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Tém tit: Hién nay, cac thiét bi do va tmyén s6 liu tu dong trén mang ludi quan trac khi
tuong thity van hau nhu phu thudc nhiéu vao thiét bi ngoai nhap, viéc nghién ctru, ché tao,
tién t6i 1am chu cong nghé san xuét thiét bi truyén dit liéu tu dong khi tugng thay vin 1a rat
can thiét. Bai bao nay trinh bay két qua nghién ctru, ché tao va thir nghiém modem LPWAN
ung dung trong truyén dy liéu cac tram do mua tu dong theo cong nghé truyén tin khong
day nang lugng thap (LORA/LPWAN) dang tré nén pho bién va ngay cang dugc ing dung
nhleu trong cac linh vuc nhu vién thong, truyén tin, trao d01 thong tin s6 li€u, trong do co
s6 liéu khi twong thuy van. Dya trén nghién ctru 1y thuyét vé nguyén 1y hoat dong mé dun
LORA va thut toan diéu khién két hop véi cac hoat dong thiét ké, ché tao dién tir, nghién
ctru d4 san xuat thanh cong thiét bi modem LPWAN c6 kha ning lién lac vo tuyén truyén
dir lidu cac tram do khu vuc TAy Nguyén, khoang cach lién lac tdi thiéu trong dia hinh khu
vuc Tay Nguyén 1a 15 km, tan suat it nhat 10 phat 1 lan (tuy theo cai dit), biang tan 920
MHz dén 923 MHz, d4p (mg quy chuan qudc gia QCVN 122:2020/BTTTT.

Tir khoa: Cong ngh¢ truyén tin khong dy niang luong thip LPWAN; Cong nghé truyén tin
bang cong ngh¢ LORA.

1. Mé diu

Ngay nay, v0i su phat trién manh mé cua ky thuat dién tu, vién thong va cong ngh¢ thong
tin, cac thiét bi phuc vu quan tric, giam sat va truyen dir lidu cac yéu td khi tuong thuy van
ngay mot tréd nén hién dai, cho phép thuc hién quan tric lién tuc, c6 do chinh xac rat cao, tu
dong truyén dir liéu theo thoi gian thuc, gop phan nang cao chét lwong dit liéu phuc vu cong
tac giam sat, du bao, canh bao khi tugng thiy van [1].

Thyc hién Chuong trinh khoa hoc va cong ngh¢: Nghién ctru ing dung cong nghé trong
xdy dung, phat trién Chinh phu sé va Chuyén doi sé nganh tai nguyén va moi truong giai
doan 2021 - 2025, cia B Tai nguyén va Moi truong, dong thoi nham gop phan hién dai hoa
nganh khi twong thily vin, ning cao nang luc cho hé théng quan tric va truyen dit liéu ho tro
du bao va canh bao thién tai, trong nhitng nim qua mang ludi tram quan tric khi twong thuy
vin dang dan thay thé cac thiét bi quan tric thu cong bang cac thiét bi quan tric hién dai va
truyén di liéu ty dong, tu dong quan tric thong qua cac du an dau tu cua Nha nudce, cac
khoan vién trg ODA. Tuy nhién, cac dy an hau hét déu dau tu qua hinh thuc mua sam thiét
bi ctia mot s6 hing chuyén san xudt thiét bi do khi twong thity vin & nudc ngoai do trong
nudc hi¢n tai chua c6 hang nao ché tao hay lép rap [2]. Viéc phu thudc vao thiét bi ngoai
nhép, voi chi phi mua sdm cao, nén hau nhu cac tram khong dugc dau tu thiét bi truyén dur
liéu dy phong, dan t6i quan tric bi gian doan néu thiét b gap su ¢ hodc trong thoi gian bao
tri, bao dudng.
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Nhitng nim gan ddy, cac nghién ctru, ché tao modem truyén dit liéu trong d6 c6 truyén
dir liéu lién quan dén linh vuc thoi tiét & nudc ta ciing da bat dau xuit hién. Tuy nhién, phan
da cac nghién ciru, ché tao tap trung vao san xuit cac thiét bi ‘phu tro nhu m6 dun hd tro cac
tram quan tric tu dong [3], m6 dun chuyén déi dit liéu quan trac thu cong sang tu dong truyén
dit liéu [4]. Hién van chua c6 nhiéu cac nghién ctru, ché tao cac thiét bi truyén dir liéu hién
dai, str dung cong nghé cao, vi du nhu cong nghé truyén tin khéng diy ning lwong thip
(LORA/LPWAN).

Dé gdp phan giam su phu thudc vao cong nghé quan tric dic biét 1a cic mé dun truyén
dir liéu cta nudc ngoai, théng qua hoat dong nghién ciru nguyén 1y cong nghé truyén tin
khong déy, tinh nang va cac thuat toan cua bo modem LPWAN, nhom nghién ctru da phbi
hop voi Cong ty Co phan Phat trién Ha tang va Pau tu Cong nghé Chau Long ché tao thanh
cong thiét bi modem truyén dit liéu quan trac tai cac tram do mua tu dong. Thur nghiém trong
phong thi nghiém va hién truong tai mot s6 tram thudc Pai Khi twong Thuy vin khu vuce Tay
Nguyén, budc dau cho két qua thiét bi hoat dong on dinh, dam bao yéu cAu muc tiéu nghién
ctru ché tao modem thiét bi str dung cong nghé LORA.

2. Phwong phap nghién ctru

2.1. Gioi thiéu cong nghé sw dung mo dun LORA

Cong nghe LORA: (Long Range Radio - Truyen khong day tam xa) 1a mot giao thirc
khong diy méi duoc thiét ké dé truyén thong tim xa, ning luong thap. Giao thirc phu hop
v6i cac thiét bi thong minh hién c6 va lién minh LORA dang hoat dong dam bao kha ning
tuong tac giita nhiéu mang trén toan qudc. Dai tan LORA sir dung it bi nhiéu dién tir, do d6
tin hiéu co thé kéo dai mot khoang céch xa, tham chi di qua cac toa nha, vi rat it nang lugng,
phu hop véi cac thiét bi IoT v6i dung lugng pin thép. Do viy, LORA thanh cac thiét bj ré
hon rat kha quan. Mdi tram gbc (Gateway) LORA c6 thé xu Iy hang triéu node, cung voi
thue té 13 cac tin hiéu co thé kéo dai khoang cach, nén 1a can it co so ha ting mang hon, do
do viéc xay dyng mang LORA re hon. Cac mang LoRa co thé duoc dit cing véi cac thiét bi
lién lac khéc, nhu céc thap dién thoai di dong, tiét kiém dugce chi phi dau tu xay dung; dong
thoi voi cac tinh nang khac cia LORA st dung thuét toan tdc do dit liéu thich tmg dé gitip
t6i da hoa tudi tho pin va tiét kiém t6i da nang luong mang cua thiét bi; cac giao thirc ctia né
bao gém nhiéu 16p ma hoa, & cép dd mang, img dung va thiét bi, cho phép lién lac an toan;
tinh hai chiéu cta giao thic hd tro cac thong diép quang ba, cho phép chirc ning cap nhat

phan mém. Do vay, LORA 12 mét giai phéap 1y tudng cho IoT (internet van vat) [5].
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Hinh 1. So d6 nguyén 1y mo dun vi xir Iy thu phat song LORA thuc té.

2.2. Nguyén ly co ban cua cong nghé¢ LORA

Nguyén 1y hoat dong cia LORA: LORA sir dung k¥ thuat diéu ché goi 1a Chirp Spread
Spectrum (CSS), nguyén 1y nay 1a dir liéu s& dugc chia nho bang cac xung cao tan dé tao ra
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tin hiéu c6 day tan sb cao hon tin sb cua dir liéu géc sau d6 tin hiéu cao tan nay tiép tuc duoc
ma hod theo cac chudi trudc khi truyen ra dng ten dé gui dir liéu; nguyén ly nay gitp han ché
dd phtc tap va cé do chinh xéac can thlet clia mach thiét bi nhan de c6 thé giai ma va didu
ché lai dir liéu; hon nita LORA khong can cong suit phat 1én ma van c6 thé truyen xa vi tin
hiéu LORA ¢6 thé duoc nhan & khoang cach xa ngay ca do manh tin hiéu thip hon ca nhleu
moi truong xung quanh; c6 pham vi rit rong twong tu nhu duoc cung cap boi mang bang tan
hep, @6 bén cao va chdng lai nhidu va suy hao tin hiéu trong qua trinh truyén tin thip, toan
bd khu vira hodc thanh phd d6 duogc bao chi boi mot tram gde (Gateway) [6].

2.3. So' d6 khoi thiét bi modem LPWAN.

Thiét bi Modem LPWAN truyén dir liéu bao gdm hai bd phéan chinh: (1) Khéi xtr 1y diéu
khién gom cac mo dun: M6 dun ngudn, mé dun LORA, vi xir 1y, md dun giao tiép duoc két
ndi voi Datalogger cuia thiét bi quan tric (do mua ty dong) va Ang ten dinh hudng duoc két
nbi v6i bd khuéch dai tin hiéu tap am thap (LNA-Low-noise amplifier) va bo xir 1y tin hiéu
(DSP - Digital Signal Processing) [7, 8].
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Hinh 2. So dd khéi cua thiét bi Modem LPWAN.

2.4. So' do mach nguyén 1y khéi nguén modem LPWAN

D(A)i‘ v6i khbi nguén dién d}r(_)’c s?r dung trong mé dun maph, thiét bi st dyng nguén’dién
mot chiéu 24V, trong do ¢6 chong dau nguoc nguodn dién, chong set cho ngudn dién, bién ap
5V va bién ap 3V3 (Hinh 3-4) [9, 10].

A T & * * * - -
Bao vé chong sét- dau vao 24v
S i N T e
BN B& chuyén doi 24v sang 5v

B& chuyén d&i Sv sang 3.3v

Hinh 3. So d6 nguyén ly mach khéi ngudn dién.
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Hinh 4. So d6 nguyén 1y mach khéi diéu khién [11, 12].
Pé diéu khién cho mach thiét bi str dung chip ESP32-C3 (Hinh 5) [13, 14].
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Hinh 5. So d6 nguyén 1y khéi GPS.

Phuong thirc hoat dong: Ang-ten tir bo thu trung tim nhan dugc tin hiéu v6 tuyén qué
trinh gidi ma tin hi¢u s€ dugc thuc hién tai module thu phat vo tuyén, MCU (vi diéu khién)
s& giao tiép diéu khién ldy dir liéu tir 46 va chuyén vé cho may tinh xir 1y dir liéu thong qua
giao tiép RS 232 (Hinh 6) [20].
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Hinh 6. So db nguyén ly mach khdi giao tiép RS232.
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2.5. Hé thong nhiing va thiét ké mé phong mach 3D

Hé théng nhung (Embedded system) 1a mot thuat ngit dé chi mot hé thong c6 kha ning
tur tri duoc nhing vao trong mét méi truong hay mot hé thdng me. D6 1a cac hé thdng tich
hop ca phan cing va phan mém phuc vu cac bai toan chuyén dyng trong nhiéu linh vuc cong
nghiép, tu dong hoa diéu khién, quan tric va truyén tin. Dic diém cua cac hé théng nhing 13
hoat dong 6n dinh va c6 tinh nang tu dong hoé cao. H¢ thong nhung thuong dugc thiét ké dé
thyc hién mot chire nang chuyén biét nao do [16]. Trén co s¢ mod hinh hoat dong cua thiét bi
phan cimg ctia thiét bi LPWAN duoc thiét ké theo hé thong nhiing gom: phan cling (gdm céc
b phén chip vi xtr ly, cac linh kién dién tir, mach két ndi connector. ..), phan mém tinh toan va
diéu khién (duoc thiét ké trén ngdn ngit 1ap trinh C*™) (Hinh 7).

B e (T
Hinh 7. M6 phong 3D mach in trudc khi han linh kién dién tr (mat trudgc va mat sau).
2.6. Phdn citng ciia thiét bi modem LPWAN

Duya trén thiét ké hé thong nhing va so nguyén ly mach thiét bi, sir dung cac linh ki¢n
dién tlr, nghién ctru da ché tao thanh cong phan cing cho thiét bi modem LPWAN (Hinh 8).
e \

Hinh 8. Hinh anh thuc té ciia bo mach b vi xir Iy trung tim (mt trudc va mit sau).
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bdi voi san phém ang ten dinh hudng dugc ché tao d6 tang ich cao, tam lién lac voi cac
thiét bi LPWAN xa hang km [17, 18].

Thong sé k¥ thuat: Frequency range (dai tan s6): 920-923 Mhz (hozc thiét ké & tan sb
phu hop theo Quy chuan k¥ thuat qudc gia cua Bo TTTT vé mang dién rong cong suét thap
LPWAN); Antenna type (loai ang ten): helicoidal (xoan 4c); Impedance (tro khang): 50 Q,
nominal (trén danh nghia); Gain (nhan duoc): 10 dBi; Beam width (chiéu rong chum tia) (-3
dB): 44°, nominal (trén danh nghia); Polarization (phan cuc): Circular (tron); Kich thudc:
450 x 450 x 960 mm.

;

Hinh 9. Ang ten dinh huéng caa tram mat dat.
IP “Ingress Protection” hoic “International Protection” 1a tén mot hé théng xép loai cho
bict kha nang bao v¢ linh kién cta céc thiet bi dién tur [19, 20].
=>. Mo dun mach thiét bi

LPWAN

C— = B angtendinh

hudng
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Hinh 10. (a) Hinh anh thyc té thiét bi modem LPWAN dit trong hop bao vé thiét bi theo tiéu chuén
IP; (b) Hinh anh toan by modem LPWAN va ang ten thuc té duoc lép dat tai tram do mua ty dong
Krong A, Dk Lik.

3. Két qua thir nghiém thiét bi modem LPWAN

3.1. Két qua dp dung thir nghiém modem LPWAN bé sung tai Ha Nji

bé danh gia hoat dong cua thiét bi Modem LPWAN truyén s6 liéu, nhom nghién ctru da
tién hanh ap dung thir nghiém dé kiém tra thiét bi tai Ha Noi.

Vi tri 1: s6 8 phd Phao Pai Lang, Lang Thuong, Pong Pa, Ha Nbi. ID: 3760, ID: 2914

Vi tri 2: cAu vuot séng Day, Qudc Oai, Ha Noi ¢6 dia chi 1D: 2694

Vi tri 3: thiét bi LORA Trung tdm co dia chilD: 8047

Thong tin trén thiét tai dé cau vuot song Day:
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Hinh 11. Cai dat cau hinh thong tin trén thiét tai dé ciu vuot song Day.

Tha 5 i it LoRs
L ID diém do trude ORI
R EETREE 62.5 kHz M |10 dicn do sau
Hé s6 trai phd (Spreading Factor - SF) 'D di€m trung tam Ehiy
Xung cam bién LL mua
Toc do ma hoa (Coding Rate - CR) AL M| | |chu ky gui dir liéu mua
(@) (b)
Hinh 12. (a) Cac tham s cai dat LORA; (b) Cai dit cau hinh thong tin trén thiét tai dé ciu vuot song

bay

Thir tu I6p mang LoRa
ID digm do trusc G
D diém do sau
ID di€m trung tam
Xung cam bién LL mua
Chu ky gutri dTr liéu mua

Hinh 13. Cai dat chuyén tiép tin hiéu.

Tin hiéu tir thiét bi duoc lap trén Dé song bay (ID2694) dugc chuyen vé Lang Thuong
(ID diém do sau 2914) va tir Lang Thuong chuyén tlep vé Cong ty C6 phan Chau Long (ID
diém trung tdm 8047). Chu ky gui dir liéu 2 phut/1 lan.

Két qua: Tat ca cac tram déu dang dugc cai dat chu ky guri tin hiu 2 phat/ 11an. Sau mdi
2 phit tin hiéu cac tram déu dugc gui vé trung tam (http://lora.eweather.gov.vn/Ir).

Dé cha dong trong viéc thir nghiém, nhom thyc hién ndi day tin hiéu do mua vao 1 nat
nhén, s6 1an nhén ctia nut nhan thue té chinh 1a sb 1an gau do mua lat (Hinh 14).

| I R R R T T
00 | | 0| @ fewmass  josomtioszs
—_-- 2025071109140

Hinh 14. Két qua hién thi vé s6 1an 1at gau (8 1in) diém dé song Day truyén vé.
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Trong khoang thoi gian tir 09h10 t&i 09h20 ngay 11-7-2023 tin hiéu dwoc truyén vé trung
tam déu dan 2 phut/11an. Trong khoang thoi gian 9h10 dén 9h12 nhém nghién ctru da thuc
hién nhan nat 5 1an va trong khoang thoi gian 9h18 dén 9h20 nhom tac gia da thyc hién nhan
nuat 8 1an.

Két qua nhan dugc hién thi tai http://lora.eweather.gov.vn/Ir dung voi $6 1an nhém nhan
nut, thiét bj truyén dir liéu tét, dap ing muc tiéu hoat déng cua thiét bi.

3.2. Két qua thir nghiém tai tram do muwea tw dong Krong A- Pak Lék (ID: 7882)

Thiét bi duoc lap dit tai tram do mua ty dong Krong A- Dak Lak ngay 28-9-2023. Tai
hién trudng, két qua thir nghiém sau khi cdu hinh cai dat thiét bi va truyén dir liéu vé
http://lora.eweather.gov.vn/Ir thiét bi truyén dit liéu tét, dap mg muc tiéu hoat dong cua thiét
bi. Thiét bi modem LPWAN tai tram Krong A c6 dia chi ID duwoc mic dinh céu hinh sén tir
khi ché tao c6 dia chi ID: 7782, bo modem LPWAN nay c6 wifi, c6 dinh vi toa do diém tram
duogc két ndi v6i Ang ten dinh hudng va duogc két ndi truc tiép vao datalogger cia thiét bi do
mua ty dong dé truyén dir liéu theo thoi gian dugc cAu hinh trén thiét bi modem LPWAN
pht hop v6i yéu cau phuc vu chuyén mén nghiép vu.
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Thi&t 1ap cau hinh

Khai dong lai may

Hinh 15. Két qua thir nghiém tai tram do mua ty dong Krong A- Pak Lak.

4. Két luan

Hién nay, cac nghién ctru ché tao hé théng quan tric va truyen s6 lidu déu co dic diém
gidng nhau 1a thoi gian thyc, thong tin dir liéu dugc truyén tai dé phuc vu cong tac du bao,
canh bao dé dua ra cac giai phap tng pho voi thién tai. HE théng nay bao gom hai bd phén
chinh: Modem LPWAN gom mé dun mach xir 1y dwoc cau hinh, 1ap trinh diéu khién truyén
dir liéu theo thoi gian thuc va bo phan ang ten dinh hudng déu duoc lap dat trén cot do mua
tw dong két ndi véi datalogger ctia tram do mua ty dong

Véi myc tiéu dua thong tin dit liéu kip thoi chuan bi cong tac img phd, giai phap nghién
ctru img dung cong nghé truyén tin khong day nang luong thap (LORA/LPWAN) v6i uu thé
phu song rong, bang thong thap, str dung it nang luong, hd tro da két ndi va thiét bi hoat dong
& dai tn khong can dang ky xin cap phep tan sb dang tro nén phd bién va ing dung nhiéu
trong cac linh vyc vién thong, truyén tin, trao ddi thong tin sb liéu dé ket ndi thiét bi quan
trac 1a mot giai phap truyen dir liéu dy phong hitu hiéu, dac biét la truyen dir liéu tram do tu
dong tai khu vuc quan tric c6 song vién thong yéu, chip chd khong 6n dinh dé cung cép
thong tin canh bao theo thoi gian thyc. Vi viée lam cha duge cong nghé ché tao va 1ap trinh
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diéu khién modem LPWAN trong twong lai c¢6 thé nhan rong mé hinh truyén dir liéu khong
day bang cong ngh¢ LORA, dac bi€t day 1a giai phap co tinh kha thi cao trong truyén dir liéu
khi &p dung d6i v6i khu vuc ma song vien thong yéu, chap chon.

DPéng gop cua tac gia: Xay dung y twong nghién cau: V.V.S.; Thu thap, xu ly sb lieu: V.V.S.;
Phén tich két qua: V.V.S.; Viét ban thao bai bdo: V.V.S.; Chinh stra bai béo: V.V.S.

Loi cam on: Tap thé tac gia cam on dé tai nghién ctu khoa hoc cip Bo “Nghién ctiu cong
nghé LORA dé thiét ké xay dung mang dién rong cong suat thap (LPWAN) mang luéi quan
trac khi twong thity vin cho khu vuc Tay nguyén” ma sé: TNMT.2022.04.12, thugc Chuong
trinh khoa hoc va c6ng nghé trong diém cip Bo “Nghién ctru tng dung cdng nghé trong xay
dung, phét trién Chinh pha s6 va Chuyén ddi sb nganh tai nguyén va méi truong giai doan
2021 - 2025”, mi chuong trinh TNMT.04/21-25 di tai tro cho nghién ciu ndy va Céng ty Co
phan Phat trién Ha tang va Pau tu Cong nghé Chau Long da hd trg cdng nghé ché tao thiét
bi.

Loi cam doan: T4p thé tac gia cam doan bai béo nay 13 cong trinh nghién ctu cua tap thé tac
gia, chua duoc cdng bd & dau, khong dugc sao chép tir nhirng nghién ciru trude day; khong
c6 sy tranh chap loi ich trong nhom téc gia.
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Research and trial manufacturing of LPWAN modems for
application in data transmission of automatic meteorological
stations of the regional hydro-meteorological central highlands
observatory

Vu Van Sang'*
! National Centre for Hydro-Meteorological Network (NCN); sangvu2210@gmail.com

Abstract: Currently, automatic measuring and data transmission devices on the hydro-
meteorological monitoring network depend on imported equipment, therefore, it is very
necessary to research and manufacture and advance to master the technology of producing
automatic hydro-meteorological data transmission equipment. This article presents the
results of research, manufacturing, and testing of LPWAN modems applied in data
transmission of Automatic rain gauge stations using low power wireless communication
technology (LORA/LPWAN) which is becoming popular and increasingly being applied in
fields such as telecommunications, information transmission, and data exchange, including
hydrometeorological data. Based on theoretical research on LORA module operating
principles and control algorithms combined with electronic design and manufacturing
activities, the research has successfully produced an LPWAN modem device capable of
radio communication to transmit data to measuring stations in the Central Highlands region.
The minimum communication distance in the terrain of the Central Highlands region is
15km, with low frequency at least every 10 minutes (depending on settings), frequency band
920 MHz to 923 MHz, meets national technical regulation QCVN
122:2020/BTTTT.122:2020/BTTTT.

Keywords: LPWAN Low-power wide-area network technology; Communication
technology using LORA technology.
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