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TOM TAT: Cong nghé truyén thong khong day LoRa la mét gidi phdp dang diwoc trién khai réng rai trong cac link viec Internet cia
van vt (Internet of Things - 10T) va cng nghé M2M (Machine-to-Machine) nho sé hitu nhitng tinh néing vieot trgi vé khoang céch
truyén tin higu, dién ndng tiéu thu va chi phi dau te thap. Mdc du vdy, viéc #ng dung cdng nghé nay vao thuc tién san xudt, kinh
doanh van con kha méi mé ¢ Viét Nam. Trong bai viét nay, tac gid trinh bay viéc thiét ké va thi cong mét hé thong thu thap di lidu
chi sé nuéc tiéu thy tw dong s dung céng nghé truyén thdng LoRa. Cdu tgo cua hé thang gom cd 3 thanh phan chinh: cac bg cam
bién va truyén di lidu ldp dat tai cac dong hé nuedc, tram truyen dir liéu trung gian (gateway) va may chui trung tdm. May chu cia hé
thong duwoc xay dung trén nén tang Node.js két hop véi thir vién Socket.O va co sé dir liéu ma nguon mé MongoDB dé tiép nhan di
lidu tir cac gateway. TAc gid ciing da dé xuat mét giai phap kha thi vé phan cizng c6 chi phi thdp cho phép thiét bi c6 thé hogr déng
bdng nguan pin trong thai gian dai. Két qua nghién cizu cé thé duwoc ing dung dé tw déng héa viéc ghi nhdan chi sé dong hé nuoc tai
cac hg gia dinh, khu ddn cu va nha may.

Tir khéa: Cam bién, Pong hé meée, LoRa, MongoDB, Node.js.

I. GIOI THIEU

Cong nghé truyén thong khdng day LoRa (Long Range) la mot giai phap dang duoc trién khai rong rii trong cac linh
vuc Internet ctia van vat (Internet of Things - 10T) va cdng nghé M2M (Machine-to-Machine) nho s¢ hitu nhitng tinh ning
vuot troi vé khoang céch truyén tin hiéu, dién nang tiéu thy va chi phi dau tu thap. Cong nghé nay duoc phét trién boi cong ty
Cycleo (tru so tai Grenoble, Phap), sau d6 dugc mua va so hiru doc quyén bai tap doan Semtech (Hoa Ky) vao nam 2012 [1].
Cong nghé truyén thong LoRa sir dung ky thuat didu ché trai phd hoat dong trén cac bang tin 433 MHz, 868 MHz va 915
MHz twong g vai tirng dai tin s6 ISM thudc cac khu vuc khac nhau trén thé giéi. Nho nhitng dic tinh ndy, cdng nghé LoRa
c6 thé duoc st dung trong viéc thiét 1ap cac mang cam bién khong day truyén - nhan di liéu véi trung tam cach xa hang ki-16-
mét va c6 thé hoat dong bang ngudn pin trong thoi gian dai. Trong xu thé caa cugc Cach mang cong nghiép lan tht 4, hién da
c6 trén 100 québc gia bit du trién khai thwong mai hé thdng thu thap dir liéu va gidm sét tir xa tng dung cong nghé truyén
thdng LoRa, trong s6 d6 ¢6 cac qudc gia 1an can nudce ta nhu Thai Lan, Trung Qudc va Malaysia [2]. Mic du vay, viéc (ng
dung c6ng nghé nay vao thuc tién san xuat, kinh doanh van con kha msi mé & Viét Nam.

Trong bai viét nay, tac gia trinh bay viéc thiét ké va thi cong mot hé thong thu thap dir liéu chi s6 nudc tiéu thu ty
dong st dung cdng nghé truyén thong LoRa. CAu tao cua h¢ thong gom c6 3 thanh phan chinh: cac by cam bién va truyen
dir liéu lap dat tai cac dong hé nudc, tram truyen dix liéu trung gian (gateway) va may chu trung tam May chu cua hé
thong duoc xay dung trén nén tang Node.js két hop voi thu vién Socket.IO va co s¢ dir ligu ma ngudn mé MongoDB dé
tiép nhan dir liéu tir cac gateway. TAc gia cling da dé xuat mot giai phép kha thi vé phan cang c6 chi phi thap cho phép
thiét bi c6 thé hoat dong biang ngudn pin trong thai gian dai. Phan con lai cia bai viét duge trinh bay nhu sau: Phén 11 trinh
bay cac khau thiét ké phin cimg va phan mém hé thdng; Phan 111 trinh bay két qua thuc nghiém cia giai phap dé xuét;
Phan cubi cung 1a Két luan.

Il. THIET KE HE THONG

So d6 lghéi cua h¢ théng thu thap chi s6 nude ty dong ng dung cong nghé truyén thong LoRa dugc trinh bay ¢
Hinh 1. H¢ théng bao gdom 3 phan chinh: cic bd cam bién va truyén dir liéu lap dit tich hgp vao cac dong ho nudc, tram
truyén dir liéu trung gian (gateway) va may chu trung tdm véi phan mém quan ly.
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A. B§ cdm biéen va truyén div liéu tai dong ho nwéc

So db nguyén 1y bo cam bién va truyén dit liéu lip dat tai cac dong hd nudc duoc thé hién & Hinh 2. Trong nghién
cliru nay, mot déng hd nuée co hoc duoc gén cam bién tur trudng dé tao ra mot xung dién ing véi mdi 10 lit nude tiu thy
[3]. Xung dién ngd ra ciia ddng hd nude ddng thoi ciing 14 tin hiéu ngét gitp danh thire b xir Iy MSP430G2553. Bo xir ly
MSP430G2553 cua hing Texas Instruments [4] ¢ muc tiéu thu dién ning thap va dwoc 1ap trinh dé hoat dong & ché do
ngi (sleep mode) khi khong c6 tin hiéu xung dién tir ddng hd nudc nhiam tiét kiém ning luong. Khi nhén tin hiéu xung
dién tir dong hd nudce, bd vi diéu khién thuc hién luu thong tin lugng nude tidu thu vao bd nhé ddng thoi giri thong tin chi
s6 nudc tiéu thy va ma dinh danh ddng hd nude dudi dang goi tin JSON [5] vé& méay chu trung tim thong qua két ndi khong
day nho module truyén dit liéu LoRa Ra-02 hoat dong trén dai tin sb 433 MHz [6]. Toan bd mach dién ctia phin nay hoat
dong dua trén nang luong cung cip boi ngudn pin va vi mach 6n dinh dién thé ASM1117 nén van dé tiét kiém ning lugng
v cung quan trong. Viéc chon sur dung b vi xtr Iy MSP430G2553 cung phuong thire truyén thong khong day LoRa da

gitp giai quyét dwoc van dé ning luong & phan nay.
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Hinh 2. So db khbi mach dién cam bién tai cac dong hd nude.

Hinh 3. B6 cam bién va truyén dit liéu tai ddng hd nudc: a) Mach dién thuc té va b) 1ap diat mach dién vao ddng hd nude

Hinh anh cta b cam bién va truyén dir liéu le“ip dat tai déng hd nude duoc trinh bay & Hinh 3. Ang-ten clia module
LoRa duogc dit bén ngoai vo hop dé dam bao diéu kién truyén song tdt. Luu do giai thudt chuong trinh diéu khién viét cho
bd xtr Iy MSP430G2553 dugc mo ta & Hinh 4 [7]. Trong chuong trinh nay, viéc dat b xt Iy MSP430G2553 & ché do ngu
gitp hé thong tiét giam dién ning tiéu thy nham kéo dai thoi gian sir dung pin.

B. Tram truyén dir ligu trung gian (Gateway)

Tram truyén dir liéu trung gian Gateway thu nhan thong tin chi sb nudc tiéu thy tir bo truyén dir liéu ctua dong hd
nude va chuyén tiép dir liéu nay vé may chu trung tam. So dd khdi cua mach dién Gateway dugc trinh bay ¢ Hinh 5. Hoat
dong cua tram Gateway dugc diéu khién boi bd vi xir 1y ATMega328P [8] voi nhiém vy nhan cac goi tin dugc gui tir cc
dong ho nude thong qua giao tiép khong day LoRa nho module truyén nhan di liéu LoRa Ra-02. Céac géi tin nay sau d6
tlep tuc dugc chuyén tiép V€ may chu trung tAm thong qua két ndi internet Wi-Fi nhd module ESP8266 [9]. Hinh anh thuc
té cua mach dién tram truyen di liéu trung gian Gateway dugc mo ta & Hinh 6. Luu dd giai thudt chuong trinh diéu khién
viét cho bo xir Iy ATMega328P duoc trinh bay trén Hinh 7.
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Hinh 5. So db khéi tram truyén dit liéu trung gian Gateway
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C. May chii trung tim

May chu trung tim 1a mot web server dugc xdy dung trén nén tang Node.js [10], két hop st dung thu vién
Socket.10 [11] cho phép Server hoat dong theo thoi gian thuc. Mdy chu trung tdm c6 nhiém vu nhan goi tin dang JSON tir
tram truyén dir lidu trung gian thong qua dudng truyén internet. Cac goi tin nhan dugc sé& duoc phan tich va luu vao co so
dir liéu ma nguon m¢& MongoDB [12] Nguyén ly hoat déng ctiia mdy chu trung tdm dugc trinh bay trén Hinh 8. Dau tién,
socket server s€ ling nghe cac két noi tir phia client tai cong 80. Cac socket client muon ket nbi dén socket server can phai
ding tén mién va dia chi cong két nbi cac dich vu cua socket server. Khi c6 yéu cau két ndi tir phia client, socket server s&
cho phép client két ndi. Sau d6, socket server s& ding ky va ldng nghe 2 su kién “Connection” va “SWM”. Khi phia client
€6 tin hiéu “emit” I&n 2 sy kién nay, cdc ham dang ky kém theo s& dugc thuec thi.
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—» function(socket)
—» function(json)

» .on('connection')
» .on('SWM')

Hinh 8. So db khéi mo ta hoat dong cua socket server

Mot tmg dung web dugc thiét ké bang cac ngdn ngit HTMLS5 véi cac ché d¢ truy cap danh riéng cho ngudi quan 1y
va khach hang. Phan mém cho phép ngudi quan 1y theo ddi, thong ké va tong hop thong tin sb liéu vé chi so tiéu thu cia
timg dong hd nudc va lugng nude tidu thy theo thoi gian thyc. Ngoai ra, img dung web con ¢6 cac chirc niang nhu tinh toan
va in xuit hoa don tién nudc.
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Hinh 9. Giao dién cta tng dung web danh cho khach hang
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Hinh 10. Giao dién ctia tng dung web danh cho nguoi quan 1y

I1l. KET QUA THU'C NGHIEM

Dé danh gia kha nang truyén nhan dir liéu cua cac module LoRa trong diéu kién thuc té, tac gia da tién hanh lap dat
thiét bi tai dong hd nudc dat trén mat dat va tram truyén dir liéu trung gian gateway duoc dat & do cao 20 m (Hinh 11). Két
qua do dac thyc nghiém cho théy, hé théng c6 thé truyén nhan truyén/nhafm dir liéu ¢ khoang céach dén 2,3 km. Theo do,
mdt tram gateway s& c6 kha nang thu thap dir liéu trong mdt vung c6 dién tich khoang 13,7 km? (viing hoat dong dugc
xem c6 dang hinh lyc gidc v6i ban kinh R = 2.3 km). Nhu vay, don vi cung cdp nude chi cin lip dat 8 tram gateway dé
phuc vu cho mét thanh phé trung binh c¢6 dién tich 100 km?®. Ving hoat dong ctia tram gateway c6 thé duoc mo rong bing
cach tang d6 cao va do loi ctiia ang-ten tram.

R

@) (b)

Hinh 11. Lip dit thiét bi tai (a) ddng hd nudc va (b) tram truyén dit liéu trung gian gateway

Pé dam bao mach dién dong hd nude co thé hoat dong on dinh trong thoi gian dai, tac gia da thuc hién udc tinh
thoi gian sir dung pin ctia mach dién cam bién lip dit tai dong hd nudc. Bang cach lua chon loai pin c6 dic tinh va dién thé
phu hop, viéc st dung vi mach on ap ASM1117 s€ khong con can thiét. Khi do, bo phén tiéu thu dién nang nhiéu nhat
trong mach dién 1a module thu/phat LoRa Ra-02 véi dong dién tiéu thy trung binh ¢ ché do hoat dong (active mode)
khoang 100 mA. O ché d6 ngu, dong dién tiéu thu trung binh ciia vi mach MSP430G2553 va module LoRa Ra-02 rat nho
va lan lugt bang 0,15 A, 0,2 pA. Gia st ngudn pin co dung lwong 3000 mAh, tan suét giri dir lidu vé trung tam la 24
lan/ngay, mdi lan mach hoat dong trong 1 gidy, module Ra-02 duogc dit & ché do ngi khi khong c6 hoat dong truyén dix
liéu, thoi gian su dung pin céd thé duoc udc tinh nhu sau:

T = 3000 mAh * &* 3600s / (100 mA * 24 5) = 2925 ngay ~ 8 nim

Trong d6, &= 0,65 dugc xem la hidu sut sir dung pin.
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V6i thoi gian hoat dong nhu trén, mach dién cam bién va truyén dit liéu gin tai ddng hd c6 thé dap ung duoc cac
yéu cau vé mat k¥ thuat cua nganh cung cap nudc.

Bang 1 trinh bay cac loi ich ma h¢ thong thu thap chi s6 nudc tu dong sir dung cong nghé truyén thong LoRa mang

lai so v&i phuong phap thu thap chi s6 nudc bang nhan cong.

Bang 1. So sanh h¢ théng thu thap chi sé nude tw dong va phuong phap nhan cong

Thu thap chi s6 nwée bing nhin cong

Hé thong thu thip chi sé nwéc tw dong

Déi v6i khach
hang

Can sy hd tro cia khach hang trong viéc
ghi chi s nudc.

Khoéng cé thong tin v& lich st hoat dong su
dung nudc.

Tranh duogc sai sot trong viéc ghi nhén chi
s0 tiéu thy.

Thong tin lugng nudc ti€u thu duoc luu lai
chi tiét theo thoi gian, dam bao sy rd rang
va minh bach vé hoat dong st dung nudc.

Doi voi don vi
cung cap nudc

Tén chi phi nhan cong va thoi gian cho
viéc thu thap chi sé nude.

Khong thé thu thap thong tin lugng nudc
tiéu thu theo thoi gian thuc.

Khong thé cung cap cho khach hang lich
st hoat dong st dung nudc; Gap kho khan
trong viéc cung cip ching ctr khi ¢ khiéu

Thu thap chi sO tr xa tu dong, tiét kiém
dugc chi phi nhan cong va thoi gian.

Ghi nhan dugc lugng nudc ti€u thu cia
khach hang theo thoi gian thyc.

C6 thong tin day da vé hoat dong sir dung
nudc cua khach hang, dé dang giai quyét
khi ¢6 thic méc, khiéu nai tir khach hang.

nai tir khach hang.

Bén canh d¢, so sanh v6i giai phap st dung mang dién thoai di dong dé truyen dir liéu, giai phap cong nghé truyén
thong LoRa khong doi hoi cao trong viéc xdy dung, lap dat tram gateway, sO tram gateway can lap dat ciing it hon va
khong ton chi phi thué bao thé SIM cho timg dong hd nudc. Pay c6 thé duge xem 1a mot giai phap cd tinh kha thi cao dé
thu thép chi sb nuge tiéu thu tu dong ciing nhu trién khai tmg dung cho cac muc dich twong ty trong thyc tién.

IV. KET LUAN

Noi dung bai viét da trinh bay viéc thiét ké va thi cong mot hé thong thu thap chi ) nude ty dong su dung cong
nghé truyen thong LoRa. Hé thdng dwoc xay dung trén nén tang phan mém mad nguon mo véi cAu tao phan ctimg phu hop
d3 mang dén mot giai phap kha thi dé ty dong hoa viéc ghi nhan chi s ddng hd nudc tai cac ho gia dinh, khu dan cu va
nha may. Hé thong ciing c6 thé dwoc sir dung nhu mot md hinh tham khao trong viéc xay dung cac giai phap giam sat,
canh bao sy ¢ néi chung.
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A LoRa TECHNOLOGY BASED - AUTOMATED WATER-METER READING SYSTEM

Le Hoang Van, Le Tuan Anh, Luong Vinh Quoc Danh and Nguyen Thi Tram

ABSTRACT: The LoRa wireless communication technology has been widely deployed in the Internet of Things (Internet of Things -
IoT) and M2M (Machine-to-Machine) areas thanks to its superior features about transmission distance, low power consumption and
investment costs. However, the application of this technology in practical production and business is still quite new in Vietnam. In this
paper, the authors present the design and implementation of an automated water-meter reading system based on the LoRa technology.
The designed system consists of three main components: sensors and data transceivers installed at water-meters, intermediate
transceiver stations (gateways) and a server. The system server is built on Node.js platform combined with the Socket.1O library and the
MongoDB open source database to receive data from the gateways. The authors also proposed a feasible and low cost solution for the
system hardware that allows the devices to operate on battery power for a long time. The research results can be applied for automated
water meter readings in households, residential areas and factories.

Keywords: LoRa, MongoDB, Node.js, Sensors, Water-meter.



