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TOM TAT

Céc chuén giao tiép khong day la nén tang can thiét d€ c6 thé phat trién cac hé théng
Internet cho van vat (Internet of Things — IoT) mot cach hiéu qua. Hién nay, nhiéu
chudn giao tiép khong day da dugc phat trién dé€ phuc vu cho muc dich nay nhw
LoRa, NB-IoT, TI Sub-1 GHz,... Bai bao nay tap trung vao viéc trién khai thtt nghiém
chuan khong day Sub-1 GHz duoc phat trién boi Texas Instruments dé€ khao sat,
danh gia chuén giao tiép nay nham lam nén tang phat trién cho cac hé thong ToT
trong tuwong lai. Mot hé thong IoT don gian gom hai ndt mang giao tiép véi ndt chu
thong qua mang Sub-1 GHz sé duoc trién khai thir nghiém trong bai bao nay dé
danh gia kha nang trién khai hé thong trong thuc té.

Tt khoa: Internet of Thing, Low-Power Wide Area Network, Wireless Network.

1. MO PAU

Trong nhiing nam gan day, Internet van vat (Internet of Things — IoT) la ttr khéa
ndi bat nhat trong cac ing dung thudc linh vy cdng nghé thong tin - vién théng. Cac
cong nghé khong day chiém mot ti 1¢ 16n trong truyén tai dit liéu IoT 1én Internet. Diém
dang cha y khi trién khai cac tng dung IoT la kha nang tiét kiém nang luong, toc do
truyén tai, cing nhu d6 bao phu. Cac cong nghé khong day cling duoc phat trién dé€ phu
hop voi cac nhom ting dung IoT khac nhau.

Bén canh d6, LPWAN (Low-Power Wide Area Network) - Mang dién rong nang
luong thdp 1a mot trong nhitng xu hudng tat yéu khong thé thi€u trong cac ting dung
IoT twong lai. LPWAN la cac cong nghé khong day voi cac ddc diém nhu pha séng 16n,
bang thong thap, kich thudc géi tin nhoé va thoi gian st dung pin lau dai. LPWAN c6 chi
phi thap hon mang di dong va c6 pham vi rong hon mang khong day tam ngan [1].
LPWAN cung cap kha ndng két ndi cho cac thiét bi va tng dung co tinh di dong thap va
murc d6 truyén di liéu thdp - Vi du nhu cac cam bién, dong ho thong minh (dong ho
nudc, dong ho dién) la mot phan trong Internet van vat. Chinh vi thé, LPWAN sé mang
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t6i mot lra chon mai cho truyén tai dit liéu IoT, dugc phét trién nham dap tmg muc dich
tiéu thu nang lwong thap, kéo dai thoi gian hoat dong cta thiét bi dau cudi, kha nang
truyén tai véi khoang cach xa t6i hang chuc km.

Tich cuc nhét trong viéc phat trién LPWAN la mot s6 nha cung cap va td chic
nhu: LoRa Alliance, Texas Instruments, Sigfox, Ingothy,... Mai t6 chite dwa ra mot tiéu
chuan riéng vdi cac phuwong thitc hoat dong khac nhau, nhung tat ca déu hudng téi muc
dich st dung cuia LPWAN. Méc du c¢6 nhiéu cong nghé va tiéu chuan LPWAN khac
nhau, tuy nhién mot s6 cong nghé dang duoc trién khai hiéu qua tai nhiéu noi trén thé
gi6i c6 thé ké dén nhu: LoRaWAN [2], NB-IoT [3] va Sub-1 GHz [4].

LoRaWAN la mot tiéu chuan mo duwoc dwa ra tir dau nam 2015 boi t6 chirc LoRa
Alliance nham dam bao kha nang tuong tac gitra cac thiét bi IoT. Tuy nhién, né khong
thue sy mo vi chip LoRa co ban can thiét d€ trién khai mang LoRaWAN la doc quyén
cia nha san xuat chat ban dan SemTech. V& co ban, LoRa la 16p vat ly (chip) con
LoRaWAN la 16p MAGC, ttcc la phan mém duoc dét trén chip dé kich hoat két n6i mang.
bén gitta nam 2021, da c6 151 nha khai thac mang duoc duwa vao st dung va trién khai
tai 167 quéc gia [5]. LoRa stt dung phd tan s& Sub-GHz (868 MHz & Chau Au, 915 MHz
& Chau My va 433 MHz & Chau A). Véi cong nghé LoRa, chiing ta c6 thé truyén dit liéu
v6i khoang cach 1én hang km ma khong can cac mach khuéch dai cong suat, tir d6 giap
tiét kiém nang luwong tiéu thu khi truyén/ nhan dir liéu. LoRa c6 thé duoc ap dung rong
rai trong cac ting dung thu thap dit liéu nhu mang cam bién khong day, trong d6 cac n6t
cam bién cd thé gui gia tri do dac vé trung tdm cach xa hang km va c6 thé hoat dong
trong thoi gian dai.

NB-IoT (NarrowBand —IoT) la mdt cong nghé IoT bang hep duwoc chuan héa boi
3GPP vao nam 2016. NB-IoT duoc phat trién dya trén cac tiéu chuan di dong hién co.
Nhu vay d6i voi NB-IoT, ¢6 thé str dung gan nhw tat ca cac dai tan s6 twong tw nhw
2G/3G/AG trong bang tan thap, bao gom: B20 (800 MHz), B8 (900 MHz), B3 (1800 MHz)
[6]. Muc dich cta NB-IoT la phuc vu cac tmg dung IoT thong lwong thap. NB-IoT hd tro
két ndi hang triéu thiét bi M2M (Machine-to-Machine) va ting dung. Két ndi nay duoc
ddc trung boi thong luwong thap, truyén di liéu khong thuong xuyén. NB-IoT dap tng
yéu cau tudi tho pin kéo dai it nhat 10 ndm nho hai cong nghé tiét kiém nang luong la
PSM va eDRX:

e DPSM - Power Saving Mode: ché d6 ngu t5i da 1a 12 ngay nhung van giit két

ndi.

e eDRX - expanded Discontinued Reception: Kéo dai chu ky & ché d6 ngu

khong tai t6i da 40 phtit. Va cho phép thiét bi tat mot phan mach dién dé tiét
kiém nang luong [7].
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Thuc t& mang NB-IoT duoc thiét ké dya trén mang LTE véi su diéu chinh dac
biét. Biéu nay cho phép NB-IoT c6 cac 1oi thé d€ str dung trong cac tng dung IoT. Thanh
pho thong minh 10T, Industrial IoT vi chat lwong dich vu va toc do di liéu cao.

Chuan giao tiép khong day Sub-1 GHz [4] duwgc Texas Instruments phat trién
nham gép phan giai quyét bai toan héc bua trén, khi st dung ngudn nang luong thap
nhung cho phép truyén khoang cach 1én dén 10 km.

Tuy nhién, qua trinh nghién cttu va phat trién ctia chuan nay da va dang gap
thach thirc rat 16n, noi bat la sy han ché trong khau tiép can ctia nguoi dung voi cac vi
mach chuyén dung.

Trong khuon kho caa bai bdo nay, nhéom nghién ctru chi tap trung tim hiéu vé
nguyén ly hoat dong ctia mang khong day Sub-1 GHz duwgc phat trién boi Texas
Instruments. Dong thoi thiét k& mot hé thong IoT co ban véi mot s6 not cam bién/chap
hanh (Sensor/Actual Node - SAN) va mot not chu (Master Node - MN) dwa trén bo mach
CC1350 duoc tich hop chuan TI SUB-1 GHz.

Véi cac bd thu phat RF cong suat thap linh hoat va b vi diéu khién khong day,
Sub-1 GHz gitip loai bo cac rao can cho viéc trién khai toan cau véi kha nang truyén tai
dw liéu véi do tin cay cao va hiéu sudt nang luong cuc thap.

2. MANG KHONG DAY SUB -1 GHz CUA TEXAS INSTRUMENTS
2.1. Gi6i thiéu vé mang khong diy Sub-1 GHz

Nham xay dung mot chuan két néi khong day cho cac thiét bi IoT, hang Texas
Instruments (TT) da dwa ra mot chuan giao ti€p khong day riéng cua minh va dat tén la
mang khong day Sub-1 GHz. Giao tiép nay da duoc hang TI trién khai trén cac thiét bi
nhu SimpleLink CC13x0 va CC13x2 [8]. Uu diém cta mang Sub-1 GHz ma hang TI da
dwa ra c6 thé ké dén nhu la:

e HOJ tro truyén nhan khoang cach 16n (1én t6i 10 km trong diéu kién tam nhin
théng).

e Xay dung dua trén tiéu chuan da dwogc IEEE cong nhan, d6 la chudn IEEE
802.15.4 e/g.

e HObtro mang hinh sao (Star Networks).

e HO tro cac ndt cam bién ning luong siéu thdp (Ultra-Low-Power Sensor
Nodes).

Mang khong day Sub-1 GHz cua TI ¢6 ba ché d6 hoat dong d6 la dinh hudng
(BEACON), v6 huéng (NON BEACON) va nhay tan (FREQUENCY HOPPING). Bai bao
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nay sé tap trung vao viéc thiét ké hé thong hoat dong 6 ché€ d6 NON BEACON nén phan
nay sé trinh bay so lugc vé ché d6 NON BEACON.

Ché d6 NON BEACON la ché d6 ma bd diéu phdi (coordinator) khong gii cac
tin hiéu dinh hudéng (beacon signal) theo chu ky cho céc thiét bi (device) hodc cac not
mang (node). Bay la mot ch€ d¢ mang khong dong b, hoat dong theo co ché CSMA/CA.

Device
’ Application ‘ ’ MAC layer [ ’ MAC layer |

Data_Request

Coordinator

Data transmitted and acknowledged

tl

MAC_SUCCESS Data_In

Data_Request

rData transmitted but not acknowledged l

MAC_NO_ACK

Hinh 1. Co ché truyén nhan dix liéu va phan hoi trong ché ¢ NON BECON.

Khéc véi ché d6 BEACON, 6 ché do NON BEACON cac dix liéu duoc truyén tie
thiét bi hay n6t mang sé duoc gui tryee ti€p dén bo diéu phdi ma khong can phai cho tin
hiéu dinh huéng. Khinhan duoc dit liéu, bo diéu phdi sé gui tin hiéu xac nhan (ACK)
dén thiét bi. Trong treong hop dit liéu truyén bi 16i, khong ¢6 tin hiéu ACK, 16p MAC
sé phan hoi dit liéu truyén bi 16i &€ thong bao cho tiing dung trén thiét bi.

Vi qua trinh truyén thong tin tix by diéu phdi dén cac thiét bi, cac dit liéu sé
duoc xép trong hang doi gui di caa 16p MAC cua MN, cho dén khi ¢6 tin hiéu pooling
(tin hiéu yéu cau dix liéu — data request signal) cua thiét bi. Sau d6, cac dix liéu nay sé
duoc gui di dén thiét bi da gii yéu cau. Cac tin hiéu yéu cau dir liéu sé duoc gui theo
chu ky, va c6 thé thiét 1ap duoc chu ky nay bang cach cau hinh cho thiét bi.

Trong bai bao nay, hé thong truyén nhan di liéu sit dung mang TI Sub-1 GHz sé
duoc phat trién dua trén du an TIDEP0084 ctia Texas Instruments. Dya trén nhiing khao
sat ban dau, hé thong sé duoc phat trién dya trén mot phan caa dw an TIDEP0084 [9] boi
mot s6 ly do cu thé sau:

® (o6 cdu hinh kha gan vdi hé thong ma nhém nghién cttu mudn xay dung.
e (6 céc tai liéu cling nhu ma nguén mé dugc cong bd rong rai dé tim kiém.
e Du 4n duoc thiét k& chit ché, kiém soét 16i va cac su kién rat tot.

* C6 cac phan tinh ning mé dé nguoi 1ap trinh ¢6 thé dé dang phat trién.

Vi vay, sé thuan tién hon néu thiét ké dua trén dy an nay thay vi tu thiét ké tt
dau dén cudi. biéu nay cho phép nhém nghién cttu xay dung nhanh mot hé thong dé
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danh gia hiéu qua cua chuan giao tiép khong day nay, so véi médt s chudn giao tiép
khac ma nhém da tieng thuc hién.

So d6 khoi hé thong ban dau duoc thé hién nhw trén Hinh 2. Cac SAN sé gui cac
d@ liéu nhan duoc tir cam bién theo chu ky 3 gidy va nhan cac lénh diéu khién ttr MN
theo chu ky 1a 1 gidy. Hé thong sé hoat dong theo nguyén ly ctia ché€ d6 NON BEACON.

Sensor/Actuator
Node

Sub 1-GHz Local Web App
Sensor/Actuator

Node

usB
Coprocessor >

CC1350
Sensor/Actuator Master Node App
Node

Sensor/Actuator
Node

Hinh 2. So d6 khoi hé thong IoT sit dung mang khong day TI Sub-1 GHz.

Trén MN, mo6t phan mém (Master Node Application - MNA) sé duoc phat trién
d€ giao tiép tryc ti€p voi bo mach CC1350 thong qua két ndi USB. Phan mém nay sé
quan ly mang Sub-1 GHz. Mt ting dung Local Web ciing sé duoc thiét ké d€ tao ra mot
giao dién tuong tac nguoi dung. Tuy nhién, trong dé tai nay, giao dién nay chi duoc phat
trién du dé kiém thit cac hoat dong ctia hé théng. Ung dung web (Web-App) nay sé giao
ti€p voi MNA thong qua Web Socket. M6 hinh cu thé cia hé thdng nay dwoc trién khai
nhu ¢ trong Hinh 3.
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Hinh 3. Hé thong thtt nghiém truyén nhan di liéu stt dung mang khong day TI Sub-1 GHz [9].
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Trong hé thong nay, cac bo mach CC1350 sé duoc st dung nhu la cac SAN. Céc
bo mach nay sé doc dit liéu vé nhiét do dé€ gui vé MN, dong thoi nhéan tin hiéu diéu
khién tit MN dé€ diéu khién cac khdi chap hanh. Hé thdng cling st dung mot bo mach
BeagleBone, két hop vdi bo mach CC1350 dé tao thanh MN cho hé thong mang Sub-1
GHz. Dt liéu truyén nhén sé duoc giri dén Web-App thong qua cac dich vu dién toan
dadm may nhw stackArmor hodc Amazon Web Services (AWS).

2.2 Thiét ké cac Sensor/Actuator Node

Phan trung tdm cua SNA 1a bo mach CC1350 dugc tich hop san chip TI SUB-1
GHz. SNA sé gtii cac dit liéu ctia cam bién nhiét do co san trén bo mach (dit liéu dwoc
doc qua chan analog). O chiéu nguoc lai, SNA sé nhan cac tin hiéu diéu khién ctaa bd

diéu phoi dé diéu khién cac chan GPIO, PWM.

Phan mém viét cho bo mach CC1350 duoc viét trén Code Composer Studio, st
dung TI RTOS céc driver nhuw ADC, PWM, PIN, SPI, I2C. Phan mém st dung TI Sub-1
GHz MAC API dé€ c6 thé giao ti€p voi TI 15.4 stack. So d6 thuat toan cia SNA duoc thé
hién nhw Hinh 4 duéi day.

Sensor_lnit

4’[ Sensor_process ()

SENSOR_
START_EV
T Set?

Start or restart
the sensor

Time to
send next
sensor
data?

| | Process LLC Events

Read Sensor
—Send Data

! I

Process AppMAC L Process Sensor Special
Events h Events
A4
END

Hinh 4. So d6 thuat toan phan mém diéu khién trén sensor/actuator node.

Ham Sensor_process() la ham lap chinh ctia chuwong trinh. Trong ham nay
chuong trinh sé xtt ly cac su kién cua mang nhu thiét lap mang khi duoc két n6i vao mot
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mang cua MN, doc dit liéu cua cac cam bién va guri di cho MA khi dén thoi gian report
interval.

Ham readSensors() dugc dinh nghia trong tép sensor.c sé thiec hién viéc doc cac
cam bién, & day la nhiét d6 dwoc tich hop ngay trong bo mach (dix liéu tir chan tin hiéu
teong tu - 1023). Viéc doc duoc thiee hién béng cach stt dung cac chan PIN va ADC trén
TI-RTOS.

Ham dataIndCB() la ham callback dugc goi modi khi ¢6 di liéu gui vé tir MN.
Nhu khi c6 dir liéu diéu khién bat/tit led va diéu chinh PWM, thi chwong trinh sé goi
cac TI-RTOS driver dé diéu khién cac chan nay theo dit liéu diéu khién.

2.3 Thiét ké Master Node

V6i MN, bo mach CC1350 sé duoc nap phan mém coprocessor va két néi vdi bo
mach Beagle Bone Black thong qua cdng USB. O bo mach BeagleBone Black mot phan
meém viét bang ngon ngir C dung dé giao tiép véi Bo mach CC1350, va diéu khién bo
mach hoat dong nhuw mot bo diéu phdi, to chikc va quan ly mang TI Sub-1 GHz.

Chuong trinh ¢6 sit dung TI 15.4 stack API d€ diéu khién cac qua trinh ctia mang
Sub-1 GHz. Ngoai ra chuong trinh nay sé chay nhu mét Local Server dé€ cé thé giao tiép
v6i Web-App thong qua Web Socket. Churong trinh nay sé nhan cac dit liéu tir cam bién
duoc gri theo chu ky tir cAc ndt cam bién va thong bao cap nhat cho chuong trinh web
théng qua Web Socket. O chiéu nguoc lai, chirong trinh sé nhéan cac 1énh diéu khién tir
chuong trinh web dé€ gui dén diéu khién cac SAN twong tng.

Trong du an nay, TI15.4 Stack appServer [10] ciing dugc st dung dé€ xay dung
mot chuong trinh (stt dung Node JS) nham cho phép két ndi véi nén tang dién todn dam
may (cloud) caia AWS thong qua giao thite MQTT va MQTT over Web Socket. AWS sé
cai dat sén Mosquito Broker nham cho phép thuc hién giao thitc MQTT giita hé thong
vo6i cloud. Trén AWS, cling trién khai Web-App dé nguoi dung co thé truy xuat di liéu
sensor. Web-App nay ciing duoc viét bang Node JS.

Nhu da néi ¢ trén, mot chuong trinh tng dung trén nén tang web (Web
Application (Web-App)) duoc phat trién d€ tao mot giao dién diéu khién va giam sat d@
liéu cam bién cho nguoi dung. Trong khuon kho ctia dé tai, giao dién web nay chua duwogc
phat trién nhiéu, cht yéu duoc dung dé kiém tra két n6i va cac chiic ndng ctia mang,.
Hién tai trén giao dién chi co thé diéu khién duoc tit/bat led trén mdi SAN va hién thi
nhiét &0 do duwogc tir cac SAN.
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3.1. Thuc thi thit nghiém phén ctng

Hinh 5. Thuec thi thit nghiém phéan ciing ctia hé thong truyén nhan dix liéu
qua mang khong day TI Sub-1 GHz.

V6i m6 hinh dwoc dé xudt nhw & Hinh 3, dé tai da tién hanh thuc thi thir nghiém
hai SAN st dung hai bo mach CC1350 lam nhiém vu thu thap di liéu vé nhiét do, do
am. bong thoi, khi nhan tin hiéu diéu khién tit MN thi cac bo mach sé diéu khién bat/tit
truc tiép mot den led trén bo mach (twong ting véi mot kénh diéu khién déng/ngat cho
mot thiét bi dién bat ky). Phan ctiing hé thong dwgc thye thi nhwe ¢ Hinh 5.

Bo mach BeagleBone sé duoc ndi voi CC1350 d€ tao thanh mot MN nh3m quan
ly mang Sub-1 GHz nhu & Hinh 6. Bo mach BeagleBone sé duoc két n6i véi mang internet
qua c6ng Ethernet bang cap mang hodc thong qua két ndi Wi-Fi. Mot hé diéu hanh véi
nhan Linux s& duoc cai dit trén thé nhé SD gan trén bo mach BeagleBone sé& cho phép
truy cap va diéu khién bo mach nay thong qua giao thirc SSH.

Hinh 6. Két ndi gitta bo mach BeagleBone Black véi CC1350 dé tao ra Master Node.

Néu két n6i gitra hai bo mach thanh cong, c6 thé kiém tra lai két qua két noi thong
qua terminal nhu ¢ Hinh 7.
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root@am437x-evm:~F 13 -1 /dev/ttyARCH*
CIXW—IwW———— 1 root dialout 166, 0 Oct 24 16:52 /dev/ttvACMO

CIW-—XIW—=—~= 1l root dialout 166, 1 Cct 24 16:52 /dev/ttyACMl

root@amé3Tx-evm: ~F

Hinh 7. Kiém tra két n6i gitta bo mach BeagleBone va CC1350.
3.2. Phin mém Web-App d€ giao tiép voi nguoi dung.

Web-App dé€ giao ti€p véi nguodi dung dwoc nhém tic gia phat trién bang
NodeJS. Giao dién co ban ciia Web-App nay duoc thé hién nhu trong Hinh 8. Khi bo
mach BeagleBone duoc cdp nguon, cd thé truy cap Web-App thong qua dia chi IP:
54.82.231.80:8000.

Tuy nhién, trong qua trinh thuc hién do chua ¢6 kinh nghiém nhiéu vé Node JS
nén chuong trinh thwec hién van con nhiéu 13i can khic phuc. Hién tai, chwwong trinh chi
madi nhan dit liéu vé nhiét dd va do &m dé hién thi 1én Dashboard. Cac Tram 1, Tram 2
trong chirong trinh cling twong tng voi hai bo mach CC1350 dong vai tro la cac SAN.

Trong twong lai, nhém nghién cttu sé hoan thién hon chuwong trinh nay voéi day
du céc tinh nang da dat ra tir trede, cing nhu dat duoc sw 6n dinh trong qua trinh hoat
dong.

AutomaticFarm o

Status

O Humidity Chart Realtime [on | off O Temperature Chart

HUMIDITY TEMPERATURE
90% i D it P E 41,410 D F

Hinh 8. Giao dién cia Web-App dwoc phat trién.

Tuy Web-App con don gian, cling nhu cac thiét bi phan ciing con nhiéu han ché
nhung hé thong duoc xay dung da co thé truyén dugc cac dir liéu vé nhiét d9, do am
thu thap duoc tir cac SAN vé MN thong qua chuan khong day Sub-1 GHz cua TI. MN
xay dung trén bo mach BeagleBone ciing da két ndi duoc voi cloud cia AWS va cho
phép hién thi duoc két qua do nhiét d6, d¢ &m cho nguoi dung quan sat truc ti€p trén
Web-App.
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Trong bai bdo nay, nhém nghién ctitu da tap trung vao viéc thuee thi thir nghiém
mot hé thong IoT don gian, thuc hién viéc truyén nhan da liéu gitra cac ndét mang voi
ndt chu thong qua chudn giao tiép khong day Sub-1 GHz dwgc phat trién boi TI. Cac két
qua ma dé tai nghién cttu thu duwocla rat kha quan khi da trién khai thanh cong hé thong
véi kha nang truyén nhan duoc cac dit liéu vé nhiét do va do am lén mot Web-App,
cting nhu cho phép diéu khién tirt Web-App dén cac n6t mang chap hanh.

Hé thong duoc thtt nghiém tuy con don gian, nhung day la tién dé cho phép
nhom nghién cttu phat trién, moé rong hé thong trén ca phan ciing va phan mém dé xay
dung mot hé thong IoT hoan chinh.

Tuy nhién, bai bao nay chi méi dat dén két qua vé viéc truyén nhan thanh cong
di liéu trén hé thong. Cac két qua khao sat vé téc do truyén, khoang cach truyén,... cling
nhur mot s6 két qua do dac khéc phai can dugc thyc hién trong nhitng thit nghiém tiép
theo dé€ lam nén tang cho viéc phat trién nhiing ting dung trong twong lai.

LOI CAM ON

Nghién cttu nay duoc thyc hién trong khuon kho Dé tai cdp Dai hoc Hué ma s6
DHH2020-01-172.
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RESEARCH AND IMPLEMENT A MODEL OF WIRELESS NETWORK
SUB -1 GHz FOR IoT APPLICATIONS

Phan Hai Phong’, Hoang Dai Long, Vuong Quang Phuoc, Nguyen Duc Nhat Quang
Faculty of Electrics, Electronics Engineering and Material Technology,

University of Sciences, Hue University
*Email: phongph@husc.edu.vn
ABSTRACT

Wireless communication standards are the necessary foundation to build effective
Internet of Things (IoT) systems. Many wireless communication standards have
been developed to serve this purpose, such as LoRa, NB-1oT, TI Sub-1 GHz,... This
article focuses on implementing the Sub-1 GHz wireless standard developed by
Texas Instruments to survey and evaluate this communication standard for lIoT
systems. In this project, a simple IoT system consisting of two network nodes
communicating with the host node through the Sub-1 GHz network has been
implemented. This system was used to test and evaluate the system's ability in

practice.

Keywords: Internet of Thing, Low-Power Wide Area Network, Wireless Network.
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Nehién ciru va trién khai mot mo hinh mang khong ddy Sub-1 GHz cho cdc itng dung IoT
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