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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 duwoc phat trién nhu LoRa, NB-IoT, TI Sub-1 GHz,...
Bai bao nay tap trung thiét ké bo mach phat trién dua trén cong nghé LoRa nham
lam nén tang d€ phat trién cho cac hé thdng IoT trong twong lai. Mot hé thdng mang
LoRaWAN don gian gom mot thiét bi dau cudi (bo mach phat trién) giao ti€p véi
mot gateway thong qua cong nghé LoRa sé duoc trién khai va thit nghiém trong bai
bao nay dé€ danh gia kha nang trién khai hé thong trong thuc té. Két qua thu lai dua
trén viéc so sanh dit liéu nhiét d6 va 6 &m thu ma bo mach vdéi dit liéu thuc t&€ &

chiing t6 bo mach nay hodt déng tot.

Tu khoéa: Internet van vat, mang dién rong cong sudt thap, LoRa.

1. MO PAU

Trong nhiing nam gan day, Internet van vat (Internet of Things — IoT) 1a tir khoa
ndi bat nhat trong cac ing dung thudc linh vuc cong nghé thong tin - vién thong. Dinh
nghia dau tién vé IoT duoc gidi thiéu boi Kevin Ashton vao cudi nhitng ndm 90 [7]. Khai
niém IoT la duoc sit dung d€ md ta mot mang ludi cac thiét bi vat ly két noi va trao doi
dr liéu v6i nhau hodc véi cac hé thong khac thong qua Internet. K€ tir d6, nhiéu cong
nghé vién thong méi da duoc phat trién dé hd tro cc hé thong IoT, déc biét 1a cac cong
nghé truyén thong khong day.

Cac cong nghé khong day chiém mot ti 1€ 16n trong truyén tai dit liéu IoT 1én
Internet. Diém dang chu y khi trién khai cac tng dung IoT 1a kha nang tiét kiém nang
lwgng, toc do truyén tai, cling nhu d¢ bao phu. Cac cong nghé truyén thong khong day
khéc nhau cling da duoc phat trién d€ phu hop voi cdc nhém ting dung IoT khéac nhau.
Tkt nhitng yéu cau d6, mang dién rong nang luong thap (Low-Power Wide Area
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Network - LPWAN) la mét trong nhitng xu hudng tat yéu khong thé thiéu trong cac tiing
dung IoT twong lai [1]. PWAN la cac cong nghé khong day véi cac ddc diém nhu phu
song 16n, bang thong thap, kich thude goi tin nho va thoi gian sit dung pin lau dai. Mang
LPWAN c6 chi phi thdp hon mang di dong va c6 pham vi rong hon mang khong day
fam ngan, cung cap kha nang két ndi cho céc thiét bi va tng dung c6 tinh di dong thap
va muc d6 truyén di liéu thap (vi du nhw cac cam bién, dong ho thong minh: dong ho
nudc, dong ho dién...). Chinh vi thé, LPWAN sé mang t6i mot lya chon méi cho viéc
truyén tai dit liéu cta hé thong IoT, duoc phét trién nham dap tng muc dich tiéu thu
nang luong thap, kéo dai thoi gian hoat dong cua thiét bi dau cudi, kha nang truyén tai
voi khoang cach xa téi hang chuc km.

Tich cuc nhét trong viéc phat trién mang LPWAN la mot s6 nha cung cap va td
chitc nhu: LoRa Alliance, Texas Instruments, Sigfox, Ingothy.... Mdi t& chtic dwra ra mot
tiéu chuan riéng voi cac phurong thitc hoat ddng khac nhau, nhung tat ca déu hudng téi
muc dich st dung cua mang LPWAN. Mdc du ¢6 nhiéu cong nghé va tiéu chuin
LPWAN khac nhau, tuy nhién mot s6 cong nghé dang dwoc trién khai hiéu qua tai nhiéu
noi trén thé gidi co thé ké dén nhu: LoRaWAN [2], NB-IoT [4] va Sigfox [5].

LoRa 1a cdng nghé diéu ché vd tuyén cho mang dién rdng cong sudt thip. Véi
cong nghé nay, dit liéu c6 thé truyén véi khoang cach 1én t6i 5km & khu vye thanh thi
va 15km ¢ noéng thon. Mot dac diém quan trong ctia cdc mang truyén thong dua trén
cong nghé LoRa la yéu cau nang luong cuc thap, cho phép cac thiét bi hoat dong bang
pin ¢ tudi tho 1én dén 10 nam. LoRaWAN duoc trién khai theo ciu truc lién két hinh
sao, vi vay mang nay hoan hao cho cac ting dung yéu cau giao tiép tam xa gitta nhiéu
thiét bi ¢ yéu cau nang luong thap va thu thap mot lwgng nho dir liéu.

Dé€ phat trién mot hé thong IoT dua trén cong nghé LoRa, mot bo mach phat trién
1a mot thiét bi thiét yéu dé ho tro cho cic ki su trong qud trinh thiét k& hé thong. Bo
mach phat trién nay giup giam thoi gian lam mach mdi, cho phép nguoi dung co thé
kiém tra mot s6 chitc nang ctia hé thdng. Trén thi trwong, chung toi chi tim thdy mot vai
bd cong cu ho tro cong nghé LoRa. Hau hét chung la nén tang Arduino vdi tai nguyén
phéan ciing han ch€. Do d6, mét bd bo mach phat trién hiéu sudt cao véi nhiéu tai nguyén
phéan ctng 16n 1a rat quan trong khi mot ky su can thiét ké mot hé thong IoT 16n.

Bai bdo nay tap trung vao viéc xay dung bo mach phat trién IoT st dung vi diéu
khién ho ATMega ctia AVR va hd tro giao thitc LoORaWAN. Bo mach st dung MCU la
ATMega328 dé tan dung hiéu nang hoat dong vdi tdc dd va hiéu sudt cao trong khi van
gitt muec tiéu thu dién nang thap cua vi diéu khién nay. Bo mach duoc tich hop mo-dun
LoRa Ra-02 d& né c6 thé ho trg két ndi khong day theo chuan LoRa véi pham vi xa 1én
dén 1000 mét hoac hon thé. Bo mach phat trién nay sé hitu ich cho sinh vién hodc bat ky
ky sw nao quan tam dén viéc xay dung hé thong IoT duya trén cong nghé LoRa.

102



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué

Tap 22, 56 1 (2023)

2. MO HINH HE THONG IOT DUA TREN NEN TANG MANG LORAWAN

Vé co ban, mo6 hinh mot hé thong IoT dua trén mang LoRaWan goém 4 phan chinh

duoc thé hién ¢ Hinh 1[3], bao gom End Node (thiét bi dau cudi-bo mach phat trién),
cong LoRa (LoRa gateway), Network Server (may cht mang), Application Server (mdy

cha ting dung).

sau:

End Nodes LoRa
Cloud Network

Gateways
temp I
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fire Servers Dashboard
smoke @ e
water _J
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Hinh 1. M6 hinh hé thong IoT trén nén tang mang LoRaWAN [3].

M6 hinh duoc thiét ké véi cac tinh nang sau:
e Do gia tri nhiét d¢ va do am trong khong khi tai vi tri ddt cam bién.
e Thu thap va truyén dit liéu vé gateway qua chudn giao ti€p khong day LoRa.
Tk d6, dit liéu sé duoc guri vé hé thong dién toan ddm may dé luu trix, hién
thi.

Céc thanh phan chinh trong m6 hinh hé thdng nay duoc giai thich so lwge nhu

e Khoi Gateway: nhan cac di liéu tir nguoi dung thong qua Network Server
va gui tin hiéu diéu khién t6i cac thiét bi dau cudi (End Node) thong qua
mang LoraWAN. Bén canh d6, khdi Gateway cting nhan cac dit liéu thu thap
dwoc tir cadc End Node va goi cac tin hiéu do6 1én Network Server.

e Thiét bi dau cudi- bo mach phat trién (END NODE): thu nhép gia tri nhiét
d6, dd dm thong qua cac cam bién nhiét do, d6 am. Sau do thiét bi dau cudi
sé xt ly dix liéu va goi dén khoi Gateway thong qua chudn giao tiép LoRa

e Network Server: la may chu dam may duwoc st dung dé€ luu trix va trao doi
di liéu.

e Application Server: La cac ing dung hodc web-app ho tro giao dién nguoi

dung.
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M5 hinh nay c¢6 thé dwgc mo ta theo luvu d6 nhue Hinh 2.

END NODE GATEWAY
Thu thap dit litu mbi |LORa | Nhan dit liéu tir End Node
treong tr cam bien — “ thong qua chuan LoRa —

tien xur ly dit ligu de Chuyé‘n dit liéu lén
gt lén gateway Network Server

Ilnternet

NETWORK SERVER

,A P,P' SERVER, C4c nén tang may cha dién
Cac ung dxung Lo H toan dam may ho trg Iwu trit,
Ui LY 1 BT xit 1y dit liéu va giao tidp véi
{llan g sl (i cac ing dung nguot dung.

Hinh 2. Luu d6 mo6 ta chiic nang cac khoi trong mo hinh IoT trén nén tang mang LoRaWAN.

Trong bai bao nay, mot bo mach phat trién (dwoc stt dung nhu nhitng End Node
trong mo hinh ¢ Hinh 1) sé duoc thiét ké' dé hd tro céc ky su co thé xay dung dé dang
mot hé thong IoT dua trén mang LoRaWAN. Bo mach phat trién nay dwoc thiét ké nhuw
mot hé thong mo, vi vay moi nguoi déu co thé phat trién mot hé thong nhing riéng dé
thich tng véi cac yéu cau ctia cdc duw 4n mot cach dé dang.

3. THIET KE BO MACH PHAT TRIEN
3.1. So d6 khdi ctia bo mach mé rong
Viéc thiét k€ mot bo mach phat trién can dam bao mét sd yéu cau nhu:
- Vi diéu khién ¢4 tai nguyén 16n, toc d6 nhanh dé€ phu hop véi nhiéu ting dung
khac nhau.
- Kha nang phat trién dé dé dang két ndi vSi nhiéu loai cam bién.
- Twong thich v6i mot s6 nén tang phd bién (ching han Arduino) dé tai st dung
cac thu vién cé san.
- Tinh 6n dinh d€ c6 thé hoat dong lau dai trong moi treong ngoai troi.
Dé dam bao cac yéu cau trén thi bo mach phat trién nay st dung vi diéu khién
ho MegaAVR. Cu thé hon, mét vi diéu khién ATMega328 da duoc sit dung trong thiét
ké nay. Day la mot bd vi diéu 8 bit dua trén kién tric RISC b nhé chuong trinh 32KB

ISP flash c6 thé ghi xda hang nghin lan, 1IKB EEPROM, mo{t b nhé RAM kha 16n trong
thé gidi vi xir ly 8 bit (2KB SRAM). Mot vu diém khéc cua vi diéu khién nay la kha nang
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twong thich véi nén tang Arduino. Do d6, bo mach phét trién c6 thé dé dang st dung lai
rat nhiéu thu vién duoc phat trién cho nén tang Arduino. So d6 khdi cua bo phat trién
nay duoc thé hién nhu trong Hinh 3.

Khéi bao hiéu
Khéi cam bién . Khoi xu Iy | Khéi truyén nhan
DHT11 Atmega 328 LoRa
Khéi nguén

Hinh 3. So d6 khoi ciia bo mach.

Bo mach phat trién duoc xay dung dua trén cong nghé LoRa duwoc xay dung gom
0 4 khoi:

- Khéi nguén: Khéi ngudn dugc thiét ké ¢ hd tro nhidu mic dién ap dau vao. Bo
mach nay c6 thé hoat dong vdi dai dién ap dau vao dao dong tir 3,3V dén 12V.

- Khoi cam bién DHT 11: Cam bién DHT 11 dwgc st dung dé€ thu thap da liéu
nhiét d9, d¢ am ctia mdi truong d€ gui vé gateway thong qua mo-dun LoRa Ra-
02.

- Khoi bao hiéu: Str dung led néi véi chan RX va TX ctia ATMega 328, khi thiét bi
truyén nhan dix liéu thi den led sé nhdp nhay véi chan twong ting cho ta biét thiét
bi dang truyén hay dang nhan di liéu.

- Khoi xtr ly ATMega 328: Khdi nay sé thuc hién xtt ly dit liéu nhan duoc va diéu
khién khoi hién thi hay diéu khién d€ gtii dit liéu di.

- Khoi truyén nhan LoRa: Khdi truyén nhan st dung mo-dun LoRa Ra-02 dé thuc
hién truyén hay nhan di liéu tir xa. Khoang truyén nhan ctia mo-dun nay theo
nha san xuat la c6 thé 1én dén 5000m trong diéu kién ly twong khong c6 vat can
trong khi van gi{t mtc tiéu thu dién nang thap.

3.2. Thiét k& mach nguyén ly va mach in cho bo mach phat trién.

Dua trén so d6 khoi duoc dé xuat, so d6 cua bo phat trién da duoc thiét ké nhw
trong cac hinh bén duwdi. Hinh 4 md ta két ndi gitra vi diéu khién ATMega328 v6i bd thu
phat LoRa Ra-02. M6-dun LoRa ¢ Hinh 5-b stt dung két ndi SPI va két ndi véi vi diéu
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khién ATMega328 ¢ Hinh 5-a thong qua hai chan: MISO va MOSI. Bang cach st dung
mo-dun Ra-02, bo mach phat trién c6 thé hoat dong vdi cac thu vién LoRa gidong nhw
trong nén tang Arduino.

Mo6-dun cung cdp dién cling duoc md ta trong Hinh 5-c¢ nay. IC nguén -
LC1117DT12 da duoc str dung d€ cung cdp dién ap dau ra on dinh cho cac thanh phan
khac trong bo phat trién nay.
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Hinh 4. Sy két ndi gitta ATMega328 v6i mo-dun LoRa.

Sau khi hoan thanh thiét ké so do, thiét k€ mach in la mét budc quan trong dé cd
mot bo cuc tot cho qua trinh san xuat bo mach. Thiét k€ mach in ctia bo mach va mé hinh
3D cua mach in nay da dugc thé hién trong Hinh 5.
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SMA-ANTENNA Be 120 O

Hinh 5. Thiét ké mach in cia bo mach va m6 hinh mé phong 3D

Bo mach dugc lam tht cong, sau khi dugc han gén linh kién va hoan thién nhu
o trong Hinh 6.

Hinh 6. Bo mach hoan thién.

4. KET QUA THUC NGHIEM

Dé kiém tra hoat dong ctia bo mach phat trién, tac gia st dung nén tang Cayenne
dé xay dung nhanh mét tng dung (Web-app) cho phép hién thi cac dix liéu tir End Node
glti d&n mdy ch ctia thethingsnetwork (TTN). Muc dich ctia khao sat dit liéu nhdm muc
dich kiém tra bo mach c6 truyén thu thap va truyén duoc dix liéu hay khong.

Déu tién dé cé thé diéu khién va xem duoc dit liéu thiét bi trén Cayenne ta can
tao mot tai khoan. Truy cap vao website cayenne.mydevices.com dé khoi tao mot tai
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khoan lam viéc trén nén tang nay. Dit liéu vé nhiét d9, d¢ am thu duoc tir bo mach thiét
bi dau cudi dwoc thé hién nhw ¢ Hinh 7.

5= Overview Enau
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Hinh 7. Dt liéu duoc hién thi trén tng dung.
D€ danh gia hoat ddong cua bo mach phat trién, tac gia da khao sat va thu thap
d@ liéu vé nhiét dd va dd am cua hai thiét bi dau cudi, hai thiét bi dau cudi nay dwoc dat
tai hai vi tri cia phong.
- Thiét bi dau cudi 1 (Node 1): dugc dat sat ctra s tai phong thi nghiém ctia bd
mon Ky thuat may tinh.
- Thiét bi dau cudi 2 (Node 2) duoc dit tai gitra phong thi nghiém ctia b mon Ky
thuat may tinh.
Dudi day la két qua khao sat 2 Node ma tac gia da thte nghiém chay trong vong
1 thang (ttr 01/06/2022 -> 29/06/2022). Thoi gian do la lac 9h hang ngay. Dt liéu cta hai
node dugc so sénh véi dit liéu do duoc bang cach stt dung nhiét k& va 4m ké ctia phong
thi nghiém tai cung mot thoi diém do. D liéu vé nhiét d6 va d0 &m dwoc thé hién &
Hinh 8 va Hinh 9.
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Biéu d6 nhiét d¢ - d am gitra thuc t&€ va do dac trong thang 6/2022
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Hinh 9. Biéu d6 nhiét d6 - 46 &m & node 2.
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Nhan xét hoat dong ctia 2 node: dit liéu nhiét do va do am o Node 1 khong sai
1éch qué 4% so v6i dit liéu do truc tiép & phong. D liéu nhiét d6 va d6 am & Node 2
khong sai léch qua 7%.

Qua biéu do dir liéu thu duoc, tac gia nhan thdy hai Node hoat dong kha tot vi
d@ liéu thu lai khéng qué chénh 1éch so vdi gia tri thuyec té.

5. KET LUAN

Trong bai bao nay, tac gia da tap trung vao viéc thiét k&€ mét bo mach phat trién
dwra trén cong nghé LoRa. Bo mach nay da dwoc thit nghiém thanh cong trong mot hé
thong IoT don gian. Két qua dat duoc la bo mach da thu thap va truyén nhan duoc cac
d@ liéu vé nhiét d6 va dd &m lén mot Web-App.

Hé thong duoc thir nghiém tuy con don gian, nhung day la tién dé cho phép téc
gia phat trién, mo rong hé thong trén ca phan ciing va phan mém dé€ xay dung mot hé
théng IoT hoan chinh.

Tuy nhién, bai bao nay chi méi dat dén két qua vé viéc truyén nhan thanh céng
d@ liéu thu dwoc tit bo phat trién dén gateway. Cac két qua khao sat vé tdc do truyén,
khoang cach truyén,... cing nhw mét s6 két qua do dac khac phai can dwoc thuc hién
trong nhing tht nghiém ti€p theo d€ lam nén tang cho viéc phat trién nhing tng dung
trong twong lai.
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ABSTRACT

Wireless communication standards are a necessary foundation to be able to develop
effective Internet of Things (IoT) systems. Currently, many wireless communication
standards have been developed such as LoRa, NB-IoT, TI Sub-1 GHz, etc. This article
focuses on designing development boards based on LoRa technology with the aim
of serving as a foundation to develop future IoT systems. A simple LoRaWAN
network system consisting of a terminal device (development board)
communicating with a gateway through LoRa technology will be deployed and
tested to evaluate the system's real-world implementation capabilities. The obtained
results are based on comparing the temperature and humidity data collected by the

board with the actual data to demonstrate that this board operates effectively.

Keywords: Internet of Things, Low-Power Wide Area Network,LoRa.
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