Journal of Mining and Earth Sciences Vol. 63, Issue 1 (2022) 95 - 104 95

Journal of Mining and Earth Sciences

Website: http://jmes.humg.edu.vn

Building an automatic system based on [oT technology [y
for monitoring and suppressing dust at the coal ﬂ?%
processing area (=)

Huy Duy Nguyen 1%, Duong Thuy Nguyen !, Phong Cao Khong !, Thinh Van
Nguyen 1, Trong Duc Vu 2

1 Hanoi University of Mining and Geology, Hanoi, Vietnam
2Mao Khe Coal Company - Vinacomin, Quang Ninh, Vietnam

ARTICLE INFO ABSTRACT

Article history: Coal mining is one of the industries that makes many contributions to

Recglved 08 Sept. 2021 the national economy. However, this industry also has many negative
Revised 20™ Dec. 2021 impacts on the environment, especially in areas: mining, processing,
Accepted 12 Jan. 2022 storing and transporting coal. Although coal mining companies use dust
suppression methods such as the use of high pressure water jets, or fixed
sprinkler or misting systems. However, they do not suppress dust
frequently can affect to coal quality due to consume too much water.
Besides, coal mines can not real-time monitor dust density in the air, also
affect to the health of workers as well as reduces the life of machinery
and equipment. Therefore, the design and implementation of an
automatic coal dust suppression and monitoring system is essential for
coal mining industry in Vietnam. This article proposes an automatic
dust suppression system for coal processing area based on IoT
technology. The system allows real-time monitoring of dust density,
warning when exceeding the allowable threshold, automatically
turning on/off the mist spraying system according to the measured dust
density to ensure safe working conditions for workers as well as the life
of machinery and equipment increased.

Keywords:

Automatic monitoring,
Diode rectifier,
Insulation resistive,
Unearthed network.

Copyright © 2022 Hanoi University of Mining and Geology. All rights reserved.

*Corresponding author
E - mail: nguyenduyhuy@humg.edu.vn
DOI: 10.46326/JMES.2022.63 (1).09



96 Tap chi Khoa hoc K§ thuit M6 - Pia chat Tap 63, Ky 1 (2022) 95 - 104

Tap chi Khoa hoc Ky thuat Mo - Pia chat

Trang dién t¥: http: //tapchi.humg.edu.vn

Xay duwng hé thong gidm sat va dap bui mo tw dong trng dung
cong nghé IoT cho cic khu ché bién va mé than

Nguyén Duy Huy »* Nguyén Thuy Dwong !, Khéng Cao Phong 1, Nguyén Vin
Thinh 1, Vi BPtrc Trong 2

1 Trwromg Pai hoc M6 - Dia chdt, Ha Noi, Viét Nam
4(Céng ty Than Mao Khé - TKV, Qudng Ninh, Viét Nam

THONG TIN BAI BAO

TOM TAT

Qud trinh:

Nhan bai 08/9,/2021
Straxong 20/12/2021
Chap nhin ding 12/01/2022

Tir khoa:

Chinh lwu diot,
bién tré cach dién,
Giam sat ty dong,
Mang cach ly.

Nganh céng nghiép khai thdc than la mdt trong nhitng nganh cé nhiéu déng
gop cho nén kinh t€ qudc dan. Tuy nhién, nganh céng nghiép nay ciing cé
nhiéu tdc dong tiéu cwc dén moi trwdong, ddc biét la tai cdc khu viee: khai thdc,
ché bién, lwu trit, vdn chuyén than. Mdc du cdc cong ty khai thdc than cé dp
dung cdc bién phdp ddp bui nhw: str dung mdy phun nwéc dp lwec Ién hay cdc
hé théng phun nwéc hodc phun swong cé dinh nhwng ciing khong thé dap
bui thwrong xuyén vi dnh hwdéng dén chdt lwong than do dw thiva nwéce. Bén
canh dé viéc khéng gidm sdt thoi gian thwe dwoc ndng bui trong khong khi
dé ddp bui kip thoi gdy dnh hwéng dén sitkc khde cia ngudi lao ddng, ciing
nhw lam gidm tudi tho ctia mdy mac, thiét bi. Do d6, viéc thiét ké va trién khai
hé théng tw déng gidm sdt va ddp bui tw ddng la rdt cdn thiét. Bai bdo nay
dé xudt hé thong phun swong ddp bui tw dong cho khu viec ché bién than trén
co s¢ tng dung céng nghé IoT. Hé thong nay cho phép gidm sdt thoi gian
thwc nong do bui, canh bdo khi vieot ngwéng cho phép, tw dong bat/tat hé
théng phun swong ddp bui theo nong do bui do dwoc nham ddm bdo diéu
kién lam viéc an toan cho ngwoi lao dong, gép phdn ndng cao tudi tho cho
mdy mdc, thiét bi.

© 2022 Trwong Pai hoc M6 - Bia chit. Tt ca cac quyén dwoc bdo dam.

1.M¢& dau

twong lai gdn cac mo khai thacthan ham 10 sé dong
vai tro quan trong trong nganh than Viét Nam. Bui

Nganh cong nghiép khai thac than la mét trong
nhitng nganh cong nghiép mii nhon cda Viét Nam,
san phim cda nganh than 1a nhién liéu quan trong
cho nhiéu nganh san xuit khac. Hién nay va trong
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trong cdc mo than (bui mo) ludn ton tai vaxuathién
trong cac hoat dong khai thac két hop véi viéc
thong gié gy nén. Bui mé khong chi nguy hiém doi
v0i strc khde clia nguoi lao dong ma con lam giam
chit lwong, tudi tho clia cac trang thiét bi mo, dic
biét bui mé c6 thé1a tAc nhan dan t&i cac vu chay nd
bui than ma hau qua sé vo cung tham khéc.

Trong nhirng ndm gan diy, hoat déng khai
thac, ché bién khoang san da phat trién nhanh vé
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quy md va san lwgng, cling chinh vi thé ma méi
trwong khong khi tai cac khu vyc khai thac khoang
san va lan can thuong xuyén bi 6 nhiém do bui. Do
anh hwdng cia nganh khai thac than nén cac khu
vuc nhw: Cim Pha, U6ng Bi, Mao Khé va mét s6
phuong clia Ha Long dang phai song chung véi
bui. Bui cling gy ra rit nhiéu loai bénh, dac biét1a
cac cin bénh lién quan dén phéi. Nguon phat sinh
bui 1&6n nhét 1a tir cAc khau sang, ché bién, van
chuyén than,doc cac tuyén dwong vin chuyén
bang 6 to. Ngoai ra, bui con sinh ra tir cc bai thai
chwa dirng d6 thai hodc nhirng bai thai da dirng do
thai nhung chwa dworc cai tao, phtu tham thyc vat.
Theo Bao cio théng ké clia Phong mdi truong,
Vién Khoa hoc Cong nghé mé - Vinacomin nam
2017 cho thdy: bui lo Ittng & méi trwedng xung
quanh, khu vie san xuat déu da vueot 10+20 lan
gia tri cho phép theo tiéu chuan quéc té va tiéu
chun Viét Nam. Diéu do rat c6 hai cho hé sinh thai
moi tredng, téi cac nganh san xuit va dac biét téi
strc khoée cong nhan nganh than.

Hién nay, nganh cong nghé théng tin dang
phét trién rat manh mé va dwoc ng dung rong rai
trong nhiéu linh vuc clia doi song, kinh té xa hoi,
trong do c6 khai thac va ché bién than, bao vé moi
trwong,... Thé gidi no6i chung, Viét Nam ndi riéng
da va dang tich cwc chuin bi dé budc vao cudc
cach mang cong nghiép 4.0, trong dé Internet van
vat (Internet of Things - [oT) dong vai tro chi dao.
C6 thé thiy rang, xu hwdéng cac may moc, thiét bi
sé dwoc két noi véi nhau thong qua mang Internet,
viéc theo doi va diéu khién cac may moc, thiét bi
ndy sé tré nén dé dang va thuan tién hon bao gir
hét,... Don gian, IoT 1a mot tip hop cac thiét bi cd
kha nang két ndi v&i nhau, véi Internet va véi thé
gi&i bén ngoai dé thuc hién mét cong viéc nao do.
Viéc két néi c6 thé dwoc thuc hién qua Wifi,
Bluetooth, ZigBee, 6LowPan, XBee, Z-Wave, M-
Bus, hong ngoai, NFC, RFID, Ethernet, mang vién
thong bang rong (3G, 4G, 5G),... [oT c6 thé dwoc
g dung vao nhiéu linh virc khac nhau, trong dé
tip trung vao mot so linh vuc chinh nhw: quan li
chat thai, quan 1i va 1ap ké hoach quan li d6 thi,
quan li m6i trwdng, phan hoi trong cac tinh huong
khan c4p, mua sim thdng minh, quén li cac thiét bi
ca nhan, dong h6 do théng minh, tw dong hoa ngoi
nha,... Trong twong lai, tit ca cac thiét bi trong thé
gid¢i thyc sé tham gia vao mang IoT, nganh cdng
nghiép khai thac va ché bién than, khoang san
cling khong ngoai 1é. Theo Molaei F. va nnk.

(2020), IoT c6 thé dwoc trién khai rng dung trong
nganh mé vao cac cong viéc nhu:

(1) Gidm sat cac hoat dong khai thac nham
giam thiéu rui ro;

(2) Tang cwong an toan khi khai thac nhw dw
bio sw 6n dinh cia dwong 10, sw hw héng thiét
bi,...;

(3) Cac hé théng giam sat trong khai thac hAm
10 nhw dinh vi vi tri ngwdi lao dong, canh bao cac
hiém hoa mo6i truwedng nhw chay né, khi doc, bui,
nwdc,...;

(4) T6i wu héa bang cach biéu dién lai dit liéu
hiéu qua, tirc 1a giam sat dir liéu thoi gian thwe mot
cach dong b, canh bao khi can thiét, str dung cac
ky thuit khai pha dit liéu 16n nhw hoc may dé duw
bao nhirng rui ro cé thé xay ra nham gidm tdn that,
tiét kiém chi phi khai thac. Cac &rng dung nay chud
yéu tap trung vao cac khu vuc khai thac, nhat la
trong cac hAm 10 noi c6 nguy co cao vé mit an toan.

Vé cac phwong phap dap bui bang nwéc phd
bién hién nay cho cac hoat dong khai thac mé,
Akshatha va Kavyashree (2020) da tong hop cac
dé xuat ctia cAc nha khoa hoc vé dap bui bang nwéc
c6 két hop véi cdm bién bui. Cac dé xuat tip trung
vao mot so gidi phap cu thé: st dung robot ctiru ho
dé trich xuit théng tin lién quan dén nd min va
giam sat vi tri 1am viéc tir phong diéu khién bang
cach canh bao; phun nwéc vao khong khi dé lam
giam ndng do bui dwoc st dung trong cac may cat
than, gwong 10 chuén bi,.. Hé théng do tryc tiép
lwong bui sinh ra trong cadc mé than ham 1o. Hé
théng gidm sat bui ngoai troi bang phwong phap
RFWPT dé giai quyét vin dé tiéu thu nguén dién.
Cac cam bién dwa trén soi quang da dwoc thi
nghiém dé do néng do bui trong hoat déng khai
thac. Hé théng giam sat bui hiéu qua vé chi phi c6
kha nang thu h6i mic bui min tai vi tri cu thé, giri
canh bdo nhanh chéng cho ngudi hd tro cong tac
quan ly & gan dé. Hé thdng khéng day chi phi thap
dé do mat do bui vi hé thdng dwoc thiét ké va phat
trién véi cac thiét bi kha dung da dwoc thwong mai
héa chi phi thdp nhw cdm bién bui
GP2Y1010AUOF. Hé thong s dung két qua danh
gia vé hinh anh 6 nhiém bui than thu dwoc théng
qua dd twong phan hinh dnh dé loai bo bui bang
cach phun lién hgp khir bui. Cac dé xuit trén
khong nhic dén dap bui bang hé théng phun
swong cong nghé [oT, dac biétla cho khu ché bién
va kho than. O cdc mé than viing Quang Ninh hién
nay chd yéu dap bui bang phun nwéc/swong sir
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dung cac may phun cao ap di dong chuyén dung.
Mot s6 mo lap dat cac hé théng phun swong cd
dinh hoat ddng gan nhuw ca ngay 1an dém, viéc diéu
khién hoan toan thu céng.

Hién nay & Viét Nam, dd c6 nhiéu cong ty
dang tap trung phat trién gidi phap va sdn phim
cong nghé thong minh v&i nén tang IoT. Tuy
nhién, ho chu yéu tip trung vao céc linh vuc nhu:
nha théng minh, néng nghiép théng minh, nuoi
trong thdy san thong minh, bai d6 xe théng minh,
giam sat moi tredng, canh bao chay rirng, i lut,...
Theo tim hiéu ctia nhém nghién ctru, tng dung ctia
IoT trong nganh khai thic mé hién van chwa dwoc
trién khai pho bién va can phdi dwoc dau tw
nghién ciru manh mé hon nira. Bai bio nay dé xuit
mo hinh “Hé thong chéng bui tw dong dwa trén
cong nghé [oT”cho cac kho va khu ché bién ciamo
than. Hé thong dé xuat cho phép gidm sat cac
thong s6 nong do bui do cac cam bién thu thip
dwoc, dong thoi dwa ra cac canh bao va tw dong
diéu khién cac thiét bi bom nwéc, van nwéc dé
giam nong do bui khi né vwot qua cac mirc canh
bao theo quy dinh.

Viéc xay dung hé théng dap bui cho cac kho
va khu ché bién ctia mé than dwa trén nén tang cia
cong nghé thong tin c6 d) an toan va tin cdy cao sé
gitp bao vé strc khoe cia ngwoi lao déng tryec tiép
va moi trrong xung quanh.

2. Hé théng chong bui tw dong dwa trén cong
nghé IoT cho cic kho va khu ché bién ctia mé
than

2.1. Quy trinh thwc hién

bé xay dung hé théng dé xuit, nhom nghién
ctru thue hién theo quy trinh sau:

Budrc 1: phan tich bai toan, tim hiéu vé bui,
dac biét la bui trong cac kho va khu ché bién cia
mod than;

Buwérc 2: xay dwng so d6 khéi va phwong phap
truyén dit liéu cia hé thong;

Budc 3: két néi thiét bi va mé phong trén
phan mém md phong;

Bwéc 4: xay dung chirc nang theo déi bui va
diéu khién thiét bi;

Bwérc 5: chay thir nghiém va danh gia.

2.2. Sor d6 khoi va phwong thire truyén div liéu
ctia hé théng

So d6 khéi gitip cho viéc 14p dit hé théng dé

dang hon, hé théng hoat dong 6n dinh va cling dé
béo tri hon. So @6 khdi ctia hé thong dwoc miéu ta
nhw trén Hinh 1.

KHOI WEB
SERVER

VI
L . -
KHOI XU T
LY TRUNG KHOI
TAM VA KHOI COCAU
KET NOI RELAY CHAP

WIFI HANH

I I

KHOI NGUON

Hinh 1. So d6 khoi hé thong dé xudt.

Chirc ndng co ban cta tirng khéi nhu sau:

Khdi nguén: cung cip nguén cho toan bd hoat
dong ctia hé théng bao gom: khoi xi ly trung tim
va két néi wifi, kh6i web server, khéi cdm bién,
khéi relay va khoi co ciu chip hanh. Nguén cé thé
la dién ap AC 220 V hoac dién ap DC 0-24 V tuy
theo thiét bi.

Khdi xt¥ ly trung tAm: diy dwoc xem nhuw 1a
trai tim ctia toan bd hé thong, khoi cé chirc nang
ti€p nhén, xtr Iy moi tin hiéu ngd vao thu dworc tir
cac cdm bién, cac tin hiéu diéu khién tir web,
truyén nhan dir liéu gitra web va phan clirng dé xtr
ly r6i dem nhitng théng s6 do dwoc, xtr ly dwoc
hién thi 1én cho nguwoi ding theo doi, toan b hoat
dong diéu khién ctia hé thong dwoc thong qua khoi
xtrly trung tAm nay. Khdi nay chia thanh 2 loai: cac
khoi xtx Iy trung tAm vé tinh dwoc két néi truc ti€p
vGi cdm bién, nhan dir liéu tir cdm bién va truyén
khéng day dén khai xtr ly trung tAm chu, sau d6 div
liéu dworc givi 1én web server.

Khdi web server: day la mot khéi hoat dong
song song, doc lap véi khai xir Iy trung tAm. N6 ¢
nhiém vu lwu trir va hién thi dir liéu thu thap dwoc
tlr cac cam bién tai khu vuc kho va ché bién than
cling nhw diéu khién cic thiét bi trong hé théng.

Khdi cdm bién: c¢6 nhiém vu thu thip cac
thong s6 vé bui (ndng dd bui PM 2.5) dé cung cap
cho khoi xt ly trung tAm.

Khéi Relay: c6 nhiém vu bat/tit may bom
nuwéc. N6 nhén 1énh diéu khién tir khéi xi Iy trung
tam cha.

Khéi co cdu chdp hanh: khi cac thong s6 vé bui
doc dwoc tlr cam bién ting 1én hodc gidm xudng,
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khoi xtt Iy trung tAm sé tic dong dén khéi co cdu
chap hanh dé diéu khién hoat déng cda cac thiét bi
trong khéi nay.

Khéi thiét bi ngoai vi: gobm cAc thiét bi ngoai vi
str dung trong hé thong nhw may bom nwéc, van
nuwoc, ...

Quy trinh cAp nhat dir liéu tir cdm bién 1én web
vanguworc lai dé diéu khién cac thiét bi ngoai vi duoc
cu thé ho4 nhu trén Hinh 2.

y N
\
[ Cam l\lIESPBZEn() ESP8266 Cloudweb | |
| » odeMCU »| NodeMCU server |

bién ap N

| (vé tinh) (trung tam) |
| |
| |
I L |
| Chi chii: |
| Van — Kétndi co day |
|\ nwéc | + Kétndi khang day I
~ ~ !

Hinh 2. Quy trinh cdp nhdt dir liu tir cdm bién
1én webapp.

Dit liu do dwgrc tir cam bién sé dwoc givi dén
NodeMCU vé tinh. Do mach nay khong c6 chirc
nang wifi nén no ti€p tuc dwoc chuyén dén
ESP8266 NodeMCU. Mach nay tich hop chip wifi
ESP8266 nén c6 thé gri dir liéu 1én web server qua
mang Internet va hién thi trén webapp. Quy trinh
truyén dir liéu tir web dén cac thiét bi va co cu
chip hanh dwoc thé hién trén Hinh 3.

/ \
\
f Van ESP8266 ESP8266 Cloud web | |
| 3 NodeMCU  |¢--—-- NodeMCU |« server I
nwéc . .
| (vé tinh) (trung tdm) |
| |
| |
| Chichi L] |
I — Kétndi c6 day Bom |
[ — + K&t ndi khong diy nwéce |
\
~ S

S

Hinh 3. Quy trinh truyén dir liéu tir webapp dén
cdc thiét bi.

Theo chiéu ngwoc lai, nhitng thay d6i trén web
app nhw: dat lich bat/tit may bom/van dién tir tw
dong, bat/tit may bom/van dién tir thu cong sé&
duwoc giri dén ESP8266 NodeMCU, sau d6 la cac
thiét bi twong trng (van nuwére, khdi dong tir).

2.3. So do két néi thiét bi

Dua vao nhirng phan tich, déc biét1a mot so hé
thong IoT da dworc trién khai thuc t€ tai Viét Nam,
nhém nghién cru dé xuat mo hinh trién khai cho hé
théng chéng bui tw dong cho cic kho va khu ché
bién than nhw hinh dwéi day:

Ghi chii:
1: CAm bién byi (Sharp GP2Y10)

7: Cong tic diéu khién tir xa

2: NodeMCU vé tinh (ESP8266 NodeMCU) 8: Khoi dong tir (25A CHINT NCH8-25/20)

3: NodeMCU trung tam 9: May bom (Toan Phét, cong suit 2.2kW)

4: B phat wifi 10: Thiét bj tang 4p (DIOO 0-3.3V 1n 0-5V)

5: Internet: May chit web (000webhost.com), 11:Van nwéc dién tir (Tsai Fan TEM10-B2-C 1.0MPa)

! co s dir liéu (Firebase) 12: Voi phun swong

'\\ 6: May tinh chay thwe nghiém (Laptop)
\

Tin hiéu Ong nwéc

Hinh 4. So d6 két ndi cdc thiét bi ctia hé théng.

Téng hop cac thiét bi dwoc st dung gom:

- Cam bién bui: Sharp GP2Y10 (Sharp
Corporation, 2006; 2013), duwgc sir dung dé do
néng dé bui PM 2.5.

- Thiét bi két ndi trung tim: bo mach ESP8266
NodeMCU.

- Mach tang ap DIOO 0-3.3 V 1én 0-5 V: tang
dién ap ra 3,3 V tir ESP8266 NodeMCU 1én 5 V dé
lam dAu vao cho van nwéc dién tir.

- Van nwdc dién tir: cho phép thay ddi d6 mé
cuia van, nghia la thay déi lvu lwgng nuwée chay qua
van phu thudc vao noéng dé bui ma cam bién do
dwoc nhdm gop phan tiét kiém nworc.

- Khéi dong tir (Contactor): do module relay
khéng thé khai dong dwoc cac thiét bi c6 cong suat
16m nhw may bom nwéc nén khéi dong tir dwoc st
dung két néi vai relay dé khéi dong may bom.

- May bom nwéc: may bom nwéc cong nghiép
¢ vira/nhd dé mé phdng bom nwéc dap bui.

- Access Point/Wireless Router: diém truy cap
Internet khong day, cho phép truyén/ nhan dén/tir
ESP8266 NodeMCU.

- May cht ddm may (Cloud Server): hé thong
str dung co s& dit liéu Google Firebase (Firebase)
va cloud web hosting (000webhost) d€ dam bao hé
thong chay nhanh, 6n dinh, dé nang c4p va tich hop
cac cong cu xtr Iy dir liéu 16m vé sau.

- Mobile, Laptop: 1a cac thiét bi ngwdi dung st
dung dé gidm sat nong do6 bui cling nhw diéu khién
thiét bi (bom nwéc, van nwérc) tir xa trén webapp
qua Internet.

2.4. Xdy dung phdn mém theo déi bui

Lap trinh theo ddi bui la buéc dau tién va kha
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quan trong ctia hé théng dé xuit. Viéc lwa chon thiét
bi phu hop, ngdén ngitt 1dp trinh, mdéi trwomg phat
trién, thuit toan t6i wu sé riat quan trong dé dam
bao hé thdng hoat dong 6n dinh va cho két qua
chinh xac. D€ xy dung dwoc phin mém theo doi
bui trén web cin thwc hién cac cong viéc sau:

- Ghép noi cac thiét bi phin cirng lién quan:
Cam bién bui véi ESP8266 NodeMCU (Hinh 5).

- Lap trinh cho ESP8266 NodeMCU trong
Arduino IDE (Arduino).

- Lap trinh web app theo ddi bui theo thoi gian
thue.

- Xuit ban webapp lén web hosting (Web
server).

Hinh 5. So d6 néi mach ctia hé théng.

2.4.1. Ghép ndi cdc thiét bi lién quan

Cac thiét bi phan cirng bao gbébm: Mach
ESP8266 NodeMCU; Cam bién bui Sharp GP2Y10;
bién tré 150 Q; Tu dién 250 pF.

24.2. Lap trinh cho ESP8266 NodeMCU trong
Arduino IDE

D€ lap trinh vi diu khién cho ESP8266
NodeMCU, nhém téc gia st dung Arduino IDE dé
phét trién. Arduino IDE la méi trwong tich hop phat
trién tdi wu cho cac thiét bi Arduino véi cac thu vién
h6 trg phong phi. Nhém phat trién 2 chwong trinh:
cho NodeMCU vé tinh (két néi truc ti€p véi cam
bién) va cho NodeMCU chi (nhin dir liéu tir
NodeMCU vé tinh va gtvi 1én Firebase).

Trong pham vi nghién ctru, 2 cdm bién bui
dwoc str dung d€ mo phong. Cac gia tri vé nong do
bui dwoc thu thdp va cap nhat Ién Firbase, sau do
dworc hién thi trén webapp. Dé xiy dung webapp,
c6 thé str dung mot s6 ngén ngit pho bién sau:
HTML, PHP, ASP/ASPX, Node,s, Java/JavaScript,
Python, Go,... Tuy nhién, Firebase hd trg' 4 ngon
ngit: Node,js, Java/JavaScript, Python, Go. Can ct
vao dic diém cha hé thong va dic diém ctia ngbn
ngtt 14p trinh va kha ndng két ndi manh mé véi
Firebase, nhém nghién ctu lwa chon JavaScript dé
xay dwng webapp.

Thuec té khi trién khai c6 thé ¢ nhiéu cam bién
bui dworc st dung, khi d6 tat ca ESP8266 NodeMCU
déu phai dwgc két n6i véi phan mém Arduino IDE
dé ghi chwong trinh vao bd nhé. Do vay, chwong
trinh chi cin 14p mot [an va sir dung cho nhiéu
board khac nhau. Cac cdm bién bui khéng can lap
trinh, chi can két néi véi board 1a dwoc. Giao dién
lap trinh cho NodeMCU trong Arduino IDE dworc
thé hién nhw trén Hinh 6.

wifi_client

void loop() {

digitalWrite (LED BUILTIN, LOW):;
digitalWrite (PIN LED, LOW);

delayMicroseconds (samplingTime) ;

//Bat d&n IR

// Ché 0.28ms

voMeasured = analogRead (PIN_DUST_SENSOR) ; // Poc gid tri wvao

delayMicroseconds (deltaTime) ;
digitalWrite (PIN LED, HIGH) ;
delayMicroseconds (sleepTime) ;

calcVoltage

if (dustDensity < 0)

= voMeasured* (3.3/1024);
dustDensity = 0.17%calcVoltage-0.1;

// Chd 0.04ms
// TAt dan IR
// Ché& 9.68ms

//Bidn @di sang déng dién
//Bién @di sang mat d6 bui mg/m3

Hinh 6. Giao dién Arduino IDE.
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Lap trinh cho ESP8266 NodeMCU dwoc chia
thanh 2 loai do board nay déng 2 vai tro: (1)
NodeMCU vé tinh nhan dit liéu tir cdm bién, tinh
toan ra nong dé bui roi giti cho NodeMCU trung
tAm qua két noi wifi; (2) NodeMCU trung tim gtri
dit liéu nhan dwoc lén Firebase. Nong d6 bui (Nb)
duwgc NodeMCU vé tinh tinh toan theo cong thic
D).

Nb = (Vo x Vpa)/0.5 1)

Trong do:

V, - gia tri dién ap ra clia cam bién sau khi
chuyén déi thanh dién ap so.

Vpa - gid tri dién 4p ra clia cdm bién:

Vpd = Vier/1024 )

Vet - gid tri dién ap vao cung cip ngudn cho
cam bién.

Cong thirc (1) 1a do Sharp dé xuat. Tuy nhién
thuc té trién khai, gia tri nong dé bui do dwoc khong
ding theo céng thirc nén cac nha khoa hoc dé xuit
cong thitc tinh nhw sau:

Nb=0.17 x (Vo x Vpg) - 0.1 3)

Trong pham vi bai bdo nay, nhdm nghién ctru
str dung cong thirc (3) d€ tinh toan nong do bui.

Khi 13p trinh cho ESP8266 NodeMCU vé tinh,
ngoai tinh todn noéng do bui con phai diéu khién
m¢&/déng van nuwéc theo néng do bui. Cac bwdc
thuwc hién nhw sau:

Thuit toan 1. Piéu khién mé/dong van nwéc
void loop( ) //Ham lap
{- Bwérc 1: Tinh toan nong do6 bui (Np) ma cam
bién twong rng do dworc.
- Bwérc 2: Diéu khién van nwéc theo nong
do bui.
domo = 0; //% d6 m& van nwéc
if (Np> gi¢i han cho phép (>100 pg/m3))
{domo = domo + 25; M& van domo %;
//Ghi gia tri xung twong &ng ra chan PWM
cia NodeMCU}
else
{Péng van; //domo = 0}
Delay (20000); //Dirng 20s} //P6ng ham
loop

Trong thuit toan 1, gia tri gi¢i han cho phép vé
nong do bui dwoc xac dinh theo quy dinh ctia B Tai
nguyén va Méi treong (2019). Téng hop mikc canh
bao bui PM 2.5 theo quyét dinh nay dwoc biéu dién
trong Bang 1.

Bdng 1. Tiéu chudn chdt lwong khéng khi theo

néng dé bui PM 2.5.
Chi s chat None dé
lwong ons ¢ Chatlwong Mau
n , bui PM 2.5 o . 2
khong khi (ug/m?) khong khi sac
(AQI)
0s50 | 025 | Tét Xanh
14 cay
51+100 | 26+50 | Vira phai Vang
Khong tét cho
101+150 | 51+80 | nhitng nguwoi | Cam
nhay cdm
151200 | 812150 | CO hal cho stc 4y
khoe
201:300 | 151+250 | Rat €0 hai cho p )
strc khoe
301+500 |351+500 | Ritnguy hifm | Niu

2.4.3. Ldp trinh webapp gidm sdt bui thoi gian thuc

Ditliéu do dwoc tir cdm bién da dwoc tinh toan
thanh nong dd bui va dwoc cip nhéat 1én Firebase.
bé lvu triv dwoc két qua do nong do bui trén
Firebase can dang ky tai khoan, kich hoat, tao dw 4n
va irng dung trén d6. Nhém nghién ctru da dang ky,
kich hoat va tao du an, ing dung. Dwéi day la giao
dién cda co s& dir liéu ctia webapp dwoc tao trén
Firebase.

FloMeager K @ Oimblotfiel % () Wbt Tl 8 | i -Data X hian-Fek %

efietnam Dotsbase ke 2

ibvelnam +
= CamBlon’
- TRk ot
Dienky 4

|

| L aposar

| - HigayThang: 27 17 86

Thaibian: *21:32:81

g LiOguR Wiz LISV

£} Fncs B -LOgBA RN

A B--LidgrHGLkIAdoi g0
Lygso-DkefTeF_§PbC

8 -LdguimeInlHABRTaNV

b ~LiqiRohnPhlacP 028

B

Andyties - Ligy
- Lidhodhyef Tickidg

CanBien?

& MayBoml

Guality

L trangiha: “tat
= MeyBom?

|
Irangthai: “tat’

B & 0 FEluetlobbl. [ iciumeDie

Hinh 7. Co sé dir lidu ctia hé thdng trén Firebase.
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Webapp sé két néi vdi co s¢ dir liéu Firebase
dé 14y thong tin va hién thi Ién giao dién chinh.
Webapp ngoai nhiém vu hién thi thoi gian thuc
nong do bui va dwa ra canh bo khi néng do bui
vwrot cac gia tri nguwdng Vg, con thue hién cac nhiém
vu khéc: tw dong bat/tit may bom nwdc va diéu
khién thi cong viéc bat/tit may bom hoic
dong/mé van nuéc. Viée bat/tit tw dong may bom
nuéc nham tiét kiém dién/nwdc va ddm bao khong
phun swong qua nhiéu khi khong can thiét lam anh
huwdéng dén chit lwong than dwgc thé hién trén
thuat toan 2.

Bdng 2. Thiét bi str dung chay thwc nghiém.

TT | Ténthidtbi | -0
lwgng

1 | Cam bién bui | 2

M6 ta

Do néng dé bui

Sharp GP2Y10 PM 2.5, giatrira

la dién ap DC
2 | ESP8266 3 | 2 thiét bi dong
NodeMCU vai tro vé tinh, 1

v1.0 dong vai tro
chi. Pién ap ra
chan  digitap

(PWM) 0-3.3V
Thuat toan 2. Bit/tit tw dong may bom nuéc 3 | Module relay 1 | Bat/tit  may
-Bwodrc 1: Doc dir liéu ndng do6 bui ctia cac cam bom
bién tlr Firebase vao mang Ds 4 | Khéi dong tir | 1 | DEkhéidong ay

- Bwérc 2: Kiém tra nong do bui ma moi cadm
bién do dworc.
kt = false;
for (i = 0; i<Ng; i++) //Duyét tat ca cac cam
bién
if (Ds[i] > Vi)

{kt = true;

Break;}

if ('kt && may bom dang m&)

Tat may bom;
else

Bat may bom;

Viéc thuc hién bat/tat thi cdng may bom hoic
van nwéc dwoc thyc hién trén webapp. Tin hiéu
diéu khién dwgc cap nhit vao firebase, dong bo véi
ESP8266 NodeMCU trung tim, sau d6 chuyén dén
khéi dong tir dé bat/tit may bom hodc dén
NodeMCU vé tinh dé mé/déng van nuéc.

2.4.4. Xudt bdan webapp 1én web server

Sau khi 14p trinh xong webapp thi tién hanh
xuit ban webapp, tirc 13 upload toan b ndi dung
webapp 1én web hosting. Web hosting c6 thé thué
hodc st dung cic web hosting mién phi. Trong
pham vi ctia dé tai, nhém nghién ctru str dung dich
vu web hosting mién phi (000webhost) d& phuc vu
cho chay thtr nghiém hé théng.

3. Chay thir nghiém va danh gia

Dé chay thir nghiém hé théng, can lap dat thiét
bi. Thiét bi st dung trong chay thir nghiém tai Cong
ty than Mao Khé (Hinh 8) duoc liét ké trong Bang
2.

CHINT 20A
5 | Thiét bi ting | 2
4p DIOO 3.3V

bom, dong 20A
Chuyén dién ap
ra 0-3.3VDC ctia
PWM Signal to NodemCU 1én
0-5V  Voltage 0-5VDC dé cung
Converter cdp cho van
D/A Digital- nuwéc dién tir

Analog  PLC
Module 10MA
6 | Vannwécdién | 2
tr Tsai Fan

Van nuwdéc dién
tr diéu Kkhién

TFM10-B2-C dwocdd mé van
dé tang/giam
lwu lwong nwédc
chdy qua van

7 | Voi phun | 2 | Phun swong, cé
swong thé diéu chinh

dwoc d0 mo dé
phun xa/gan

Ngoai cac thiét bi co ban trén, hé théng con st
dung mot so thiét bi khac phuc vu chay thuc
nghiém nhw mdy tinh, dién thoai thong minh dé
truy cip vao webapp, Access Point dé két noi
Internet qua wifi, 6ng dAn nwérc, binh chira nwarc,...

Sau khi cai dat va chay thir nghiém véi 2 cam
bién bui két hop véi 2 ESP8266 NodeMCU, két qua
theo ddi trén web app cho thay tin hiéu dwoc gii
1én déu ddn va hién thi cAnh bao, diéu khién thiét bi
dang theo 1ap trinh nhw trén Hinh 9. Tuy nhién, viéc
truyén tai dir liéu tir cdm bién 1én webapp c6 tré
hon so véi 1ap trinh.

Theo két qua hién thi trén Hinh 9, tai thoi diém
nay cam bién 1 c6 néng do6 bui 1a 144.8 ug/ms3, cam
bién 2 12 123.28 pg/m3. Nhw vy theo quy dinh, ca
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Hinh 8. M6t s6 hinh dnh chay thuwc nghiém
tai Phdn xwdng sang tuyén than - Cong ty
than Mao Khé.

hai cdm bién cho biét néng d6 bui PM 2.5 tai khu
vire the nghiém dang thudc mitc 6 nhiém nhe.
Nhuw vay, ca 2 van nwéc sé ¢ trang thai mé (van 1
mé& 50%, van 2 mé& 25%), va bom nwéc cling dang
& trang thai hoat dong. Viéc dong mé van nwéc
cling nhw bat/tit may bom la hoan toan tw dong
theo néng do bui do dwgc. Tuy nhién, ngwoi st

". ) il admin  TrangEnd o Thiey Lén e roamey f ¥ O WGt
S G :
Trang Chu f Quan Ly RIS ko
o
0 Qenly
Toang i Sk
B Ul

& T i (O 802017

o Cext Dustorsty. wianet 225 [T T p— A i s v

&an i 2 { C N 16:01:54 | 2020-12-16) \on 2 €I MO 30 M ven
sy Lty Potsed [ o]

Cam bién 1 Cam bidn 2

ung binh arsm Tiowg b wim P vt som: §
ung binh 24h: T Inang binh 24n: I

Hinh 9. Giao dién chinh ctia webapp.

dung ciing c6 thé bat/tat cac thiét bi ndy thi cong
trén webapp.

4. Két ludn

Trong bai bado nay, nhdm nghién ctru trinh bay
cac budc xay dung hé thong dap bui tw dong Gng
dung céng nghé IoT cho cac khu ché bién va kho
than. Hé théng da duwoc chay thuc nghiém tai phan
xwdng sang tuyén cong ty Than Mao Khé. Két qua
ban dau cho thay hé théng hoat dong 6n dinh va
cho két qua kha quan. Trong thi gian téi, nhom sé
tiép tuc xay dung cac giai thudt va lap trinh cac chirc
nang con lai cia hé théng nhu: Thuc hién bat/tat
may bom, van nuwéc theo hen gio, can chinh giao
dién chinh phtt hop hon trong triedmg hop c6 nhiéu
cam bién, van nwéc dé c6 mot hé thdng dap bui
hoan chinh va c6 thé trién khai trong thuc té.

Loi cam on

Nhém tac gid chan thanh cdm on cac nha khoa
hoc Khoa Cong nghé Thong tin, Khoa Co — Pién va
Khoa M6 Truwong Dai hoc M6 - Bia chit da c6 nhirng
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gop y quy bau vé chuyén mén, nghiép vy; Cong ty
Than Mao Khé da tao diéu kién thuin loi d€ nhom
nghién cru thuc nghiém tai Phan xwéng Sang
tuyén than. Bai bdo dwoc thuc hién trong khuén
khdé dé tai KHCN cip B ma s6 B2019-MDA-07.
Pong gop cua cac tac gia

Nguyén Duy Huy: xiy dung c4u truc bai bao,
doc, chinh stra bai bdo va lap trinh; Nguyén Thuy
Dwong: viét ban thao bai bao; Khong Cao Phong:
lwa chon thiét bi, xdy dung so d6 truyén nhan di
liéu; Nguyén Van Thinh va Vi Dirc Trong: kiém thiy
hé thdng, 1ap dat hé théng chay thwc nghiém tai
Cong ty Than Mao Khé, phan tich két qua va két
luan.
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