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Tém tit - Giao thirc mang dién rong cong suét thip (LPWAN),
tiéu biéu nhu mang dién rong tim xa (LoRaWAN) trong giao tiép
khéng déy cho cac thiét bi Internet of Things (IoT), dang dugc
nghién ctru va thir nghiém trong thoi gian gan day. Trong bai bao
nay, giao thirc LoRaWAN dugc phén tich qua viéc danh gia anh
huéng ciia cac thong sé cau hinh trong mang LoRaWAN dén hiéu
suét hoat dong cia mang trong mdi trudng thuc té trén bing tin
920-923 Mhz. Nghién ctru tap trung vao thong s6 LoRaWAN nhu
Spreading Factor (SF), Payload Length (PL), Adaptive Data Rate
(ADR), Frequency channel (FC) va khoang cach truyén tin dén
thong s6 danh gi4 hiéu suit hoat dong ciia mang LoRaWAN nhur
RSSI, SNR, Packet Delivery Ratio (PDR) va Time on Air (ToA).
Két qua cho thdy, PL anh huong dang ké dén PDR, SF ting s&
giup tang PDR nhung cling s€ lam cho ToA tang 1én, viéc kich
hoat ADR da giup cai thién PDR & khoang cich gin va xa &
nhiing vi tri ¢é dinh. Ngoai ra, gitra cac FC khac nhau déu thu
dugc mirc SNR va PDR khac nhau.

Tir khéa - Mang dién rong tim xa (LoRaWAN); loT; Gateway;
Giao thirc mang dién rong cong suat thap (LPWAN); LoRa

1. Gi6i thiéu

Giao thirc mang dién rong cong suét thap (LPWAN) I
tap hop cac cong nghé khong day voi cac ddc diém nhu
vung phu song 16n, bing thong thap, cong suét hoat dong
thip va thoi gian su dung pin dai [1]. LPWAN cung cap
kha ning két nbi cho cac thiét bi va ung dung c6 tinh di
dong thap va muc do truyén dir liéu thip. Vi dy, cac cam
bién nhiét do - d6 4m, cam bién do luong trong cac dong
ho s0, 1a mot phan chinh trong hé théng IoT. Chinh vi thé,
LPWAN tuong lai s€ mang t6i mot Iya chon mdi cho
truyén tai dit liéu IoT, dugc phat trién nham dép Gmg muc
dich tiéu thy ning luong thap, kéo dai thoi gian hoat dong
cuia thiét bi 10T dau cudi, v6i kha nang truyén tai va khoang
cé&ch xa hang km [2].

Trong s6 cac mang dién rong cong suat thip LPWAN,
mang dién rong tim xa (LoRaWAN) 1a mot trong nhimg
cong nghé pho bién nhat hién nay, s& dugc tap trung phan
tich va danh gia trong bai bao nay. LORaWAN la mét tiéu
chuin mé duoc dua ra boi td chitc LoRa Alliance nhim
dam bao kha ning tuong tc giira cac thiét bj IoT [3]. Chip
LoRa, 1a phin co ban cin thiét dé trién khai mang
LoRaWAN la doc quyén cta hdng san xuit chip ban dan
SemTech c6 tru so tai My.

LoRa str dung phé tan sb Sub-GHz (868 Mhz & Chau

Abstract - Low Power Wide Area Network (LPWAN) protocol,
typically LoRaWAN in loT devices, is an emerging wireless
network protocol that has been studied and tested in recent times.
In this paper, we analyze the LoRaWAN protocol through
evaluating the effect of configuration parameters in the LoORaWAN
network on the network performance in the real environment on the
920-923Mhz band. The evaluation focuses on the impact of the
LoRaWAN parameters such as Spreading Factor (SF), Payload
Length (PL) data length (PL), Adaptive Data Rate (ADR),
Frequency channel (FC) and distance. The performance of the
LoRaWAN network was evaluated via RSSI, SNR, Packet
Delivery Ratio (PDR) and Time on Air (ToA). Results shows that,
Payload length (PL) significantly affects PDR, increased SF will
increase PDR but will also cause ToA increase, ADR activation has
improved PDR at close distance and far from fixed positions, but
the impact is negligible. In addition, the survey between different
FC frequency channels has obtained different SNR and PDR..

Key words - Long Range Wide Area Network (LoRaWAN);
Internet of Things (loT); Gateway; Low Power Wide Area
Network (LPWAN); LoRa

Au, 915 Mhz ¢ Chau My va 923 Mhz ¢ Chau A). Cong
nghé nay s dung ky thuét trai phd de truyén dir liéu trén
céc kénh tan sé khac nhau va ¢ cac toc d6 khac nhau dé cac
Gateway c6 thé thich ing véi cac diéu kién thay doi va tdi
wu hoa cach thirc trao doi dit liéu vai timg thiét bi.

Téc do dir lidu trong mang LoRaWAN khoang tir
300 bps dén 50 kbps tuy vao hé sb trai phd Spreading
Factor (SF) va bang thong (BW), d6 dai dit liéu Payload
Length (PL) t6i da la 243 bytes va cung cap chirc nang
truyén thong hai chiéu uplink va downlink hiéu qua. Mdi
g6i tin déu dugc nhan boi tat ca cac Gateway trong pham
Vi phu séng dé dam bao ty 1é truyén thanh cong nhung véi
yéu cau nhiéu tram Gateway co thé lam ting chi phi trién
khai mang.

Dé dam bao hidu qua va do tin cdy cho mang
LoRaWAN, céc thiét bj dau cudi End-node LoRa can dugc
céu hinh nhiéu thong sO truyen tin khac nhau. Vi du, mot
thiét bi LoRa c6 thé dugc cau hinh dé sir dung vé6i thong sd
khac nhau nhu hé s6 trai pho Spreading Factor (SF), Bing
théng (BW), téc d6 ma hoa Coding Rate (CR), Cong suat
phat transmittion powers (TP), Adaptive Data Rate (ADR).
Két qua t6 hop co thé co trén 6720 thiét 1ap c6 thé xay ra
[4]. Vi vay, day ciing 1a mot thach thirc trong viéc lya chon
cac thong s6 cau hinh phu hop sao cho dam bao dugc van

1 The University of Danang - University of sciemce and Technology (Tran Van Lic, To Dong Vy)


mailto:tvlic@dut.udn.vn

ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE - DAl HOC DA NANG, VOL. 19, NO. 5.1, 2021 17

dé tiét kiém nang luong va dam bao hiéu suit hoat dong hé
thong mang LoRaWAN.

D3 c¢6 nhiéu bai bio nude ngoai thuc hién viée danh gia
anh huong ciia cac thong sb nay toi hidu suat hoat dong ciia
mang LoRaWAN. Tiéu biéu nhu nghién ciru [5] cua cac
tac gia Davide Magrin, Martina Capuzzo, va Andrea
Zanella da sir dung phian mém mé phong dé phan tich anh
huong qua lai cua cac thong sO cdu hinh trong mang
LoRaWAN dén hiéu sudt hoat dong cua mang. Tuy nhién,
cac nghién ctru da s6 chu yeu sir dung cac phan mém mo
phong dé gia lap cac thong s6 nay va cho dua ra két qua mo
phong trén may tinh dé so sanh. Vi vay tinh thyc té chua
cao boi vi moi truong nhidu nén véi dai tan sé duge phép
hoat dong & cac qudc gia 1a khac nhau.

Trong bai bao nay, nhom tac gia khong thuc hién mo
phong ma thir nghiém ¢ diéu kién thuc té v6i mirc nhidu
nén thuc té tai Viét Nam va bang tan dugc phép hoat dong
tir 920-923 Mhz. Béng viéc thu thap dit 1iéu va phén tich
danh gia dir liéu do dé chi ra dugc, anh huong trong moi
truong thyuc t& nhu thé nao trong viéc thiét 1ap cac thong sd
mang LoRaWAN nhu hé 6 trai phd Spreading Factor (SF),
d6 dai dir liéu Payload Length (PL), Adaptive Data Rate
(ADR), kénh tan s6 Frequency channel (FC) va khoang
céch dén hiéu suit hoat dong ctia mang LoRaWAN. Cu thé,
cac théng s6 SNR, RSSI, ty 1& goi truyén di Packet
Delivery Ratio (PDR) va thoi gian lan truyén tin Time on
Air (ToA).

2. Co s6' 1y thuyét

Trong mang LoRaWAN, LoRa dong vai tré nhu 16p vét
ly va dugc phat trién doc quyén boi hang Semtech. Tiéu
chuan giao ticp LoRaWAN 1a ma ngu6én m¢ va dang dugce
phat trién tich cuc bdi cac doi tdc thuong mai va cong
nghiép [6].

2.1. H¢ so trdi phé Spreading Factor (SF)

LoRa sur dung kiéu 7diéu’ ché Chirp Spread Spectrum
(CSS) va stra 161 chuyén tiep Forward Error Correction
(FEC) @é giam nhiéu [7]. Trong d6, h¢ so trai pho
Spearding Factor (SF) 1a thong so cau hinh chinh, 1a ty 1¢
gilta symbol rate va chip rate [8], [9]. SF xac dinh s0 lugng
chirp signal khi ma hoa tin hi¢u da duoc dicu ché tan so
cfla dir liéu duoc xac dinh tir SF7 dén SF12. Vi du néu SF
bang 12 c6 nghia la 1 mirc logic cua chipped signal s€ duogc
ma hoa bai 12 xung chirp signal.

2.2. RSSI va SNR

Received Signal Strength Indication (RSSI), dugc mo
ta nhu Hinh 1, 1a cong suat tin hiéu nhan dugc tinh béng
mW va dugce do bang dBm. Gia tri nay co thé duoc sir
dung nhu mot phép do mirc dd ngudi nhan c6 thé "nghe"
tin hiéu tir ngudi giri. RSST 1a mot trong nhirng chi 50 co
ban cia mang LoRa. RSSI cu the 1a chi so do Iuong mirc
suy giam cong suat so voi ngudn phat. RSSI dugc tmh
dua vao cong suat phat (cua End- node LoRa) trir cho téng
suy hao trén duong truyén (suy hao vé vat liéu va suy hao
do khoang cach).

Signal-to-Noise Ratio (SNR), dugc mo ta & Hinh 2, 1a
ty 1€ tin hi¢u trén nhleu la ty s6 gilta tin hiéu cong suét nhan
dugc va mic cong sudt nhidu nén (noise floor). Nhidu nén

1a mot ving cla tit ca cac ngudn tin hiéu gay nhiéu khong
mong muon cd thé nhicu tin hi¢u da truyén di, gy ra kho
khan cho viéc giai ma ¢ may thu.

ANT
receiver

power
»

Received Signal Strength
Indication(RSSI)

distance

Hinh 1. Hinh anh minh hoa vé RSSI [10]

noise floor

IR -

received signal
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above noise floor

SNR < 0
received signal operates
below noise floor

Hinh 2. Hinh anh minh hoa mirc tin hiéu va nén nhiéu [10]

Néu SNR 16n hon 0, tin hiéu nhan dugc s& hoat dong
trén murc nhiéu. Néu SNR nho hon 0, tin hiéu nhin duoc sé
hoat dong dudi tang nhicu.

2.3. Time on Air (ToA)

Khi mét tin hiéu dugc giri tir sender, phi méat mot
khoang thoi gian nhat dinh trudc khi receiver nhan dugc
tin hi€u nay. Khoang thoi gian nay goi la Time on Air
(ToA) dugc minh hoa ¢ Hinh 3.

Time on Air

eadar receiver

Hinh 3. Hinh anh minh hoa vé ToA [10]

Téng thoi gian truyén khong khi cia mot gbi LoRa goi
Ia Time on air (ToA), hay con goi 13 thoi Ivong gbéi LoRa
—Lora packet duration (Tpacket) dugc tinh nhu sau:

ToA = Tpacket = Tpreamble + Tpayload
Trong d6: Tpreamble 1 thoi gian truyén chudi binary dé
bd nhan thu duoc tin hiéu gﬁa géi tir} LoRa trong khong
khi; Tpayload la thoi gian can dé truyeén dir liéu gui di.
2.4. Adaptive Data Rate (ADR)

ADR 13 mét co ché téi wru hoa toc do dir lidu, thoi gian
st dung va dung lugng trong mang. Giao thitc LoORaWAN
xéc dinh Adaptive Data Rate (ADR) dé kiém soat cac thong
s0 truyén uplink cua thi¢t bi LoRa gom:

- Spreading Factor (SF);

- Bandwidth (BW);

- Cong suat truyén (Txpower).

Chtic nang A‘DR ¢6 dugce st dung hay khong la do cac
End-node yéu cau bang cach thict lap (flag) ADR trong
thdng bao goi tin guri 1én Gateway (uplink). Néu ADR duoc

leh hoat, network server co thé kiém soat cac tham s
truyén ciia End-node.

ADR chi nén dugc sir dung trong cac tinh hudng tan sb
v tuyén Radio Frequency (RF) 6n dinh noi cac End-node
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khong di chuyén. Cac End-node di dong ¢d dinh trong thoi
gian dai hon c6 the bat ADR trong thoi gian d6.

Nguyén 1i hoat dong ciia ADR:

_ - Network server thu thap gan 20 dit liéu truyén uplink
gén day nhat, chang han nhu data rate va ty 1€ tin hiéu trén
nhiéu Signal-to-Noise Ratio (SNR) tir mét End- node.

- Trong s6 20 g6i tin uplink nhan dugc, network server
s€ lay gia tri SNR toi da ma bay gio dugc goi la SNR-
measured va data rate twong ng.

- Sau 20 . khung tin hiu qhén dugce, no6 sé tinh
SNRmargin bang cach su dung toc d6 dir liéu (DR: Data
rate) cua ban tin nhén dugc cuoi cung.

SNRmargin = SNRmax + requireSNR -margin (dB)
Vé&i, SNRmargin 1a gia tri 16n nhat caa 20 tin hiéu nhén
dugc; Margin dugc mac dinh bang 10; Gia tri requireSNR
duogc cho ¢ Bang 1.

Bing 1. Bing gid tri SNR theo SF va téc dg dir liéu

SF SNR (dB)
DR5/SF12 -20
DR4/SF11 -175
DR3/SF10 -15
DR2/SF9 -125
DR1/SF8 -10
DRO/SF7 75

2.5. Packet Delivery Ratio (PDR)

PDR laty I¢ so goi nhan dugc thanh cong tai may chu
mang trén tong sb goi dugc truyén boi mot thiét bi dau cudi
[11]. PDR la thong sé quan trong dé dénh gia do on dinh
cua mang. Pé tinh duoc PDR, cac thiét bi End-node s&
duoc ¢b dinh truyén 200 goi tin lién tuc, dua vao ) goi tin
nhédn dugc tai may chi mang sé€ tinh duoc ty 1€ goi tin
truyén di thanh cong.

3. M hinh h¢ thong thir nghiém hé thong LoRaWAN
Hé thdng thir nghiém gdm 4 phan chinh: End-node,

LoRaWAN gateway, Network Server st dung The Things

Network (TTN) va Applicaton Server (TTN Mapper)

Cloud LoRaWAN

ale

Imemet, THE THINGS
NETWORK
~ L, s P
LoRaWAN
Gateway | |
I

\ J

TTN MAPPER
Phin mém thu thap di liéu va cic
thdng s8 trong mang LoRaWAN

End-nodel \ LoRaWAN
N

’
LoRaWAN /

End-node 2

Hinh 4. So d6 két néi hé thong thir nghiém LoRaWAN
End-node (hay LoRa node) 1a thiét bi dau cudi sir dung
chip LoRa d¢ co thé truyén nhan dit liéu t6i Gateway qua

giao thire LoRaWAN. End-node thuong duge gan cac cam
bién dugc sir dung dé phat hién cac thong s thay d6i nhur:
Nhiét 6, d6 4m, cudng do anh sang, chat luong khong khi.

LoRaWAN Gateway thu nhan dit liéu truyén vé tir End-
node. Dt liéu sau d6 dugc Gateway dua lén Network
Server TTN qua Internet. Cudi cung sir dung phan mém
TTN mapper dé thu thap dir lidu, théng s6 truyén nhan
mang LoRaWAN dé phan tich va danh gi.

3.1. Thiét ké phin cirng
3.1.1. End-node

End-node st dung trong thir nghiém la UCA board
duogc phat trién bai GS. Fabien Ferrero, Truong Dai hoc
Cote d'Azur.

Phan ctmg End-node bao gom 1 Arduino Mini Pro st
dung dé diéu khién cac hoat dong cta End-node, md-dun
RFMO5 chiu trach nhiém diéu ché tin hiéu truyén di qua séng
LoRa, End-node str dung ngudn pin AA va phan ing-ten duoc
tich hop vao PCB board qua chit UCA. Ngoai ra, End-node
con co thé gan cac cam bién dé thu thap dit liéu nhu Hinh 5.

So

T

Step-up
voltage
converter

Arduino mini
pro 3.3V 8MHz

Printed
Antenna REMI5W
3 resistors
(CMS or
THT) for RGB
LED

RGB LED

distance sensor or
DHT22

accelerometer
BMP280

T°C, Pressure,
Humidity

Grove
connector 12C

Hinh 5. Layout PCB ciia End-node UCA board
3.1.2. LoRaWAN Gateway

LoRaWAN Gateway Rak7240 dugc su dung trong thir
nghiém, day 1a mot Gateway duoc thiét ké dé c6 thé 1ap dat
ngoai troi (Outdoor Gateway) va c6 thé hoat dong véi 8
kénh tan s6 & bang tin 920-923Mhz.

Gateway dugc két nbi véi Internet thong qua cong
Ethernet. Thlet bi gateway luon dugc két ndi véi ngudn
dién qua cdng Power over Ethernet (PoE). Dit liéu truyén
t6i Gateway dugc cu hinh dé chuyén tiép dén Network
Server The Things Network (TTN), day la mét cloud
LoRaWAN su dung mién phi cho viéc thir nghiém.

Hinh 6 m6 ta Gateway da dugc lip dat trén toa nha cao
tang dé co thé truyén Line of Sight (LoS) t6i cac End-node,
dam bao tinh chinh xac cho dir li€u trong toan b qua trinh
thtr nghiém.
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Hinh 6. Gateway duoc ldp dat dé thir nghiém
3.2. Phan mém thu thip dir liéu

Phan mém TTN Mapper duoc sir dung dé thu thap dir
liéu guri 1én tir End-node va thong so mang LoRaWAN di
kg‘:m d€ phén tich nhu RSSI, SNR, SF, PL, ADR, kéqh tan
s0. Ngoai ra, TTN Mapper con c6 thé st dung GPS dé tinh
duoc khoé\mg cach thyc té tr End-node dén Gateway dua
vao ban do.

Dit liéu dugc trich xuét & dang file CSV thuan tién cho
qua trinh phén tich dit liéu va danh gia.

3.3. Phwong phap thuc nghi¢m

Trong thur nghiém nay, cac thong sé SF, PL, ADR, FC
va khoang céch truyén s& duoc thay doi d€ danh gia dugce
tac d@ng cta n6 dén hi¢u suat cua mang, cu thé ¢ géy la cac
thong s6 RSSI, SNR, PDR va ToA cua hé thong mang
LoRaWAN.

Thtr nghiém duogc thiét 1ap nhu sau:

_- End-node s& guri 200 goi dir ligu lién tuc dén gateway,
moi goi cach nhau 10 s.

-‘End—node 1an luot dwoc dat & 2 vi tri khac nhau. O vi
tri dau tién s€ dat ¢ khoang cach 150 m tinh tir gateway va
goi day va khoang cach gan (Near). Khoang cach xa (Far)
s€ ddt node ¢ vi tri cach gateway 450 m.

Dit li¢u thu dugce tir Gateway s€ duoc truyén vé va luu
0 co s6 dir liéu cua Gmg dung TTN mapper. Sau da thu thap
dﬁ‘dfr li§:u, tién hanh qt(”)nqg hop va phan tich dix liéu‘, st dung
phan mém Matlab dé thé hién dir liéu qua dang do thi.

Dé dam bao tinh chinh xac, cac thir nghiém sé& tién hanh
dua trén di€u kién Line of Sight (L0S), tirc la End-node s&
dat o cac vi tri d€ c6 thé thay ro gateways ma khong bi can
tam nhin.

Thay d6i gi4 tri SF lan luot tir SF7 dén SF12. Vi mdi
mot SF khac nhau, ta lai thay d6i thong so PL 1an lugt tr
10 bytes dén 50 bytes. Sir dung bang thong BW 125kHz

Gia tri PQR duoc tinh toéq dua ’Véo ) packet tmyén
thanh cong dén gateway trén tong so packet da truyén di.
DE tranh tinh trang node bi ngat két ndi dén mang khi dang
hoat dong, cac node co thé thyc hién kiém tra lién ket mang
dinh ky bang cach kich hoat link check (LC) dé xac nhan
rang chiing van dugc két ndi véi LoORaWAN.

Viéc kich hoat link check (LC) dugc thuc hién trén

node thong qua thu vién Imic. Node truyén dir lidu uplink
cho dén packet thir 12 thi s& tw dong kich hoat LC va yéu
ciu gateway giri downlink dé xac nhan xem c6 con dang
két ndi t6i mang hay khong. Cac thir nghiém ciing dugc
thuc hién ¢ 2 khodng céch gan va xa va lam tuong tu nhu
v6i viée danh gia Payload length.

4. Két qua va danh gia
4.1. Anh hwong ciia khoding cdch t6i RSSI va SNR

RSSI va SNR dugc hién thi trong Hinh 7 ¢ su giam
dang ké tir khoang cach gan (Near) dén khoang cach xa
(Far). O khoang céch gan, SNR duong va trong khoang 2
dén 8 dB chung t6 tin hi¢u truyén di tot va it bi nhiéu, gia
tri SNR pho bién trong truong hop nay 1a 5,5 dB. SNR ¢
truong hop khoang cach xa (Far) nay giam kha nhiéu, tir
-8 dB dén -2 dB va nhiéu nhét 1a khoang -5 dB. Twong tu,
thong s6 cudng d tin higu thu duoc RSSI ciing giam dang
ké & khoang cach gan va xa.

- S L i
S e ]
E
g 1
e L EnTT e -
2 +
@ _—
|
s |
L T oo B
L
Near Far

SNR (dB)

Distance

Hinh 7. Két qud déanh gid thir nghiém véi RSSI va SNR
Qua d6, c6 thé thiy, khoang cach anh huéng 16 rang
dén RSSI va SNR, 14 hai théng s chinh d€ danh gia chat
luong cua tin hiéu. Khoang cach gan thi tin hiéu tot, it bi
nhiéu va nguoc lai 6 khoang cach xa thi tin hiéu kém, nhicu
nhiéu hon
4.2. Anh huéng ciia SF dén ToA

Hinh 8 trinh bay tham s ToA cho cac SF va PL khac
nhau véi bang thong BW 1a 125 kHz. Véi SF cang 16n cho
phép pham vi truyén tin xa hon. Tuy nhién, theo nhu két
qua trong hinh, cac SF 16n cling 1am ting thoi gian thoi
gian truyén tin trong khong gian ToA.

Vi du, néu tai trong goi 1a 40 bytes cho SF = 8, ta nhan
duoc ToA la 60 ms va néu SF = 12 thi ToA thu duoc la
khoang 1800 ms. Mot cach dé ting thoi gian truyén cta
mot End-node LoRa 1a chuyén d6i giita cac SF cua kénh
dugc cAp phat.
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Vi vay Vén dé nay can dugc cha y dén trong cac ung
dung thyc t€ sau nay, bdi thyc té la cac SF 1on dugc su
dung thuong xuyén hon cac SF nho.

2000

— SF7
— SF8
— SF9
— SF10
— SFN1

SF12

1000 ///
500 4
payload length(Byte)

Hinh 8. Két qud dnh hudng ciia PL 16i ToA
4.3. Anh hwong ciia PL dén PDR

Nhin c‘hung, d6 dai tai trong anh huéng rd rang dén kha
nang truyén packet. PDR trong cac truong hop ndi chung
6 xu huéng giam theo d¢ dai goi tin. Tuy nhién, qua Hinh
9, 10 ctng thay dugc truong hop (PL=20, Far), (PL=30,
Near) hay céac truong hgp co kich hoat ADR ¢ Hinh 10 nhu
cac truong hop (PL=20, Far), (PL=30, Near), (PL=40, Far)
cho két qua khong theo quy lugt nay. Cac ket qué nay co
thé bi anh huong boi cac nguon nhiéu ngau nhién trong

khong gian va can 1y thém nhiéu dir lidu dé tang do chinh
xac cho két qua.

1500

Time On Air { ms)

100

95 -

90 -
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80 -
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Hinh 9. Két qud anh hudng ciia PL t6i PDR
Vé6i d6 dai 10 bytes chat luong truyén kha tét, PDR dat

95% & khoang cach gan va 75% & khoang cach xa. PDR &
do dai tai trong 50 bytes cho mirc 70% vé6i khoang cach
gan (150 m) va 53% & khoang cach xa (450 m).

4.4. Anh hwong ciia ADR dén PDR

Viéc kich hoat Adaptive Data Rate (ADR) da lam ting
PDR & cac nhém gﬁn va xa duge thé hién & Hinh 10. O hiu
hét cac payload length (PL) khac nhau, viéc c6 ADR da
gitip cdi thién PDR khoang 5%. Qua d6 thay dugc tic dong
ctia ADR dén hiéu suat ciia mang 1a c6 nhung ciing khéng
dang ké.
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Hinh 10. Két qua dnh hieéng cita PL téi PDR trong
truong hop kich hoat ADR

4.5. Anh hwéng ciia kénh tin sé Frequency channel (FC)
t¢i PDR va ToA

Viéc danh gia anh hwong cia kénh tan s6 ciia mang
LoRaWAN trong bang tan dugc cuc tin sd cho phép su
dung tai Viét Nam trong dai tan tir 920 — 923 Mhz nham
danh gia anh huong cta timg kénh tan s6 st dung dén PDR
va ToA trong diéu kién thuc té voi mirc nhidu nén tai Viét
Nam.

Dir lidu ¢ Bang 2 cho thdy tai cac kénh tan s6 co cudng
d0 tin hiéu thu duoc RSSI 1a g?m nhu nhau, dao dong tir -
88 dBm dén -101 dBm. Tuy nhién ty 18 géi truyén di PDR
¢ kénh tan s6 922 Mhz thap hon 13 rét so v6i cac kénh tan
s6 con lai. Qua ket qua PDR, SNR khac nhau gitra cac
kénh, co thé thay rang, mirc d6 anh huong cua nhidu nén
dén cac kénh tin sb 1a khac nhau. Tuy nhién thoi gian lan
truyén tin 14 gan nhu khong d6i ddi véi cac kénh tan sd, cac
kénh tin sb déu cung guri trong thoi gian 42,216 ms.

Bing 2. Két qua thir nghiém véi cac kénh tan sé khdc nhau

Kénh/Channel 0 1 2 3 4 5 6 7 LoRastd| FSK
Tén sb/F
ansczMguency 9214 | 9216 | 921,8 | 922 | 9222 | 9224 | 9226 | 9228 | 9227 | 923
Payload length (PL) 10 bytes
Distance
. . 0,45 Km
(Line of Sight)
S6 Packet 200
SNR 35 | 67 | 45 | -103| -95 | 09 | 55 | -67 1,2 2,2
RSSI(dBm) | 99 | -93 | 90 | -101 | -96 | -89 | -95 | -99 -88 .95
PDR (%) 78 75 75 67 86 88 70 79 83 81
ToA (ms) 42,216 ms
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5. Két luan

Trong khudn khé bai bio, bang viéc thiét 1ap hé thong
LoRaWAN thuc té va thu thap dit liéu v6i viée thay ddi
cac thong sé co ban ciia mang LoRaWAN nhu Spreading
Factor (SF), d6 dai dir liéu Payload Length (PL),
Adaptive Data Rate (ADR), kénh tin sd Frequency
channel (FC) va khoang cach truyén tin. Théng qua cac
két qua anh huong téi hiéu suat mang LoRaWAN nhu
RSSI, SNR, PDR va ToA, c6 thé thay ddi cac thong sd
céu hinh c6 thé lam tang chét lwong tin hi¢u RSSI va SNR
trong mang. Ngoai ra, qua viéc khao sat anh hudng cac
kénh tan s toi PDR va ToA sé& dénh gia dugc ¢ kénh tan
sb6 nao tin hiéu s& thu dugc tot hon dé co6 thé lwa chon
kénh tan sd tiém ning trién khai cho tng dung
LoRaWAN trong tuong lai.

Trén co so két qua dat dugc cua bai bao, nhimg nghién
ctru tiép theo c6 thé dé xudt thém phan hoc may Machine
Learning vao viéc tu dong lya chon tdi uu cac thong s6 cua
mang LoRaWAN tng véi cac didu kién moi truong thyc té
khéac nhau.

Loi cam on: Dé hoan thanh bai bao. Tac gia guri 10i cam
on cac dong nghiép trong nhém LoRa cua Trudng Pai hoc
Béch khoa — Dai hoc Pa Ning va Vién DNIIT. Bai bao nay
duoc tai trg boi Truong Dai hoc Bach khoa — Pai hoc Da
Niéng v6i dé tai c6 ma so: T2020-02-35.
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