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Khai thac than hdm 16 la nganh nghé déc biét nguy hiém va lam viéc trong moéi trudong dac biét
khac nghiét, thuong xuyén xay ra cac sw c6 chéy nd lam hang nghin ngudi chét. Trén thé gidi
ciing nhuw Viét Nam khi xay ra sw cb chay né khi thi d6 la nhiing thdm hoa réat Ién cd vé nguoi lan
trang may maéc thiét bi. Trong nghién ctru nay nhém tac gia gii thiéu céng nghé loT (Internet of
things) cénh béo sém céc loai khi, bui né trong khai thac than hdm 16. Céng nghé nay bao gém
céc cdm bién do céc dir liéu khi, bui, nhiét d6, d6 4&m mé, ... va truyén tai dir liéu vé trung tdm may
chu (server). Trén co sé d6 giam sét duroc cac gia tri do ttr cdm bién truyén vé sé phat hién duoc
sém céc rdi ro, s c6 dang tiéc trong khai thac than ham Io.

Tir khoéa: rdi ro, sw ¢d, khai thac than hdm 10, cdm bién, IoT, khi bui né.

1. DAT VAN BE

Khoang san la mét tai nguyén rat quan trong dbi
véi tit cd cac nwdc trén thé gidi. Than la khoang
san rat quan trong trong nganh nang lwong déi véi
Viét Nam ciing nhu cac nuéc trén thé gi¢i. San
lwong than khai thac ctia Viét Nam chi yéu bang
khai thac ham 16, do d6 viéc cé mét hé thdng theo
ddi khai thac an toan la rat can thiét.

Cac md ham 1o hién nay thwdng cé mot hé
thdng dwdng 16 rat phac tap [1, 4, 5], thuong la
nhirng dwdng 16 dai va hep cé khi chiéu dai dén
vai km nhwng chiéu réng chi vai mét. Hang ngan
céng nhan co thé 1am viéc déng thoi trong didu
kién vd cung khéc nghiét trong qua trinh san xuét.
Hang ndm co thé cé hang trdm nguwoi chét vi tai
nan khai thac mé [12, 14, 16]. Va dén nay thi con
nguoi van, da va dang chap nhan khai thac than
ham 16 1a mét nganh céng nghiép ¢o rii ro cao.
Trén thyc té nhw vay rat cAn mot hé théng giam
sat va kiém soat dwoc trién khai nhw mot co sé ha
tang quan trong dé& dam bao an toan khi khai thac
than hadm 16 [3]. Tuy nhién, v&i hé théng dwdng 16
vd cling phirc tap nhw vay, viéc trién khai cac cong
nghé nay van con han ché. Trong béi cdnh nhw
vay viéc str dung cac mang cadm bién khong day
la vo cung can thiét, ching cé nhirng loi thé dac
biét trong qua trinh tw ddng hdéa giam sat va kiém

(Ul CONG NGHIEP MO, SO 2 - 2024

soat dudi ldng dat do trién khai nhanh chéng va
linh hoat. Ngoai ra, viéc truyén tai div liéu ciing dé
dang thich rng va mé rong trong qua trinh trién
khai trong cac dwéng 10, ddng thoi phu hop véi
viéc giam sat va kiém soat toan dién & cac mé, cod
thé khac phuc dwoc moét sb cac nhwoc diém cla
hé théng giam sat c6 day [10, 11, 15, 18]. M6t van
dé& quan trong va can thiét d& tw dong hoa giam
sat va kiém soat cac mé than la cung cap théng tin
bao dong toan dién kip thoi tranh xay ra cac sy cd.
Bén canh d6 cho phép nguwoi dung xac dinh duoc
cac mirc bao ddng an toan mé va cé thé diéu chinh
viéc giam sat va cac quy trinh kiém soat dé dam
bao an toan md. Hon niva, ngudi ding c6 thé diéu
khién cac thiét bj vat ly khac tir xa théng qua Web.
Céc hé théng giam sat va kiém soat an toan mé
hién nay tap trung vao viéc thu thap théng tin theo
thdi gian thwc rat hiru ich, nhuwng khéng thé dap
&ng dwoc nhu cau cha ngwdi dung véi tré ngai
st dung rat cao va thuong yéu cau vé ciu hinh
hoat ddng phtrc tap cho cac rng dung tw ddng hoa
giam sat va diéu khién. Trong nhirng nam gan day,
v&i viéc rng dung cudc cach mang céng nghiép
4.0 thi viéc rng dung cac cong nghé nhuw [2]: loT,
BigData, Al ... vao trong d&i sdng va san xuét cong
nghiép da xay ra nhu vii bao. Mot sb cac nghién
cru(6,7,8,9,13,17,19] da dwa ra mét sb cac trng
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dung cho loai ngwoi, tuy nhién cac nghién ctru chi
yéu tap trung vao viéc két hop cac dich vu théng
tin va khong giai quyét cac yéu cau di kém véi viéc
tich hop céac thiét bj vat ly.

2. PHUONG PHAP VA NOI DUNG

NGHIEN CUU

2.1. Phwong phap giam sat va kiém soat cac
mé than ham lo

Hé théng giam sat va kiém soat cac mé than
ham 16 c6 thé dwoc chia lam bdn loai: hwéng co s&
di liéu, hudng théng bao, hwéng dich vu va cac
phwong phép tiép can.

- Phuwong phap tiép can huéng co sé dir liéu:
Hé thdng giam sat an toan mé than ham 1o [
phwong phap dwa trén ngdn ngiv truy van (SQL-
Structured Query Language), dé truy van cac cam
bién dwoc |&p dat tai cac vi tri trong cac dwéong 16
khai thac than dwéi long dat va cac thiét bi khac
duwoc sir dung & dang khai bao don gian tr cac
I&p wng dung. Do vay, day khaéng phai la gia tri cbt
I6i cGa tat ca di lieu cdm quan dwoc thu thap va
viéc loc di liéu va trich xuét tinh nang danh riéng
cho thiét bi 1a diéu rat can thiét. Phwong phap nay
tap trung vao viéc thu thap di liéu ttr mang va can
c6 cong nghé xt& ly di liéu trong mang va cac nut
cdm bién dé gidm lwong dir liéu va nang lwong
tiéu thu. Do vay, mét lwong Ion di liéu giam sat an
toan dwoc tao ra va x& ly trong qua trinh khai thac
than. Pay ciing 1a diéu quan trong trong an toan
md ham 16 véi viéc phan tich cac div liéu lich s,
mot lwong dir liéu khéng 16 qua trinh giam sat va
kiém soat an toan mé dwa trén SQL dé dy bao sw
mat an toan mé.

- Phwong phap tiép can huwéng thong bao: He
théng giam sat an toan khi khai thac than ham 16
cho phép céc thiét bi cdm bién ngam giao tiép v&i
nhau théng qua cac thiét bi phan cirng. Cach tiép
can nay che gidu cac giao dién mang co ban, cho
phép nguoi dung tap trung phat trién (rng dung,
cung cap ché do giao tiép khdng déng bd. Trong
hau hét cac trwdng hop, cac ing dung kiém soat
va giam sat an toan mé than déu dwoc diéu khién
theo cac sw kién va co nhiéu lgi thé hon vé cac
moé hinh yéu cau-phan hdi theo truyén thdng.
Céach tiép can nay hoat ddng nhw mét théng bao
khoéng déng bd va mé hinh truyén théng hwéng

sw kién hé tro cac twong tac nhiéu. Do vay, cach
tiép can theo dinh hwéng théng bao cho phép mbi
quan hé duwoc két hop ngudi san xuat tai hién
trwdng va nhirng can bd lam cong tac quan ly,
diéu do san xuét.

- Phwong phép tiép can hwéng dich vu: Hé théng
lam vai tro két ndi va diéu hanh ctia toan mé, né dem
lai kha nang chién lwoc hon khi hé théng dap tng
duwoc kha nang twong tac gitra cac lanh dao diéu
hanh va cong nhan thyc hién trong qua trinh san
xuét, day ciing chinh la dich vu twong tac. Hé théng
tich hop cam bién giam sat va kiém soat mé theo
thoi gian thuc sé truyén tai thong tin tir hién trwong
vé trung tam diéu khién vay day chinh 1a giai phap
twong tac gitra hoat déng khai thac mé ham 16 va
cac nha quan ly mé. Hé théng theo dai, diéu khién
giup nang cao kha nang lam viéc clia con ngwoi
cing nhw may mac thiét bi mot cach cé hé théng va
chuyén nghiép dwoc dat ra nhw theo déi thoi gian
thuwe cac loai may mac thiét bi, bdo déng, truy van
tat cac thiét bi va hd tro khan cép khi can.

- Phuong phap tiép can: hé théng co thé duoc
chuan hoéa xay dwng thanh bd phdn mém déng
g6i thwong mai héa sadn pham dang phan mém
kién trac phan tan. Trong nghién ctru ban dau
cta chang tdi méi chi dirtng & mdt mang cam bién
khong day két hop voi cac thiét bi didu khién dé
theo déi va giam sat an toan dé cé nhirng canh
bao s&m théng minh trong qua trinh san xuét va
khai thac than ham 16. T4t ca cac sb liéu thu thap
tir cdm bién dworc truyén vé trung tam giam sat tiy
xa nham phan tich théng tin va dwa ra cac quyét
dinh dé diéu hanh qua trinh san xuat than ham 1o.

2.2. bé xuét giai phap giam sat va kiém soat
rdi ro, sw cé trong khai thac than ham 1o

Cac hé thdng giam sat mé than truyén thdng
hién nay cé xu hwéng la hé théng mang cé day,
doéng cac vai trd quan trong trong hé théng an toan
mé. Do d6 c6 kha ndng day bi hdng, dong thoi
chung can nang lwong rat cao. Cac gia tri cdm bién
hién tai cla mé khéng phai ai cling cé thé truy cap
duoc. Hé théng kiém soat nhu cau thdng gié cla
ma tly thudc vao diéu kién khi hau hién tai cia mé.

O day nhom nghién ctru dé xuét giai phap thiét
ké mang cam bién khéng day véi s diéu khién
clia vi diéu khién ESP32 (Hinh 1) [20] ¢6 kha nang
giam sat va kiém soat didu kién méi trwerng mé than
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ham 10 trong ldng dét. loT dworc coi la lan séng the
ba sau Internet va mang théng tin di dong, dwoc
dac trwng béi cac giadi phap va bién phap ky thuat
t6i wu hon, kha nang twong tac hoan thién hon va
théng minh hon. Chéng han nhw déi véi cac thong

N
e~
L
ol trung tam server. Nhan x ly trung
tdm: ESP32-DOWDQ6 Dual-core
T
.

bao qua SMS clia nhirng nguwoi khéng lam viéc tai
hién trwdng van co thé nhan dwoc cac théng bao
tir hién trwdng bao vé nhw nhiét do, dd am, khi doc
va cac gia tri cdm bién khac ma khéng can phai
dén hién trwong.

Tinh bdo mat ctia hé théng cao,
nhan vién trai phép khong thé truy
cap duogc vao hé thdng néu khong
cé mat khau.

M6 hinh dwgc sir dung mot
module LoRa tich hop dé giup
truyén tai div liéu t sensor vé

low power Xtensa® 32-bit LX6
microprocessors; Rom: 448Kbytes;
SRAM: 520 Kbytes.

Hinh 2. Mé hinh hé thang
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M6 hinh cAu truc cla hé thdéng (Hinh 2) cho
thay di¥ liéu tir cac sensor truyén vé khdi trung
tam (Gateway) bang séng LoRa, sau dé khéi
trung tam két néi véi mang Internet (3G/4G)
bang séng Wifi va truyén di liéu vé may chi
(server).

3. KET QUA VA THAO LUAN
Két qua dir liéu truyén vé may chi (server) la

di¥ liéu sé (Hinh 3) va c6 thé dwoc biéu dién bang
cac hinh anh canh bao (Hinh 4). Dang hinh anh
c6 thé dwoc xem toan canh cac diém do trong
cung moét thoi gian tir d6 cé thé dua ra quyét dinh
canh bao s&m rii ro, sw ¢b khi cac gia tri do vuot
ngwdng gia tri an toan theo tiéu chuan cho phép.
Dang sb c6 thé lvu dwéi dang Excel dé xay dung
cac mo hinh dy bo cling nhw tim kiém cac lich st
sy cb da xay ra.

Environment Data (Cautrald) & & &
Tép Chinhsia Xem DO figu Congeu Trg gidp
Q Tinhdor & @~ 100% ~ @ Chixem
Al - D&y thai gian
A B c o E F G H

L | Ddu thai gianl Sensor Node Temperature  Humidity LPG CH4 co co2 DUST
13115 07/11/2023 1:04:24 2 343 54 123 25 0 0 1
13N 0711172023 1:04:24 2343 54 123 i 0 0 1
w7 0711172023 1:04:44 2342 &4 120 29 0 0 1
13118 0711172023 1:04:44 2342 54 120 29 0 0 1
12mg 07T/11/2023 1:04:45 2343 54 123 29 0 0 1
13120 071172023 1:04:49 2343 54 123 29 0 ] 1
1312 0711172023 1:05:09 2 342 54 122 28 0 0 1
5.3 i) 07112023 1:05:09 2 342 54 122 28 0 0 1
13123 07/111/2023 1:05:14 2344 54 126 28 0 0 1
13124 071112023 1:05:14 2344 54 126 28 0 0 1
13125 07/11/2023 1:05:34 2343 54 132 29 0 0 2
13128 0711172023 1:05:34 2 343 54 132 29 0 0 2
13127 O7M11/2023 1:05:39 2 342 54 126 25 0 0 2
13128 0711172023 1:05:39 2342 54 126 28 0 0 2
13129 07/111/2023 1:05:59 2 343 54 127 28 0 0 2
13130 077112023 1:05:59 2343 54 127 28 0 0 2
13131 07/111/2023 1:06:04 2343 54 127 28 0 0 2
13132 07/11/2023 1:06:04 2 343 54 127 28 0 0 2
13133 071172023 1:06:24 2343 55 131 27 0 0 2
13134 07/11/2023 1:06:24 2343 55 1 27 0 ] 2
13135 07/11/2023 1:06:29 2343 85 i 29 0 0 2
13136 07/19/2023 1:06:29 2343 55 3 29 0 0 2
13137 07/11/2023 1:06:49 2 342 55 130 28 0 0 2
13135 0711172023 1:06:49 2342 55 130 28 0 0 2
13139 07/11/2023 1:06:54 2344 54 133 27 0 0 2
13140 0711172023 1:06:55 234 54 133 27 0 0 2
13141
[ ERF L]

Hinh 3. Dii liéu s6 két qua do

Giao dién diéu khién, cai dat va giam sat cua
hé théng dwoc thiét ké trén nén Node-Red, giup
cho viéc hién thj dwoc truc quan hon. Qua giao

dién ngwdi van hanh co thé biét dwoc cac gia tri vé
mdi trwdng tai cac node, tr do cac thé dwa ra cac
quyét dinh diéu chinh khién cho méi trwdng lam

CONG NGHIEP MO, SO 2 - 2024
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G . LPG.GAS £H4 GAS €6, 6AS £02.6A8

1 -]
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5 P
[
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-
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C0 Gk
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[ L] 54 2. 2

Hinh 4. Giao dién canh bao ciia hé théng giam sat va kiém soat an toan mé

viéc dwoc thuan loi, trong sach, tranh nhirng rdi ro
vé méi trwdng xay ra cho céng nhan va hé théng
khai thac mé ham 16.

Uu diém:

- Truyén tai nhanh, di liéu chinh xac;

- C6 thé lam chu dwoc cong nghé khong phu
thudc vao cac nha san xuat nwéc ngoai;

- Gia thanh twong ddi ré so, thoi gian thi cong
va lap dat hé thdng so voi cac hé théng mua &
nw&c ngoai.

Nhuoc diém:

- Hé théng mai trong qua trinh thir nghiém;

- Can nghién cru sau thém khi hé théng st
dung trong mai trwérng mé ham 16 ¢6 cac diéu kién
khac nghiét;

- Nghién ctu kha nang an toan phong né cla
hé théng thiét bi trong mai trwrng md ham 16.

TAI LIEU THAM KHAO

4. KET LUAN

Trong nghién cru nay chung t6i da trinh bay
nghién ctu s dung nén tang Arduino phan cirng
ma ngudn mé& trong nganh khai than ham 16 v&i
phwong thire truyén tai di liéu bang séng Lora sé
gitip kha nang truyén séng tét hon va cé chat lwong
giam sat cac rui ro, sy ¢b trong khai thac than ham
|6 hoan toan phu hop véi cac nuwéc dang phat trién.

S phét trién clia hé théng canh bao béng céng
nghé loT sé theo d&i dwoc cac di¥ liéu tr cAm bién
truyén vé trung tdm canh bao sém cac rii ro, sw ¢
nhw: cdm bién khi, nhiét do, dd &m.,... trén co s&
do sé theo ddi sy an toan trong qua trinh san xuét
khai thac than ham 1o.

Bang phwong phap va s dung hé théng nay,
tang cwdng an toan cho ngudi lao déng trong qua
trinh khai thac than ham 16 O
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RESEARCH TO PROPOSAL SOLUTIONS FOR EARLY WARNING OF RISKS AND INCIDENTS
USING loT TECHNOLOGY IN UNDERGROUND COAL MINING

Nguyen Duyen Phong, Uong Quang Tuyen, Tran Tuan Minh
Ha Noi University of Mining and Geology

ABSTRACT

Underground coal mining is a particularly dangerous profession and works in a particularly harsh
environment, with frequent fire and explosion incidents and thousands of deaths. In the world as well
as in Vietnam, when gas fire and explosion incidents occur, they are huge disasters in terms of both
people and equipment. In this study, the authors introduce IoT (Internet of things) technology for early
warning of explosive gases and dust in underground coal mining. This technology includes sensors that
measure data on gas, dust, temperature, mine humidity and transmits data to the server center. On that
basis, monitoring the measured values transmitted from the sensor will early detect risks and unfortunate
incidents in underground coal mining.

Keywords: risk, problem, underground coal mining, sensor, lodine, explosive gas and dust.
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