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Tom tat

LoRa (Long Range Radio) la cong nghé khong day truyén dir liéu tim xa, tiéu thu ning  Nhan 06.08.2021
luong thap cho céc ing dung M2M va loT. Nhém tac gia da thiét ké va thyc hién cong  Puogc duyét 22.09.2021
chuyén d6i (Gateway) LoRa— GSM (Global System for Mobile Communications) tich  Céngbé  10.11.2021
hop man hinh cam ung HMI (Human Machine Interface), dé giao tiép véi ngudi van

hanh thay thé cho mot méy cha LoRa. Céng chuyén d6i sang loc va dua dir liéu 1én

may cha 10T thdng qua mang di dong GPRS/3G/4G twong thich véi moi dia hinh khac T khéa

nhau. NGt LoRa str dung cam bién khong day dung pin tiét kiém ning luong, ddng bo
Vv6i cong chuyén dbi. San pham LoRa 433MHz da duoc thir nghiém & hai ving dia
hinh: d6 thi va ndng thon. Két qua cho thiy cong chuyén ddi dam bao yéu cau kiém
soat va truyén dir lieu dat do tin cay cao va ra quyét dinh diéu khién on dinh; c6 thé

loT, long range,
gateway loT, node
LoRa, low power sensor
network, GSM, HMI,

duoc sir dung trong céng nghiép, quan tric méi trudng ndng nghiép vay té.

sensor network
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1 M& dau

Tu dong héa quan tric méi truong doi hoi phai thu
thap, xir li va luu trir mot luong dit liéu I6n thdng sb
cua céc cam bién.

1.1 Cdng nghé LoRa

Cong nghé LoRa do hang Semtech phat trién cd cu li
truyén xa véi tiéu thu ngudn thap, dap @ng cho céac hé
quan trac hién dai bao phu mét ving dia Ii 16n. LoRa
mang hoat dong trén tan sé 433 MHz hoic 915 MHz
(dwoc phan theo khu vyc trén thé gisi). Kha ning
truyén dir liéu tir 0,25 kbps dén 50 kbps [1]. LoRa &p
dung ki thuat diéu ché trai phd Chirp Spread Spectrum
(CSS) thay thé cho cong nghé diéu ché truyén thdng
Direct Sequence Spread Spectrum (DSSS), dir liéu
dugc bam bang cic xung cao tan dé tao ra tin hiéu
chipped c6 day tin s6 cao hon tan s6 cua dir liéu géc;
sau d6 chipped duoc mad hoa theo cac chudi chirp
signal (hinh sin cd tan s thay déi theo thoi gian); c6 2
loai chirp signal 12 up-chirp c6 tan sé ting theo thoi
gian, hoat dong trong kénh bang thong (Bandwidth -
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BW) ¢é dinh 125 KHz hoic 500 KHz va down-chirp
co tan s6 giam theo thoi gian va trong kénh bing
thong 500 KHz; ma hoa theo nguyén tic bit 1 cho up-
chirp, va bit 0 cho down-chirp truéc khi truyén ra
anten dé giri di. Hé s6 lan truyén tin (Spreading Factor
- SF) ngin nhat tr SE7 dén dai nhat SF12, téc do ma
hoa Code rate (CR)tr1-4[2, 3]. SF,BWvaCR la 3
thdng sd co ban c6 thé tly bién trong ki thuat truyén
cua LoRa. Trong d6, SF va BW anh hudéng thoi gian
truyén va khoang céch truyén dir liu, con CR xac
dinh thoi gian ma héa dir liéu. Phuwong phap nay giap
giam d6 phuc tap can thiét cia mach nhan dé giai ma
va diu ché lai di liéu; khdng can cong suit phat 16n
van c6 thé truyén xa, cung cip su can bang giira do
nhay thu véi toc do dir lidu, ca khi tin hiéu thap hon
nhidu; cac chirp rate khac nhau c6 thé hoat dong trong
cling mot khu vuc ma khong gay nhiéu nhau, nho do
nhiéu thiét bi LoRa c6 thé trao dbi dit liéu ddng thoi
trén nhiéu kénh, duy tri tudi tho pin caa cac nat cudi
bang cach ti wu hoa muc cong suat va toe do dir liéu.
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Hinh 1 Tan sé va khoang cach két néi LoRa [4]
1.2 Mang LoRa
Téi thang 8 nam 2021, da c6 hon 191 triéu ndt LoRa
va 1,7 triéu cong chuyén doi dugc trién khai trén toan
thé gisi [4]. Da c6 nhitng nghién cau thiét ké phan
ctng cong thu thap dir liéu trén nén tang LoRa [5], do
dac khoang céch va cac thdng s trong ki thuat truyén
nhan nhu Signal Noise Ratio (SNR), Received Signal
Strength Indicator (RSSI). Phan ciing két ndi co so dit
lieu qua wifi va enthernet [6]. Ap dung céch thirc sang
loc dir ligu trén hé thong loT theo ngit canh, thoi gian,
thoi tiét [7]. GSM khic phuc duoc han ché & nhiing
viing thiéu két néi mang wifi va enthernet [8].
Tam xa dén 5 km trong thanh thi, 15 km & ngoai 6 véi
viéc co thé str dung pin t6i 10 nam [9] 12 loi thé 16n
ciia mang LoRa trong cac dy an loT chi phi thap, tuy
nhién dung luong dir lidu truyén khong cao [10]. Vi
thé, LoRa s& thich hop trong céc (ing dung nhu trong
Hinh 2.
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Hinh 2 Cé&c ung dung cia mang LoRa [6]
Trong linh vyc d6 thi théng minh véi do tin cay va
kha thi vé tiét kiém nang lugng, chi phi thap, mang
LoRa thudng dwoc dung trong cac hé théng 10T: giam
sat dén giao thong, cam bién, diéu khién tir xa, bi gitr
xe thdng minh, chiéu sang théng minh [11]; gilp viéc
diéu hanh hoat d¢ong cua thanh phé hiéu qua, giam chi
phi va dé bao tri so véi cach quan Ii truyén thdng.
Trong linh vyc theo ddi va kiém soat moi truong rat
can céc dir liéu thay doi theo thoi gian cua cac chi s6
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moi trudng: nhiét d6, do pH, do man, do dan dién EC,
NO,, SO,, O3, CO trong vung c6 ban kinh tgi 2 000 m
[12].... dé c6 thé giam sat va dua ra quyét dinh xur i
Kip thoi. Trong cham séc suc khoe thong minh, mang
LoRa gitp theo ddi tim mach, néng do oxi trong mau,
nhiét do co thé,... dé diéu tri tot hon; cac chi s6 bat
thuong duoc tu dong chuyén dén co quan y té dé som
phét hién va diéu tri bénh [13].

Muc tiéu cua bai bao nay hudng téi linh vuc ndng
nghi¢p thong minh, tng dung ndng nghié¢p cong nghé
cao dé nang cao chat lugng san pham, giam thiéu tac
dong moi truong va bao ton tai nguyén. LoRa theo doi
d6 am dat, nhiét do, a6 4m khdng khi, chuyén dir liéu
tir ndng trai 1én dién toan dam may, phan tich dir liéu
gilp tu dong didu chinh nhiét do, tudi tiéu,... [14].

1.3 CAu trGic mang LoRa
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Hinh 3 CAu trlc cia mang LoRa [6]

LoRaWAN (Long Range Wireless Area Network) la
giao thirc mang mo két ndi thiét bi IoT & nut cudi voi
cac cong dugce tiéu chuan hoa boi LoRa Alliance (gom
hon 500 cong ty thanh vién va 1a mgt trong nhing lién
minh cong nghé phat trién nhanh nhét); software hd
tro 1a LoRa Mac (Class A, Class B, Class C); hoat
dong trong pham vi phd khong duoc cép phép dudi 1
GHz (trong khi, wifi hoat dong ¢ tan s6 cip phép 2,4
GHz va 5 GHz va 4G trong khoang (2 - 8) GHz. O
mdi khu vire khac nhau trén thé giéi LoRaWAN ciu
hinh cho chip LoRa hoat dong & bang tin cho phép (&
Viét Nam la 430 MHz). LORaWAN qui dinh chgt che
giao thirc, dung luong (capacity), tbc do truyén, do
bao mat,... cho tat ca cac thiét bi trong mang. Ngin
xép giao thirc ngudn mod cho phép cac cong ty phat
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trién LoRa c6 thé két hop cung nhau tao mt giai phap
chi phi thap, d& sir dung dé két ndi tat ca cac thiét bi
loT.

Mang LoRa (Hinh 3) gém 3 thanh phan.

- LoRa Infrastructure: LoRa Nodes (c&c nat chira cam
bién) st dung cong nghé diéu ché LoRa (CSS), dit
lieu thu thap dugc ma hoa thanh céc goi tin gui vé
Gateways (cac cong chuyén d6i) rdi dua qua network
servers dé xur Ii [15].

- LoRa Network Servers (may chi mang): két ndi truc
tiép vai cong chuyén doi, phan tich loai bo cac goi tin
trang lap, dong goi va luu trit dix liéu vao 6 cang; giai
ma vé dang dit liéu ma ngudi dung can, 1am may cha
cho cac website cuc bo.

- loT Cloud: Application Servers (may chu ttng dung)
ma hda dir liéu duge dong goi dé cung cap mot giao
thaee cho 10T nhu http, mqtt hay mot website hoac app
mobile, hoic mot ing dung nao d6 noi ma ngudi sir
dung c6 nhiém vu xur li, dién giai dit liéu nhan duogc
va ra quyét dinh diéu khién [16].

2 Thiét ké phan cting

Tir c4c tai liéu tham khao, chua thdy c6 giai phép két
hop hién thi va tuong tac nguoi dung nham tbi wu
cong chuyén d6i LoRa trong luu trit, hién thi va két
hop dua dit liéu 1én may cha loT. Nhom tac gia da
thiét ké méi va ché tao thanh cong Gateway - GSM ¢
tich hop man hinh cam &ng HMI, ndt LoRa cam bién
dung pin tiét kiém ning luong, nat diéu khién két noi
véi cong chuyén doi. San pham LoRa 433 MHz da
duoc thir nghiém & hai vung dia hinh: d6 thi va ndng
thon. Két qua cho thay hé thdng hoat dong tot, dam
bao yéu cau kiém soét va truyén dir liéu dat d6 tin cay
cao va ra quyét dinh diéu khién 6n dinh (Hinh 4).

Cloud Server
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Node LoRa Node LoRa Node LoRa Node LoRa

Hinh 4 M6 hinh hé théng

2.1 Cong chuyén doi LoRa — GSM

Cong chuyén d6i ¢6 2 nhiém vu nhu thanh phan 1 va
2 trong Hinh 3, vira kiém tra két ndi GSM, internet
nhur mot may chi LoRa vira thu thap dix liéu nhan tir
cac nat cam bién thong qua LoRa, phén tich dua ra
quyét dinh diéu khién dén cac nat diéu khién. Dong
thoi cdng chuyén d6i luu trix dit liéu cuc bo. Hién thi
thong s, cai dat théng qua man hinh cam tng HMI.
Sau d6, dit liéu dugc sang loc, dong goi giri dén nguoi
ding qua tin nhan va giri 1én may chu loT qua mang
di dong.

Antenna HMI Nextion Antenna

GSM y 433KHz

UART 2|

Y

> - LoRa Ra02
UART 1 SPI1

MCU
STM32F103RCT6

[ Regulator sim -2.1vDC

UART 3 RS485

usB

SPI3

f f

[ Regulator MCU - 3.3VDC

[ Regutator MIC29302 - 5vDC

[ Power 12 - 24V DC |

Hinh 5 So d6 khdi cong chuyén doi

Cong chuyén déi (Hinh 5) gom: bo diéu khién trung
tam (MCU) dung vi diéu khién 32 bit ARM
STM32f103RCT6 chip nay sir dung nhan CortexTM-
M3, day du giao tiép, tiét kiém ning lwong. Luu trit
dit liéu cuc bd qua thé nhé SD. LoRa Ra02 cua
Semtech chiu trach nhiém két ndi truyén tin tim xa
trén dai tan 433 MHz, diéu ché va dai diéu ché tir xa
Frequency shift keying (FSK), dé giai quyét thay thé
c6 day truyén thdng, chong nhidu va tiéu thu tiét kiém
dién ning, giao tiép v6i MCU qua chuan Serial
Peripheral Interface (SPI). Dit liéu dugc truyén dén
dién thoai hozc truyén Ién may cha dam may thong
qua Sim, khéi nay cé thé két néi internet thong qua
GPRS hoic 3G/4G. Hién thi va giao tiép véi nguoi
dung truc tiép thdng qua man hinh cam tng HMI cua
hang Nextion, nguoi phét trién hoan toan co thé thiét
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ké va tly bién giao dién cho HMI théng qua phan
mém Nextion Editor. Ngoai ra cong chuyén dbi duoc
tich hop chirc niang truyén thong RS485, két ndi voi
V6i méy tinh qua USB CAN dé hd tro giao tiép véi
thiét bi tu dong khi can thiét.

PCB céng chuyén déi (Hinh 6a) 1a mach in 4 I6p thiét
ké trén phan mém Altium Designer, gia cong bai
JLCPCB Trung Quéc. Hinh 6b la cong chuyén doi
thanh pham sau han l3p linh kién.
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Hinh 6b Cdng chuyén d6i LoRa-GSM hoan thi¢n

2.2 Nut cam bién

So d6 khdi nat cam bién (Hinh 7) thu thap dit liu vé
cac thong sb vat 1i nhu nhiét do, d6 am, pH,... Cac n(t
cam bién (Hinh 8) duoc thiét ké dung pin tiét kiem
nang luong, dong vi diéu khién ARM FO hoic LO
ning luong thap duoc sir dung c6 thé dat 37 pA tuong
duong nghién ciru trude d6 [17]. Vi didu khién nay tdi
vu niang luong bang ché do ngu, didu khién tat mo
nguon cho cam bién va LoRa. Khdi LoRa Ra02 c6
nhiém vu két ndi truyén nhan vai céng chuyén doi qua
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dai tin 433 MHz. Cam bién dung loai twong tu
chuyén doi théng sé vat Ii vé dién ap hoidc dong dién.
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Hinh 8b Nt cam bién LoRa dung pin hoan thién

2.3 Nat diéu khién

Nhan va thyc hién lénh diéu khién tir cbng chuyén doi
giri di can co cac nat didu khién tai tryc tiép.

So d6 khéi nat diéu khién (Hinh 9) tai truc tiép cach li
co khi qua ro le.

Nuat diéu khién (Hinh 10) dung vi diéu khién ARM 32
bit FO véi s6 lugng chan két néi ti wu va giao tiép
ph hop, hd trg chuan SPI. Tuong ty LoRa Ra02 c6
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nhiém vu két néi nhan lénh tir cdng chuyén déi. Khéi thuc hién, ching tdi kiém tra két qua dugc do & moi
str dung truc tiép ngudn 1 pha 220 V. truong d6 thi nhiéu cong trinh vat can va ndng thon it
cong trinh nhung nhiéu cdy xanh dang thip. Cong

Switch Relay chuyén ddi cé dinh nhan thdng tin, cac nut diéu khién

1; " va cam bién khong d:&y di dong. Nguoi ‘di chuyén nat

e ding dinh vi GPS dé xac dinh vi tri ddng thoi phan

hoi truc quan vé trang thai giri, nhan, mat tin hiéu theo
MCU t phuong phap danh gia trong nghién ctru do dac [18].
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Hinh 9 So d khdi nat diéu khién
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Hinh 10a »  Nh&p vao ban g6 d& thém vao con duéng cla ban

Téang khodng cach: 985,06 mét (3.231,82 ba)

Hinh 11 Po khoang céch truyén trong db thi

Dé dam bao céc thong sé giéng nhau & cac méi trudng
thir nghiém ching t6i chon cac théng sb trung binh
trong cai dit dé dam bao khach quan trong thir
nghiém.

SX1278_begin(&SX1278,5X1278 433MHZ,SX1278
_POWER_17DBM,SX1278_LORA_SF_8,SX1278 L
ORA_BW_20_8KHZ, 16):

Tan s6 hoat dong: 433 MHz.

Cong suat 17 dBm.

Hinh 10b Nut diéu khién qua LoRa hoan thién

SF: 8.

3 Két qua va ban luan Bang thong LoRa BW 20,8 KHz,

3.1 K&t qua truyén nhan giia cong chuyén déi vei cac 29 d%' goi tin: 16 byte.

niit CR ¢0 dinh 4/8. ‘

Pé thuc nghiém sw 6n dinh truyén tin gitra céng An:[en loai 433 MHz, 3 DBI, chiéu dai 52 mm, tro
khang 50 Ohm.

chuyén d6i va cac nut thong qua LoRa d thiét ké va
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Kich ban trong méi truong d6 thi chdng t6i thuc
nghiém ¢ Quan 12, Tp. H5 Chi Minh, cong chuyén
d6i dugc dat cd dinh ¢ tang 6 do cao khoang 22 m, nit
cam bién dung pin di chuyén. Ngudoi di chuyén sé
dinh vi béo vj tri, trang thai truyén tin.

Két qua trong Hinh 11 vi tri n(t truyén tin ting dan
khoang céch so véi cong chuyén doi nhan, ¢ khoang
cach thir nhat diém A va thi 2 diém B duéi 520 m tin
truyén lién tuc, do tré dudi 1 gidy. Nguoi di chuyén
nat s& dung lai dinh vi & nhitng khoang cach cam
nhan sy thay di thoi gian truyén tin. O khoang céach
diém C 700 m tin vén truyén t6t, do tré (2 - 3) giay,
trong moi trudng d6 thi nhidu vat can ¢ khoang céch
Ién hon (850 - 1 000) m thi tin truyén c6 hién tuong
tré hon va truyén khong lién tuc, that lac goi tin
khoang (10 - 15) %. Sau thi nghiém thuc té méi
truong do thi chdng ti van ¢ thé téi uu khoang cach
t6t hon bang thay doi thong sb SF téi da va anten.
Kich ban moéi trwong ndng thén chlng tdi thuc
nghiém ¢ dong bang tai Vinh Long véi diéu kién dia
hinh bang phang, cay cha yéu dang thip nhu cam va
laa nude. Cong chuyén doi dugc dit cd dinh do cao
khoang 4 m, n(t cam bién dung pin di chuyén. Ngudi
di chuyén s& dinh vi bao vi tri, trang thai truyén tin.

Node 650m ’
Node 1200m »
9

NN ] ,’ A Phé Rang Xay Mé Ly
& ’ e

A tTudna2 =y -

N 4 RSy Do khoang cach

Nh&p vao ban db d& thém vio con duong cla ban

Node 1530m

Hinh 12 Do khoang cach truyén ¢ néng thon

W Tdng khodng céch: 1,53 kilo mét (5.015,86 bo)

Két qua trong Hinh 12 véi cing thdng sé cai dat ban
dau, khoang céch truyén ¢ méi truong nong thon vat
can thap va it thi khoang cach truyén duoc tt hon
du6i 700 m tin truyén lién tuc khéng mat goi tin va
thoi gian dudi 1 gidy tai cac diém A, B. Nguoi di
chuyén nat s& dung lai dinh vi ¢ nhitng khoang céch
cam nhan su thay d6i thoi gian truyén tin. Khoang
cach (900 - 1 100) m tai diém C tin van truyén do tin
cay tot, thoi gian tré (2 - 3) gidy, ¢ khoang céch (1
300 — 1 500) m tai diém D c6 hién tuwong tré (8 — 10)
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gidy, goi tin nhan cd hién tugng that lac khoang 10 %.
Téi wu vé SF va anten cong chuyén doi c6 thé kiém
soat va diéu khién tryc tiép khu vyc co duong kinh
hon 3 000 m, rat pht hop cho viéc giam sat mang cam
bién dién rong, diéu khién tugi tiéu trong néng
nghiép. Trong mot sé kich ban thuc nghiém nham
tang cudng khoang cach truyén bang viéc diéu chinh
céc thong sb ki thuat, ching tdi t6i wu SF véi SF = 12,
BW = 250 kHz twong duong trong nghién ctru [19].
Cong suét truyén cua anten t6i wu dé ting khoang
cach 1én téi 3 900 m.

3.2 Két qua thiét ké giao dién GUI trén HMI
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(b) Giao dién giam sét thong sé nat cam bién trén HMI
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(c) Giao dién diéu khién tai co ban
A Number Phone
(521%]

) |Send

Space
(d) Giao dién cai dat sb dién thoai
Hinh 13 Thiét ké cac trang trén HMI
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Cong chuyén doi duogc thiét ké tich hop giao dién véi
ngudi dung dam bao nhu mot may chu LoRa, ¢6 thé
Iwu trir, xir |f dit liéu ddng thoi hién thi, giao tiép truc
tiép véi nguoi dung théng qua man hinh cam tng
HMI. Giao dién d6 hoa duoc thiét ké trén Nextion
Editor cho man hinh cam @ng gdm cac trang co ban
nhu trén Hinh 13.

Cong chuyén d6i (Hinh 14) c6 két néi man hinh cam
ttng HMI giao tiép tét véi vi diéu khién, cd thé tay
bién nhiéu trang hién thi va chirc nang diéu khién.

Hinh 14 Cdng chuyén dbi va HMI hoan thién
3.3 Két quéa dua dit liéu 1én méy cha loT
Cong chuyén doi déng vai tro vira thu thap dir liéu tur
LoRa hién thi bang GUI trén HMI, luu trix va xir i dix
liéu nhan. Pong thoi cong chuyén d6i cua ching toi
dua thong s6 nhan dugc, xir Ii va luu trir ddm may
théng qua mang GPRS hoac 3G/4G.
Chang t6i su dyng Sim 808 cho nhi¢m vu gui SMS
dén nguoi dung va dua dit liéu 18n may cha loT.

Gateway Lora GSM
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Hinh 15 Truyén lién tuc théng sé cam bién I1&n internet

O Hinh 15, théng s6 cua mot cam bién pH thu thap tur
mot nGt cam bién khéng day dung pin théng qua
LoRa. Céng chuyén ddi thu nhan rdi truyén lién tuc
Ién hé théng may chua caa ThingSpeak, thong s6 cam
bién 6n dinh dao dong rat nho, khoang 0,02 don vi,
thoi gian gui tin 1a 1 phat, lién tuc khdng mat goi tin.

Gateway Lora CSM
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Hinh 16 Truyén lién tuc 2 théng s6 cam bién Ién internet
Trong Hinh 16 chdng t6i thuc nghiém véi thoi gian
gui tin 1én internet nhanh hon, theo thoi gian thuc 15
gidy. Truyén ddng thoi 2 théng sb 1a do dan dién cua
nude EC va dung lugng pin cua nit cam bién khong
day. C6 thé thdy cong chuyén dbi van lam viéc tdt, voi
thdng sb tir cam bién dao dong 0,02 don vi, thdng s6
dung lugng pin 6n dinh khong bi mét goi tin.

4 Két luan

Gateway Lora CSM

(ms fom)

Pin node EC L

Chung t6i da thiét ké va xay dung thanh cong mot hé
thdng co so phan cimg day du, gébm cong chuyén doi,
cac nat cam bién theo ddi thong sé dung pin va nat
diéu khién trén cung chuan truyén LoRa. Tat ca thiét
bi hoat dong on dinh dap @ng yéu cau. Cong chuyén
doi thu thap thdng tin 6n dinh lién tyc tir LoRa duong
kinh bao phu hon 3 000 m. Hién thj va giao tiép trén
HMI ¢6 giao dién tdi wu, giam chi phi hon mot may
chu cuc bo. Hé thdng chuyén dbi két ndi internet
théng qua mang di dong hoat dong nhanh véi do tin
cdy cao. Phan cung c6 thé nhing cac thuat toan xur i
nhu logic m&, mang neural,... nham sang loc dit liéu,
ra quyét dinh diéu khién, canh bao trong twong lai.

Loi cam on

Nghién ctru dugc tai trg béi Quy phat trién Khoa hoc
va Cong nghé - Pai hoc Nguyén Tat Thanh, ma dé tai
2021.01.103/HD-KHCN.
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Design and implementation of LoRa — GSM Gateway nodes monitoring based on LoRa
technology

Ho A Lil *, Bui Vu Minh
Faculty of Mechanical, Electrical, Electronic and Automotive Engineering, Nguyen Tat Thanh University
*halil@ntt.edu.vn

Abstract LoRa (Long Range Radio) is a low-power, long-range data transmission wireless technology for M2M
and loT applications.. The authors of the article have designed and implemented a LoRa— GSM (Global System
for Mobile Communications) gateway with integrated HMI (Human Machine Interface) touch screen, to
communicate with the operator instead of the LoRa server. Gateway filters and uploads data to the 10T server via
GPRS/3G/4G mobile network, which is suitable for all geographical areas. The LoRa node uses an energy-saving
battery-powered wireless sensor that synchronizes with the gateway. The LoRa 433 MHz product has been tested
in two geographical areas: urban and rural. The results show that the gateway meets the control requirements and
data transmission with high reliability and stable control decision-making; and that it can be used in industry,
environmental monitoring, agriculture and smart healthcare.

Keywords 10T, long range, gateway IoT, node LoRa, low power sensor network, GSM, HMI, sensor network.
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