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Tém tit: Cach mang cong nghi¢p 4.0 da tao ra nhiéu thach thirc va co hdi cho cac linh vuc
khac nhau. Cong nghi¢p khai thac khoang san 1a mét nganh cong nghiép lau doi ¢ Viét Nam
nén rat cén thay d6i dé co thé phu hop véi xu thé ctia thoi dai méi. Smart mining s€ la huéng
phat trién ciia nganh cong nghiép khai khoang trong tuong lai. Bai Vlet tép trung phén tich
loi ich ctia Smart Mining can sém trién khai & khu vuc ving kinh té trong diém phia Nam
1a Ung dung Internet of Things vao quan 1y an toan moi truong khai thac d4 xay dung.

Tiwr khoa: Smart mining; Internet of Things; Khai thac da.

1. Giéi thi¢u

Vi tong chi phi hoat dong cua cac cong ty khai thac khoang san hang dau trén toan thé
gidi 1én dén 15 ty USD, viéc khai thac hi¢u qua ngudn tai nguyén khong tai tao nay 1a mot
trong nhimng van dé quan tdm hién nay. Mic du vai tro cia con ngudi vao linh vuc khai thac
khoéng san 1a khong thé thay thé, nhung McKinsey udc tinh rang vao nam 2035, thoi dai cia
Smart mining—khai thac thong minh thong qua tu dong hoa va ky thuat sb sé& tiét kiém dugc
tir 290 ty USD dén 390 ty USD hang nim [1]. Tuong tu, Allied market research ciing wéc
doan quy mo thi truong khai thac thong minh toan cau du kién sé& dat 23.465,8 triéu d6 la vao
nam 2027, tir 9.265,7 tri¢u d6 la vao nam 2019, tang trudng voi toc do 1a 16,3% tir ndam 2020
dén nam 2027 [2].

Khai thac khoang san thong minh dugc hiéu 14 quy trinh khai thac c6 sir dung thong tin,
quyen tur cht va cong nghé dé nang cao sy an toan, giam chi phi hoat dong va dat dugc nang
suat t01 uu. Cac tap doan khai thac mo nhin manh vao viéc nang cao nang suat bang cach
cung cap phan mém va giai phap hién dai. Quy trinh nay cling bao gom thiét bi robot duoc
diéu khién tir xa dé khai thac khoang san va giam nguy hiém cho tho mo [2].

Céc mo khai thac thong minh co thé dé dang ty dong hoa qua trinh khai thac so vai quy
trinh khai thac cii, thii cong. Két nbi cam bién véi mang khong day hién va cai dat phin mém
tu dong hoa cho phép diéu khién tir xa cting véi 1ap trinh tuong tac tw dong trong qua trinh
khai thac [3]. Nganh cong nghiép khai thac khoang san ¢ nhiéu qudc gia da tan dung hiéu
qua internet két ndi van vét (IoT). Vi dy, Rio Tinto (2008) di str dung xe tai khai thac mo tu
lai dé di chuyén quing tir nam 2008. Mdi xe tai tu 1ai ¢6 hon 200 cam bién, bo thu GPS va
hé théng bang radar va dugc quan ly tir mét trung tam hoat dong cach d6 hon nghin dam. Tai
trung tam diéu hanh, dit liéu tir cac phuong tién va thiét bi khac duoc dua vao mot hé théng
tu dong hoa toan dién ciia md, cung cép c4i nhin toan dién vé toan bd hoat dong khai thac,
bao gdm hinh anh 3D vé dia diém lam viéc va du doan lich bao tri [4]. Tai Nam Phi, dé cai
thién an toan va khai thac moé kinh té hon, Cong ty Potgieterust Platinums Ltd (PPRust) —
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cong ty khai thic mo 16 thién duy nhat ciia Anglo Platinum da lap dat 4 hé théng giam sat
hién dai moi bao gdbm hé thong giam sat vi chan ISSI, hé thong giam sat lang kinh tu dong
GeoMoS, may quét laser Riegl khong lang kinh va radar on dinh d6 doc (SSR). Viée lap dit
4 hé thong giam sat hién dai da gitip cong ty co thé giam sat hoat dong khai thac mo mot cach
truc quan hon, dong thoi co thé xac dinh dwoc cac nguy co sat 16 théng qua quan tric nude
ngé‘lm va canh bao sém su cd [5].

Chinh vi vay, khai thac khoang san thong minh 13 twong lai va s& mang lai nhiéu loi ich.
T bao vé co sd dit li€u, dam bao an toan cua lyc Iuwgng lao dong, nang cao nang suét va hiéu
qua trén toan bo chudi gia tri, dén giam chi phi giam sat va lép dat, mot cudc cach mang 4.0
dang duoc thyc hién & mot sd cong ty khai thac khoang san. Néu cong ty khai thac khoang
san khong chiu ddi méi, va tiép tuc st dung cac quy trinh thi cong, tén kém thi s& bi bi tut
hau va anh huong dén loi thé canh tranh [3]. Bai viét tap trung phén tich loi ich cua IoT vao
quan ly an toan moi truong khai thac da xay dung.

2. M6 hinh khu mé théng minh va IoT

10T 1a m&t mo hinh cong nghé duge hinh dung nhu mét mang toan cau, noi thiét bi hodc
méay moc ¢ thé twong tac [6]. Cac g dung ctia IoT bao gdm nha thong minh, thanh phd
thong minh, nong nghiép, 6 t6, cham sdc suc khoe, san xuit cong nghiép va giao théng van
tai [7-8]. Cac nha nghién ctu cua Vién Qudc gia Ve An toan va Stc khoe Nghé nghiép
(NIOSH) dang thuc hién thir nghiém céc giai phap tiém ning dé thuc hién IoT trong khai
thac khoang san (Bang 1).

Bang 1. Mot sb ung dyng IoT trong khai thac khoang san [9-12].

Giam sat khai thac va van tdi

+ Hé théng giam sat may moc [9] — Cho phép giam sat qua trinh van hanh va danh gia suc
khoé ciia may méc (may xic, may khoan, bang tai, nghién
sang); tang tudi tho va téi da hod lgi nhuan.

— Két hop cam bién qué trinh van hanh va dinh vi thiét bi,
+ H¢ thong giam sat van tai [9] phuong tién van tai. Nhim theo doi hudng di, khdi lugng

tai va s6 luong cua cac phuong tién. Tranh sy xAm nhép tir

bén ngoai
Giam sat moi truwong, an toan va strc khoé nhan cong
+ Hé théng dinh vi toan cAu dong hoc thoi gian thue (RTK— | — Cho phép theo ddi thong tin, vi tri va sy thay dbi toa do
GPS) mdi nhan céng mdt cach chinh xac theo thoi gian thue.

— Theo ddi lugng khéi, bui, tiéng 6n, d¢ rung va nude. Dam
+ Hé¢ thong giam sat mdi truong mo dua trén cong nghé | béo sirc khoé cho nhan cong va anh huéng méi truong xung
mang khong day va cam bién (WSNs) [12] quanh mo.

— Giam sat sy thay dbi trong d6 nghiéng va tng suat bo
mo. Tur do du bao nhitng rii ro nhu sat 16 [9—11].

— M6 phong mé va gin nhiing thanh phan trong hé théng

+ M0 hinh 3D ctia mo [9] giam sat vao mo hinh md. Thuén tién gidm sat va theo doi.

Nhirg dit liéu thu duoc tir cic cam bién va dinh vi s& duoc dua 1én co s6 dir lidu bang
mang ludi khong day (wireless network: Bluetooth, Wi—fi, ZigBee,...) [12]. V61 luong dir
liéu khong 10 tir cac cam bién giri vé mot cach lién tuc va dong bo véi thoi gian thuc, hé
thdng dién toan dam may (Cloud computing) 1a mot ing dung phi hop khi ing dung Internet
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vao van hanh mo thong minh, cho phép luu trir lugng rat 16n dir liéu ma khong can phai dau
tu mdy chu; dién toan dam may cho phép nguoi diéu hanh c6 nhitng thong tin can thiét mot
cach tic thoi. Nhitng dir liéu dugc dua dén nguoi diéu hanh thong qua cac dng—ten, radio va
may tinh. Dit liéu giam sat dugc sir dung dé tinh toan nhimng thong s, 1én nhitng mo hinh dé
doc, d& hiéu cho nguoi diéu hanh dua ra ké hoach lam viéc ngén han va dai han, san luong
khai thac, du doan va giam thiéu rui ro trong qua trinh van hanh. Dé c6 thé tinh toan voéi
lwong dir liéu khong 156, ddng thoi két qua phai duoc dong bo hod véi thoi gian thyc, tri tué
nhan tao (Artifical Intelligence—AI) duoc sir dung nhu mét cong cu dic lyc. Trong twong lai,
cong nghé robot co thé dugc ting dung trong viéc van hanh mé, robot s& nhan 1énh tir ngudi
diéu hanh thong qua hé thong mang khong day, thay cho nhén céng trong nhirng cong viéc
nguy hiém nham giam thiéu rui ro vé nhan mang (Hinh 1) [12].

Viéc giam sat khong day va bao tri du doan, dugc kich hoat thong qua cac giai phap loT,
cho phép cac nha khai thac mo giam st tir xa va lién tuc cac hoat dong dién ra trong mo.
Viée thu thap dir liéu ky thuat sO theo thoi gian thuc dang dan thay thé cac hoat déng thu
cong, ton kém va khong hiéu qua. Giam sat khong day co the dugc st dung dé tao ra cac “mo
thong minh” véi chi phi van hanh thap hon nhiéu véi cac “mo tmyen truyén thong”. Cac mo
khai thac thong minh 14 cac mo da duoc tich hop dé c6 thé dé dang tu dong hoa hoat dong
cua chung hon so véi nhitng mé khal thac bi tut hau trong viéc ap dung cong nghé [3].
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Hinh 1. So d6 tdng quat cac tng dung IoT trong van hanh mo théng minh [10].

3. Ung dung IoT trong canh bio sat 1& khu vure khai thac da xdy dung

Déi voi cac mo khai thac da xay dung thi véan dé an toan lao dong cho cong nhan lam
viéc tai mo 14 van dé quan trong, vi 13 noi lam viéc rat nguy hiém vOi con nguoi. bac biét,
do dac thu cac moong khai thac c6 do déc 16n thi khi xay ra sy cb xay ra sat 10, cac cong
nhan rat kho nim bit ngay tinh hinh nén dé bi t6n hai nghiém trong, tham chi de doa dén tinh
mang. Hoat dong khai thac d4 xay dung dugc xem 1a hoat dong nguy hiém vdi nguy co sat
16 cac bo moong khai thac, nhét 13 vao cac thoi diém mua bio. IoT c6 thé canh bao trude cac
mdi nguy hlem boi vi cac cam bién s& thu thap dir liéu thoi gian thyuc va du doan noi c6 thé
xay ra sy co diéu nay cho phép thuc hién cac didu chinh va g phé sy ¢b kip thoi trude khi
bat ky su ¢d nao xay ra [12-14].

Hé thdng canh bao trudc sat 16 bang cach giam sat thoi gian thuc va md phong sb sir
dung IO va dién toan dam may, dugc tich hop tir IoT va CC (Cloud computing). Trudc hét,
nhiéu loai cam bién khong day dugc dat tai cac vi tri thich hgp trong toan bd dién tich khai
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truong. DU li€u, thong tin chi tiét tai khu vuc c6 thé duoc nhan va tai 1én nén tang dién toan
dam may thong qua Internet. Sau d6, cac dir liéu dugc xir Iy boi nén tang dién toan dam may
thong qua viéc tinh toan cac thong s6 va chi sb can thiét va c6 y nghia quan trong déi voi
viéc phén tich an toan ctia mo. Cudi cung, két qua phan tich, tinh toan s& dinh huong vé nguy
co xay ra sat 16 [11]. Cau triic phan cap cua hé thong canh bao gom 4 16p 14 16p cam bién,
16p 10T, 16p CC va 16p tng dung [11].

L&p cam bién

L&p 10T

L&p mang

Dich vu

Ldp Ung dung

Hinh 2. So dd ciu tric cua [oT trong canh béo sat 15 [10].

L6p cam bién 14 16p thiét yéu cua hé thdng canh bao. Cac cam bién duoc sir dung trong

16p cam bién thuong 1a cam bién khong day, c6 muc tiéu thu dién ning thap. Ngoai ra, cac

cam blen c6 thé giao tiép v6i nhau lién tuc trong hang chuc gio thong qua phuong tién khong

day, 6n dinh hon va hiéu qua hon so vdi cac cam bién trong mang cam bién truyén thong
[11].

L6p IoT bao gdm diéu khién tir xa, hé thdng thu thap dit liéu, truy cip vo tuyén, mang
cam bién khong day, cac tram phan tan, dong bo héa thoi gian va mang khong day. Dua trén
dir liéu nhan duoc tir 16p cam bién, dit liéu co thé duogc tai 1én nén tang dién toan dam may
thong qua Internet dé xir 1y thém. Nhu vay, co thé thay 16p IoT 1a ciu ndi lién két gitra 16p
cam bién va 16p CC [11].

Lép CC 1a 16p thtr ba ciia hé thong canh béo, véi dit liéu dugc truyén tir 16p IoT. Céc
thong s6 quan trong cta 16p nay 13 hé sé an toan, do tin cdy ngau nhién va do tin cay khong
theo x4c suat co thé dugc giai quyét thong qua dién toan dam may, cac két qua tinh toan ciing
dugc luu trit trong dién toan ddm may c6 nghia 1a cac két qua tinh toan c6 thé tai xubng tir
nén tang bat cit khi nao c6 nhu cau. Do dé, dit liéu s& duoc cung cp ddy du cho viéc giam
sat an toan cac mai taluy trong khai thac mo [11].
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L6p tng dung bao gom diéu khién théng minh, canh bao trudc bang am thanh, anh sang,
tinh trang truc quan ciia khu mo va ké hoach mg ciru kip thoi. Theo két qua dau ra tir nén
tang dién toan dam may, muc d§ an toan co thé danh gia thanh 3 cép d6 1an luot 1a bao dong
trudc cép d6 1, bao dong trudc cép dd 2 va bao dong trudce cép dd 3. Muc 1 dai dién cho mdi
nguy hiém an toan nhe, muc do 2 dai dién cho mdi nguy hiém an toan trung binh va mirc 2
dai dién cho mdi nguy hiém an toan nghiém trong [11].

Ap sudt nuée trong 16 rong 1a mot trong nhimg nguyén nhan quan trong dan dén sat 10
bo moong khai thac. Néu ap luc nude trong 16 rdng ting dot ngdt, bd moong khai thac ¢é thé
thé bi sat 1¢ rat nhanh. V&i cac bién phap thu thap dir liéu mot cach thu cong, ap luc nude
trong 16 rong chi co thé dugc do nhiéu lan, va kho phat hién dugc murc ting dot bién cling
nhu dy doan trudce kha nang sat 16. Tuy nhién, voi céc chi s6 ky thuat thoi gian thyuc, nguoi
véan hanh c6 thé theo ddi lién tuc muic ap suét trong 16 rong, cung cap thong tin chi tiét dé ho
thyc hién cac bién phap nham ha thip myc nudc nay xudng ciing nhu canh bao dén cong
nhan kip thoi vé cac khu vuce du béo s& c¢6 nguy co sat 16. Bam bao an toan vé tai san va tinh
mang con nguoi [3]. Do do, hé théng quan tric ap suat nudc 16 rong nén bd tri tai vi tri cao
nhat ngoai khu vyc khai thac dé dam bao trong qua trinh khai thac khong lam anh hudng dén
giéng quan tric. Cam bién muc nuéc duoc lap dit trong giéng quan tric dé phat hién muc
nudc tai vi tri moong khai thac. Dit liéu vé muc nudc trong cac 16 khoan quan trac duoc tai
1én dién toan ddm may thong qua Internet. Sau d6 chung dugc xtr Iy boi nén tang dién toan
dam may. Myc nudc trong cac 16 khoan quan tric cang cao thi nguy co sat 10 bd moong cang
cao. Khi d6, hé thong s& phat canh bao bang 4m thanh, 4nh sang, ... dé c6 ké hoach tng ctru
kip thoi.

4. Két luan

Khai thac khoang san thong minh mang lai nhiéu loi ich so vé&i khai thic khoang san
thong thuong nhu giam chi phi hoat dong, dé dang tu dong hoa, bao mat dir liéu cling nhu
dam bao an toan tai san, tinh mang luc lugng lao dong Khu vuc khai da xay dung thudc kiéu
khai thac 16 thién, twong dbi don gian, nhung viéc van hanh van c6 nhiing rii ro xay ra. Dé
giam thiéu nhimng rii ro va hon nira 1a ndng cao ning suat hoat dong xu thé khu moé thong
minh dac biét l1a tng dung IoT 1a mét tat yéu can phat trién. Viéc ung dung loT vao khai thac,
gilip cac nha khai thac c6 kha ning du doan sy cd tot hon va cé giai phap dé ngan ngira giam
thiéu sy ¢d xay ra dén muc thap nhét c6 thé hodc c6 thé khong xay ra. Cac cong nghé mai
nhu IoT va mang khong day 1a mot khoan dau tu khong nho nhung 1a nhu cau thiét yéu cho
bét clr cong ty khai thac mo nao mudn ton tai trong twong lai.
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“Smart mining”: Applying the Internet of Things to the safe
management of the construction stone mining environment
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Abstract: Industry 4.0 has created many challenges and opportunities for different fields.
Mining industry is a long—standing industry in Vietnam, so it is very necessary to change to
be able to match the trend of the new era. Smart mining will be the development direction
of the mining industry in the future. The article focuses on analyzing the benefits of Smart
Mining that should soon be deployed in the southern key economic region, which is the
Internet of Things application in the safe management of the construction quarrying
environment.

Keywords: Smart mining; Internet of Things; Quarrying.
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