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Toém tat - Sy phat trién cac (rng dung loT nhanh nhw vii bao vé mét
cong nghé va giai phap trong tat ca linh v cia doi séng. Chinh co
h6i nay doi héi cac thiét bi loT phai tiéu thu néng lwong thap déng
thdi o kha nang trao ddi div lieu & khoang cach xa. LoRa (Long
Range) la chuén truyén théng khéng day méi trong nhirng ndm gan
day giai quyét dwoc thach thU’C trén. Mac du, mang LoRaWAN cdng
nghiép cho thay kha néng néi troi trong truyén di liéu xa, tin hiéu
song LoRa van bj suy gidm trong thuc t& bdi khodng cach truyén,
tda nha, cay cbi va nhiéu bdi cac ngudn séng radio khac. Trong bai
b&o nay, chiing toi d& xuét mé hinh mang théng tin LoRaWAN cong
suét thap cho nhitng (ng dung loT v&i khodng céach truyén tin xa va
danh gia mirc d6 pht séng LoRa tai thanh phd Ba Néng véi hai loT
LoRaWAN Gateway cong nghiép va cac gateway khac.

T khé‘a - Internet van véat; LoORaWAN; mic dé pht séng; truyén
théng tam xa; truyén théng cong suat thap; quan ly nang lwgng

1. Giéi thi¢u

Nhimg nam gan day, Internet of Things (IoT) la cong
nghé tiém nang ndi bat trong cugc cach mang cong nghiép
4.0. Cac tmg dung IoT xudt hién khip noi trong tat ca cac
linh vuc tir cong nghiép dén ndng nghiép, nha thong minh,
truong hoc thong minh, thanh phd théng minh. Theo du
doan cua Cisco [1], dén nam 2020 c6 dén trén hang ti thiét
bi thong minh két ndi Internet dong gop then chét cho nén
kinh té toan cdu. Su bung n6 cong nghé IoT s& t1ep tuc tang
nhanh chong theo ham mii trong thoi gian sip dén cing véi
dir liéu 16n (Big Data) va van d& tiéu thu ning lwong ddi
v6i cac thiét bi IoT. Ngay nay, nhiéu tng dung IoT doi hoi
thu thap dit liéu & khoang cach xa, tiéu thu nang lwong thip.
Céc thiét bi LoRa c6 thé hoat dong trao dbi dir lidu trong
mang v6i thoi gian 1én dén 10 nam khi sir dung pin [2].

LoRa dugc viét tit boi Long Range Radio dugc nghién
clru va phét trién boi Cycleo SAS va sau nay cong ty
Semtech mua lai vao nam 2012. LoRa st dung k¥ thuét
didu ché (modulation) goi 1a Chirp Spread Spectrum duy
tri cac dac tinh cong suat thap nhung lam tang dang ke
pham vi truyén tin, gitp truyén khoang cach xa. Bang tan
lam viéc ciia LoRa tir 430MHz dén 915MHz tuy ting khu
vuc khac nhau trén thé gi6i.

Mang dién rong cong suat thap LPWANSs (Low-Power
Wide Area Network) la cong nghé truyén thong khong day
dugce thiét k& dé hd tro trién khai da dang cac ung dung
IoT. Nhirng c6ng nghé nay cho phép két néi dién rong va
quy mo 16n cho cac thiét bi cong suat thip, chi phi thip va
tdc do dir liéu thap.

LoRaWAN la mot trong nhitng cong ngh¢ thanh cong va
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phd bién thuéc LPWANSs [2]. LoRaWAN bao gdm giao thirc
truyén thong dugc dinh nghia béi lién minh LoRa, hoat dong
trén 16p vat Iy LoRa va c4c bang tan cip mién phi.

Chinh vi thé, mang LoRaWAN nhén dugc su quan tam
clia nhidu nha khoa hoc, vién nghién ctru [2] ... trén khip
thé gi6i.

Viéc nghién ciru tinh toan, m6 phong mang LoRaWAN
da dugc nhing thanh tyu nhét dinh, khang dinh vi thé vai
tro mang LoRaW AN trong nhing g dyng IoT tam xa [2],
[3], [4]. Trong bai bao [4], tac gia co dé xuat mang LoRa
v4i cac gateway trong nha nén khoang cach truyén dit liéu
han ché trong ban kinh phu séng LoRa khoang 1km. Tuy
nhién, dé dénh gia tinh kha thi khi trién khai thyc €& mo
hinh mang cong nghiép LoRaWAN can ¢6 phan tich danh
gia trong diéu kién dia 1y cu thé cung nhu nhirng yéu tb anh
huong dén khoang cach truyén dir liéu trong mang
LoRaWAN.

Trong bai b&o nay, tap trung danh gia mirc d6 phu song
mang LoRaWAN véi moé hinh mang LoRaWAN cong
nghiép dé xuét tai thanh phd Pa Nang.

2. Mb hinh h¢ théng mang
2.1. Pé xudt mé hinh mang LoRaWAN

_ Trong m6 hinh dé& xuat mang LoRaWAN cdng nghiép
gom 4 16p chinh nhu Hinh 1.

- Lop cam bién LPWAN: Phan cing thiét bi st dung
board mach ma nguon mo cua truong UCA [5] gom
module LoRa cua Semtech, vi dicu khicn Atmega328 va
cac cam bien. Ngoai ra trong pham vi nghién cuu nay,
nhom tac gia sir dung thém board mach phat trién cta hang


mailto:Fabien.ferrero@unice.fr
mailto:nhnthuong@dut.udn.vn

8 Ngd Binh Thanh, Fabien Ferrero, L& Céng Vinh Khai, Nguy&n Huynh Nhat Thwong, Pham Van Tuén, Lé Quéc Huy

STMicroelectronics két hop vé6i cam bién chuyén dong
MEMS va céc cam bién moéi trudng. Cam bién thu thap di
liéu do ludng va truyén vé gateway & khoang cach gan hay
xa, trong nha hay ngoai troi vai yéu cau tiéu thy nang lugng
thip nhat.

- L6ép 1oT LoRaWAN gateway céng nghiép: Sur dung
gateway cong nghi¢p cua hang RAK va MultiTech, dir lieu
tir c4c end-node truyén I&n gateway trong mang LoRaWAN,
dir liéu sau d6 dugc chuyén 1én server. Dé gia tang pham vi
phu séng, ngoai cac gateway cdng nghiép con sir dung cac
b6 lap tin hiéu relay dong vai tro nhu gateway ao.

- L6p Server: Gateway gui dir liéu 1én server théng qua
mang Wi-Fi, Ethernet hay mang di dong su dung giao thirc
IoT MQTT. Trong bai bao nay st dung server cua The
Things Network [6].

- L6p dich vu tng dung: Bao gém céc tng dung thong
minh trén smartphone, may tinh bang. D@ liéu thu thap
dugc chuyén thanh dir liéu ma nguoi ding hiéu dwoc trén
giao dién va cac chirc nang diéu khién hé thong, ap dung
cac thuat toan hoc may va tri tué nhan tao dé phan tich,
danh gia di lisu.
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Hinh 1. So d6 két noi mang LoRaWAN
2.2. IoT LoRaWAN gateway cong nghiép [6]
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Hinh 2. 10T LoRaWAN gateway cua hang RAK va MultiTech
Trong m6 hinh mang LoRaWAN dé xuét hién tai nhém
tac gia su dung hai IoT LoRaWAN gateway cong nghiép.
Trong lan thir nghiém dau tién mot IoT gateway cong nghiép
cua hang MultiTech duoc lap dat trén toa nha 21 ting cla
Cong vién phan mém Da Nang (DSP) tai trung tm thanh
phd Da Néng. Gateway nay sir dung antenna 6dBi. Dé ting
muc do phi song LoRa khip thanh phé Pa Néng, IoT
LoRaWAN gateway RAK 7249 dugc lap dit sau d6 trén toa
nha 10 téng thudc khu S tai Truong Pai hoc Bach khoa —Pai
hoc Pa Ning. Py la gateway cong nghiép sir dung ngoai
trdi IP67 phién ban méi nhit cua hing RAK. Véi gateway
nay sur dung antenna 12dBi va 3dBi.
Ca hai gateway dugc céu hinh st dung & tan sb
868 MHz. Hinh 3 cho thdy vi tri lap dat hai IoT gateway

cong nghiép nay trén ban do.

1 Ea
e

Hinh 3. Vj tri 2 10T LoRaWAN gateway cong nghiép tai
thanh phd Pa Nang

2.3. Cim bién LPWAN

Pé tién hanh danh gid mac do phi séng mang
LoRaWAN, tai cac LoRa sensor node nhom tac gia sir dung
2 phién ban d€ thir nghiém: Board mach phat trién cua
UCA va Board mach phat trién B-L072Z-LRWANL1.
2.3.1. Board mach phdt trién ciia UCA

Hinh 4. Node cim bién duoc thiét ké béi UCA

Sensor node st dung module LoRa RFM95W, Arduino
Mini Pro 3.3V 8MHz va cho phép két ndi véi cac cam bién
nhiét do, d6 am nhu DHT-22, BME280, cam bién chuyén
dong, cam bién khoang cach ... Mo ta chi tiét vé thiét ké
antenna dugc trinh bay trong [7], [8]. Antenna thiét ké trén
board mach theo hinh dang logo cua trudng Université
Cote d'Azur (UCA). Toan b thiét ké mach dugc cung cap
théng qua git [5]. Sensor node nay dugc cip ngudn bai mot
Vvién pin lithium AA.

2.3.2. Board mach phdt trién B-LO72Z-LRWAN1

Board mach phat trién tich hop nay dua trén cong nghé
LoRa, Sigfox st dung vi didu khién STM32L072Cz va
module truyen nhin LoRa SX1276, cung cap kha nang giao
tiép pho rong cuc xa va kha néng chdng nhiéu cao ciing
nhu giam thiéu mic tidu thy nang lugng. Dé do luong cac
thong s6 moi trudng, shield X-Nucleo-IKSO1A1 dugc sir
dung tich hop cam bién chuyén dong MEMS va cac cam
bién moi truong. Sensor node ndy dwoc cip ngudn boi
3 vién pin Lithium AAA.

Hinh 5. Node cdm bién méi truong MEMS dya trén
board B-L072Z-LRWAN1
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3. Panh gia hiéu ning hoat dong ciia mang LoRaWAN

Dé danh gia hiéu nang hoat dong, bai bao danh gia, so
sanh cac cong nghé LPWAN khac [9]. Nhu két qua trong
Bang 1, LoORaWAN va Sigfox 1a cong nghé tiém ning cho
{mg dung tim xa véi thoi gian pin 1én dén 10 nam va gia
thanh thap cho mot end-node. Tuy nhién, khi xét dén tinh
bao mat thi cong nghé LoRaWAN uu thé hon Sigfox. Bén
canh d6, LoRaWAN khic phuc nhuogc diém cua nhiing

cong ngh¢ khac nhu Wifi, ZigBee ...

[2].

Bing 1. So sanh cdc cong nghé LPWAN [9]

Dictinh |LORaWAN| NB-loT | Sigfox | LTE-M
Thanhthi | 2-5km | 1.5km | 3-10km | 200 km 4G
Nong thén | 45 km 20-40 km | 30-50 km
Th“’pli f‘an ~10nim | ~10ndm | ~10nim | <10 nim
Giathanh | Thip Cao Thép Cao
Téc d6 dit | 290 bps — | 20 kbps - 100 bps | 200Kbps-
lidu 50 kbps | 250 kbps P 1Mbps

Béo mat Co Co Khéng Co

LoRa str dung ba bang thong BW la 125kHz, 250kHz
va 500kHz. Bang thong cang rong th1 thoi gian ma hoa tin
hi¢u cang ngan, tir d6 thoi gian truyen dir ligu ciing giam
xudng nhung khoang cach truyén ciing giam theo. Trong
thir nghiém nay, nhom tic gia mong mudn truyén voi
khoang cach xa nén chon gia tri BW=125kHz.

He s6 trai phd SF xéac dinh s6 lugng tin higu chirp khi
mi hoa tin hiéu dugc diéu ché tan sb (chipped signal) cua
dir liéu. Trong thir nghiém, nhom tac gia chon SF=12, mot
mtrc logic cua tin hi¢u chirp dugc diéu ché s& dugc ma hoa
boi 12 xung tin hiéu chip. Bé danh gia mirc do phu song,
hé théng mang LoRaW AN duoc thiét 1ap cho gateway va
céc node mang voi cac thong s6 nhu Bang 2.

Bing 2. Théng sé gateway va end-node LoRa

Théng s6 Gateway Node
Tan sb 868 MHz 868 MHz
Béng thong 125 kHz 125 kHz
Haé sb trai phd SF 12 12
Cbng suét phat 14 dBm 14 dBm
Téc d6 mi hoa 4/5 4/5

3.1. Mang LoRaWAN toan thanh phé Da Néing

Khoang cach xa nhét dat dugc lén dér} 26 km tur dinh
nui Ba Na dén cong vién phan mém Da Nang theo két qua
lan test dau tién [10]. Mac d6 phu soéng 6n dinh 1én dén
6km xung quanh gateway.

Hinh 6. Pham vi phi: séng LoRa tai thanh phd Ba Néng

Trong lan thir nghiém thit hai sir dung sensor node gdm
board mach B-L072Z-LRWANI két hop v6i shield X-
Nucleo-TKS01A1dé thu thap dit li¢u méi truong. Viée thir
nghiém dugc tién hanh & modi truedng d6 thi va thu duogc két
quéa phi séng LoRa nhu Hinh 7. Khoang cach trao doi dit
liéu xa nhét 1én dén hon 10km. Vi két qua ban du nay
cho thdy mang LoRaWAN la tmg vién tiém nang cho cac
g dung IoT tam xa thanh ph6 Pa Nang.

Hinh 7. Pham vi phu sng LoRa vdi node cam bién trén
board mach B-L072Z-LRWAN1

3.2. LoRaWAN tai trung tim thanh phé Pa Ning

20:57

wil VinaPhone 3G ¥ 69% = )

Viewer TTN Mapper Configure
of -
\ %
&~ /
QUAN HAIY
CHAU
o3
c y
D
=
@
2 Coveragm
@ 3 - &
(Num data&lms 66 Autoscale
Num gateways: 2

Conpected: Producti iof ~ @ Mapplng 4 D
JRCH)

Hinh 8. Murc dé phu séng khi thir nghiém ngay 01/09/2019

Trong pham vi trung tdm thanh pho Da Ning thi node
cam bién gii dir lidu véi xéac suat thanh cong cao dén
gateway dat tai Cong vién phan mém Pa Ning. Qua trinh
test cam bién moi truong MEMS duoc dit trong xe 6 t6 di
chuyén véi toc do 40 km/h voi xac suét truyén dir lidu dén
hai gateway nhu Hinh 8. Tai vi tri xung quanh gateway
trong ban kinh 6km mirc ¢ phu song véi tin hidu tét hon
v6i chi s6 RSSI bé hon — 110 dBm. Pham vi phii séng LoRa
thuc nghiém cho thdy ciing bi d4nh huong bdi méi trudong
¢6 nhiéu vt can nhu cac toa nha cao tang, cy cdi ... vi thé
viéc xac dinh vi tri lép dat gateway rat quan trong. Tai
thanh phd Pa Ning, tong s6 LoORaWAN gateway hién tai
gdm 2 gateway cong nghiép va 5 gateway indoor. Tuy
nhién, cac gateway indoor thi mirc d6 phii song han ché
hon chi tir 2 km dén 5km. Vi thé dé ting thém muc d6 phu
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song can lip dat thém cac gateway cong nghiép tai cac quén
khéc ngoai quan Lién Chiéu va Hai Chau.

3.3. Cic trng dung tim xa IoT dwa trén cong nghé
LoRaWAN

- Quan 1y nang lugng trong nha théng minh: Giai phap
quan 1y nang lugng trong nha thdng minh tap trung gidm
st c4c tai tiéu thy I6n trong nha nhu diéu hoa, susi, may
bom, ti lanh, bép, binh nudc néng ... gitp khach hang chi
dong giam sat dién ning tiéu thy va s¢m phat hién cac
truong hop tiéu thu dién bat thuong va sy ¢ [10], [11]. Tur
d6 gitp giam dién nang tiéu thy trong nha va chi phi tién
dién phai tra hang gio, hang ngay, hiang thang dong thoi dé
Xuét chién luoc str dung dién hiéu qua, tiét kiém hon va an
toan hon. Giai phap nay dua trén cong nghé LoRa di trién
khai thanh céng nham giam chi phi tiéu thy dién nang tai
hai thanh phé Lyon va Grenoble, Phap. Két qua giam 16%
[10] tién dién phai tra cho viéc sui mang lai lgi ich cho
khéach hang st dung dién ciing nhu vé mat méi truong.

- Giém sat chat lugng khong khi va méi truong: Xay
dung hé thong canh béo chit luong khong khi va 6 nhiém
moi truong bang céch st dung cac cam bién moi truong nhur:
nhiét d6, d6 am, CO, CO2, NOx, PM2.5 ... két hop vai cac
IoT LoRaWAN gateway dé cung cap thdng sé moéi truong
dén nguoi dan trong thanh phé va canh bao vé chat luong
mbi truong. Trong bai bao [12], téc gia da trién khai mang
LoRaWAN gom 22 cam bién PM2.5 va 1 gateway outdoor
dé do chat luong khong khi trong khuén vién trudng dai hoc
qudc gia Chiao Tung, Pai Loan. Khi mat d6 dan sé ngay
cang tang cung véi xu hudng nguoi dan di chuyén sdng tap
trung & thanh phd, van dé 6 nhiém khong khi tré nén thach
thirc 16n. Chinh vi thé hé théng loT gidm sét chat lwong
khong khi va moi trudng toan thanh phé [13] tro nén cap
thiét hon bao gio hét vi lién quan truc tiép dén stic khoe cua
nguoi dan trong thanh phd. Hinh 9 cho thdy, mé hinh mang
LoRaWAN cho hé thong giam sat 6 nhiém khong khi.

-
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Hinh 9. Hé thong gidm sdt é nhiém khéng khi [10]

4. Két luan

Trong bai bdo ndy, nhom tac gia dé xuat va khao sat
pham vi phi song ciia mang LoRaWAN dua trén két qua
trién khai thi diém tai thanh phé Pa Ning nhim xem xét
tinh kha thi cho nhimng tmg dung hudng dén thanh phd
thong minh theo d& 4n 950 cua thanh phd. Trong d6 dic
biét chii y dén cac ung dung ToT tim xa va tiéu thu ning
luong thép nham tan dung uu thé cua mang LoRaWAN.
V6i két qua ban dau vé danh gia mirc d6 phu song thi mang

LoRaWAN la tng ctr vién ddy tiém nang véi khoang cach
truyén dir lidu 1én dén 26 km va tin hiéu truyén on dinh
xung quanh gateway cong nghi¢p dat tai Truong DPai hoc
Bach khoa — DPai hoc Pa Néng va tai Cong vién Phin mém
Da Ning vai ban kinh phu séng dén 6km. Tai cac end-node
thoi luong pin cho mdi thiét bi 1én dén 10 nim. Bén canh
d6, mang LoRaWAN c¢6 gia thanh trién khai thap hon cac
cong nghé khac nhu NB-IoT nén pht hop khi trién khai cac
mg dung IoT cho toan thanh phd khi s luong gateway
cong nghiép dugc trién khai thém cho cac quéan, huyén con
lai trong twong lai. Mang LoRaWAN khong chi la giai
phap cho cac ing dung IoT vé quan 1y ning luong, giam
sat chat lugng khong khi ma con cac ung dung lién quan
trong linh vuc nong nghiép théng minh, chiéu sang, giao
thong thong minh, du lich ...

Loi cdm on: Nhdm nghién ctru Xin giri 161 cam on t6i Truong
Pai hoc (UCA) da tai trg gateway cdng nghiép va hop tac trién
khai mang LoORaWAN tai thanh phd Pa Ning. Cam on quy
phét trién khoa hoc va cong nghé Pai hoc Da Ning d3 tai tro
cho du &n véi dé tai c6 ma sb: B2016-DNA-41-TT.
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