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NGHIEN CUU KHOA HOC

Thiét ké hé théng giam sat xam nhap méan rng dung céng nghé loT
The design of an loT-based real-time Salinization Monitoring System
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Tran Ngoc Tao', Nguyén Van Thai? Nguyén Trong Cac®
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Tom tat

Trong bdi canh bién dbi khi hau, mwc nwéc bién dang nhiét do tdng cao, khai thac nwé'c ngdm qua mic da dan
dén tinh trang xam nhap man ngay cang ndng né. San xuéat néng, 1am, ngw nghiép va thuy hai sadn gap nhiéu
khé khan do tac dong ctia han han, xam nhap man, 1 lut. Bai bao trinh bay hé thdng giam sat d6 man thdi gian
thuc trén nén tang loT. Hé giam sat xam nhap man bao gébm nhiéu thiét bi do d6 m&n c6 cdm bién da chi tiéu bao
gdm dd man cta nwéc (0-85g/L), d6 dan dién (EC), nhiét d6 nwéc. Hé thiét bi do mén dwoc dat tai cac clra séng
ho&c diém do theo tiéu chuan ctia Tram khi twong thiy van dia phwong. Cac théng sb gia tri do tw dong thu thap
dir lieu do va di¥ lieu do dwoc glri 1&én dam may loT theo thoi gian thwe. D liéu do dwoc hién thi trén ng dung
dién thoai thdng minh. Dac biét, méi thiét bi do déu dwoc tich hop hé nang lwong mat tréi dé cung cdp ngudn
cho thiét bj do hoat dong.

Ttr khéa: loT; hé théng giam sét d6 man; cdm bién do d6 mén; cam bién do d6 dan dién; cadm bién do nhiét do;
hé théng giam sét cam bién trén (g dung di déng.

Abstract

In the context of climate change, rising sea levels, rising temperatures, and overexploitation of groundwater have
led to increasingly serious saltwater intrusion. Agriculture, forestry, fishery and aquaculture production face many
difficulties due to the effects of drought, saltwater intrusion and floods. The article presents a design of an loT-
based real-time salinization monitoring system. This loT-based system allows to collect many different sensor
data consisting of water salinity (0-85g/L), electrical conductivity (EC - the conductivity of water), temperature
of water. The sensors are located at river mouths or measuring points according to the standards of the local
Hydrometeorological Station. The measured value parameters are automatically obtained continuously and send
real-time the measurement data to the loT-Cloud and display the measurement data on the mobile app. In
particular, each developed monitoring station is integrated with a solar power system to provide power for the
measuring device to aperate.

Keywords: Internet-of-Things (loT); the loT-based real-time salinization monitoring system; salinity sensor;
conductivity sensor; temperature sensor; real-time monitoring sensor data on mobile app.

1. DAT VAN BE gan day ciing la nguyén nhan dan dén nwéc bién xam

Trong béi canh bién ddi khi hau, nuéc bién dang, nhigt 2" knong ngieng vao dat lien.

do ting cao, khai thac nwéc ngdm qua mire [1] d& dan
dén tinh trang xam nhap mén ngay cang nang né. San
xuét néng, lam, ngw nghiép va thay hai san gap nhiéu
khé khan do tac dong cta han han, xam nhap man, Ii
lut [2]. Va mwe nwéde ngay cang gidm trong nhirtng nam

Nguw&i phan bién: 1. PGS.TS. Trwong Cao Diing
2. TS. Tran Hoang Vi

Theo Quyét dinh sé 1397/QD-TTg cta Thi twédng
Chinh phi giai doan 2012-2020 va dinh hwéng dén
nam 2050 phai chd dong cac gidi phap trng phd voi tac
dong bién déi khi hau, nwéc bién dang, xam nhap man
va canh bao kiém soat man [4].

Hién nay, tinh trang xam nhap man khéng con 1a van
dé néng & méi khu vwc DBSCL ma con anh hwéng
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khap Viét Nam [5]. Nhdm gitp ngudi dan thuan tién,
nhanh chéng va dé dang theo dai chi s6 dd m&n phuc
vu cho san xuét néng nghiép; nghién ctru nay tap trung
hoan thién hé théng loT cho phép thu thap di liéu bao
gbm dd mén, do dan dién, nhiét dd nwdc. Cac dir lieu
trén dwoc glri 1en dam may loT dé lwu trir, xt ly va
phan tich di lieu thu thap dwoc. Cac thong sé co thé
theo do6i thdng qua rng dung di déng thédng minh.

2. THIET KE HE THONG

Nuwéc 1a ngudn tai nguyén quy gia nhét trong thé ky
XXI, dwgre vi la “vang xanh”; an ninh nwéc sé con quan
trong hon ca an ninh lwong thwc va nwéc cé thé la
nguyén nhan clia cac cudc chién tranh toan ciu; dudi
tac dong cla bién ddi khi hau, nwéc bién dang ciing
nhw cac hoat dong khai thac tai nguyén clia con nguoi
da dan dén suy thoai dong chay nghiém trong & ha
lwu séng. Vi vay, mudn quan ly tét tai nguyén nuwéc
khong thé thiéu cac thiét bi phu hop trong thei dai cong
nghiép 4.0: Céng nghé ky thuat sb két ndi vat ly théng
qua internet van vat (loT) [6-10].

2.1. Phwong phap do dé6 man

Dé xac dinh dwoc dd mén ciia mot cot dung dich ngudi
ta thworng dung cac phwong phap do gian tiép nhw do
dan dién. Phép do sé& do do dan dién cla tat ca cac
mudi hoa tan trong mau dung dich. Chang ta khéng
thé phan biét dwoc cac loai mudi khac nhau va sé di
ching ta chuyén ddi d6 dan dién sang dd man cua
mudi NaCl, b&i vi nwéc nay chiém tuyét dai da sb trong
nwéce tw nhién.

Do sw xuat hién cta cac may do dd dan dién dung
trong cac nghién ctu vé khoa hoc bién, UNESCO
JOIN PANEL d3 thdng nhat dwa ra mét phwong trinh
vé trang thai ctia nwéc bién dé tinh toan d6 man mot
cach khac theo cbng thirc sau:

S = - 0.08996 + 28.29720.R + 12.80832.R? -

C (S, t, p) la d6 dan dién & d6 man S, nhiét do t, ap
suét p;

C (35,15,0) bang 4.293 S/cm, do dan dién & d6 man 35
ppt, nhiét dd 15°C, ap suat khi quyén.

Phuwong trinh thwec nghiém dwoc suy ra dé tinh d6 méan
cta nwéc bién (mau nwéc bién lay & bé mat) tir d6 dan
dién nhw sau:

S = ao + al. Rtl/z + az.Rt + a3. Rt3/2 +
as. R+ as.R°? + AS

_(t-15) 12
= Trr 15 G0 + bR+ ba R @)

bs.R:** + by.R,* + bs. R.°?)

()

AS

Véi:
ap = +0.0080,a, = —0.1692,a, = +25.3851,
as = +14.0941,a, = —7.0261, as = +2.7081

by = +0.0005, b, = —0.0056, b, =- 0.0066,
by =-0.0375,b, = +0.0636, bs =- 0.0144

k = +0.0162

_ C(Stp)
t ™ ¢(35,15,0)

Lwu y: Nhirng gia tri trén chi ap dung cho dai do nhiét
do tr -2°C+35°C va dd man co gia tri tir 0.2+42g/1.

1l

SkHz

=791

Bo chia ap

i

MTC &

BG chuyén
ddi /v

10.67869.R? + 5.98624.R* - 1.32311.R® M cét dungdich
Voi- Hinh 1. So dé mé ta chirc ndng dé dan dién
R C(S, tp)
~ (€(35,15,0)
SkHz Rectifier | Peakdetector | Low-pass filter |
Reet pController
NTC = Chia ap ]
cAL

-

h

Hinh 2. So dé nguyén ly chirc ndng dé dan dién

Trong so' d6 nguyén ly trén, R . 1a dién tr& cot dung
dich can do, NTC Ia dién tr& nhiét dwoc dat vao trong
c6t dung dich va dung dé do nhiét d6. NTC dwoc ndi

v&i mét mach chia ap, dién ap chénh Iéch tir mach chia
nay dwoc chuyén dén vi diéu khién (uController) tir d6
tra v&i bang dién tré chuan tir nha san xuéat NTC, ta c6

Tap chi Nghién ciru khoa hoc, Truong Dai hoc Sao Do, 56 4 (87) 2024 | 19
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thé tinh dwoc nhiét do thuc té cha cot dung dich can
do. Thiét bj c6 khdi Wave Generator, sé cap dién ap
chudn sine c6 tan s 5kHz va do Ién khong déi, di qua
cot dung dich. Dién &p chuan sine nay sé giup han ché
tdi da viéc phan cuc ngwoc sinh ra béi cac ion bam
trén dién cuc, dé thu dwoc két qua chinh xac nhat.

Dong dién sinh ra béi dién ap sine 5kHz chay qua Rref
sé qua khdi khuéch dai chuyén dbi K, khéi nay la mot
opamp dap trng nhanh, s& chuyén dong dién sang dién
ap rdi nhan véi hang sb CAL theo céng thirc nhu sau:

CAL

_Vin —_

V... =
out Rref

4)
Voi:

V., dién ap dau ra khéi K [V];

V, dién ap dau vao khéi K [V];

CAL hé sb khuéch dai [Q];

R dién tr& cot dung dich [Q];

2.2. Cam bién do d6 man

Thiét bi st dung dién cuwc chuén tw thiét ké co 4 day:
Do, lam, luc, vang.

Trong do:

- Day d6: Néi voi mot dau dién cwe Graphit tro.

- Day lam: Néi v&i dau con lai dién cwc Graphic tro.

- Day luc: N6i véi mot dau NTC.

- Day vang: Néi v&i diu con lai NTC.

Lg’u y: Cap day Graphic tro va cap day NTC, ca hai
déu khdng phéan cyec.

Phwong phap do dwoc st dung la do thé dién cuc,
dau dién cuwc co 2 I‘6i Graphic tro, mot dau cap dién
ap dang hinh sin, dau con lai do dong dién di qua cot

dung dich, tir d6 c6 thé suy ra dwgc dd dan dién thong
qua cong thirc:

R, dién tr& cot dung dich [Q].

Do dan dién cla cot chat 16ng phu thudc rat 16n vao
nhiét d6. Khi nhiét do tdng. Cam bién NTC (Negative
Temperature Coefficient) tich hop trong dau do giup
doc nhiét do, tir d6 bu triv d6 dan dién theo nhiét do
chuén 25°C theo cong thirc:

Ke = Kos[1 + aps(t — 25)] [S.cm™1] (6)
Voi:

K, dién dan suét & t°C [S.cm™];

K,, dién dan suét & 25°C [S.cm™];

a,, hang s nhiét do 25°C;

t nhiét dé dung dich.

Hinh 3. Cam bién do d6 man
Véi
(1): Vo dién cuc;
(2), (3), (4): Vat lieu chuyén dung ciu tao nén dién cuc;
(5): Léi dién cuye.

2.3. Thiét ké mach loT

K= Ryer [S.cm™] (5)  He théng hoat dong theo nguyén tic Gateway - Note.
- M6t mach lam nhiém vu thu thap dir liéu tir cac note,
Vo X Iy va lwu trir cuc bd sau do givi div liéu 1én server.
K dién dan suét [S.cm]
Mcu Gateway { SEC20 ) e
7 ERS

ams

&

<

Battery
Pack

Hinh 4. So db khdi thiét bj do mén

20 Tap chi Nghién ctru khoa hoc, Trudng Dai hoc Sao Do, S6 4 (87) 2024
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Khdi MCU: La trung tam diéu khién moi hoat déng
clia Gateway. Khéi nay thuc hién tinh toan cac di liéu
dién ap nhan dwoc tlr mach ngudn dé ra dwoc cac gia
tri do nhw EC, SA. Mat khac khéi nay ciing sé quan
ly cac chirc nang cla thiét bi nhw hién thi LCD, giao
tiép v&i SIM808 dé thuc hién cac chirc nang lién quan
dén GSM va GPS, giao tiép v&i wifi dé thwe hién cac
chtrc néng lién quan dén wifi nhw HTTP, MQTT. Va
cudi cung la soan goi di¥ liéu dé chuyén tiép qua khdi
LoRa dé chuyén di dén cac thiét bi 1an can. Nguoc lai
khdi LoRa ciing sé& nhan di liéu tir khéng khi va giai
ma chuyén lai cho MCU. Viéc nhan va chuyén tiép dir
liéu thdng qua LoRa va xt ly cac di¥ liéu nay thong qua
MCU nay sé tao thanh khéi chirc néng loT.

| HMI |
{
| MCu |‘_
! ] $ ]

| SIM808 LoRa WiFi EEPROM

A
4v 3.3v 3.3v 3.3v
—)I 3.3vDC LDO |

Tsv T 33V
I Power Board I_

Hinh 5. So’ d6 khoi Gateway (a), PCB cua Gateway
cla thiét bj do mén (b) va Board mach thuyc té cua
Gateway (c).

Solar Paneis

24VOC Input_
PMIC - 2+ Battery Pack
12vDC i v
Power Supply
1
§ 2 :
-« Sansors Charger
L
Galeway
Boawd  [€3
A
-
L Backup Battery
<

Hinh 6. So dé khéi mach do va nguén (a), PCB cua
mach do va nguén (b) va Board mach thuc té cla
mach do va nguébn (c).

2.4. Gtri div liéu Ién server

D@ liéu sau khi thu nhap tinh toan sé dwoc Iwu trir tam
thoi & Gateway, sau khi dwoc lwu trir MCU bét dau
dong goi div lieu theo packet dwoe mo ta & phia server,
va chuyén tiép di¥ liéu nay 1én server théng qua cac
giao thtrc nhu MQTT va HTTP. Twr d6 server sau khi co
duoc théng tin tir thiét bi c6 thé chuyén qua cac budc
front-end, back-end dé theo ddi va diéu khién ti xa.

3. KET QUA

Mbi thiét bi c6 khd nang do da chi tiéu bao gdbm do
man, do dan dién, nhiét dé nwdc sau do gl lén trén
may chd. Tai day may chi sé xt ly va hién thj trén (rng
dung dién thoai cho nguwoi dung.

Tap chi Nghién ctru khoa hoc, Truong Dai hoc Sao Do, S6 4 (87) 2024 | 21
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Hinh 7. Thiét bj do va cdnh béo xam nhdp mén tng
dung céng nghé loT

Hé cac thiét bi do m&n hoat dong doc lap véi nhau, két
ndi trwc tiép 1&n may chi thdng qua GPRS. D liéu sé
dwoc chia sé dén cac thiét bi dwoc dat & nhiéu vi tri
khac nhau, cé thé thu thap va chia sé théng tin gitra
céc thiét bi théng qua API. Ddng théi, may chi sé dong
vai trd trung gian dac biét quan trong, phan ludng di
liéu, xay dwng db thi cho tirng khu vc dat thiét bi dua
vao théng tin vi tri GNSS.

Cung véi hé thdng phan cirng dwoc phat trién, loT
Platform loTVision cling dwoc phat trién dé két néi cac
thiét bi loT. Nén tdng nay sé& hd tro thu thap di liéu tw
hé cac thiét bi giam sat, két nbi cac thanh phan khac
nhau va dam béo ludng lién lac gitra cac thiét bi khéng
bi gian doan. Cung cap cac API dé két néi dir lieu tir hé
thdng giam sat véi “dam may”. APl nay chi mét dong
code nhd nhing vao code cla cac dong chip hoac KIT
c6 hd tro két néi Wifi nhw ESP8266, ESP32, SIM808,
SIM7070, Raspberry Pi... 1a c6 thé két ndi di¥ liéu cdm
bién 1én “dam may” va cho hién thj két qua thu thap dir
liéu Ién thoi gian thye. D liéu dwoc thu thap sau doé
sé duoc hién thj trén (rng dung di dong theo thoi gian
thuwc bang dién thoai théng minh Android ho&c iPhone.
loT Platform loTVision c6 kha nang:

Két ndi thiét bi cdm bién thu thap di liéu; két nbi cac
thiét bi diéu khién dong ngét; két néi cac thiét bj diéu
khién déng ngat theo thdi gian thuwc (RTC Timer); két
ndi cac thiét bi diéu khién déng ngét theo kiéu dimmer;
xt ly cac div lieu thu dwoc tir cac thiét bi, cho phép
truy van di liéu dwéi dang biéu dd hay bang tinh; cung
cap giao dién nguwoi dung véi ban db vi tri; cung cap
giao thirc va giao dién dé cai dat thong sb cho cac loT
Devices; cung cap giao thirc va giao dién dé nha phat
trién loT Devices c6 thé cap nhat firmware cla Devices
tir xa thong qua dién thoai théng minh; cung cép cac

giao dién nguoi dung khac nhw dang nhap, chon ngén
nglr, cai dat tai khodn, quan ly thiét bi; cung cap céac
giao dién nguwdi dung trén nén trinh duyét web.

@ Dur an UDSXTN.04/22-23

VAST

Ma thiét bi:

@jﬁ iaT Visian

_—
il

Thii gian may chi: 1545 2

Thin gian trén board: 1545 26/11/2024

B6 manh WiFl: 100%

B4 mén (g/L)

D6 dan dién (mS/cm)

Nhigt dg nude (*C)

| M0

(8 =[]
- Ll J

Nhigt do khong khi (°C)

28.509 29.508
Do am (%RH) Battery (%)
59.637 100

2. UDSXTN.OZ

Do man (g/L)

14:50 15:00

EC (mS/cm)

Hinh 8. Gia tri do trén (rng dung dién thoai théng minh

Em %0

(@)

© Biéu do dir liéu
Bat dau Keét thic
MNgay Ngay: Gir,
26/11/2024 15:45:32
Xem biéu da

(b)

(a) va dé thj két qué do (b)
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4. THAO LUAN

Hé théng giam sat xam nhap man &ng dung thoi gian
thuc dwa trén nén tang loT dwoc phat trién thong qua
dw &n nghién ctvu nay 1a hé théng bao gébm nhiéu thiét
bi do, giam sat cac thong s6é dd mén, d6 dan dién, nhiét
dd nwéc voi dai do man 1on tir 0 - 85 g/L. Hé théng
phu hop nhiéu linh vuc nhw tréng trot, nuéi trdng thay
hai san, chan nudi, quan trdc méi trwdng ng dung
cong nghé loT, cac thiét b do cé kha nang két nbi véi
dién thoai théng minh va ty két ndi gitra cac thiét bi
véi nhau dan dén mé réng quy mé giam sat. D liéu
giam sat sé& dwoc ghi lai trén thiét bi do man va dam
may loT, tr d6 s& dé dang xay dwng biéu dd dé nghién
ctru, danh gia va du doan sy thay dbi thong sb gia tri
do mot cach chinh xac. Hé thdng giam sat xam nhap
man ng dung céng nghé loT hoan toan lam chi coéng
nghé tir ché tao cam bién, thiét ké va ché tao mach do
cling nhw lam chd cong nghé (rng dung céng nghé loT
g&i di¥ liéu do Ién dam may.

5. KET LUAN

Két qua cda dw an nghién clru nay la mot hé thdng
giam sat dé man theo thoi gian thywc rng dung cong
nghé loT, dwoc trién khai thuc té tai Déng bang séng
Ctru Long cho phép thu thap di¥ liéu cdm bién bao gdm
dd man cla nwéc, do dan dién (EC - d6 dan dién cua
nwéc), nhiét d6 clia nwéc. Cac tram quan tréc, dwoc
cung cap dién bang hé théng nang lwong mét troi, tw
dong thu thap di liéu do lwong va gwi lién tuc theo
thdi gian thwc dén mot loT-Cloud c6 tén la loTVision-
Cloud va hién thi d¥ liéu trén ca hai nén tang dién thoai
théng minh phd bién |1a Android va iPhone. Viét Nam
van 1a mot qubc gia néng nghiép v&i b bién dai hon
3.260 km trai dai tr Bac vao Nam va nhiéu hé théng
séng ngdi phan bé khép ba mién, d&c biét 1a hé théng
séng Clru Long & Ddng bang séng Clru Long dang bi
anh hwdng nghiém trong b&i xam nhap man. Hé théng
nay phu hop véi nhiéu ddi twong s dung nhu cac co
quan Nha nwéc, doanh nghiép, hd nuéi tréng thiy san
va nguoi lam vwon.

LOI CAM ON

Bai bao dwoc phat trién tlr két qua cla Dw an “Hé
théng giém sét xdm nhap mén (ng dung céng nghé
loT”, ma s6 UDSXTN. 04/22-23. Chung téi chan
thanh cdm on sy hd tro tai chinh cho dw an nghién
clru nay tr Céng ty TNHH Nghién clru va Phat trién
cbng nghé loTVision. Dy an nghién ctru nay dwoc sy
chép thuan cho phép cta Vién Co hoc va Tin hoc (rng
dung (IAMI - National Institute of Applied Mechanics
and Informatics). Chung téi chan thanh cam on sy hd
tro tai chinh, nghiém thu tir Vién Han |&m Khoa hoc
va Coéng nghé Viét Nam (VAST - Vietnam Academy of
Science and Technology).

TAI LIEU THAM KHAO

(11

12].

3].

[4].

[5].

[6].

[71.

[8].

[9].

Lé Xuan Dinh, Nguyén Manh Quéan, Phung Anh
Tién (2016), Xam nhap mén tai Déng bang Séng
Clru Long: Nguyén nhén, tac déng va cac giai
phap trng phd, Cuc Thdng tin Khoa hoc va Céng
nghé Quéc gia.

Téng cuc théng ké (2019), Chuong 6, Nién giam
théng ké, Nha xuét ban Théng ké.

boan Quang Tri, L& Thj Hué (2016), M6 hinh héa
dw bao dong chay Ilwu virc séng Mé Kéng Viét Nam,
Hoi nghi khoa hoc - Khi twgng thly van va hai
dwong hoc, Khoa khi twong thiy van phat trién
va hdi nhap.

Quyét dinh sé 1397/QD-TTg (2012), Phé duyét
quy hoach thiy loi Péng bang séng Cdu Long
giai doan 2012-2020 va dinh huéng dén ndm
2050 trong diéu kién bién d6i khi hau, nwéc bién
dang, Thua twong Chinh phu.

Bd Tai nguyén va Méi trwdng (2016), Kich ban
bién dbi khi hdu, nwéc bién déng cho Viét Nam,
NXB Tai nguyén Méi tredng va Ban dd Viét Nam.

Chen Guangquan, Fu Tengfei, Xu Xingyong,
Liu Wenquan (2015), The Design of a Real-time
Monitoring System for Soil Salinization Prevention
based on the Internet of Things Concept, The

4% |nternational Conference on Information
Technology and Management Innovation
(ICITMI 2015).

Aparajita Das, Manash Pratim Sarma, Kandarpa
Kumar Sarma and Nikos Mastorakis (2018),
Design of an IoT based Real Time Environment
Monitoring System using Legacy Sensors,
The 22" International Conference on Circuits,
Systems, Communications and Computers
(CSCC 2018), Volume 210.

Tuyen Phong Truong, Duc Thanh Nguyen, Thuc
Huynh, Binh Thai Duong (2021), Design and
Implementation of an loT-based River Water
Salinity Monitoring System Using MSP432,
Journal of Physics: Conference Series, 1878
012023.

Ariza-Colpas, Paola et al. (2021), Real-time
monitoring system for the detection of saline
wedge in the Magdalena River- Colombia, The 2™
International Workshop on Atrtificial Intelligence &
Internet of Things (A2I0T), August 9-12, Leuven,
Belgium.

Tap chi Nghién ciru khoa hoc, Truong Dai hoc Sao Do, 56 4 (87) 2024 | 23



NGHIEN CUU KHOA HOC

[10]. Bashir, R.N., Bajwa, |.S., Abbas, M.Z. et al. [11]. Edward Lyn Lewis (1980), The Practical Salinity
(2022), Internet of things (loT) assisted soil salinity Scale 1978 and Its Antecedents, IEEE Journal of
mapping at irrigation schema level, Applied Water Oceanic Engineering, Vol. 5, No. 1.

Science, Volume 12, article number 105.

AUTHORS INFORMATION

Nguyen Thi Nhat Quynh", Pham Minh Tien’,
Nguyen Trung Nam', Tran Ngoc Tao’,
Nguyen Van Thai?, Nguyen Trong Cac?®

‘Corresponding Author: hoanhatquynh20@gmail.com

"Vietnam Academy of Science and Technology;
2Ho Chi Minh City University of Technology and Education;
3Sao Do University.

24 Tap chi Nghién ctru khoa hoc, Trudng Dai hoc Sao Do, S6 4 (87) 2024



