 2.1 Bang su that phép XOR.

Trong qua trinh tao ra CRC, mdi 8 bit ki tu s& duoc XOR véi noi dung thanh ghi.
Sau d6 két qua duoc dich vé phia bit c6 trong sé thap nhat (LSB), gia tri 0 duoc dién
VAo Vi tri bit c6 trong sé cao nhat (MSB). LSB duoc trich xuat va kiém tra. Néu LSB Ia
1, Thanh ghi s& duoc XOR vé&i mét gia tri dat trudc ¢b dinh ( XOR Constant - thong
thuong gia tri nay sé& 1a 0xA001). Néu LSB 1a 0, s& khdng dién ra phép XOR.

Qua trinh nay sé& dién ra cho dén khi phép dich bit dugc thuc hién 8 lan. Sau lan
dich bit cudi (1an thir 8), 8 bit tiép theo s& dugc XOR véi gié tri hién tai caa thanh ghi,
va qua trinh s& duoc 13p lai thém 8 Ian dich nhu d3 mé ta trén. Két qua cudi cung cua
thanh ghi, sau tat ca cac byte cua tin nhin duoc thém vao, d6 1a gia tri CRC.[6]

2.10. Két luan chwong.

Chuong 2 da gidi thiéu vé LoRa va LoRaWAN, céc tham sd cia LoRa, kién trac
ctia m6t LoRaW AN, nhirng wu va nhugc diém cia LoRaWAN, tmg dung ctia LoRa vao
thue tién, dong thoi ciing trinh bay mot sé mang khong diy phd bién hién nay va céac
giao thic truyén thong trong hé thong. Chuong tiép theo tim hiéu vé vi diéu khién, cac

module cam va cach doc dir li€u tir cam bién.
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Chwong 3 - TIM HIEU VI PIEU KHIEN, CAC MODULE CAM BIEN SU
DUNG TRONG HE THONG VA CACH PQC GIA TRI TU CAM BIEN

3.1. Gigi thiéu chwong.

Chuong nay tim hiéu vi diéu khién Arduino UNO R3, module SX1278 mach thu
phat LoRa SP1 433MHz, module ESP32 — Wifi LoRa 32 Board, cac cam bién duoc st
dung trong dé tai va cach doc gid tri tir cam bién.

3.2. Board mach vi diéu khién Arduino UNO R3.

Arduino UNO R3 Ia kit Arduino UNO thé hé thir 3, vai kha nang 14p trinh cho
cac trng dung diéu khién phic tap do duogc trang bi cdu hinh manh cho céc loai bo nhé
ROM, RAM va Flash, cac ngd vao ra digital I/0 trong dé ché nhiéu ngd c6 kha ning
Xuat tin hiéu PWM, cac ngd doc tin hiéu analog va cac chuan giao tiép da dang nhu
UART, SPI, 12C.

MADE . v

INITALY | o
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7 ®
»
TX X % )
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* SMD
EDITION
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~ n
<<
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Hinh 3.1 Board mach Arduino UNO R3.
Mot s6 cu hinh chi tiét caa Arduino UNO R3:
o LOi: Atmega328P(8hits)
e Dién ap hoat dong: 5V/( chi dugc cap qua céng USB)
e Tan s6 hoat dong: 16MHz
e Dong tiéu thu: khoang 30mA
e Dién ap khuyén dung: 7-12V
e Dién &p gidi han: 6-20V
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e S6 chan Digital 1/0: 14 chan(6 chan hardware PWM)
e S6 chan Analog: 6 chan( d6 phan giai 10 bit)
e Dong tdi da trén mdi chan 1/0: 30mA
e Dong tdi da (5V): 500mA
e Dong tdi da (3.3V): 50mA
e B0 nh¢ flash:32KB(Atmega328) vai 0.5KB dung boi bootloader
e SRAM: 2KB (Atmega328)
e EEPROM: 1KB (Atmega328)[7]
3.3. Module SX1278 mach thu phat LoRa SPI 433MHz

Mach SX1278 mach thu phat LoRa SP1 433MHz 5000m str dung chip khong day
cdng nghé diéu ché LoRa mai nhat, module ngoai cong nghé diéu ché GFSK truyén
théng, ma con sir dung cong nghé tréi pho LoRa (tir xa), vai giao dién trai pho khaprng
cach cuc xa 1én dén 500m, chéng nhiéu cao va giam thiéu muc tiéu thu dong dién.

Mach sir dung ché do LoRa c6 thé dat duoc d6 nhay cao -136dbn va véi cong
suat dau ra +20dbm tich hop, ban c6 thé dat duoc kha ning truyén khoang céch siéu xa
Vv6i cong suat thap, module pht hop véi moi méi truong phirc tap cia cac ung dung
truyén dit liéu khéng day, chang han nhu: Bang diéu khién nha théng minh, thiét bi dién
tir tir 6 t6, bao dong an ninh, hé thdng giam sat 1a diéu khién cong nghiép, hé théng diéu
khién tu6i tiéu ndng nghiép tam xa va cac ting dung khac.

Hinh 3.2 Module SX1278 LoRa SPI 433MHz
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Thong sé k§y thuat:

3.4. ESP32 —

Dai tan sb: 433MHz

Piéu bién: FSK/GFSK/MSK/LoRa
Giao tiép dit liéu: SPI

Do nhay: -136dBm

Cong suat dau ra:+20dBm

Tbc do dir liéu: <300 kbps

Pham vi hoat dong: RSSI 127dB

Tu déng do doc RF va man hinh CAD
Goéi cdng cu Ién téi 256 byte voi CRC
Nhiét @6 lam viéc: -40°C ~ +80°C
Cam bién nhiét do tich hop

Cung cap dién ap: 1.8 ~ 3.6V[8]

Wifi LoRa 32 board.

Board ESP32-Wifi LoRa 32 la board phat trién véi sy két hop giita chip SoC
ESP32, bo vi xur ly Tensilica LX6, toc do 240MHz, 520KB SRAM, Wifi chuan
802.11b/g, va dual-module Bluetooth ( Bluetooth truyén théng va Bluetooth BLE). Chip

LoRa SX1278 hoat dong véi tan sé 433MHz véi khoang cach 5Km. Board ESP32 —

Wifi LoRa 32 véi Flash 32Mbyte, ang-ten Wifi, man hinh OLED mau xanh 0.96
inchduoc tich hop san trén board, mach sac pin lithium va chip UART CP2102 USB hd
trg phat trién trén moi truong Arduino.
Thong s6 ky thuat:
e Dién 4p hoat dong: 3.3V dén 7V
e Nhiét do hoat dong: -40°C dén +90°C
e HJ tro ché do Sniffer, Station, softAP va WiFi Direct
e Tbéc do truyén dir lieu: 150Mbps 802.11n (HT40), 72bps 802.11n(HT20),
54Mbps 802.11g, 11 Mbps 802.11b
e Cong suat phat: 19.5dBm 802.11b, 16.5 dBm 802.11g, 15.5 dBm 802.11n
e Do nhay: -98dBm
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BOARD WIFI (e

ORA 32

Ung dung :
WiF Bluetcoth va Lora

Hinh 3.3 ESP32 — Wifi LoRa 32 board.
Ung dung:
Board ESP32 — Wi’fi LoRa 32 14 sy lva chon hoan hao cho nghién ctu, phat trién
cac tng dung lién quan dén Wifi, Bluetooth va LoRa la mot cach nhanh chong. [9]
3.5. Cac module cam bién.
3.5.1. Cam bién nhiét a9, d am DHT11

Cam bién nhiét do, ¢ am DHT11 Temperature Humidity Sensor Ra chan dugc
tich hép san dién trg 5.1k giup nguoi ding dé két ndi va sir dung so véi cam bién DHT11
chua ra chan, module 14y dir liéu théng qua giao tiép 1 wire ( giao tiép 1 day). Bo tién
xur ly tin hiéu tich hép trong cam bién gidp ban c6 duoc dit liéu chinh xac ma khong can
phai qua bat ky tin toan nao. Module dugc thiét ké hoat dong & mirc dién ap 5VDC

Hinh 3.4 Cam bién nhiét d6, d6 am DHT11 Temperature Humidity Sensor
Thong s6 ky thuat:

o Dién &p hoat dong: 5VDC

« Chuan giao tiép: TTL, 1 wire

« Khoang do do am: 20%-90% RH(sai s6 5% RH)
« Khoang do nhiét d6: 0-50°C (sai s6 2°C)

e Tansd lay mau téi da: 1Hz (1 gidy/ 1an)

e Kich thudc 28mm x 12mm x 10mm [10]
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3.5.2. Cam bién d$ Am dat diu do chéng in mon.

Cam bién do am dat dau do chéng an mon c6 do 6n dinh cao hon cac loai dau do
lam bang pch .Cam bién gitp xac dinh d6 4m cta dat qua dau do va tra vé gia tri Analog,
Digital qua 2 chan twong tng. Ung dung :trong cac mé hinh tudi nudc tu dong, vuon
thong minh...

Thong sb ky thuat:

- bién &p hoat dong: 3.3 x12VDC

- Tich hop dau do chéng dn mon cho d6 bén va d6 6n dinh cao.

- Tin hiéu dau ra: Analog: theo dién 4p c4p ngudn twong wng.

- Digital: High hoac Low, c6 thé diéu chinh ¢6 am mong muén bang bién tro
thédng qua mach so sanh LM393 tich hop.

- Chiéu dai day cam bién: 1m Kich thuéc PCB: 3.6 x 1.5cm.[11]

Hinh 3.5 Cam bién d6 am dat chong an mon.
3.5.3. Cam bién mua MKE-S12

Cam bién mwa MKE-S12 rain water sensor bao gém maot dau do (probe)va mach
chuyén d6i tin hiéu, cam bién hoat dong theo nguyén ly cam tng dién dung nén dau do
dugc phu 16p son chong oxi hda (khdng ho phan tiép xtc kim loai nhu céc loai dang sir
dung nguyén 1y dién tré ) cho d6 bén cao, cam bién tra ra gia tri dién ap Analog tuong
g véi luong nudce luu lai trén dau do gidp ban c6 thé ghi nhan va xu ly théng tn mot
cach chinh xac nhat, ngoai ra cam bién con dugc bd sung céc thiét ké on dinh, chong
nhiéu.

Cam bién mua MKE-S12 rain water sensor thuoc hé sinh thai MakerEDU nén c6
thé sir dung truc tiép an toan véi cac board mach giao tiép ¢ ca hai mutc dién ap 3.3VDC
va 5VDC nhu: Arduino, Raspberry Pi, Jetson Nano, Micro:bit,... véi chuan két ndi
connector XH2,54 théng dung.
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Rain Probe
MakerLab.vn

J73416RAP20-201217

.

Hinh 3.6 Cam bién mua MKE-S12

Thong s6 ky thuat:

- Dién &p hoat dong: 5VDC

- Chuan giao tiép: Analog

- Dién ap giao tiép: 0~3.3VDC

- Po luong nude luu lai trén dau do theo nguyén ly cam tng dién dung va tar ra
gid tri dién &p Analog tuyén tinh twong ng.

- Hoat dong theo nguyén ly cam tng dién dung nén dau do dwoc phu 16p chéng
oxi hoa (khdng ha phan tiép xdc kim loai nhu cac loai dang str dung nguyén ly
dién tro ) cho d6 bén cao.

- Thudc hé sinh thai MakerEDU nén c6 thé sir dung truc tiép an toan véi cac board
mach giao tiép & ca hai murc dién ap 3.3VDC va 5VDC nhu: Arduino, Raspberry
Pi, Jetson Nano, Micro:bit,...

- B sung céc thiét ké 6n dinh, chéng nhiéu.

- Chuan két ndi:

o 1 x connector XH2.54 3pins (céng tin hiéu Analog) ‘
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o 1 x connector XH2.54 2 pins ( cong két ni dau do (Probe))
- Cép dau do (Probe) dai 40cm
- Tuong thich t6t nhat khi sir dung véi mach MakerEDU Shield. [12]
3.6. Két luan chwong.

Trong chuong nay nhém da trinh bay mot sé thong sé vé Arduino UNO R3,
module SX1278 mach thu phat LoRa SPI 433MHz, module ESP32 — Wifi LoRa 32
Board, cac cam bién duoc sir dung trong dé tai va cach doc gia tri tir cam bién.
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Chuong 4 —- THIET KE CAC THANH PHAN TRONG HE THONG VA KET
QUA

4.1. Gigi thiéu chwong.

O chuong nay nhom sé& gidi thiéu vé Endnode, trinh bay hé théng phan ctiing ma
nhom di thiét ké va tinh toan, lru d6 thuat toan cua LoRaWAN Endnode, giao thirc SPI,
khung truyén gitra LoRa Gateway, web server, so @5 nguyén ly, mach in cua node, chat
luong tin hiéu khi truyén va nhan, giao dién hé théng va wu nhugc diém caa hé théng.

SENSOR
SENSOR NODE
P GATEWAY WEB SERVER
SENSOR ‘ NODE
SENSOR SENSOR | | SENSOR

Hinh 4.1So d6 céc thanh phan trong hé thong.

4.2. Céc thanh phan trong hé thong.

Hé thdng cam bién lay dir liéu tir moi trudng, sau d6 truyén dir liéu thu dugc qua
Node xir ly. Sau khi Node xir ly dit liéu xong sé& truyén dir liéu d6 dén Gateway thong
qua mot giao thuc truyén thong khong day. Sau d6 gui dir liéu dwoc gui 1én Server bang
Internet. Dit liéu tir Gateway duoc truyén Ién Web Server nho HTTP intergration.

4.3. Thiét bi LoRaWAN.
4.3.1. Endnode.
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Hinh 4.2 Cu tao LoRaWAN Endnode.

LoRaWAN end-node c6 nhiém vu thu thap cac dir liéu tir cam bién va guri vé
server hodc thuc hién cac 1énh diéu khién nhan duoc tir server.

End-node gdm c6 hai phan chinh 1a LoORaWAN stack va Processor. LoRaWAN
stack dam nhiém viéc truyén nhan théng tin theo ding giao thirc LoORaWAN va duoc
diéu khién bai Processor. Ngoai viée diu khién LoRaWAN stack thi Processor con
thue hién cac nhiém vu khac tity theo yéu cau nguoi ding nhu doc gia tri cam bién
hogc thuc hién c4c I1énh diéu khién nhan duoc tir server.

LoRaWAN end-node s& c6 3 ché do hoat dong twong tmg véi 3 class 1a class
A, class B va class C

e Class A: day la ché do hoat dong mac dinh cua cac thiét bi end-node. O class
nay, thoi diém truyén hay nhan dir liéu dugc quyét dinh hoan toan baéi end-
node. End-node c6 thé gui dir liéu bat ki Iic ndo va sau khi hoan tat viéc gui
dir liéu, end-node s& m& 2 khoang thoi gian dé cho nhan dir liéu. Néu trong
hai khe thoi gian nay server khong guri dir liéu nao cho end-node thi end-node
s& vao ché do sleep-mode va phai chd dén 1an giri dir liu tiép theo cua end-
node thi server méi c6 thé guri dit liéu cho end-node

o Class B: & ché d6 hoat dong nay, ngoai cac khe thoi gian duge mé dé cho dir
liéu nhan vé sau mdi lan gtri dit liéu di gidng voi class A thi end-node con mé
thém cac khe thoi gian dinh ki dé nhan dit liéu vé theo thoi gian da dugc thiét
1ap trude gitta end-node va server. Chinh vi vay & class nay, goi tin downlink
s& c6 do tré thap hon so vdi class A

« Class C: & ché d6 hoat dong nay, ngoai trir khodng thoi gian gui dir li¢u di thi
tat ca thoi gian con lai end-node s& ludn ludn chd dé nhan dir liéu vé. Pay 1a
ché do hoat dong cho phép do tré géi tin downlink 13 thap nhat.[13]

4.3.2. Lwu d0 thuit toan cia LoRaWAN Endnode.
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Céac Endnode s& tién hanh thu thap di liéu caa cac cam bién. Sau d6 luu trir dir
liéu ctia cac cam bién vao mang theo khung truyén da quy dinh san va truyén dit liéu dé
Ién LoRaWAN Server. Sau 10 gidy, MCU sg thuc hién lai cong viéc gui dit liéu.

' Y
Thu thip di¥ liéu tir cam bién
e, A
' l Y
Luru di¥ ligu cam bign vao khung

truyén

e, Y A

' ll Y

Truyén di¥ ligu cam bién 1&n server 10s
mat [En

e A

Hinh 4.3 Luu db thuat toan cia LoRaWAN Endnode.
4.3.3. Thiét ké phan cirng cho Endnode.

Nguyén ly hoat dong ctia mach Node:

Mach duoc cap ngudn dau vao 12V bang pin. Qua IC 6n &p LM7805 ha ap xudng
khoang 5V cap cho Arduino UNO R3, luc nay vi diéu khién da hoat dong. Nguon 3,3V
dé cap nguon cho module LoRa duoc lay tir chan caa Arduino UNO R3. Cap nguon 5V
tir chan VCC module cam bién d6 am dat, cam bién nhiét ¢, d6 am, cam bién mua. T4t
ca chan GND cua cac cam bién déu dugc ndi chung voi nhau dé dong b tin hiéu.
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Hinh 4.4 So d6 nguyén 1y cia Endnode.

4.4. Giao tiép véi SX1278 mach thu phat Lora SPI 433MHz
4.4.1.Giao thwc SPI.

Vi diéu khién giao tiép voi LoRa Module théng qua giao thirc SPI. SPI hoic giao
tiép ngoai vi ndi tiép dugc Motorola phét trién vao nhitng ndm 1980 nhu mot giao dién
tiéu chuan, chi phi thip va dang tin cay giira vi diéu khién (Vi diéu khién cua Motorola
lac dau) va cac 1C ngoai vi cua n6. Nho giao dién don gian, linh hoat va d& sir dung, SPI
da tré thanh maot tiéu chuan va cac nha san xuat ban dan khac bat dau st dung giao thic
nay trong cac chip cua minh. Trong giao thirc SPI, céc thiét bi dugc két ndi trong mot
méi quan hé Master — Slave trong mot giao dién da diém. Trong loai giao dién nay, mot
thiét bi dwgc coi 14 Master caa bus (thuong 12 mot vi diéu khién) va tat ca céc thiét bi
khac (IC ngoai vi hoac tham chi cac vi diéu khién khac) déu duoc coi la Slave. Pay 1a
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giao thuc truyén nhan 4 day gém day SCK clock dong bd, ddy MISO — Master to Slave,
day MOSI - Slave to Master, day SS — Slave Select.[12]

MOSI »| MOSI
— MISO |« MISO e R
SCK »| SCK
SSorCSs »| SS or CS

Hinh 4.5 Md ta két ndi Master vai Slave trong giao
thurc SPI.

4.4.2. Khung truyén giira LoRa Gateway va LoRa Node.

Gateway va Node sé& giao tiép véi nhau thong qua mang LoRa, khung truyén dix
licu 2 thiét bi nay trao do6i s& 1a chudi ma hexadecimal nhu dudi day:

i Start | Address | Addres | Data End
Field ] Data
(Ox3E) High sLow | length (0x0D)
Length (byte) | 1 1 1 g | renath
d y of Data
Header Length Data of Packet CRC
1 byte 1 byte Length - 3 2 bytes

e Khung truyén nay s& bao gdom 6 truong

- Start Field: Trudng nay sé chira byte bit dau cua khung truyén.

- Address High: Truong nay s& chira 8 bit cao cua dia chi LoRa mudn truyén
message toi.

- Address Low: Truong ndy s& chtra 8 bit thap cua dia chi LoRa mudn truyén
message toi.

- Data Length: Truong nay sé chira d6 dai cua truong Data .

- End: Truong ndy s& chira byte bit dau caa khung truyén.

- Data: Trudng nay sé chira dit liéu ma thiét bi muédn truyén di.
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e Céc thanh phan trong truong Data:
- Header trong Data field s& chira mot byte va mdi chirc ning cu thé s& 6 gia tri
byte Header cu thé.
- Length trong Data field s& chia 2 byte, dung dé kiém tra do dai cua Data of
Packet.
- Data of Packet: Noi chtra dir liéu cua packet.
- CRC: chira 2 byte, dung dé kiém tra 18i, duoc tinh tir Header dén byte cudi
cung cua Data of Packet.
e Dudi ddy 1a 2 khung truyén co ban cua:
- Gateway giri yéu cau dén Node va Node phan hoi .
- Node thdng bao mét su kién cho Gateway va Gateway xac nhan.

4.4.3. Thuat toan truyén LoRa.

¥
=
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[=H
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m
=
b
=]
=
w
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(=
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1]
=
[ =1
L
m
=
LA
(=]
=

Server Connected Retry to Connected

Send data

Hinh 4.6 Luu dd thuat toan truyén LoRa Message.

Pau tién chuong trinh s& khoi tao cac thong tin cua Node dé Server kiém tra bao
gom: Device Address, Application Session Key, Network Session Key. Sau d6 tién hanh
doc cam bién va gui Request dén Server théng qua LoRaWAN Gateway. Server s& kiém
tra cac thong tin da khai bao dé xac minh Node. Néu cac thong tin da khai bao 1a ding,
Server s& guri xac nhan da két néi xuéng Node. Lic nay Node méi giri ban tin Uplink
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theo khung truyén da quy dinh sin. Sau d6 MCU thyc hién qué trinh doc cam bién va
gui dit liéu sau 10 giay.
4.5. LoRaWAN Gateway.

Gateway |4 thiét bi trung gian giira end-node va server c6 nhiém vu chuyén tiép
c4c goi tin nhan duoc tir end-node dén server va nguoc lai.

T
it
>
3]
x

Hinh 4.7 Ciu tao LoRaWAN Gateway.

LoRaWAN gateway bao gom 2 khéi 1a khéi truyén nhan séng LoRa va IP stack.
Bo6 phan truyén nhan LoRa c6 chitc ning nhan gai tin tir end-node va chuyén tiép 1én
server thong qua mdi truong Internet nhd khéi IP stack, theo chiéu nguoc lai, gateway
s& nhan gai tin tir server nho 1P stack va chuyén tiép dén cac end-node nho bo truyén
nhan LoRa. Thong thuong & cac gateway, bo truyén nhan LoRa c6 thé hoat dong dugc
& nhiéu kénh tan s6 khac nhau dé c6 thé nhan duoc cac géi tin dugc end-node guri ¢ cac
tan s6 khac nhau. Hién nay trén thi truong c6 2 loai gateway chinh, mét loai chay chuong
trinh dwoc 1ap trinh sin véi chic nang co ban la chuyén tiép goi tin, loai nay thdng
thuong co gia thanh ré va khéng cé nhiéu chirc ning. Loai thi 2 12 loai dugc tich hop
hé diéu hanh va cai dat mot dich vu trén nén hé diéu hanh dé thuc hién cac chirc nang
cua gateway. Loai ndy c6 nhiéu chic niang hon nhu cho phép nguoi ding co thé truy
cap quan ly gateway théng qua giao dién do hoa, c6 cac cong cu dé ngudi dung cé thé
xem lai lich str hoat dong cua thiét bi.

4.6. LoRaWAN Server.

Integration & APls
LoRaWAN Server
HTTF'
Gateway Bridge Metwark Server H App Server
l'."IQTT

Hinh 4.8 So do chi tiét cua khdi LoRaWAN Server.
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LoRaWAN Server chiju trach nhiém xur ly tit ca cac tac vy lién quan dén giao thirc
LoRaWAN, giao thic LoRaWAN Ia giao thic nam & 16p network trong mé hinh OSI.
Cau tao LoRaWAN Server gom 3 khéi chinh 12 Gateway Bridge, Network Server va
Application Server.

Gateway Bridge la mét bo phan ciia LoRaWAN Server ¢6 chirc nang chinh la giao
tiép voi cac thiét bi LoRaWAN, cu thé |a gateway. Gateway Bridge s& thuc hién chuyén
d6i céac goi tin nhan duoc ¢ dinh dang Package Forwarder sang dinh dang JSON, day 1a
mét dinh dang than thién vai server. Package Forwarder 1 kiéu dinh dang géi tin dugc
Semtech phat trién sir dung dé giao tiép giita device véi server.

Network Server 12 bo phan xir Iy chuy@n sau vé cac két ndi mang trong giao thuc
LoRaWAN. Network Server s& thuc hién quan Iy ciing nhu 1ap lich giao tiép véi gateway.
Diéu nay la can thiét bai gateway chi c6 thé thuc hién mot tac vu truyén dén end-node
tai mot thoi diém. Ngoai ra, Network Server con quan ly trang théi cua cac gateway dé
phén chia goi tin dén cic gateway sao cho dam bao viéc can bang tai trén cac gateway.

Nhiém vu thir hai cua Network Server la quan ly trang thai cua cac end-node trong
mang. Khi tham gia vao mang LoRaWAN, mdi end-node s& c6 mot dia chi dinh danh,
dwa vao dia chi ndy Network Server c6 thé theo ddi trang thai cia end-node va dong
thoi dinh tuyén cac géi tin duoc giri 18n tir end-node dén dung cac application nam trong
Application Server. Thong thuang, khi mot end-node giri di mot géi di lieu, s& ¢6 nhiéu
gateway cung lic nhan dugc goéi dir liéu nay va cung giri 1€n server, Gateway Bridge sé
nhan duoc tit ca cac goi tin ndy, chuyén d6i sang dinh dang JSON va gui tit ca dén
Network Server. Tai day, Network Server s& phan tich cac goi tin, kiém tra chat luong
tin hiéu cua cac gbi tin dén tir cc gateway khéac nhau va chi gitr lai mot goi tin dén tir
gateway cd chat lugng tin hiéu tét nhat, loai bo di cac goi tin dén tir cac gateway c6 chat
luong tin hiéu yéu hon.

Application Server cé chirc nang giai ma cac géi tin uplink dén tir end-node ciing
nhu mé hoa cac géi tin downlink dén tir nguai ding.
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int soilPin = AO;

int readingID = 0;

int humidity = 0:

int sensorRain Pin = A2; // chan analog cam bien mua
int sensorRain_value = 0;

int soil _Value = 0;

String rain;

float temperature = 0; //Stores temperature value
int counter = 0;
String LoRaMessage = "";

vold getReadings () {
temperature = dht.readTemperature(};
humidity = dht.readHumidity();
soil Value = analogRead(soilPin);
so0il_Value = map(seil_value, 0, 1023, 100, 0);
sensorRain Value = analogRead (sensorRain Pin):
sensorRain Value = constrain(sensorRain Value, 150, 440);
sensorRain Value = map(sensorRain_Value, 150, 440, 1023, 0);

if (sensorRain Value<20) {

rain = "Khéng mua";
}
else
{
rain = "Dang mua";

}
H
vold sendReadings () {

LoRaMessage = String(readingID) + "/" + String(temperature) + "&" + String(humidity) + "#" + String(soil_value) +

//Send LoRa packet to receiver
LoRa.beginPacket () 7
LoRa.print (LoRaMessage) ;

Hinh 4.9 Code doc cam bién va giri caa Endnode.

void getLoRaData() {
Serial .print ("Lora packet received: ");
// Read packet
while (LoRa.available()}) {
String LoRaData = LoRa.readString():;

ngn

+ rain;

// LoRaData format: readingID/temperaturesascoilMoisturegbatterylevel

// String example: 1/27.43&654#95.34
Serial .print (LoRaData) ;

// Get readinglID, temperature and soil moisture
int posl = LoRaData.indexOf ('/'");

int pos2 = LoRaData.indexOf('&');
int pos3 = LoRaData.indexOf (" #')'
int posd4 = LoRaData.indexOf ("@");

readinglID = LoRaData.substr;ng(D, posl);

temperature = LoRaData.substring(posl +1, pos2);
humidity = LoRaData.substring(posZ +1, pos3);

soil = LoRaData.substring({pos3 +1, pos4d);

rain = LoRaData.substring(posd4 +1, LoRaData.length()});

}
// Get RSSI
rssi = LoRa.packetRssi();

Serial .print (™ with RSSI ");
Serial.println(rssi);

Hinh 4.10 Code nhan gia tri trén web server
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4.7. Schematic Capture, PCB Layout.
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Hinh 4.11 So d6 nguyén ly cia node.
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Hinh 4.12 Mach in cua node.
4.8. Lap dat thir nghiém thuc té.
Gateway va Endnode dugc cau hinh vai cac thong s nhu sau:
- Tan sé: 433MHz
- Bang thong (BW): 125 kHz
- M6t sb hinh anh lap dat thuc té:
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Hinh 4.13 Hinh anh node thuc té.
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Hinh 4.14 Hinh anh mach diéu khién cua node.

4.9. Két qua va danh gia.
4.9.1. Két qua.
Giao dién cua hé thdng hién thi cac gia tri nhu nhiét do khong khi, d6 am khong

khi, d6 4m dat, mua, toc d6 LoRa va thoi gian.
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TRUGNG PAI HOC SU PHAM VA KY THUAT PA NANG
© 11:22
ex
& 18 Théng 2 2022 @)
THIET KE VA THI CONG HE THONG GIAM SAT THOT TIET TRONG NONG NGHIEP UNG DUNG
LORAWAN
Temperature
Humidity Soil moisture ‘Weather
0 ".
Q

22°C 62% 75% Raining

il -60

Hinh 4.15Giao dién hién thi.
4.9.2. Panh gia két qua.
e Uudiém:
- Ti lé mat gai tin thap.
- Hé thdng c6 thé thu thap duoc dit liéu ma khdng can sir dung dén mang Wifi.
- Céc thiét bi khdng bi phu thudc vao dién luéi.
- Hé thdng c6 kha ning truyén di lidu xa.
- CO thé dé dang ma rong, lap dat he thong.
- Giao dién hién thi than thién, don gian, dé tiép can va su dung.
- Céc cam bién c6 kha ning chiu duoc thoi tiét khac nghiét.
e Nhugc diém:
- Thoi gian truyén dir liéu co do tré twong ddi 16n, va thoi gian d6 anh huong
boi cac yéu té nhu:
+ Khoang cach va lugng vat can truyén nhan gitra LoRa Gateway va
LoRa Node
+ Thoi gian cho cam bién gui dir liéu sau khi Node bat ngudn cho céc
cam bién.
- G0i tin bi mat giira cac lan truyeén.
4.10. Két luan chuong.

Trong chuong nay em da giéi thiéu vé Endnode, trinh bay hé thng phan ciing
ma nhom d tinh toan thiét ké, lwu d6 thuat toan cia LoRaWAN Endnode, giao thirc
SPI, khung truyén giita LoRa Gateway va LoRa Node, cdu trac thu vién LoRa, thuat
toan truyén LoRa, LoRaWAN Gateway, LoRaWAN Server, vu nhugc diém cua hé
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thdng, chat lwong tin hiéu khi truyén nhan, so dd nguyén ly, mach in, giao dién hién thi
cua hé thong.
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KET LUAN VA HUONG PHAT TRIEN

> Nhitng két qua dat dwoc.

Trong sudt thoi gian thuc hién dé tai, em di dat dugc mot sé két qua nhu sau:

- Hiéu va ung dung dugc cdng nghé LoRa ciing nhu giao thirc LoORaWAN
trong hé thong thuc té.

- Thiét ké va thi cong thanh cong hé théng cac LoRaWAN Endnode véi cac
tinh niang nhu: thu thap dir liéu cac cam bién, sir dung giao thitc Modbus dé
giao tiép véi cam bién, giao tiép gitra Arduino véi Module LoRa.

- Hiéu va cai dit dwoc LoRaWAN Gateway.

- Thiét ké va thi cong Website hién th.

- Lap dat hé thong thuc té.

» Thuan lgi va kho khan.
e Thuan lgi:
- Duqc cbd Nguyén Thi Khanh Hong hd tro trong qua trinh nghién ctu, thi cong
va lap dat h¢ thong.
e Kho khan:
- Do ¢6 nhiéu kién thirc méi nén tén kha nhiéu thoi gian dé tim hiéu.
- Chua tbi uu hoa chwong trinh.
> Huwéng phat trién cia deé tai.
Cong nghé LoRa la mot cong nghé mai va la mot trong nhirng cong nghé dugc st
dung nhiéu trong linh vuc Internet of Things. Ngoai nhirng tinh ning ma nhom di xay
dung duoc, em ciing s& phat trién thém dé tai sau nay véi cac noi dung sau:

- Két ndi dugc nhiéu node véi nhau

- Cai thién lai website d& dang tiép can voi nguoi ding
- CO thiéu diéu khién céc hé thong tudi tiéu tir xa bang web/app
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https://www.mokolora.com/vi/what-is-lorawan/
https://tapit.vn/chuan-giao-tiep-spi-tren-stm32f4/

PHUC LUC

e Ham cai dat cho Node.
void setup() {
/linitialize Serial Monitor
Serial.begin(9600);
while (!Serial);
Serial.printIn("LoRa Sender™);
if ('LoRa.begin(433E6)) {
Serial.printin("Starting LoRa failed!");
while (1);
e Ham doc cam bién.
void getReadings(){
temperature = dht.readTemperature();
humidity = dht.readHumidity();
soil_Value = analogRead(soilPin);
soil_Value = map(soil_Value, 0, 1023, 100, 0);
sensorRain_Value = analogRead(sensorRain_Pin);
sensorRain_Value = constrain(sensorRain_Value, 150, 440);
sensorRain_Value = map(sensorRain_Value, 150, 440, 1023, 0);
if(sensorRain_Value<20){
rain = "Khong mua"
}
else
{
rain = "Pang mua";
}
¥
¥
e Ham giri goi tin.
void sendReadings() {
LoRaMessage = String(readinglD) + "/* + String(temperature) + "&" +
String(humidity) + "#" + String(soil_Value) + "@" + rain; //String(sensorRain_Value);
//Send LoRa packet to receiver
LoRa.beginPacket();
LoRa.print(LoRaMessage);
LoRa.endPacket();
e Ham nhan géi tin va diy dir liéu Ién web
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#include <WiFi.h>
#include "ESPAsyncWebServer.h"

#include <SPIFFS.h>

/ILibraries for LoRa
#include <SPI.h>
#include <LoRa.h>

//Libraries for OLED Display
#include <Wire.h>

#include <Adafruit_GFX.h>
#include <Adafruit_SSD1306.h>

/I Libraries to get time from NTP Server
#include <NTPClient.h>
#include <WiFiUdp.h>

//define the pins used by the LoRa transceiver module
#define SCK 5

#define MISO 19

#define MOSI 27

#define SS 18

#define RST 14

#define D100 26

//433E6 for Asia

//866E6 for Europe
//915E6 for North America
#define BAND 433E6

//OLED pins

#define OLED_SDA 4

#define OLED_SCL 15

#define OLED_RST 16

#define SCREEN_WIDTH 128 // OLED display width, in pixels
#define SCREEN_HEIGHT 64 // OLED display height, in pixels

I/ Replace with your network credentials



const char* ssid  ="Moc Nguyen";
const char* password = "123456789";

// Define NTP Client to get time
WIiFiUDP ntpUDP;
NTPClient timeClient(ntpUDP);

/I Variables to save date and time
String formattedDate;

String day;

String hour;

String timestamp;

/I Initialize variables to get and save LoRa data
int rssi;

String loRaMessage;

String temperature;

String humidity;

String rain;

String soil;

String readingID;

/I Create AsyncWebServer object on port 80
AsyncWebServer server(80);

Adafruit_SSD1306 display(SCREEN_WIDTH, SCREEN_HEIGHT, &Wire, OLED_RST);

Il Replaces placeholder with DHT values
String processor(const String& var){
Serial.printin(var);
if(var == "TEMPERATURE"){
return temperature;
}
else if(var == "HUMIDITY"){
return humidity;
}
else if(var == "RAIN"){
return rain;
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¥
else if(var == "SOIL"){

return soil;

}

else if(var == "TIMESTAMP"){
return timestamp;

}

else if (var == "RRSI"){
return String(rssi);

}
return String();

/nitialize OLED display

void startOLED(){
/lreset OLED display via software
pinMode(OLED_RST, OUTPUT);
digitalWrite(OLED_RST, LOW);
delay(20);
digitalWrite(OLED_RST, HIGH);

/linitialize OLED
Wire.begin(OLED_SDA, OLED_SCL);
if('display.begin(SSD1306_SWITCHCAPVCC, 0x3c, false, false)) { // Address 0x3C for
128x32
Serial.printin(F("SSD1306 allocation failed"));
for(;;); // Don't proceed, loop forever
¥
display.clearDisplay();
display.setTextColor(WHITE);
display.setTextSize(1);
display.setCursor(0,0);
display.print("LORA SENDER");

/Nnitialize LoRa module
void startLoRA(){
int counter;

//SP1 LoRa pins
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SPI.begin(SCK, MISO, MOSI, SS);
//setup LoRa transceiver module
LoRa.setPins(SS, RST, DIOO);

while ('LoRa.begin(BAND) && counter < 10) {
Serial.print(".");
counter++;
delay(500);
¥
if (counter == 10) {
/Il Increment readinglD on every new reading
Serial.printin("Starting LoRa failed!");
¥
Serial.printin("LoRa Initialization OK!");
display.setCursor(0,10);
display.clearDisplay();
display.print("LoRa Initializing OK!");
display.display();
delay(2000);

void connectWiFi(){
WiFi.mode(WIFI_STA);
/I Connect to Wi-Fi network with SSID and password
Serial.print("Connecting to ');
Serial.printin(ssid);
WiFi.begin(ssid, password);
while (WiFi.status() '= WL_CONNECTED) {
delay(500);
Serial.print(".");
¥
// Print local IP address and start web server
Serial.printIn(");
Serial.printIn("WiFi connected.");
Serial.printin("IP address: ");
Serial.printin(WiFi.locallP());
display.setCursor(0,20);
display.print("Access web server at: ");
display.setCursor(0,30);
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display.print(WiFi.localIP());
display.display();
}

// Read LoRa packet and get the sensor readings
void getLoRaData() {
Serial.print("Lora packet received: ");
/l Read packet
while (LoRa.available()) {
String LoRaData = LoRa.readString();
// LoRaData format: readinglD/temperature&soilMoisture#batterylevel
I/ String example: 1/27.43&654#95.34
Serial.print(LoRaData);

Il Get readingID, temperature and soil moisture
int posl = LoRaData.indexOf('/");
int pos2 = LoRaData.indexOf('&");
int pos3 = LoRaData.indexOf(‘#);
int pos4 = LoRaData.indexOf('@");
readinglD = LoRaData.substring(0, posl);
temperature = LoRaData.substring(pos1 +1, pos2);
humidity = LoRaData.substring(pos2 +1, pos3);
soil = LoRaData.substring(pos3 +1, pos4);
rain = LoRaData.substring(pos4 +1, LoRaData.length());
¥
Il Get RSSI
rssi = LoRa.packetRssi();
Serial.print("* with RSSI *);
Serial.printIn(rssi);

// Function to get date and time from NTPClient
void getTimeStamp() {
while('timeClient.update()) {
timeClient.forceUpdate();
}
/l The formattedDate comes with the following format:
/1 2022-12-10T16:00:13Z
/Il We need to extract date and time



formattedDate = timeClient.getFormattedDate();
Serial.printin(formattedDate);

Il Extract date

int splitT = formattedDate.indexOf("T");

day = formattedDate.substring(0, splitT);

Serial.printin(day);

/l Extract time

hour = formattedDate.substring(splitT+1, formattedDate.length()-1);
Serial.printin(hour);

timestamp = day + " " + hour,

void setup() {
// Initialize Serial Monitor
Serial.begin(115200);
startOLED();
startLoRA();
connectWiFi();

if('SPIFFS.begin()){
Serial.printin("An Error has occurred while mounting SPIFFS™);
return;

}

/I Route for root / web page

server.on("/", HTTP_GET, [J(AsyncWebServerRequest *request){
request->send(SPIFFS, "/index.html", String(), false, processor);

b
server.on("/styles", HTTP_GET, [J(AsyncWebServerRequest *request){

request->send(SPIFFS, "/styles.css", "text/lain™);

b

server.on("/temperature”, HTTP_GET, [J(AsyncWebServerRequest *request){
request->send_P(200, "text/plain™, temperature.c_str());

b

server.on("/humidity”, HTTP_GET, [J(AsyncWebServerRequest *request){
request->send_P(200, "text/plain”, humidity.c_str());

b

server.on("/soil", HTTP_GET, [J(AsyncWebServerRequest *request){
request->send_P(200, "text/plain™, soil.c_str());

55



b
server.on("/rain", HTTP_GET, [J(AsyncWebServerRequest *request){

request->send_P(200, "text/plain™, rain.c_str());

b

server.on("/timestamp”, HTTP_GET, [J(AsyncWebServerRequest *request){

request->send_P(200, "text/plain®, timestamp.c_str());

b

server.on("/rssi", HTTP_GET, [J(AsyncWebServerRequest *request){
request->send_P(200, "text/plain®, String(rssi).c_str());

b

server.on("/relicon”, HTTP_GET, [J(AsyncWebServerRequest *request){
request->send(SPIFFS, "/relicon.jpg™, "image/jpg™);

b

server.on("/utelogo”, HTTP_GET, [J(AsyncWebServerRequest *request){
request->send(SPIFFS, "/utelogo.jpg”, "image/jpg");

b

/I Start server
server.begin();

/I Initialize a NTPClient to get time

timeClient.begin();

/I Set offset time in seconds to adjust for your timezone, for example:
/l GMT +1 = 3600

Il GMT +8 = 28800

I GMT -1 =-3600

IIGMT0=0

timeClient.setTimeOffset(25200);

void loop() {
/I Check if there are LoRa packets available
int packetSize = LoRa.parsePacket();
if (packetSize) {
getLoRaData();
getTimeStamp();

¥
¥
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