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Tém tit: Viéc thu thap dir lieu cam bién trong thoi gian thuc luén dat ra thdch thirc vé
viéc cdn doi giita tinh todn ven ciia dit liéu va khd nang mo rong ciia hé thong. Cac phwong
phdp quan trdc cii thwong gdp han ché khi phai xir Iy khoi lwong thong tin I6n ngay tai diém
do hodc bi phu thuéc qud nhiéu vao sw on dinh cia dwong truyén mang. Nghién civu nay giéi
thiéu mot kién tric giam sat chat lwong khong khi moi, tan dung sirc manh cua mo hinh Dién
todn bién (Edge Computing) phoi hop ciing giao thike truyén dan NB-IoT. Hé thong duwoc
thiét ké theo mé hinh lai: vi diéu khién STM32 dam nhiém vai tro thu thap chinh xdc cac
théng sé6 méi trwong, trong khi mdy tinh nhing Raspberry Pi hoat ddng nhir mét Gateway
thong minh tai bién dé thuc hién tién xir Iy, luu triv dém va dong goi dit liéu. Cac thur nghiém
thuc té chitng minh hé tho”'ng van hanh én dinh, bao toan dir liéu ngay ca khi két noi mang
gidn doan nho co ché hang doi tai bién, d&ng thoi kién tric vi dich vu (Microservices) giup
hé thong dé dang mé réng quy mé khi can thiét.

Tir khéa: hé thong ghi nhin div liéu, hé thong gidm sat méi truong, mdy tinh bién, mang van
vdt bang tan hep, cong mang théng minh, vi dich vu, cam bién khong khi

I. Dit vin dé

O nhiém khéng khi hién dang 1a van
dé cép bach tai nhiéu quéc gia, tac dong
tryc tiép dén stc khoe cong dong va hé sinh
thai. Yéu cau vé viéc giam sat lién tuc cac
chi s6 moi trudng tré nén thiét yéu, dac biét
1a kha ning cung cip dit liéu tic thoi dé
phuc vu cong tac du bao va canh bdo som.

Céc tram quan tric truyén thong
thuong cong kénh, chi phi van hanh
dat do, khién viéc trién khai trén dién
rong gip nhidu tré ngai. Su bung nd cia
Internet van vat (IoT) da mo ra hudng di
méi, nhung cac cong nghé tim ngén nhu
Zigbee hay Bluetooth bi giéi han vé ving
phu song. Gan day, NB-IoT két hop edge
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computing dugc rng dung rong rai trong
gidm sat moi truong do thi, nhung van ton
tai d tré cao va khé mé rong véi $6 luong
cum 10n . Bai béo nay dé xuét giai phap
toan dién dua trén NB-IoT nhdm dam bao
dod tin cay va kha nang mo rdng linh hoat.

Nghién ciru nay dong gop ba diém
chinh so v&1 cac cong trinh trudce:

1.Dé xuat kién truc lai edge-NB-
IoT-microservices vdi Raspberry Pi lam
edge gateway thuc hién local buffering
va tién xu 1y dit litu cam bién, khac
biét v6i cac hé thong chi ding NB-IoT
relay don gian (d9 tré cao 2.86-13.18s)
hodc edge computing khong c6 backend
microservices scale dén 10.000 node .

2. banh gié dinh lugng PDR >98.5%
va do tré déng bo <45s khi mat mang 60
phut, vuot trgi hon cac mo hinh cloud-
centric thuong mat dit liéu >10%.

3.Xay dung hé théng end-to-end
chi phi thép, dé md rong, sir dung linh
kién pho bién, phu hop trién khai thyc té
tai Viét Nam - khac véi cac nghién clru
cht yéu mé phong hodc tap trung indoor.

II. Co s& ly thuyét

Tong quan hé thng:

M0 hinh dé xut dugc chia thanh hai
thanh phan cot 15i: thiét bi thu thap thong
s6 moi truong va hé thong phan mém xir
ly trung tam

2.1. Thiét bi gidm sdt chit lwong méi truong

Sensor

Controler module MAX485 module

SIM module

Embled Computer 5 NB-IoT

Power modue ‘

Hinh 1: Tong quan vé thiét bi gidm sdt chdt lwong méi truong

Phén cimg duoc ciu thanh tir 6 khoi
churc nang riéng biét:

Khoi Nguon (Power Unit): Pong
vai tro cung cip nang lugng 6n dinh cho
toan by hé théng. Do moi linh kién yéu
ciu muc dién ap hoat dong khac nhau,
khdi nguon dugc thiét ké dé diéu phdi
dong dién phu hop cho tirng mo-dun, dam
bao hoat dong bén bi.

Khéi Cam bién (Sensor Unit): Bao
g6m t6 hop cac cam bién chuyén dung dé
do dac thong sb khong khi. Nghién ciru
nay st dung hai dong cam bién chinh 14
MQI35 va DHTI11. Trong khi MQI135
chiu trach nhiém phat hién céac loai khi
nhu CO2, NH3, khoi va cac hop chat hitu

co, thi DHT11 ddm nhiém viéc ghi nhan
nhiét do va d6 4m moi truong (Sinha va
cong sy, 2015).

Khoi giao tiép MAX485: Sur dung
chuan giao tiép ndi tiép RS485 (EIA, 1998)
dé két ndi dir lieu. Mo-dun nay két hop
bo chuyén ddi tin hiéu va chip MAX485,
tao 1ap duong truyén 2 day tin cdy giita vi
diéu khién va may tinh nhung. Uu diém
ciia RS485 1a kha niang chdng nhifu va
di day xa, hd tro mé rong sb lugng node
mang dé dang. Dé quan 1y giao tiép giita
Master va nhiéu Slave ma khong gy xung
dot tin hiu, giao thirc Modbus RTU duoc
ap dung dé ma hoa va truyén tai dir liéu
dang nhi phan mot cach déng bd (Modbus
Organization, 2012).



Khéi Piéu khién (Control Unit):
Dong vai trd trung gian xur 1y tin hiéu tho
tir cam bién. Do dinh dang dir liéu dau ra
ctia mdi loai cam bién la khac nhau, khéi
diéu khién s& chuan hoa ching vé dinh
dang ma Gateway c6 thé doc dugc. Pong
thoi, nd cling nhén 1énh tir Gateway dé diéu
chinh chu ky do hodc hiéu chinh sai s6. Dé
dap ung yéu cau xir Iy da nhiém va giao
tiép linh hoat, moé-dun STM32F103C8T6
(BluePill) dugc Iua chon lam bd nao cho
khéi nay (STMicroelectronics, 2022)

May tinh nhung (Embedded
computer): Trong kién tric dé xuit,
Raspberry Pi khong chi déng vai tro truyén
dan ma duogc dinh nghia 1a mot nut xu 1y tai
bién (Edge Node). Thay vi gui dir liéu tho
truc tiép tir vi diéu khién 1én may chu (giy
ton bang thong va kho xac thuc), Raspberry
Pi thuc hién cac tac vu: (1) Tién xtr Iy va loc
nhiéu dit liéu tir nhiéu node con; (2) Luu trit
dém (Local Buffering) dé dam bao khong
mat dit liéu khi mang NB-IoT gian doan; va

(3) Chay céac thuat toan dong go6i bao
mat (Upton & Halfacree, 2016). Diéu nay
nang cao dg tin cdy so véi cac node cam
bién don gian chi sir dung vi diéu khién.

Gateway

D(/'D Message Queue
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Mé-dun SIM: Khéi nay dong vai
trd két ndi va trao d6i dir liéu gitra thiét
bi va hé théng phan mém. Bai bao nay dé
cap dén NB-IoT nhu mét tiéu chuan cong
nghé mang khong day dién rong cong suit
thap (LPWAN), cung cap két ndi on dinh,
tbc d6 cao (Ratasuk va cong su, 2016).
Mb-dun SIM7600 WareShare 1a mot thiét
bi nhu vay, c6 kha nang két ndi LTE 4G
va v6i 40 chan GPIO gitip dé dang két nbi
v6i nhiéu mo-dun IoT.

2.2. Phan mém xie ly dit ligu

Hé théng phan mém bao gdm 5 dich
vu (services):

Gateway: Khoi Gateway 1a khoi két
nbi gitra thiét bi va phan mém; tat ca dit liéu
gitia thiét bi va phén mém sé& duoc trao ddi
qua khdi nay. Vai tro trung tim cua khoi
nay dugc dam nhiém boi giao thuc MQTT
(Message Queue Telemetry Transport)
(Banks & Gupta, 2014). MQTT la giao
thirc nhan tin sir dung moé hinh publish/
subscribe voi bang thong thap, do tin cay
cao va kha ning hoat dong trong diéu kién
mang khong 6n dinh (Hunkeler va cong
su, 1999).

Process message

n Database

il — B — | =

Web server

i

Hinh 2: Tong quan vé phan mém xir Iy di liéu
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Hang dgi thong diép (Message
queue): Mo-dun Message queue dong vai
tro luu trir dir liéu cia moé-dun gateway
theo trinh ty dya trén thoi gian dir ligu
duoc nhan. Khi sd luong va loai thiét bi
khac nhau m¢ rdng trong tuong lai, mdt
luong 16n dir lidu s& d6 vé ma mo-dun
xtr 1y tin nhan khong thé xtr 1y kip thoi.
RabbitMQ 1a mét trong nhitng nén tang
hd trg luu triv dit liéu theo md hinh hang
doi hiéu qua (Dossot, 2014), hd tro scale
hang doi cho IoT 16n.

Xt 1ly thong diép (Process
message): Khéi nay ldy dit liéu tir hang
doi va chuyén dit liéu sang khdi co so dix
lidu @é luu trir. Khéi nay s& xu ly dir lidu
& muc logic nhu chuin hoa, thuc hién
cac phép toan trén dir li¢u, dong goi va
luu trlr. Pay 1a mot dich vu chay ngﬁm
(background service), khong cé giao dién
nguoi dung. .NetCore Worker Services la
mot lya chon phu hop dé trién khai céc vi
dich vu (microservices) nay, hd trg da nén
tang (Price, 2020).

Co sé dir liu (Database): V41 dac
diém cua dir liéu cam bién 1a phi cau truc,
MongoDB - mot co s¢ dir li¢u NoSQL
hudéng tai li¢u (document-oriented) - Ia
lga chon phu hgp (Chodorow, 2013).
MongoDB Iuu trit dir liéu dudi dang
JSON, cho phép truy van nhanh va linh
hoat véi cac kich thudc va dinh dang tai
liéu khéc nhau.

Website: Khdi hién thi va tuong
tac voi nguodi dung. Khoi nay s dung
framework AspNet Core, mot framework
mi ngudn mé, da nén tang dé xay dung cac
ung dung web va [oT API (Lock, 2018).

I11. Phwong phap nghién ciru

3.1. So' do diu noi hé thong

Cac day két ndi chinh bao gom:

Mo-dun SIM - M4y tinh nhing:
Str dung 2 két ndi, USB va ndi tiép, thong
qua dau cim GPIO. Két ndi USB duoc
su dung dé truyén va nhan dit liéu, va két
ndi ndi tiép duoc sir dung dé giri cac thiét
lap dén mo-dun SIM dé thiét 1ap két ndi
internet.

Mo-dun STM32F103C8T6 - Mo-
dun Max485: St dung 1 két néi USB dé
truyén va nhan dur liéu.

Mo-dun Max485 - Mo-dun
STM32F103C8T6: St dung 1 két ndi
UART dé truyén va nhan dir liéu. Cac
chan két ndi nhu sau dé truyén nhan dir
liéu : DE RE nbi v6i C13, RO ndi véi B7, DI ndi
véi B6.

Mo-dun STM32F103C8T6 - Mo-
dun DHT11: Sir dung 1 két ndi analog,
két nbi chan B1 cua mo-dun STM32 voi
chan dir liéu cua DHT11.

Mo-dun STM32F103C8T6 - Mo-
dun MQ135: Sir dung 1 két ndi analog,
két ndi chan BO cuia mo-dun STM32 voi
chan dir liéu cia MQ135.

™

Hinh 3: So d@6 dau noi thiét bi

3.2. Luwu do thudt todn ciia hé thong

Phan nay trinh bay chi tiét logic hoat
dong ctia hé thong, dugc chia lam hai phan
doan chinh: xtr 1y tai thiét bi bién (Edge)
va xu ly tai may chu (Server).



3.2.1. Thudt todn tai phia thiét bi
bién (Edge Device Side)

Tai thiét bi bién, quy trinh dugc chia
lam hai ludng song song: diéu khién cam
bién va xir Iy trung tam.

Khéi diéu khién: Vi diéu khién
(STM32) lién tuc doc tin hiéu tir cam bién
MQ135 (Analog) va DHT11 (Digital), sau

Inittial parameter

Request read data from
Max485 module

True

v

Read data from
sensor

Response data to Read data
Max485 module register

D ———

Read data
success

Set null data

e/

Save data to
register

Hinh 4: Luu do thudt todn khoi diéu khién
cam bién tqi phia thiét bi bién (Device Side)

3.2.2. Luu do thudt toan ciia hé
théng may chii (Server)

Phan nay trinh bay logic hoat dong
cua hé théng, nh4n manh vao co ché xu ly
cac dir liéu tir thiét bi bién guri vé dam bao
do tin cay dur licu.

Tai thiét bi bién, quy trinh dwgc chia
1am hai ludng: thu thap dit liéu thoi gian
thuc (Real-time Acquisition) va xu 1y tai
bién (Edge Processing).
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d6 chuén hoa dir liéu va chd 1énh truy van
tor may tinh nhiing.

May tinh nhing: Raspberry Pi
dong vai trd Master, dinh ky gui yéu cau
lay dir liéu qua Modbus, dong goi ban tin
JSON va truyén vé Server qua mang NB-
IoT. Co ché thir lai (retry) duoc tich hop
dé dam bao do tin cay.

Iriil parAmeEter

mpdue and
SErvce

Chebgi S180u8 Mot
WA 485 RaDodAND Levile
MAOTT conngchon

Send requiest pel
gata o MaxsBs
modules

S oo S

Hinh 5: Luu do thudt todn khoi may tinh
nhiing tai phia thiét bi bién (Device Side)

Khéi gateway: Dong vai tro khoi
tao cong nhan dit lidu tir thiét bi bién
dam bao tinh sian sang cao trong viéc
nhan di liéu theo cac chu dé duoc khai
bao. Cac dir liéu nhan duoc s€ duoc dua
vao hang doi thong diép dé xur 1y trong
module tiép theo.

Khéi xir 1y dir liéu: Pong vai tro
nhan dir liéu tir hang doi thong di¢p va xur
1y chtiing sau d6 luu vao co sé dir licu.
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Imitial parametar
module and
Service

Chack port Matt protocol
connact to RabbithiC

Trus

Recive data from
davice

False

Push data to
RabbithiC

Connect to Cueue Data and recive dala

Process data and push data o
database

Hinh 6: Luu do thudt todn khoi Gateway tai Hinh 7: Luu do thudt todn khoi xir ly dir liéu

phia may chu (Server Side)

IV. Két qua va thao luin

4.1. Moi truong thir nghiém

Thur nghiém dugc trién khai thuc
té tai quan Hai Ba Trung, Ha Noi (vi tri:
21.015°N, 105.85°E), thoi gian: 72 gid
lién tuc (thang 2/2026), st dung mang
NB-IoT Viettel (bing tan B8, cuong do

tai phia may chu (Server Side)
song RSSI -85 dBm trung binh, d§ phu
LPWAN 6n dinh db thi).

Phén ctng edge node: 1 node chinh
(STM32F103C8T6 (@72MHz, Raspberry
Pi 4 Model B 4GB RAM, SIM7600G-H,
cam bién DHT11/MQ135, ngudn 5V/2A).

Server backend (on-premise, tai lab
bai hoc M& Ha Noi):

Thanh phan Cau hinh
May chi Intel Xeon E5-2620 v4 (8 cores @2.1GHz), 16GB RAM, 512GB
SSD NVMe, Ubuntu 22.04 LTS
RabbitMQ v3.12, 1 queues, single mode
MongoDB V8.0, sharded collection cho dir liéu time-series
NET Worker ASP.NET Core 8.0
JMeter Load test 10.000 virtual MQTT clients

4.2. Dy tin cdy cua mang truyén
din va khd nang chiu 16i

Dé danh gia hiéu nang thuc té cia
hé thong dua trén cong nghé NB-IoT két
hop Dién toan bién, chiing t6i da tién hanh

mo phong cac didu kién mang gian doan
¢6 chu dich tai tram do ¢d dinh. Cu thé,
thiét bi duoc thiét 1ap gui dit lidu véi chu
ky 10 giay/lan. Hé théng dugc kiém tra
kha ning phuc hdi dir liéu trong trudng



hop mét két nbi mang lién tuc trong 15,
30 va 60 phut.

Két qua thu dugc (trinh bay tai Bang
1) cho thay co ché “Local Buffering”trén
Raspberry Pi hoat dong xuat sic. Ty 1&
phan phdi goi tin (Packet Delivery Ratio
- PDR) xuyén sudt 72 gid do dac ludn
dugc duy tri & muc > 98.5%. Trong céac
pha gian doan két ndi, hé théng khong lam
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Gt bat ky mau dir liéu nao; thay vao do,
dir liéu dugc giai phong 1én may chu ngay
khi NB-IoT két ndi lai, voi do tré dong bod
hoan tat (Sync-delay) trung binh duéi 45
gidy cho mot tép tin dém 60 phut. Diéu nay
minh chimg cho tinh vu viét cua kién trac
dé xuat so voi cac node cam bién truyén
thdng von thuong xuyén that thoat dir liéu
do chi truyén tin mot chiéu 1én dam may.

Bang 1: Pdnh gid kha ning phuc héi di liéu va dé tré dong bé theo thoi gian gidn doan mang

Thoi gian gian doan | S0 lwong géi tin dém | Ty 1é PDR P tré dong bd
(phut) (miu) (%) (gidy)
15 90 99.8 1.25
30 180 99.2 1.45
60 360 98.5 1.83

4.3. Hiéu nang phidn mém theo
kién truc Microservices

Kha ndng m¢& rong (Scalability) cta
hé théng phin mém duoc kiém ching
thong qua bai kiém tra chiu tai (Stress test).
Chung t6i st dung Apache JMeter dé gia
1ap luu luong dir liéu d6 vé tir 1,000 dén
10,000 node cam bién dong thoi (théng
qua giao thirc MQTT).

Két qua phan tich chi tiét (Bang
2) cho thidy RabbitMQ déng vai trd nhu
mot b giam xo6c (Shock absorber) tuyét
voi. Khi sb lugng két ndi ting vot (Spike

traffic) 1én ngudng 10,000 node, ty 1¢ st
dung CPU cua dich vu .NET Core Worker
cao nhit chi dat ngudng 62.4%, trong khi
b6 nhé RAM tiéu thu twong dbi 6n dinh
quanh mic 1.25 GB. Do tré ghi dit licu
vao co so dit liéu phi cau tric MongoDB
trung binh dat 12.1 £ 3 ms ddi voi mdi
ban ghi JSON. Khong ghi nhan tinh trang
nghén c6 chai (bottleneck) hay hién tugng
tir chdi dich vu (timeout), khang dinh hé
théng hoan toan dap tng duoc nhu ciu mo
rong quy mod mang ludi quan tric ctia mot
thanh phd théng minh trong thyc té.

Bdng 2: Hiéu ndng tai nguyén mdy chii dwéi cdc mike tai thiét bi khdc nhau

S6 lwgng Node dong thoi | Sit dung CPU (%) | Tiéu thu RAM (GB) | D§ tré Database (ms)
1,000 15.2 0.45 42
5,000 38.7 0.85 8.5
10,000 62.4 1.25 12.1

4.4. Thao lugn

Giai phap dé xuat trong bai béo nay
giai quyét triét dé hai bai toan 16n trong IoT
moi truong: Chi phi bang thong va D¢ tin
cdy cia dir liéu thoi gian thiee. Bang cach
chuyén giao mot phan tac vu xtr 1y (tién loc
dir liéu, luu trir tam) xudng thiét bi bién
(Edge Node), chung ta da lam giam lugng

bang thong khong can thiét truyén tai qua
tram gbc vién thong, rat phu hop véi dac
thu bang thong hep cua NB-IoT (Chen va
cong su, 2014; Ray, 2018). Viéc hé thong
duy tri duge PDR gan nhu tuyét dbi (Bang
1) ngay ca khi dudng truyén gip su cb 1a
mot bude tién so v4i cac nghién ctu trude
day von phu thude hoan toan vao dam may.
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Pong thoi, viéc tach biét kién
truc phén mém thanh cac vi dich vu
(Microservices) giup toi uwu hoa viéc
sir dung tai nguyén phan cting may chu
(Bang 2). Kién trac nay gitp dé dang chan
doan 16i, nang cap timg mo-dun doc lap
va tich hgp linh hoat v6i hé sinh théi y
té thong minh hay giam sat cong nghiép
trong tuong lai (Zhang va cong su, 2018).

Giai phap dé xuét giai quyét chi
phi bang thong va dg tin cdy du li€u thoi
gian thyc bang edge buffering, giam tai
NB-IoT so véi relay don thuan . PDR gan
tuyét ddi vuot troi cac hé théng cloud-
only, trong khi microservices scale hi¢u
qua dén 10.000 node v6i CPU <65% .

V. Két luén

Bai bao nay dé& xudt mot mo hinh
thu thap dit liéu giam sat chat luong khong
khi véi chi phi thap va kha ning mé rong
linh hoat. M6 hinh dugc thiét ké dua trén
céc thanh phan pho bién trén thi truong va
phan mém ma ngudn mo véi kién trac vi
dich vu (microservice) (Newman, 2015).
V6i md hinh nay, viéc giam sat va thu
thap dit liéu tré nén dé dang hon, loai bd
cac thao tac trung lap va 16i do con nguoi.
Dir liéu duoc thu thap theo thoi gian thuc,
dam bao tinh cap thiét trong cac yéu cau
phéan tich va quan sat.

M6 hinh dugc thiét ké dé d& dang mé
rong va trién khai, véi cc thanh phﬁn nho,
tach biét c6 thé xur Iy cac chirc ning cu thé
ma khong doi hoi kién thire sau vé nhan lyc
van hanh. Viéc mé rong chi can sao chép
cac mo-dun va thuc hién cac diéu chinh nho
theo yéu cau cua timg bai toan. Khi xay ra
161 hé thng va hong hoc thiét bi, timg thanh
phéan c6 thé dugc chan doan va thay thé dé
cAu hinh lai mot hé théng hoan chinh.

Thu thap dit liéu dé giam sat chét
luong khong khi 1a mét trong nhitng ing

dung duoc dé cap va sir dung trong bai bao

nay. M6 hinh nay c6 thé dugc ap dung cho

cac linh vyc khac yéu cau thu thap, luu trir

va xu 1y dit liéu cam bién thoi gian thuec.
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FLEXIBLE SCALABLE SENSOR DATALOGGER
SYSTEM BASED ON NB-IOT

Nguyen Duc Xuan', Phan Duy Hung', Dang Khanh Hoa'

Abstract: Recording real-time sensor data plays a vitally important role. The collection
of quality indicators, especially real-time data, will help forecast and assess environmental
impacts quickly. As a result of the rapid development of Internet-of-Things (loT) technology,
air quality can be recorded, and corresponding data transmitted to servers via wireless
networks. A short-range transmission technique can provide only very limited coverage and
is unable to meet the communication requirements of a wide range of sensors. In addition to
the transmission problem, the reception, storage, and processing of the collected data must
also be supported by a large number of devices, with high reliability and easy expansion.
This thesis proposes a flexible and scalable air quality monitoring system based on NB-IoT.
The system includes both hardware and software solutions, providing a complete architecture

to deploy a specific model in practice.

Keywords: data logging system, environmental monitoring system, edge computing, smart
gateway, narrowBand - loT, microservice, air quality sensor
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