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Tém tit

Bai bdo nghién ciru ché tao thiét bi do va gidm sdt
cde théng s6 nude thai tir xa tng dung cong nghé
vi xit ly va loT (Internet of Things) ap dung cho
cde nha may, khu cong nghiép, trén tau thity. Thiét
bi dwoc ché tao cé kha nang do va giam sdt tu xa
hai théng sé quan trong cia nude thai la dé pH
(potential of hydrogen) va do duc TDS (Total
Dissolved Solids) dwa vao viéc tinh toan xu Iy tin
hiéu do tir hai cam bién do pH va TDS. Thiét bi
dwoc ché tao c¢é chirc nang hién thi hai thong 56
do nuwde thai pH va TDS tryc tiép trén man hinh
LCD 2.8 inches (Liquid Crystal Display) va dong
thoi dit liéu hai thong sé dwoe dong goi theo giao
thirc HTTP (HyperText Transfer Protocol) truyén
t6i may chii Server dé thuc hién chirc nang do
lwong va gidm sdt tir xa qua mang internet. Thiét
bi nhé gon nén cé thé trang bi dé quan tric di
déng cdc théng sé nueée thai cho cde nha may, khu
cong nghiép va trén tau thity. Mot sé két qua thuc
nghiém ciing dwoc dé cdp trong bai bdo.

Til: khéa: Cong nghé IoT, cam bié}? do PH, cam
bien do TDS, B¢ loc Kalman, vi diéu khién, Web
Server, giao thirc HTTP, mang internet.
Abstract

The article researches equipment to measure and
monitor — wastewater — parameters — remotely,
applying microprocessor technology and IoT to
factories, industrial parks, and ships. The device
is built with the ability to remotely measure and
monitor two important parameters of wastewater,
namely pH and turbidity TDS, based on the
calculation and processing of measured signals
from two pH and TDS measuring sensors. The
device is built with the function of displaying two
parameters of wastewater measurement, pH and
TDS directly on the 2.8 inch LCD screen and at
the same time, the data of the two parameters is
encapsulated by the HTTP protocol transmitted to

the host computer server to perform remote
measurement and monitoring functions over the
internet. The device is compact, so it can be
equipped for mobile monitoring of wastewater
parameters for factories, industrial parks and
ships. Some experimental results are also
mentioned in the paper.

Keywords: IoT Technology, pH Sensor, TDS

Sensor, Kalman Filter, Microcontroller, Web
Server, HTTP Protocol, Internet Network.

1. Gioi thiéu

Trong nhitng nim gan day, Viét Nam dang duoc
c4c nha dau tu nude ngoai xdy dung rit nhidu cac khu
cong nghiép, va hién tai doi tau bién cua Viét Nam 1a
tuong d6i nhidu (1516 tau tinh dén thang 12/2020) [1].
Trong qua trinh cac nha may, khu cdng nghiép, tau
thuy hoat dong, van hanh thi luoén phai xa thai ra moéi
truong mot luong nude thai rat 16m, néu khong c6 bién
phap do luong giam sat va xir Iy ngudn nude trude khi
xa thai d6 s& gay ra hién twong 6 nhiém moi truong
nude va dat nghiém trong anh hudng truc tiép dén chat
luong sdng ciia con ngudi. Hé qua ctia van dé 6 nhidm
moi trudng do nude thai gy ra d6 da d& ra mot nhiém
vu can giai quyét 1a do ludng, giam sat va xir 6 nhidm
moi treong, nhiém vy nay khong chi ap dung & Viét
Nam ma con trén toan thé giéi. Theo Thong tu sb
08/2009/TT-BTNMT ctia B9 Tai nguyén & Moi
truong da ban hanh, tat ca cac khu kinh té, khu cong
nghé cao, khu cong nghiép va cum cong nghiép va
Nha may ndm ngoai khu cong nghiép xa thai truc tiép
ra moi trudng (c6 cong sudt xa thai trén 1,000m3/ngay
dém) phai “Lép dat He théng quan tric nudc thai ty
dong, lién tuc* [2].

Cho dén thoi diém hién tai cling da c6 rat nhidu hé
thong, thiét bi quan tric nudc thai theo cong nghé ToT
clia cac hing san xuat trén thé giéi da c6 mat trén thi
truong vdi cong nghé san xuat duoc bao mat, diéu nay
dan t6i gia thanh hé thong thiét b ciia cac hing dwa ra
la cao va bén mua phai phu thudc vao cong ngh¢ san
Xuét cua cac hang san xuét d6. O Viét Nam hién tai
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cling da c6 nhidu cong ty da thyc hién viéc nghién ctru
san xuét thiét bi do cac thong sé nudc thai, vi du nhu
thiét bi do pH TP-0161 cua Cong ty TNHH Hoa chét
Thinh Phat. Uu diém thiét bi do pH TP-0161 1a c6 46
sai sO thap, hoat dong tin cay nhung nhugc diém cia
thiét bi 1a chi dimg lai ¢ viéc do duy nhét thong sé pH,
chwa c6 kha nang két ndi véi nhidu cam bién dé c6 thé
tich hop do thém nhidu cac thong sé cho thiét bi.
Chinh vi cac 1y do nhu trén, véi muc ti€u ché tao mot
thiét bi quan tric nudc thai theo cong nghé IoT véi
linh kién pho bién, gia thanh ha va c6 kha ning tich
hop do nhiéu cam bién nudc thai, sir dung don gian da
dugc nhom tac gia nghién ciru. Nguyén tic do ludng,
giam sat ngudn nudc thai ciia cac nha may, khu cong
nghiép 1a phai do rat nhiéu thong s6 khac nhau nhung
& thiét bi duoc nghién cuu sé st dung hai cam bién do
thong s6 nudce thai dién hinh 1a pH va TDS. Viéc két
ndi, tinh toan, xir 1y tin hiéu tir nhiéu cam bién nudc
thai khac ghép ndi véi thiét bi nay ciing trong tu nhu
hai cam bién pH va TDS. Béng cach thu thap dit liéu
va tinh toan gia tri thuc 2 théng sé pH va TDS tir
ngudn nudc thai, hai thong s nay dugc hién thi truc
tiép trén man hinh LCD 2.8 inches cuia thiét bj va dong
thoi cling lién tuc dugc guri 1én web server thong qua
hai module wifi ESP8266 va Simcom900a bén trong
thiét bi nhdm muc dich giam sat dugc cc thong sb
nude thai tir xa qua mang internet. Ngudi kiém tra
theo ddi co thé truy cdp vao server bang céc trinh
duyét web trén may tinh, dién thoai hodc cac thiét bi
¢6 két ndi mang internet [3-5]. Server két ndi véi thiét
bi dugc thiét ké sir dung co s¢ dit lidu (Database)
nham muc dich luu trir cac théng s nudce thai theo
chu ky dé thuén tién viéc theo ddi lich st hai thong $6
pH va TDS.

Bai bio gdm 4 phan. Phan 1 1a gi6i thiéu chung.
Phin 2 trinh bay thiét ké phan cung thiét bi do va
phwong phap tinh toan xac dinh 2 thong s6 pH va
TDS duya trén viéc xtr 1y cac tin hi¢u tur 2 cam bién.
Phan 3 dua ra mot sé thir nghiém d6i voi thiét bi.
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Hinh 1. Céu tricc ciia thiét bi do va gidm sdt
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Phan 4 1a mot s két luan.
2. Thiét ké phan cirng cho thiét bi
2.1. Ciiu tricc ciia thiét bi do, gidm sdt

Thiét bi do bao gdm céc cam bién va khdi xu 1y,
khdi ngudn dién (Pin Lithium), khdi hién thi LCD va
cac module giao tiép mang internet. So d6 cau triic
thiét bi do thé hién nhu Hinh 1.

2.2. Cdc thanh phan thiét bi

Hién tai trén thi trudng c6 rt nhiéu loai cam bién
do thong s6 pH nudc thai trén thi truong nhu
HI6100410 cta hing san xuit Hanna (Rumani), cam
bién PH-X-420-1 4-20MA cia hing san xuat
ECOSENSE (Pirc). Uu diém cuia cac loai cam bién nay
1a c6 do chinh xac rat cao, rat phu hop véi cac du an
quy mé 16n, nhung nhuoc diém 14 gia thanh rt cao, kho
tiép can trang bi. Chinh vi vy trong nghién ctru sir
dung cam bién do thong s pH nuéc thai cia hing
DFROBOT ¢6 dang nhu Hinh 2. Cam bién do pH cuia
hang DRFROBOT la cam bién chuyén nghiép véi cong
ngh¢ dang dién cuc duogc thiét ké theo chuan cong
nghiép, gia thanh vira phai va mirc d¢ sai s6 nho, phu
hop véi cac nghién ctru nho. Pién cuc pH cong nghiép
nay dugc 1am bang mang thuy tinh nhay cam véi trd
khang thap. N6 c6 thé duoc sir dung trong nhiéu phép
do pH vé6i phan tng nhanh va d6 6n dinh nhiét tuyét
voi. N6 ¢6 kha ning tai san xuat tot, kho thiy phan va
¢6 thé loai bo 16i kiém co ban. Trong pham vi tir 0 dén
14pH, dién ap dau ra 1a tuyén tinh. Cac thong sd k¥
thuat ctia cam bién duoc cho trong Bang 1.

Trong qua trinh hoat ddng, vi diéu khién thuc hién
tinh toan gia tri thong s (pH) clia nudc thai theo cong
thirc [6]:

pH =2 x Milivolt _ output + 0.7 (1)

Trong d6: pH - La gia tri tham sé pH duoc tinh
toan dua trén tin hiéu dau ra cam bién; Milivolt_output
- La gié tri dién ap dau ra ctia cam bién, tinh theo don
vi milivolt.

Hinh 2. Ciim bién do théng sé pH ciia hiing
DFROBOT
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Bing 1. Théong sé ky thudt cam bién do pH ciia hing

DFROBOT
Dién ap hoat dong 5V
Dai do chi s6 pH 0-14pH
Dit liéu déu ra Analog
Nhiét d§ lam viéc 0-60°C
Do chinh xac + 0,1pH (25°C)
Thoi gian dap ung <1 phut
Nguyén ly cong nghé Sﬁ_ du}l & c,i?én Cl',m cong nghiép
v6i két noi chuan BNC
Ben bao Tich hop Led chi thi ngudn
Két ndi dau ra pH2,0 3 chan
Kich thudc 43mm * 32mm

Bing 2. Théng sé kf thudt cim bién do TDS ciia hing
DFROBOT
3,3V-5V
Analog 0V — 2,3V tuong ing
dai do TDS: 0 - 1000ppm
3mA - 6mA
+-10% FS (6 25°C)

Dién ap hoat dong

Tin hiéu dau ra

Dong dién lam viéc

Do chinh xac

Péu do chbng nudc

Kich thudce

42mm * 32mm

Cam bién do thong s6 TDS nudc thai trong nghién
ctru cling dugc lua chon cua hang DFROBOT vi ¢6 gia
thanh vira phai va murc d6 sai 6 nho, hinh anh cam bién
do TDS cua hang DFROBOT c6 dang nhu Hinh 3. Cac
thong s k¥ thuat cia cam bién do TDS dugc cho &
Béng 2.

Cam bién do thong s6 TDS thuc chit 1a do d6 duc
clia nude thai tire 1a do tdng lwong chat rin hoa tan
trong nudc (don vi do 1a mg/L hodc ppm). Thong sb
TDS ¢6 lién quan truc tiép dén do tinh khiét, chat
luong cta nudc va anh hudng tryc tiép dén moi thir
khi st dung nudc. Thiét bi c6 su dung cam bién do
TDS cua hang DFROBOT voi dang di¢n cuc giup do
do dan dién cta nudc dé xéc dinh chi s6 TDS va tra ra
gié tri dién 4p Analog. Cam bién do thong s6 TDS cta
thiét bi phu thudc vao nhiét d6 thoi diém do cua nudc
thai. Vi diéu khién tinh toan thong s6 (7DS, don vi
ppm) clia nude thai dya vao tin hiéu ra ciia cam bién
(Volt_outpuf) va nhiét do tai thoi diém do (7) dugc
tinh todn theo cac cong thic [7]:

K _T=1+0.02x(T -25) ()
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Hinh 3. Cém bién do théng sé TDS ciia hdng
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Hinh 4. Module wifi ESP8266

Vi diéu khién
STMF103C8T6

Module Wifi
ESP8266

TXD| TXD
RXD >< RXD

GN GND

Hinh 5. Két néi giiva vi diéu khién véi Module Wifi
ESP8266

U T=Volt _output /| K _T (3)
TDS=(133.42xU_T3-255.86 @

xU T2 4857.39xU_T)/2

Trong d6: K_T - La hé s6 tinh toan phu thudc vao
nhiét do cua nude thai (7) tai thoi diém do; U T- La
hé s lién quan gitra dién ap (Volt_output) diu ra cam
bién theo nhiét do; Volt_output - La gia tri dién ap dau
ra ctia cam bién TDS, tinh theo don vi Volt.

Thiét bi dugc thiét ké st dung module ESP8266
dé két nbi truyén thong véi mang internet. Hinh anh
va so d6 chan ciia module wifi ESP8266 nhu Hinh 4.

Module ESP8266 cung cép giai phap WiFi tich hop
cao d4p (mg nhu ciu cua cac tng dung IoT nhu chi phi
thip, str dung ning lwong hiéu qua, hiéu suit dang tin
cdy va thiét ké nho gon [8]. Trén thiét bi module dugc
thiét ké sir dung 2 cong ndi tiép, cong UARTO c6 chirc
nang nhan géi dit lidu chira 2 thong sb pH va TDS tir vi
diéu khién va cong UART1 ¢6 chirc ning giao tiép voi
man hinh hién thi 2 théng s6 LCD. So d6 két ndi ESP
8266 voi vi diéu khién nhw Hinh 5.
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Speaker ——
Microphone ——

Hinh 6. Module SIM900a vi mé hinh két néi internet

Thiét bi sir dung Module GPRS SIM900a mini dé
tao mang 4G va truyén dan dir liéu 1én server. Muc
dich sir dung module GPRS SIM90a 1a khi dé thiét bi
sir dung & bat ky chd nao ciing déu c6 kha ning truyén
dir liéu toi mang internet bang mang 4G. Trong quéa
trinh hoat dong module Sim900a mini lién tuc thu tin
hiéu 2 théng s6 PH va TDS tir Module wifi ESP8266,
sau d6 thuc hién dong goi theo chuin GPRS va truyén
dén server bang mang 4G. Hinh anh module Module
SIM900a mini va mé hinh két ndi qua mang internet
duogc su dung nhu Hinh 6.

2.3. Nguyén Iy hoat dpng ciia thiét bi

| Khdi tao giao dién ngudi ding

&
<«

A
Thu va sb hoa tin hiéu tir 2 cam bién
do pH va TDS

v

Tinh toén gi4 tri 2 théng s pH va
TDS theo (1), (2), (3), (4)

v sa

Loc Kalman sb

v

Hién thi 2 thong s6 pH, TDS lén
man hinh LCD 2,8 inches

v

Truyén dit lidu 2 théng sé pH, TDS
1én sever theo giao thirc goi GPRS

Dirng chuong trinh

bing

Thiét bi sir dung 2 cam bién dé do 2 thong s6 nudc
thai 1a pH va TDS. Mach dién tir ciia thiét bi str dung
vi diéu khién STM32F103C8T6 ¢6 nhi¢m vy thu tin
hiéu tir 2 cdm bién, tién hanh s hoéa va tinh toén 2
thong s6 pH va TDS theo céc cong thic (1), (2), (3),
(4) tiép theo dua qua bd loc s6 Kalman loai bo nhidu
dé dua ra cac gia tri chinh xac ctia timg tham s6 nudc
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Hinh 7. Man hinh hién thi TFT LCD 1.8 inches

thai. DO phéan giai bo bién doi twong tu s6 ADC clia
STM32F103C8T6 la 12 bit vi vy tin hi¢u tuong tu tur
2 cam bién duoc chuyén d6i sang dang s6 co do chinh
xé4c rat cao. Hai théng s6 pH va TDS sau khi loc
Kalman dugc truyén dén module wifi ESP8266.
Module ESP8266 thyc hién chirc nang xtr 1y dit liéu
va hién thi 2 thong sb pH va TDS tai chd 1én man hinh
LCD 2.8 inches cua thiét bi nhu Hinh 7.

Thong s6 pH va TDS ciing dugc module ESP8266
truyén dan 1én web server bang mang 4G st dung dich
vu dir liéu di dong dang gbi GPRS bang giao thirc
truyén tai siéu van ban (HTTP: Hypertext Transfer
Protocol) thong qua module SIM900a. Gia tri ctia 2
tham s nay duogc hién thi trén web server va cép nhat
theo chu ky 15s mot lan. O server duogc thiét ké c6 st
dung co s& dit lidu (Database) nham muc dich luu trit
nhat ky qué trinh do 2 thong s6 cua thiét bi, théng qua
viée lién tyc luu trit 2 théng s6 pH va TDS vao bd nhé
server theo chu ky duoc cai dat san. Thiét bi duge
cung cap boi ngudn ning luong 1a pin lithium. Thuat
toan tinh toan, xir 1y va hién thi 2 thong sé pH va TDS
nhu Hinh 8.

2.4. Két qud thiét ké ché tao thiét bi

So d6 nguyén Iy va mach in cua thiét bi duoc thiét
ké dya trén phan mém Orcad 10.5 c¢6 dang nhu trén
Hinh 9, md hinh thiét bi hoan chinh sau thiét ké nhu
Hinh 10.

Céc thong sb k¥ thuat cia thiét bi sau hoan thién
ché tao va thir nghiém duoc cho trong Bang 3.

Biéng 3. Théong sé ky thudt ciia thiét bi

Dii do chi s6 pH 0 - 14pH
Dai do chi s6 TDS 0 - 1000ppm
D6 phén giai ADC ciia thiét b 12 bit

Sai s6 do pH + 0.5pH
Sai s6 do TDS +2ppm
Chu ky truyén dit liéu 1én server 15s
Ngudn dién sir dung 5VDC+2%
Kich thuéc 10cm * 20cm
Thoi gian str dung 5 nam
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Hinh 9. So' d6 mach nguyén Iy va mach in diéu khién ciia thiét bi

Hinh 10. M6 hinh thiét bi do lwong va giam sdt thong s6 nwéc thai dua

trén cong nghé loT

3. Két qua thwe nghiém

M5 hinh thiét bi do va giam sat 2 thong sé nude
thai pH va TDS hoan chinh dugc mo ta nhu trong
Hinh 11. Sau qua trinh nghién ciru ching t6i da xay
dung duoc mo hinh thiét bi hoan chinh ¢6 chirc nang
do, hién thi tai chd 2 thong sé pH va TDS cta nudc
thai trén thiét bi va dong thoi 2 thong s6 dugc cap nhat
lién tuc gui 1én web server dé thyc hién chic nang
theo ddi giam sat tir xa. Dir lidu ctia 2 cam bién do pH
va TDS dugc theo doi trén web server nhu Hinh 11.

Dé kiém tra d6 chinh xéc trong két qua do 2 thong
56, két qua do thong s6 pH cua thiét bi duoc so sanh
v6i két qua do mot thiét bi thuong mai 1a DWA-
3000B-pH c6 do chinh xac + 0,02pH [9], két qua do
thong s6 TDS cua thiét bi dwoc so sanh gia tri do voi
mot but do TDS thuong mai la HM-TDS3 c6 do
chinh xac £2% [10]. Hai biéu d6 Hinh 12 md ta céac
duong dac tinh thu nghiém do pH va TDS khi ap
dung b loc sb Kalman cho thiét bi. O hai biéu d6
cac duong ddc tinh mau xanh biéu thi gia tri do thu
duoc tir cam bién khi chua sir dung loc Kalman (chiu
tac dong nhiéu), cac duong dic tinh mau do thé hién

S0 69 (01-2022)
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Hinh 11. Dit ligu ciia 2 cim bién pH
va TDS dwoc theo doi trén web server

cho két qua do thu duoc sau khi st dung phuong
phap loc Kalman sé (P loc va loai boé nhidu), cac
duong mau den 1a cac gia tri thong sd thuc té (Gia tri
do tir cac thiét bi thwong mai chudn). Cin cir vao két
qua thyc nghiém trén biéu do thiy rang khi sir dung
phuong phap loc Kalman sé thi két qua thu dugc
tuong ddi chinh xac (Cac duong dic tinh mau do
ludn bam sat v6i dudng gia tri thuc t& mau den).
Trong qua trinh thr nghi¢m nhom tac gia da thuc
hién 10 1an do trong 10 ngay & cac thoi diém khac
nhau véi muc dich dénh gia két qua do phu thudc vao
sy thay d6i nhiét do cua timg ngay khac nhau. Trong
1 ngay do cac mau thir nudc duoc thay dbi thong sé 5
lan béng cach pha ché thém 1 luong hoa chét, bot
thach cao vao cdc chira nude sau timg phép do nham
muc dich thay d6i 2 thong s6 pH va TDS va thyc hién
5 phép do ddi v6i 5 mau nue khac nhau. Trong Bang
4 va 5 dua ra két qua cta 7 phép do cua 7 mau thir
nude thai khéc nhau ma & d6 mire d¢ sai sb 1a 1on nhat
trong cac ngay do.
O hang trén trong cac bang 1a gi4 tri do dworc tir thiét
bi thuwong mai va hang dudi thé hién gia tri do dugc tir
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Gia tri thong so pH:

4 Dac tinh pH khi chiu tac dong cua nhieu | |
Dac tinh pH sau khi qua loc Kalman
= Gia tri pH thuc te

0 20 40 60 80 100 120 140 160 180
Thoi gian (s)

200
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Gia tri thong so TDS:

75

70

Dac tinh TDS khi chiu tac dong cua nhieu
Dac tinh TDS sau khi qua loc Kalman
m— Gia tri TDS thuc te

65

60

o 20 40 60 80 100 120 160 180
Thoi gian (s)

140

Hinh 12. Dac tinh thyc nghiém do pH va TDS

Bdng 4. Thwc nghiém so sanh d¢ chinh xdc do pH

Gia tri do pH
DWA-3000B-pH 6 7 7.5 8 85| 10 11
Thiét bi 6,1 169|751 85]85]101 | 11,1
Bdng 5. Thuc nghiém so sanh dp chinh xdc do TDS
Gia tri do TDS(ppm)
HM-TDS3 100 | 70 200 | 240 | 300 | 350 | 400
Thiét bi 99.8 | 69.7 | 199.7 | 242 | 299.8 | 351 | 402

thiét bi dugc nghién ctru va ché tao. Can cir vao mot
s6 két qua thyc nghiém nhan théy ré“mg, thiét bi duoc
ché tao hoat dong tuong dbi chinh xé4c so voi thiét bi
thwong mai véi sai s6 1on nhat 14 0.5 d6i v6i phép do
pH. Véi phép do thong sb TDS thi qua két qua thyc
nghiém thiy rang sai s6 két qua do 16n nhat 1a 2 (ppm).
Dai do théng s6 TDS 1a tir 0 dén 1000 (ppm) 1én do
sai s6 16n nhét ctia phép do thong sé TDS nhu vay coi
nhu 1a nho so véi toan dai gia tri do.

4. Két luan

Bai bao di trinh bay viéc thiét ké, ché tao thanh
cong mot thiét bi do hai thong s6 nudc thai 1a pH va
TDS tich hop chirc nang giam sat hai thong sé theo
ché do6 thoi gian thuc qua web server dua trén cong
nghé IoT. Bén canh d6 trong bai bao cling da trinh bay
phuong phdp tinh todn xt 1y tin hié¢u tir hai cam bién
do pH va TDS, gi6i thiéu v& web server dé giam sat
tir xa hai thong s cua thiét bi, trinh bay chi tiét cdu
tric cta thiét bj da ché tao. Thiét bi do nhom tac gia
ché tao c6 wu diém 1a sir dung don gian, nho gon nén
c6 thé trang bj dé quan tric di dong chat lvong nudc
thai trong cac nha may, khu cong nghiép, tau thuy,...
Ngoai ra thiét bi con c6 kha ning truyén dir liéu hai
thong s6 pH va TDS 1én web server dé giam sat tir xa,
trén server duoc thiét ké su dung co so dir liéu

(database) c6 chirc ndng nhu mdt bd nhat ki hanh trinh
do ¢6 kha ning xac dinh va luu trir cac théng s6 nudc
thai. Mot sb két qua budc dau cua thue nghiém da cho
thiy dugc kha ning lam viéc cua thiét bi 1a kha tot.
Tuy nhién dé sir dung rong rii cho cic nha may, khu
cong nghiép thi thiét bi cAn dwoc phat trién tich hop
do thém nhiéu hon nira cac thong sb tir cic cam bién
nudc thai va can co thém thoi gian thir nghiém dé danh
gi4 sy On dinh cua thiét bi.
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