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2.1. Thu héiva lam nghéo trong khai thac

Tac gia gia dinh rang ngudi doc bai bao
nay c6 hiéu biét co ban vé khai thac, nén &
day tac gia chi dua ra cac khai niém co ban
vé lam nghéo va ton that trong khai thac.
Theo Bertinshaw va Lipton [3] “Lam ngheo
trong khai thac nghia 1a 1am giam chat luong
khoang vat (dat da thai) khai thac co gia tri
kinh té dugc 13y ra cung vGi quing trong
qua trinh khai thac (.. ) Tén that trong khai
thac nghla la phan nguon tai nguyén khoang
san co pham cap cao hon khoang vét khai
thac ¢ gia trji kinh té va du dinh khai thac
dudi dang quang nhung khong dugc dua dén
nha may nghlen hodc dua vao kho quang,
tuc 1a bi ton that va tr¢ thanh dat da thai”.
Lam nghéo va ton that phat sinh do 16i khai
thac kho du doan hon va it hon nhiéu so véi
nhiing t6n that phat sinh do hinh dang mo va
phuong phap khai thac duoc dp dung. Bai
bao nay tap trung vao phuong phap khai thac
duoc 4p dung.

Khi lya chon phu’orng phép de gidi quyét
tinh trang lam ngheo va thu hoi trong khai
thac, mot s6 van dé chinh lién quan dén du
an luon dugc tinh den

* quy mo cua ngnon tai nguyén khoang
sdn so voi ky vong vé thoi gian tudi tho mo;
va

« pham cép/chét lugng san pham nguyén
khai.

Khi xem xét nhitng diéu trén, c6 thé luu
y rang, vO1 nguon tai nguyén khoang san
han che muc ti€u cta hoat dong khai thac
c6 thé la lam giam ton that khai thac bang
cach gia tang 1am ngheo va giam pham cap
quang tinh, néu don vi ché bién chap nhan
diéu d6 va khong lam cho quang khai thac
khong dam bao thong s6 k¥ thuat. Nguoc lai,
néu co ngudn tai nguyen khoang san dang
ké cho phep thoi gian san xuat tiém nang dai
hon thoi gian tudi tho mo yeu cau, muc tiéu
c6 thé 12 t0i da hoa pham cap; nhung mot 1an
nita, diéu d6 phu thudc vao thong so ky thuat
ciia san pham. Trong truong hop nay, don
vi khai thac s& quyét dinh giam thiéu lam
ngheo (hodc loai bo hoan toan), thuong 1a
bang cach dua ra mirc ton tht cao hon trong

khi van duy tri pham cap cao.

Hinh 1 thé hién ba phuong phap c6 thé 4 ap
dung dé xtr 1y tinh trang lam ngheo va ton
that trong khai thac doi vi mot du 4n bo-xit
dién hinh, tiy thudc vao muc tiéu khai thac.
Phu’()’ng phap loai trir chi gia dinh ¢c6 ton that
ma khong lam ngheo dé duy tri chat luong t6t
hon nhung khong c6 loi vé mat khéi luong
san pham. Phuong phap bao trum gia dinh
khong co6 ton that nhung 1am ngheo nh1eu
hon, véi kho1 1u:0'ng 16n hon nhung san Xuat
ra san pham nguyén khai c6 chat lu’orng thap
hon. Phuong phap tiéu chuan gia dinh cac
phan ton that va lam nghéo bang nhau.

Mbi dy 4n nén duoc phan tich theo goc
nhin nay theo tung truong hgp cu the co
tinh den cac muyc tiéu chién lugc, bdi canh
dia chit va cac ky thuat khai thac hién co.
Trong bat cir ke hoach chién luoc nao, viéc
dau tién la can phan tich sy 1am nghéo va
ton that khi khai thac, sau d6 thyc hién cac
nghlen cuu tiép theo vé khia canh ky thuat
va kinh té dva trén cac s liéu khai thac lam
ngheo san pharn nguyen khai.

2.2. Ché bién va cdc yéu to cong nghe khac

Hoat dong khai thac la khoi dau cua toan
bd qua trinh san xuét, tlep theo 1a cac yéu tb
ky thuat va cong nghe gitp tao ra va dinh
hinh san pham cudi cing. Trong truong hop
san xuat bo-xit va alumin, cac yeu to chinh
la san luong ¢ cac giai doan cua quy trinh
san xudt, chang han nhu thu hoi tir ngh1en va
tinh luyén quéng, tuyen rira va ché blen (bao
gom/khong bao gdm say khd), tinh ché va xur
ly san pham Han ché duy nhét khi sir dung
cac yeu to0 nay trong phan tich do 1a tinh san
¢o cua dir licu (xem Muc 3 cua bai bao nay),
vi cac ky thuat mé hinh hoéa hi¢én tai cho
phép s0 lugng cac phuong an va kha nang
gan nhu khong han ché. Vi du, nguoi ta co
the phan tich ham 1u:0’ng alumln san c6 toan
phan (“TAA”) cho mdi khéi khai thac duoc
xem xét dya trén thong tin dia cht nhim
cung cdp ham lugng gibbsite, goethite va
boehmite va sau d6 sir dung mot lugng natri
hydroxit cho cong tac che blen Dleu nay s&
chira nhu'ng thay d6i tlem an vé chi phi ché
bién va chi phi ndy c6 thé duoc sir dung lam
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Hinh 1: Ba phwong phdp lam nghéo va ton thit khi khai théc

déng luc trong viéc 1ap ké hoach khai thac
mo. Cac cap do nghlen ctru khac nhau s€ ¢o
cac muc do tin cay khac nhau vé dit liéu dau
vao, nhung loai phan tich nay cho phep lap
ké hoach khong chi vé chat luong ma con ve
kinh té, day 1a két qua mong doi cubi cing
cua doanh nghiép.

2.3. Kinh te

Tuong tu nhu céac yéu tb cong nghé, hau
nhu bét ky loai dong luc kinh t€ nao cling co
thé duoc chi dinh va sir dung de phan tich.
Céc dong luyc nay co thé bao gom: chi phi
khai thac, c6 thé dugc chia thanh cac nhom
nhé nhu khoan va né min (phu thudc vao
cuong do cua dat da va kha nang dao); van
chuyén (khoang cach tir may nghién hoic
bai thai); chi phi nghién (str dung dién lién
quan dén cudng do cua dat da); chi phi tuyén

rira va sdy kho (do am) chi phi dién va vat
tu tiéu hao lién quan den quy trinh tinh ché
(dva trén cac y€u cau vé nhiét do dugc md
hinh hoa lién quan dén moé hinh dia chat va
khai théc); tién thué mo; hodc chi phi tiép thi.
C6 nhiéu phu’O'ng phap dé str dung thong tin
nay trong viée lap ké hoach kinh doanh; mot
trong s6 do la Ly thuyet cac diém han ché
[5], trong d6 c6 néu can tép trung vao dong
lyc chinh dang lam tic nghén toan bo diy
chuyen san xuat, trong khi muyc tiéu chinh
la to1 da hoa Gia tri hién tai rong (“NPV”)
cua doanh nghiép. Tuy nhién, muc dich cua
bai béo n'c‘ly chi don gian la lam cho nguoi
chi ¥ v€ kha nang st dung cac ky thuat 1ap
ké hoach kinh doanh nay, thay vi phan tich
chtng theo chiéu sau. Muyc 3 va4 mo ta cac
cong cu va quy trinh, bao gdm mé hinh hoa

21 Bantin Tw van & Céng nghé Mo



I PHAT TRIEN MO

dia chit va xép hang bién loi nhuén, duoc
lwa chon dé phu hop v6i cac quy trinh khai
thac quang bo-xit va tinh ché alumin, von
la mot phan ctia quy trinh 1ap ké hoach khai
thac mo.

3. Ph1r0'ng phap

Tac g1a da lam viéc tai mot s6 duy an boxit
trong vai nam qua, cha yéu (nhung khong
chi) cac dy an ¢ giai doan phat tri€n ban dau
tai Ghi-né hoiac A Rap Xé Ut. Cac k¥ thuat
va phuong phap dugc trinh bay dudi day
dya trén su trai nghlem d6 va duogc trinh bay
dudi dang ligt k€ cac phuong an dé dat dugc
san luong toi uu tir hoat dong lap ké hoach
khai thac, dic biét 1a dbi v6i cac hoat dong
khai thac bo-xit.

3.1. Lap mé hinh dia chit

Cac mo bo-xit dién hinh, dac biét la cac
mo ¢ Tay Phi, thuong bao gom cac cao
nguyén, dugc ch1a thanh cac khoi khai thac
nho hon. Co thé noi rang loai phan bd nay
thuong lién quan den cac méd co dién tich
bé mdt 16n va c6 nguon tai nguyen khoang
san tiém nang dang ke Céac mo bo-xit nay
thuorng tao thanh cac ting kha bing phang
va day véi do day trung binh tr 4 m dén 6
m. Trong mot s6 truong hop, chiing cling ¢
thé c6 cac mit cat thanh phan hoa hoc thang
du’ng riéng biét can dugc phan anh trong
qua trinh khai thac c6 chon loc dé dwa ra cac
pham cap san pham nguyén khai phu hop.
bé dam bao lya chon dugc phuong phap phu
hop nhat, can ap dung phuong phép 1ap mo
hinh dia chét cho timg trudng hop so véi cac
muc tiéu nghién ctru. Nhin chung, nén chon
mot trong hai phu’ong phap dugc mo6 ta dudi
day, nhung d6i v6i phan 16n cac dy 4an, lap
mo hinh luéi la phuong phap phu hop nhat
dé dap tng cac yéu cau lap ké hoach khai
thac bo-xit.

3.1.1. Lap mo hinh luoi

Khong glong nhu mé hinh dia chét 3D,
theo Fardell, cdc m6 hinh via hodc ludi la
cac bé mat 2D trong do cac vi tri X va'Y nam
trén mot ludi déu (trc 14 25x25m) va “Z” 1a
bién s6 (.. )

Céac mo6 hinh ludi la mét tap hop cac tép
chura thong tin c6 lién quan vé céc cau tric

dia chat va pham chit dugc chuyen thanh céac
tap hgp s6 c6 thé doc dugc cho cac cong cu
lap ké hoach khai thac d01 voi ba gia tri: X,
Y va blen s6. Vi du, blen sO co thé la thong
tin vé ¢t cao, do day, pham cip, do déc, loai
qudng, v.v... cua cau trac dia chit, Phu’o’ng
phap nay gitp cac nha lap ké hoach khai thac
c6 thé phan tich va ap dung lam nghéo va ton
that trong khai thac theo cach thirc phii hop
cho loai mo nay (vi du: 16p pha lam ngheo)
Céac mo hinh lu6i duge phu doc theo cac bé
mdt dia chat c6 thé hién véach va tru cua cac
tang, dem lai su linh hoat hon nhiéu trong
viéc lap mo hinh. Quan trong hon, phuong
phap nay dem lai sy linh hoat khi lam viéc
v6i cac bé mit hon 1a cac khdi ¢ kich thude
va vi tri dugc xac dinh truge, ¢6 kha nang bat
tién khi lam viéc voi cac tang khoang hoa rat
mong, trong d6 kich thudc khdi theo phuon
ngang 16n hon nhiéu so véi kich thudc khoi
theo hudng Z.

M4 hinh khai thac 1a mé hinh dia chat
bao gdm cac yéu th thay do6i khai thac, ching
han nhu 1am nghéo va ton that khi kha1 thac.
Khi lap mo hinh khai théc, ly tu’orng nhét 1a
cuo1 cung mo hinh nay s€ bao gém tat ca cac
yeu t thay doi lién quan dén quy trinh 1ap
ké hoach khai thac. Khong phai tat ca cac
mo bo-xit déu duoc hinh thanh tir cac tang
khoang hoa khac nhau can ghep lai, nhung
ngay ca trong mot 16p cung c6 thé tao ra su
khéc bi¢t dya trén pham cap cao thap. Trong
qua trinh ghép, céac via hoic ting mong duoc
ghép voi nhau hodce loai bo, duge xtr Iy nhu
dat da thai, dua trén cac thong so dau vao
nhu do day t6i thiéu hodc ty 1¢ dat d4 thai
so voi quang. Qua trinh nay tao ra mot tap
hop cac ludi (rnot mo hinh hoan chinh) c6
phan bd cac vi tri quang va dat da thai (hop
nhat) va pham chat lién quan, hién bao gobm
lam ngheo va ton that khi khai thac. Sau do,
cac ludi nay co thé dugc sir dung trong quy
trinh lap ke hoach khai théc, sau khi da tinh
dén céac khia canh yéu cau vé tinh chon loc
khai thac. )

3.1.2. M6 hinh khoi

Viéc str dung hinh khdi cho cac quy trinh
lap ké hoach khai thac thuong duoc coi la
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Hinh 2: Kich thuéc khéi khong phit hop ciia mé hinh dia chit

g1a1 phap phu hgp va linh hoat nhat. Chung
c6 thé dé dang dugc tra van bang ludi. Tuy
nhién, viéc str dung cadc mo hinh kh01 cho
cing mot tra van c6 thé gip van dé trong
truong hop kich thudc khoi khong khop
nhau hodc qua 16n. Mac du c¢6 san cac trang
thiét bj tinh toan can th1et theo kinh nghlem
cua tac gia, ¢o thé thay rang dé lap mo hinh
céc tang bo-xit tuong do6i rnong v61 dg chinh
xac du dé dap tng thong 1€ quoc te t6t nhat,
kich thuée kh01 (hoic khéi con, néu st dung)
s& can phal rat nho, qua nho dé mo hinh hoa
thue té va udc tinh ngudn tai nguyén va s€
tao ra kich thudce t€p cuc lon. Vi du, mot 5O
du an co ke hoach lam nghéo khi khai thac
tai Vung tiép xuc gitra bo-xit va dat da thai
0 muc tr 10 cm dén 25 cm. Mat khac, viéc
ap dung cac kh01 6 kich thudce 16n khong
pht hop c6 thé dan dén cac tinh hudng nhu
dugc trinh bay trong Hinh 2, trong d6 cac
mo hinh kh01 10 rang khong khO’p voi khung
ludi dia chat, mo rong ra ngoai dia chit hoic
khong hoan toan thé hién hinh dang cua than
quéng, ddc bi€t la khi ¢6 mot so thay do6i vé
d6 day hoic do doc.

Viéc ghép céc via bang cac mé hinh khéi
co the thuce hién. Tuy nhién, phuo’ng phap
nay rat phic tap va mat thoi glan do do tac
gia chua bao gi¢ thir. Méc du ¢6 cac phuong
phap dé giai quyét nhiing Van dé nay, chang
han nhu khi mé hinh dia chit duoc xac dinh

bang cac k¥ thuét it/khong ph1‘1 hop véi loai
khoang hoa, nhung muc ti€u cua bai bao nay
1a nham ho tro va hu’ong dan phuong phap
thyc hién tot nhét. Do vy, cac phuong phap
doé sé khong dugc thao luan thém. Vé co
ban, khai thac bo-xit noi chung la don gian
va theo do, céc ky thuat giai quyét cao hon
thuong khong co su bao dam.

Tat nhién, c6 nhiing truong ho;p mo hinh
khdi van c6 thé phu hop hodc van rat hiru
ich va c6 thé ap dung cho cac dy an bo-xit.
Trong truong hop mo ¢6 céu triic kha déu
dan nhung can phai khai thac c6 chon loc,
vige st dung phuong phap khai thac dva trén
khdi van co thé phu hgp hoac b6 sung cac
phuorng phap khac dé hiéu dugc su thay do6i
pham cap theo hudng thang dimg, v.v..

3.2, Xep hang bién lgi nhudn

Trong cac mo 10 thién sau, thong thuong
s€ xac dinh do sau va hinh dang moong dé
gidi han khoi 1u0’ng qudng va dat da thai du
kién. Qua trinh nay duoc goi 1a t6i wu hoa
moong, thuong dua trén thudt toan Lerch-
Grossman. Vé co ban, thudt toan nay tinh
toan gia tri dwa trén cac diéu kién dau Vao
va tao ra hinh dang moong ¢6 tinh kinh té
16n nhat & mot mic gia kim loai nhat dinh.
Tuy nhién, cac mo bo-xit ¢ tinh chat khac
nhau (chung chu yéu 1a cac than qudng nam
ngang, nébng va bao phu dién tich bé mat
l6m, trong d6 goc doc dong vai tro khong
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dang k&) va phuong phap xac dinh gidi han
moong cling hoi khac. Phuong phép thay thé
phu horp hon, d6 1a xép hang bién loi nhuan.
Khai niém cua phuong phap nay tuong tu
nhu t6i wu hoa moong thong thudng, ngoai
trir gid tri kinh t€ dugc tinh cho toan bd cot
khai thac thang dung (do sir dung cac khoi
12 ke hoach khai thac), bao gobm tat ca cac
yéu td ky thuat va kinh té c6 anh huong, nhu
dugc thé hi¢n trong Hinh 3. Theo cach nay,

bang cach xem xét mot biéu do biéu dién gia
tri noi trén, cac nha 1ap ké hoach c6 thé tranh
st dung nhiéu ban do (d% day cua quang, do
day dat da thai, hé s boc, pham cap).

Pé tinh toan gia tri kmh té, trudc tién can
xac dinh khéi luong tu’ng loal vat li¢u cho
mdi khéi khai thac va ting dia chat chang
han nhu khéi lugng dat da thai can loai bo,
khéi lugng quang & mot pham cip nhat dinh
va luong san pham thu duogc co trong khoi

Hinh 3: Phwong phdp xép hang bién lpi nhudn

Pat d¢a phu | Hé sb dat da thai ky thuat Heé s6 dat da thai kinh té
e Khdi lugng va trong tai; e Chi phi khai thac;
e Mat dg; e Chi phi van chuyen
o Quang tr ton that khi khai thac; | e Chi phi d6 thai va phuc
e Do day va do am; hoi.
e H¢so truong no;
e Khanang dao va cuong do dat da;
o Dibu kién dat da;
e Khoang céch tu bai thai;
e Bé mat bién dang.
Bo-xit Hé s6 bo-xit ki thuat Hé s bo-xit kinh té
Tuong ti nhu dat da thai, cong thém: | Twong ty nhu dat da thai,
. ) cong thém:
e Lam ngheéo va ton that khi khai
thac; e Chi phi nghlen
o Pham cip va thanh phan chta tap | ¢ Chi phi tuyén ria va siy
chat; kho;
. Khoang cach tir may nghién; e Chi phi gl"ri hang va van
e Mat cat khoang hoc, tuc 1a ham chuyén tiep;
lugng gibbsite, goethite va boeh-| e  Chi ph1 ché bién, chia
mite; thanh céac loai nho hon
J Tong alumin c6 sin; néu can;
e Nings suat va thu hdi khi che bién; | e Vi du hoa chat ding cho
e Y<éu cau natri hydrox1t dé xur Iy; ché bién hoic chi phi dién
o Diéncan thiétdéxuly; nang;
e Ham luong va pham cap san|e Chiphi tiép thi;
pham. e Chi phi chung va quan ly;
e Tién thué mo;
e (id ban.
Pat da xen | Hé sb dat da thai ky thuat Hé s6 dat da thai kinh té
kep
Bo-xit Heé sb bo-xit ki thuat Heé s6 bo-xit kinh té
Dit da
24  Bantin Twvan & Cong nghé M6




I PHAT TRIEN MO

khai thac. Budc tiép theo 1a phan b6 chi phi
lién quan cho tirng khéi lugng va pham chat
nhat dinh. Quy trinh nay phai bao gom cac
thong s6 cho toan bd quy trinh san xuat sao
cho gié tri thu dugc 1a phu hop va la yeu t6
thiic day déng tin cay dé danh gia cac g101
han moong tir goc d kinh té. Cac thong sd
c¢6 thé duoc chia thanh cac nhém nho dén
mot muc chi dugce gioi han bai tinh san co
cta dir liéu. Khi dat duge diéu nay, tat ca cac
chi phi khac phat sinh sau san xuat deu dugc
phan b, bao gom chi ph1 van chuyén, tién
thué mo, v.v., dé cudi cung xac dinh gia tri
clia tat ca cac chi phi dugc tich liiy cho mdi

cot va duoc thiét 1ap dua trén doanh thu tur
san pham c6 trong d6. Piéu nay dugc trinh
bay ¢ Hinh 4.

Bang cach thyuc hién phan tich xép hang
bién lgi nhuén cho tung khdi khai thac, nguoi
1ap ké hoach khai thac s& xac dinh duoc khu
vuc hodc via ¢ tinh kinh té trong mo. Vi duy,
nguoi ta c6 thé phét hién ra rang mot 5O cot
khai thac nén duogc chia theo chiéu doc dé
khai thac ¢6 chon loc hodc chi cac 16p trén
cung cua thn quang c6 tinh kinh te Sau do,
thong tin nay dugc su dung dé tbi uu hoa
trinh tu/lap lich khai thac, x4c dinh cac khdi
c6 gia tri cao nhat trong mo.

Bwimg giac thing

PHAN TICHU'GC TINH

LUA CHON KHOVLAP LICH

-E"hlphdldul thic
= Bidn lon nhusdn
'E‘hlp'hdt:hfhuﬂ
= Disanh thu

= Lon nhujin

i[}“_a_u_!
!Ehéﬂ

= Natn I:u. drozit

Hinh 4: Xdc dinh gi¢i han moong khai théc kinh té va lp lich

25 Bantin Tw van & Céng nghé Mo



I PHAT TRIEN MO

Theo truyen thong, budc 1ap lich san xuét
12 mot phan cta quy trinh lap ké hoach khai
thac (déc bi€t la dai han), bang cach chu yéu
tinh dén cac dic tinh vat ly nhu tan qudng va
dét da thai kho va uot, khoi luong, pham cap
va cac thanh phan ¢0 hai, cling nhu khoang
cach van chuyén dé tinh toan nhu ciu xe tai.
Tat ca cac dac tinh nay duogc phén b theo
thoi gian va khong gian dé tao ra lich san
Xudt ctia mo, thuong can cr vao cac muc
tiu va chi ph1 san xuat Nguoi ta thuong
cho rang chi phi thap dat duogc bang cach
day viéc boc tach dat da thai vao cudi thoi ky
tudi tho mo va ¢b gang dat duge pham cap
cao hon & thoi ky dau cua tudi tho mo. Theo
kinh nghiém cua tac g1a day la phuong phap
pho bién nhét d6i véi hoat dong san xuat bo-
xit cho myc dich Xudt khau trong khi do1
v6i san xuat alumin, cac pham cap dy kién
s€ duy tri & muc khong d6i. Bang cach ap
dung cac moi quan hé gilta quing va san
pham cubi cung, va gitta chi phi va doanh
thu, nguoi 1ap ké hoach khai thac c6 thé dua
vao khia canh kinh té ngoai quy trinh khai
thac va c6 [€ xac dinh rang viéc tri hodn boc
tach dat da thai khong nhat thiét 1a phuong
an kinh té nhat, dac biét khi c6 nhiéu quing
giau hon (nhleu san pham hon) trong khu
vue ¢6 h¢ s6 boc cao hon. Noéi tom lai, trong
bat cir tru’ong hop nao, mot du an khong chi
tap trung vao mot dong luc lap ké hoach khai
thic ma phai xem xét nhicu thong sb khac
nhau va phan tich anh hudng cta chiing d6i
voi dy an.

4. Két luan

Khai thac bo-xit thuong dugc coi la kha
don gian, voi chi ph1 khai thac li€n quan
trong ddi thap so voi cic cong doan ti€p
theo cua day chuyen san xuat, bao gom ché
bién, van chuyen va logistics. Tuy nhién,
cong tac lap ké hoach khai thac hgp ly cho
phép ngu’on ta klem soat cac dong luc kinh
té tir giai doan dau phat trién dy an va trong
qua trinh khai thac mot cach dé dang Diéu
co ban d01 voi toan bo hoat dong va trude
khi bat dau bat ky cong viée ky thuat nao,
1a phai xac dinh cac muyc ti€u kinh doanh.
Trong hau hét cac truong hop, cau tra 10i cho

cau hoi do6 1a tao ra loi nhuén, nhung trén co
so timg truong hop cu thé, diéu nay co thé
dat dugc theo nhiing cach khac nhau. Cac
yeu t6 thay doi khai thac Tu6n la mot han
cua quy trinh, bat ké san pham 6 thé ban
duogc cudi cung 1a g1 Hai y€u to, ton that va
lam nghéo, dugc su dung dé chuyén d6i mo
hinh dia chat thanh md hinh khai thac va c6
thé duoc dua vao bang cach sir dung céc ky
thuat phﬁ hop, khong chi phu thudc vao dinh
dang cua mo hinh hién ¢6 ma quan trong hon
12 m6 hinh phu hop nhat voi mot mo co dia
chat nhét dinh. Co thé két luan rang, d6i véi
viéc 1ap ké hoach khai thac bo-xit, cac mo
hinh luéi ¢6 1€ 1a linh hoat nhat khi st dung,
C6 mot sb cong cu rét t6t duoc thiét ké dé
ap dung cho loai mo nay va chung thuong
co it han ché hon $0 v6i cac mo hinh khéi,
bao gom k§ thuat xép hang bién loi nhuan va

ong cu ghép via. Mt khac, ngay nay, cac
mo hinh lu6i duong nhu it phd bién hon nén
vigc xac dinh nhitng cong cu co ky nang can
thiét dé tao ludi s& khong hé don gian. Sau
khi md hinh dugc thiét 1ap, budc tiép theo
la can xac dinh glO’l han moong dwa trén céc
yeu t6 kinh té va cong nghé. Néu nguoi ta
xéc dinh dugc loi nhuan cia timg khdi khai
thac trong du an/hoat dong khai thac thi quy
trinh 1ap ké hoach khai thac s&€ don gian hon.
Tuy nhién, de lam cho ke hoach c¢ tinh thuc
t€ va ¢co thé ap dung, can c6 mot bo thong
s6 dau vao day du va chinh xac cho toan
bd day chuyén san xudt va phan chia thanh
cac nhom thong s6 con theo mirc 46 chi tiét
can thiét. Mot g1a1 phap t6i wu chi c6 thé dat
dugc khi tat ca cac thong tin ky thuat va kinh
te dau vao quan trong duoc sir dung trong
xép hang bién loi nhuan dé xac dinh gi6i han
moong khai thac va huéng dan viéc lap lich
san xuat cua mo. Do do, tac gia khuyen nghl
nén ra soat dinh ky céc thong $0 dau vao,
cac yéu to thay doi va céc yeu t6 xep hang
bién loi nhuén trong sudt qua trinh trién khai
va tudi tho ctia dy 4n dé dua vao céc dir ligu
duoc tao ra lién tuc, phu hop voi cac diéu
kién k¥ thuat hodc thi truong hién tai.
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Ung dung ky thuit nhin biét tam nhin thong
minh ai trong mo than thong minh

Nguédn: Ky 4 quyén 55 — Cong trinh Than Trung Qubc

>> CN. Nguyén Mai Hoa, Cong ty CP Tu van dau tur mo va cong nghiép - Vinacomin (Bién dich)

Tém tat: Dé nang cao kha ning va trinh d6 xur Iy an toan san xuat mo than, thuc ddy nganh than
phat trién an toan, chat luong cao,trén co so tng dung k¥ thuat thong minh AT bai viét dé xuat khung
tong thé hé thong nhéan dang thong minh Al va muc ti€u thuc hién, dong thoi xdy dung phuong an
giai quyét tong thé nhan dang thong minh Al 6 mo thong minh va thiét ké nén tang phan tich thong
minh AL Nén tang nay lay cong nghé Al lam c6t 161 va dugc hd tro bai cac mo hinh toan hoc
deep learnlng va hé thong canh bdo. No su dung thuat toan thi giac may dé phén tich hanh vi
ctia con ngudi, trang thai thiét bi, trang thai mdi truong, hoat dong khong chuan, hoat dong
O rui ro cao theo thoi gian thuc trong nhiéu tinh huong hoat dong trén va dudi 16 mo than,
hinh thanh mé hinh (g dung thi giac thong minh phan mém + may chu, Thong qua phéan
tich thi glac may + d6i chiéu hd tro thi cong, phan tich chinh x4c cac sy kién bat thuong,
canh bdo sém thong minh, theo ddi thoi gian thyc, dung tai chd, khoa lién dong, thuc hién
chuyen d6i tir phong thii dan sy sang phong thu kY thuat. N6 c6 y nghia dinh huéng trong
viéc cai thién kha nang dam bao an toan san xuat mo than ciing nhu tim ra phuong hudng
xay dung mo hinh quan ly an toan tir xa thong minh va truc quan.

Abstract: In order to improve the ability and level of coal mine safety production governance
and promote the safe and highquality development of the coal industry. On the basis of
analyzing the application of Al technology, the overall framework and realization goal of
Al identification system are proposed, the overall solution of Al identification of intelligent
mines is established, and the Al analysis platform is designed. The platform takes Al
technology as the core, supported by machine deep learning mathematical model and alarm
system, real - time analysis of personnel behavior, equipment status, environmental status,
non-standard operations, high-risk operations area realized in multi-operation scenarios
in coal mines through machine vision algorithms, forming a software+server intelligent
vision application mode, accurate analysis of abnormal events, intelligent early warning,
real-time tracking, on-site stopping, interlocking linkage can be achieved, through machine
vision analysis and manual assisted proofreading, realizing the transformation from civil
air defense to technical defense. It is of guiding significance to improve the safety production
guarantee capacity of coal mines and explore the construction of a visualized and intelligent
remote safety management mode.

Trong thé ky 21, tri tu¢ nhan tao dang tr¢
thanh cong cu déc luc cho su phat trién kinh
té, xa hdi cua con nguoi, mang lai nhu’ng
thay d6i to 16n cho xa hoi, kinh té va doi
song Tri tu¢ nhan tao doi hoi sy hop tac sau
rong gilra cac linh vyc vé quy trinh nghlep
vu, hé thong thong tin, h¢ thong sdn xuat cua
cac nganh méi c6 thé tao ra gid tri. Dong vai
tro 1a nganh nang lugng co ban cua dét nudc,
khai thac than cling la mdt nganh truyen
thdng c6 rui ro cao. Sy phat trién khong can

dbi va chua day du 1a van dé Van con ndi
com,do do, nén tién phong thac daytich hop
tri tué nhan tao v6i nganh than mot cach
toan di¢n va lién két de nam batnhtrng t6i vu
trong vigc chuyen d6i, nang cap nganh san
xuat truyen thong, nang cao nang suat. Day
la yéu cau tat yéu dé thac day hién dai hoa
hé théng quan 1y an toan san xuat mo than va
nang luc quan tri. Va day cling la lya chon
tat yeu dé tim ra mo hinh thue tién méi quan
ly bang tri tué nhan tao ¢ ting quan ly an
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toan san xuét than. ) o

An toan san xuat luén 1a van dé cot 16i
ctia mo than, xuat phat diém va dich dén cua
Xay dung thong minh hoa deu xoay quanh
trién khai an toan mo than, 16i thoat dé thay
d6i an toan dya vao k¥ thudt tién tién.Dong
thoi, trong bdi canh xay dung mo thong
minh, viéc phat trién cac vi tri co dinh trong
1o khong c6 nguoi tryc ban tac nghiép, hé
théng giam sat, kiém tra, du bao 16 guong
thanh 10, chdng va dap dam co gian, klem
tra tai trong dong than cung dat ra nhu cau
buc thiét twong ty nhu 601 v6i ky thuat nhan
biét thong minh Al Dé thuc dy phat trién
hoa nhap gitra ky thut thong minh Al va an
toan san xuat, nang cao trinh d san Xudt an
toan mo than, thac day thong minh hoa quan
1y an toan cta don vi, tam nhin héa quan 1y
hién trudng, tang cuong doanh nghi¢p thuc
hién trach nhi¢ém chu thé an toan san xuat,
nang cao kha nang xu ly tong hop an toan
san xuat nang cao toan dién trinh d¢ an toan
ban chat ctia doanh nghiép, khong thé khong
thiic day rong rai “ky thuat nhan dang Al &
mo thong minh”.

1 Thiét ké hé thong nhan biét thong
minh Al i i ) )

1.1 Khung tong thé hé thong nhdn biét
thong minh Al

Céu trac tong thé ky thuat nhan dang
thong minh Al xem hinh 1. Theo cau tric tur
trén xuong dudi, dugc chia thanh 5 tang, chi
yeu bao gém: tang hién thi, tang ung dung,
tang nén tang, ting hd trova truyén dan phan
cung va tang nhan dang.

Tang nhan dang: la dau cudi thu thap
thong tin, dung dé nhan biét vat the tr bén
ngoai va thu thap thong tin, chu yéu st dung
phuong phap thong tin hoa dé thyc hién thu
thap va phan tich dit liéu vé nguoi, may, vat
liéu, phuong phap, chu ky Pong thoi, hé
thong cling ¢6 thé két n01 cac dir li¢u cua cac
bd cam bién lam nguon dir liéu, cung cip
dich vu nhén dang cho tang tinh toan.

Tang hd trg va truyen dan phan ctimg: Hé
thong tong thé két n6i vOi mang vong hién
cO cua cong ty hodc b6 sung thém thlet bi
truyén dan 4G, 5G va Wi-Fi dé két ndi voi

mang truyén dan co day hodc khong day
trong 10. Cac camera va may phan tich thong
minh dugc st dung trong hé thong déu cung
cap két n01 TCP/IP, tin hi¢u hinh anh va
video ¢o thé dugc truyén dén u’ng dung mat
dat va tang hién thi thong qua cac giao thirc
nhu ONVIF.

Tang nén tang: Tang nén tang chu yeu la
nén tang trao quyén cho AL bao gdm nén
tang phan tich dit li€u truc quan va kho thuat
toan. Kho thuat toan bao gom céc chuce nang
quan ly thudt toan, cung cip chirc nang dleu
do cua céc thuat toan hién co, dong thoi van
giit lai chirc nang tai thuat toan dé hd tro cap
nhat thuat toan trong tuong lai.

Tang tng dung: Thong qua st dung cong
API tiéu chuin dugc cung cap boi tang cong
cu thuat toan dé thuc hién thuat toan tri tué
nhan tao da dang héaung dung trong cac mo
than nhu: khai thic CGHDB thong minh,
dao 10 thong minh, van chuyen thong minh
va cong vién thong minh, ddng thoi cling co
thé két ndi cac hé thong nghlep vu khac, nhu
chup anh xe, canh béo vugt qua toc do, quan
ly hé théng cAm ra vao va quan 1y chuyén
can.

Tang hién thi: Bang hién thi toan dién bao
gém hién thi cac thong tin: diéu khlen mat
trude, tong thiét bi, trang thai thiét bi, khoi
lu’orng anh chup nhanh hom nay, thong tin
canh bao su kién, tra clru gh1 hinh, quan ly
luu tri, dong thoi cling ¢o thé duogc coi 1a
dau vao dir licu, hlen thi trong man hinh 16n
tong hop thong nhét dit liéu dén mo than.

1.2 Muc tiéu thwc hi¢nky thudt nhdn
biét thong minh AI

Cung véi sy phat trién toc d6 nhanh cia
xdy dyng mo thong minh cling dit ra yéu
cau cao hon do6i véi an toan san xudt mo
than trong tinh hinh mdi, van dé san xuat an
toan da tr¢ thanh khau cuc ky quan trong.
Hon ntra, trong do6 c6 hanh vi khong an toan
cua con ngu:(n trang thai khong an toan cua
vat1a 2 y€u to tiém an rui ro rat 1on, nguyén
nhan gay ra su ¢d 1a do hanh vi khong an
toan trong qua trinh san xuét clia cong nhan,
chang han nhu khong d6i mil bao hiém, vi
pham, dot nhap trai phép vao khu vuc trong
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diém; va trang thai khong an toan cua vit,
nhu bat thuong trong luong than thiét bi san
xuat, than tic trong mang rot, bt thuong
trong van chuyén thiét bj. Muc tiéu thuc hién
cua ky thuat nhan dang thong minh Al la:
lay vigc bao dam cac hanh vi khong an toan
cua con ngLr(n va trang thai an toan cua do
vat lam diém khaoi dau tich hop sau thi giac
mdy vGi cac quy tdc giam sat cho cac tinh
hudng nghi€p vu trén, dudi 10 mo than va lay
tinh hudng lam don vi xéac dinh cac quy tac
giam sat video, dap u’ng yéu cau thong minh
hoa doi voi khu vuc cong vién thong minh
trén mat bang, khai théc, dio 10, van chuyén,
thong gio trong 10, nham thuc hién phan tich
thong minh bang may + ddi chiéu phu trg
thu cong dé duara canh bao chinh xac. Dong
thoi, xay du:ng co ché quan ly khep kin dé xu
ly céc su o bat thuong nham hinh thanh co
ché quan 1y khép kin “canh bao -daythong
tin di-xu ly-phan hoi- thong ké” d01 véi cac
su ¢ an toan mé than, nham day di chinh
xéac sy kién bt thuong, xu ly toc do nhanh
co hiéu qua, cudi cung dat dugc muyc ti€u
ngan chan theo thoi gian thye hodce cham dirt
kip thoi cac sy kién bat thuong va phat sinh
su ¢d lién quan dén san xuat, tiét kiém nhan
lyc va tiéu thy vat liu, giam chi phi, nang
cao hi¢u qua va thuc hién chuyén dbi quan
ly an toan mo than tir phong ngira con nguoi
sang phong ngura k¥ thuat, tir truc giac dén
nhan thirc. o

1.3 Phwong an gidi quyét bang phadn

>

tich nhdn dang thong minh AI 6 mo
thong minh

1.3.1 Phuwong an giai quyet tong
thé nhdn dang théng minh Al & mé thong
minh o i

Phuong an giai quyét tong thé nhan dang
thong minh Al ¢ mo thong minh bao gorn 3

tang h¢ thngcau trac: tang quan ly cap tap
doan, tang quan 1y mo than, tang tinh hudng
nghiép vu.

Tang quan ly cap tap doan: Try s¢ chinh
cua tap doan trién khai nén tang quan ly toan
dién dé thu nhan dit liéu duoc tong hop tir cac
mo than, thyc hién quan 1y dir li¢u, phén tich
dir liéu, hién thi man hinh 16n va giam st cac
chirc nang cua tung mo than, thich u’ng voi
trang thai bang thong rong hién co va thyc
hiéndiéu khlen gidm sat thoi glan thyc tat ca
céc video, didu chinh theo nhu cau.

Tang quan ly cap mo than:

M&i m6 than trién khai mot nén tang con
cho mo thong minh. May chu dugc tich hop
nhiéu mo hinh thuét todn, bao gom camera
cho cac tinh hudng khac nhau nhu trén mat
bang, 16 chg trong 15, van chuyen bang bang
tai, dé thyc hi¢n tinh todn cong suat dién
toan, thong ké, quan ly dir liu cac mo than.
Céc camera dugc trién khai trén mat bang,
trong 10 dugc két ndi tryc tiép v6i nén tang
con va nén tang con thyc hién phan tich
thong minh. Sau khi cdc mo than phén tich,
tong hop dir li€u, t1en hanh quan 1y, kiém
soat thong nhat tir tuyén riéng dén trung tim
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thong tin. )

Tangtinh hudng nghiép vu (kich ban cong
vigc): Trung tdm dicu khién tap trung trong
10 trién khai mot may cha dién toan bién
chuyen dung trong 10 de thu thap va phan
tich cac camera dugc trién khai trong toan
bd mo than theo thoi gian thyc dya trén cac
thudt toan tuy chinh canh. N6 ¢6 chure néng
do tré thap. Dir li¢u dugc phén tich theo thoi
gian thyc bang cac thuét toan tiéu chuan
khong 10 cia kho thudt toan trong céc kich
ban cong viéc déu dugc truy cap dén nén
tang con cua cac mo thong qua mang vong
cong nghiép.

1.3.2
trén kich ban

Giai phap thong minh Al dya trén kich
ban trong 10 mo than sir dung phuong an
dam may bién, phuO’ng an bao gdom mo hinh
phan mém + may chu (nhu hinh 2), ¢6 thé
phan loai, phan cap dé ting thlet bi thuat
toan bién twong ung theo nhu cau kich ban
cong viéc cu thé, nham dép tmg Gmg dung
linh hoat cta nhleu loai kich ban trén, trong
1o, vira ¢6 thé tong hop thuc hién vira co thé
trién khai doc 1ap

Giai phap thong minh Al dua

Trung tam tng ctu (Dk tap trung)

P

Camera lo

Nén tang Sense Mining

Phuong phap thuc hién 1a trién khai
mot nén téng khai thac thong minh trong
phong mdy cua mo than (nhu trong Hinh
3),may chu dugc cai dat san nhiéu mé hinh
thuat toan, bao gdm cac camera & cac vi tri
khacnhau nhu coéng vién thong minh trén
mit bang, khai thac CGHBDB trong 10, 16 cho
dao CGHDB, van chuyén bang tai, thong
gio, thoat nuge, dam bao an toan, de thuc
hién tinh toan cong suat dién toan, thong ké
dr liéu va quan ly tung mo than... Trong s6
dd, camera trén mat bang va trong 16 duge
két ndi truc tlep voi nén tang va nén tang
thuc hién phan tich thong minh. May chu
nhap thong tin canh bao thong qua giao dién
API va diéu khién bo didu khién canh bao
am thanh, 4nh sang tai chd, dua ra canh bao
nhanh chong cho cong nhan trén, trong 10,
Pong thoi, hé théng s& ghi lai, hién thi va
thuc hién bat 1én canh bao, dong thoi dua
chung trd lai man hinh 16n cua trung tdm cap
ctru dé dam bao cong nhan trén, trong 10 xtr
1y kip thoi (nhu trong Hinh 4)

. =
Bang hiéu téng hop

2 2

Camera khu trong Camera khu céng \1en_ nha
chotrong 10 diém mé ham 1o

may tuyén trén mit bing

& 0

Canh bao/ bo DK

Hinh 2 Phuong dn gidi quyét thong minh bang AI theo tinh huong
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Ghi chii mau

>3 @

Camera Cambién Cam bién khi
nhiét dé
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He théng quan Iy co dign
Hg thong quan Iy van chuyén
He thong quan Iy thong gi1o
Hé thong quén Iy thoat nwoc
Hé théng dam bao an toan

! cdc mé hinh

¢@Trungtam DL £ Dam may riéng

|

MH nghiép vu
i

CSs ngi'xiép vu

Tiét diem tinh toan bién (may chu)

Bé canh bao/ diéu khién

Hinh 3. Nén ting nhdn dang théng minh
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Canh bao AT, AS Vitrilam viéc
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Phan tich dit liéu

Ghihinhsykién

Hinh 4. Luwu trinh xi Iy sw ki¢n quan trong thu dwoc tw dong bing nén ting AI

2 Kich ban &ng dung dién hinh ky
thuat nhan dang thong minh AI & mé
thong minh

2.1 Ung dung video thong minh AI
trong lo chg CGHDB

Chudi thuat toan danh cho 10 cho CGHPB
dua trén cong nghé truc quan dé dat dugc
kha ndng giam sat toan dién 16 cho, dong
thoi, chiing cling cé the giam sat trang thai
van hanh cua tu:ng thiét bi mot cach thong
minh va hgp tac voi hoat dong tu dong cua
may khau than, gian chng thuy luc, mang
cao dé hoan thanh qua trinh van hanh tw
dong khong ngum lai cua thlet bi (xem Bang
1) Ung dung nay trich xuat cac hinh anh
glam sat dugc bao phu boi camera PTZ va
st dung thuat toan nén ctia may hoc dé phan
tich thong tin hinh anh trong thoi glan thuc
(nhu trong Hinh 5). Cac kich ban cdt 151 cua
két qua phan tich bao gdm theo ddi camera
ty dong va nhan dang trang thai may khau,

trang thai dong md cta tim chin d& thay
luc, trang thai 1éch cua mang cao, canh bao
nhan vién di vao khu vuc nguy hlem vipham
quy dinh va cac thong tin canh bao dong thot
dugc day 1€n nén tang quan ly mo than, nén
tang quan ly va klem soat toan dién cua tap
doan (nhom), b tri nhan vién lién quan xur
1y tai cho.

Hinh 5 Hinh anh phdn tich thoi gian
thuc lo chg CGHDB
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2.2 Ung dung kich bin video thong
minh Al ¢ gwong dao lo

Hang loat thuat toan guong daolo thong nhét
v6i 16 chg CGHDB vé mit nguyen tac thuc
hién. Liy thuét toan canh bao giam sat do
luong nhan dang thong minh ho trg tam thoi
guong dao 10 lam vi du (xem bang 1). Thuat
toan nay c6 nhiéu diém can duoc dénh gia:
Trudce tién 1a phdn doan xem trong hinh anh
hién tai c6 nguoi dang gd thanh 16 khong
(nhan dang bang g0 thanh noc 10, 2 nguoi
Inguoi lam viée, 1 ngum quan sat), trong qua
trinh nhan dang d6i v6i dong tac g thanh
néce 10, chu yeu su dyng phuong phap quan
sat than nguoi, phén tich tu the, phan doan
tu thé _(hinh 6), dong thoi danh gia xem co
vat the hinh que va nguoi trong hinh anhco
chuyén dong dong thoi khong, dé nang cao
d0 chinh xac cua thuat toan.
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Hinh 6. "Nhdn biét tw thé" "D bdo tw
thé" thudt toan cong nghé go thanh
tham do noc

2.3 Ung dung cinh video thong minh
AI cho hé thong vdn chuyen

Hé¢ thong van chuyen 1a huyét mach cua
hé thong san xuAt mo than. Khi h¢ thong van
chuyen xay ra sy cd thi s& anh huéng dén
sy van hanh binh thuong cua toan by mo,
cdc khau van chuyén d& xuét hién cac vin
dé nhu xé rach bang, ket di vat, cong nhan
vi pham noi qu1 dinh, di vao khu vuc nguy
hiém. Canh ung dung video thong minh Al
cua h¢ thong van chuyén xem bang 2.

2.4 Ung dung cdnh video thong minh
AI khu vuc trong diém trong 1o

1) Kiém tra cong nhan chua mang mil
bao h1em

Tién hanh huan luyén va hoc tapvé video
giam sat diéu khiéncong nhan tac nghiép, dé

m6 hinh c6 thé nhan dang duoc c6 doi mi
an toan khong, tao ra m6 hinh thong minh
nhan tao phu hop dé kiém tra hanh vi an toan
cua cac cong nhan tac nghiép. Xac dinh tinh
trang mac, mang trang phuccua cong nhan
trong khu vyc gidm sat video, dong thot dua
dir li¢u thot gian thyc tré lai nén tang, €0 coi
bao dong va 101 nhic bang giong néi dé cong
nhén c6 mat tai hién truong k1p thoi dua ra
xu ly canh bao, nhac nh¢ cong nhan trong
truong hop khan cap vé an toan, tranh cong
nhan c6 hanh vi qui pham qui dinh, ddm bao
an toan tinh manh coéng nhén.

2) Quy dinh kiém tra ddi voi nguol
klem tra. Dya trén thudt toan Al, d6i véi yéu
cau da phat di klem tra (ching han nhu thoi
gianqui dinh kiém tra), nhung chua klem tra
dugc nhan vién quan ly an toan dén vi tri
kiém tra hay chua thong bdo thong tin bat
thuong cho nguoi quan 1y, dong thoi thong
tin canh bao dugc truyén dénhé thong nghiép
vu, tién hanh canh bao trong thoi gian thyc.

3) Ung dung video thong minh Al dé
quan 1y “hanh vi khong an toan”

Giam sat thoi gian thuc doi véi hanh vi
ciia nhan vién ¢ khu vuc trong diém, néu
phét hién hanh vi khong an toan, kip thoi
chup anh va canh bao, dong thoi 1ap so dd
thong keé, tién cho viéc ra chinh sach quan
ly an toan.

2.5 Ung dung video thong minh héing
rao dién tr

Lap dau camera & vi tr1 quan trong cua
mo, dong thoi _thong qua dau cudi tinh toan
thong minh bb tri truge do, tién hanh phan
tich thoi gian thuc do6i vol dit liéu video
glam sat, diéu khlen dua két qua phan tich
tr cong Internet thong nhét cia Cuc khoang
san dia phuong den co quan quan ly giam sat
an toan mo than céap tinh, rdi trung chuyén,
ndi vao nén tang quan ly, giam sat thong
minh “thu dién tr”” cia mo trén toan qudc.

2.6 Ung dung kich bin céng vién thong
minh Al

Dua trén kha ndng phan dinh khu vuc
va nghién ctru vuot qua ranh gidi cua dich
vu phén tich thudt toan canh, két hop voi
hé thdng quan 1y toan dién "do phan giai
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Bdng 1 Canh wng dung video thong minh Al lo cho CGHDB

Loai thuat
toan

Canh cu thé

Thuyét minh thuat toan

CGHDB
thong minh

Nhan dang va theo doi trang
thai may khau

Gidm sat, do luong thoi gian thyuc vi tri tang trude,
sau cua may khau, chi€u cao tang, huéng van dong,
trang thai md/ dung may

Nhan dang va theo doi trang
thai chong gilt gian chong
thuy luc

Giam sat dong, md tim bao vé thanh 16 cho, trang
thai 16 guong

Nhén dang va canh bao than
cuc to mang cao

Giam sat mang cao c6 ¢ trong trang thai van hanh
binh thuong khong

Nhan dang lugng than méng
cao van chuyén

Giam sat do luong lugng than van chuyén bang
mang cao, ty dong bao dong n€u vuot ngudng

Ty dong theo doi duya trén
nén tang nhicu dam may va
quét diém mu

Thyc hién lién dong nhiéu camera 10 cho CGHDbB
trong qua trinh phan tich théng minh, bao phu chéo
vung mu

Nhén dang dut xich, kéo ng-
hiéng va canh bao mang cao

Giam sat do luong xich vong mang cao c6 & trang
thai van hanh binh thuong khong

Can chinh toan by 10 cho
CGHDbB

Bang cach trich xut hinh anh giam sat dugc bao
pht boi camera PTZ, thudt toan hoc may duoc st
dung dé phan tich d¢ 1éch ciia thanh ddy gian chdng
thuy luc trong thoi gian thyc va dir liéu nay dugc
guri dén hé théng diéu khién tap trung va viéc diéu
chinh va diéu khién d6 léch thanh day do diéu khién
tdp trung va diéu khién dién, thuy lyc thyc hién,
cudi cung thyc hién nén thfmg 16 chg CGHPB

Cong nhan vi pham qui dinh
di vao khu vuc nguy hiém

Chtrc nang thuit toan phan tich video xac dinh vi tri
ctia may khau. Hé thong day canh bao 1én nén tang
thong qua vi tri may khau, xac dinh khu vuc nguy
hiém, phan tich thoi gian thuc vi tri thoi gian thuc
clia cong nhan, s lugng cong nhan va tinh hinh di
vao khu vuc nguy hiém, dong thoi dua ra canh bao
bang 4m thanh va 4nh sang tai chd, nhic nhd moi
nguoi roi di.

Pao 1o

G0 thanh 10, tham do noc 10,
khao sat trudc

Giam sat do luong thoi gian thyc toan bd qua trinh
tac nghiép, dam bao guong dao 10 tac nghiép theo
qui dinh.

cao, thong minh, nbi mang, tich hop",

Viec

ni¢m xay du’ng vé phong ngua trudce, canh

su dung cac phuong ti¢n tin hoc hoa dé
dat dugc viéc thu thap va phan tich dir li¢u
thong tin vé con ngudi, xe ¢d, dd vat va thiét
bi, 4p dung céac chinh sach gidm sat, diéu
khién khac nhau 601 voi cac kich ban cong
vién khac nhau dé dat duoc su giam sat toan
dién cho toan bo cong vién, néu bat cac khai

bdo an ninh va quan Iy mang toan di¢n, glam
dau trr vao dam bao an toan nhan vién, glam
do phutrc tap cua viée st dung hé thong va
cai thién kha nang tich hop chi huy, dleu do,
thuc hién quan 1y mang lu6i théng nhat vé
xay dung an ninh cong vién (xem bang 3).
3.Hiéu qua wng dung ky thuiat nhan
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Bing 2 Cinh irng dung video théong minh Al ciia hé thong vin chuyén

Thuyét minh thuat toan

Dua viao ty 18 phan tram tai vat thoi gian thuc ciia bang tai, thong qua
nhén dang toe do va lugng than trén bang tai, trich xuét duoc hinh
anh thoi gian thyc gidm sat, diéu khién phia trén bang, thuat toan
nén dugc hoc bang may duogc str dung dé nhan dang thoi gian thuc
cta luong than trén bang tai, thong qua cac 1énh diéu khién duoc
phat di dén bo bién tan PLC, tir 6 thyc hién diéu tdc théng minh 5
cap do dbi voi bang tai (bao gdm van hanh chay roda khong tai) dé
tiét kiém nang luong, giam mirc tidu thy va giam hao mon thiét bi.

Giam sat, do luong thoi gian thyc bang camera bé tri doc bang tai,
st dung cong nghé thi giac hoc sau, tinh toan bién, tién hanh nhan
biét thong minh ddi véi than cuc va di vat trén bang tai nhu vi neo,
lu6i thép trong qua trinh van hanh bang tai, tién hanh diéu khién
thong minh PLC theo két qua do, kiém tra, dong thoi thong qua
phuong thirc canh bio bang 4m thanh, 4nh sang, hién thi man hinh
LED, day di thong tin dau di dong dé nhic nhd nguoi van hanh bang
tai xur 1y kip thoi.

Nhan dang thay d6i khoang cach bién tréi, phai clia bing tai va con
lan dé xac dinh trong thoi gian thuc bang tai cé chay léch bang
khong

Tién hanh chia khu vuc hodc xac dinh khu vuc nguy hiém trong
pham vi giam sat, do luong bang video. Khi xuat hién nhan vién
vi pham di vao khu vuc nguy hiém, néu ¢ cac hanh vi pham nhu
di vao, vuot qua, di chuyén thi phai dua ra canh bao, nhic nhd moi
ngudi tranh xa.

Loai
thuat Canh cu thé
todn
Piéu tdc thong
minh bang tai
H¢ .2
£ Kiém tra, do
thong .
A luong than cuc
van S A
"2 |va di vat trén
chuyén | . 7, °°
bang tai
Do, kiém tra
chay 1éch bang
Kiém tra, do
luong nhan vién
vi pham di vao
khu vuc bang tai
dang thong minh Al

thuat toan khac nhau c6 thé duoc tai theo

Thong qua viéc trién khai cong nghé
nhin dang thong minh Al, kha nang phat
trien da dang thong minh ciia cac mo than
duoc cai thién hon, khoi luong cong viéc du
thtra duogc glam bt va vige quan ly thong
minh cac mo than nhu ¢6 thé quan sat, do
luong va kiém soat dat den mat tdm cao mai,
tao mot budce tién vitng chic hudng t6i budce
phat trién mo thong minh.

Hiéu qua tng dung chi yéu dat dugc:

1) Dua trén md hinh ban dau cua cac
kich ban nghlep vu phuc tap trong cac mo
than, mgt m6 hinh thuét toan tuy chinh da
dugc thiét 1ap dé hién thuc hoa cac thuat toan
tiéu chuan khong 16 cua kho thuat toan. Cac

nhu cau thyc té trong cac kich ban nghiép vu
tuong tu. Cung mot nén tang co thé cung cap
khoang 200 thuét toan khac nhau, hién thuc
hoa mot kénh video, nhiéu phan tich, g1am
dd kho thich tmg va dat dugc hi¢u suat van
hanh va d¢ chinh xac suy luén tt nhat.

2) Lan dau tién, dé xuat tich hop sau thi
gidc may véi cac quy tic glam sat cho céac
kich ban nghiép vu 1én xudng ham 10 trong
cac mo thong minh. Cac quy tic giam sat
video dugc xac dinh theo don vi kich ban,
thong qua "phan tich thong minh cua may +
dbi chiéu bang hd tro thii cong " dé thuc hién
canh bdo chinh xdc, nang cao do chinh xac
nhan dang mo hinh.
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Bdang 3. Kich ban vng dung cong vién thong minh

Loai hinh
thuat toan

Canh cu thé

Thuyét minh thuat toan

Khu cong
vién thong
minh

Nhan biét théng minh vuot
tuong

Dua trén kha nang phan doan vuot gidi han phan
chia khu vyc cua dich vy phan tich thuat toan
canh, kiém soat hiéu qua ngudi bén ngoai tréo
tuong vao va bang qua vanh dai xanh dé ra vao
cong vién toa nha. Phuong phap st dung day bay
dé kiém tra 1a dya vao thuét toan kiém tra nguoi
dé xac dinh c6 vuot day hay khong, trir cac canh
b4o sai do cac yéu td gdy nhifu khac gay ra (tuong
tu bén dudi) nhu chim, méo, rac thai

Nhéan dang thong minh xam
nhap vao khu vuc

Bing cach v& tily y mot khu vuc da giac trén man
hinh giam sat video, thyc hién kich hoat cua sb
thé bao dong sau khi c6 ngudi xam nhép vao khu
vuc khong dugc phép da thiét lap

Nhén dang thong minh xe d6
trai phép

Kha ning nhan dang phuong tién dya trén dich
vu phan tich thut toan hién trudong két hop véi
kha nang nhan dang phan dinh va phan doan c6
thé kiém soat hiéu qua viéc ngudi bén ngoai tréo
qua hang rao va bang qua vanh dai xanh dé ra vao
cong vién toa nha.

Quan ly theo ché d6 danh
sach thuc t€ nhan vién lam
viéc

Dua trén kha nang nhan dang khudn mét ciia cong
nhan xdy dung cda dich vu phan tich thuét toan
hién truong, thong qua déi chiéu anh chup khu-
on mat thu thap tai hién trudng cta cong nhan
xdy dyng va chimg minh nhén dan va dua két qua
so sanh dén cac nén tang nghiép vu lién quan dé
dang ky tén that nhim dam bao danh tinh va dam
bao lgi ich ctia cong nhan, déng thoi bao céo két
qua cho nén tang quan ly.

3) Xay du'ng mo hinh quan Iy vong kin
moi dé xur 1y cac bat thuong bang tri tué¢
nhén tao, tao ra quan ly vong kin "canh bao-
day di- xtr ly- phan hoi- thong ké&" su ki¢n
toan toan mo than, thyc hién day thong tin
su kién bat thuong di mot cach chinh xac,
nhanh chong xu 1y hi¢u qua xay dung mot
hinh thtrc quan ly an toan mo than mai, trong
do6 co thé _phat hién nhiing bat thu’orng, truy
tim cac van dé va truy tim trach nhiém.

4) Duya trén kho thudt toan va tich hop
da thuét toan mot camera, c6 thé quan 1y tap
trung cac két qua phan tich thong minh va
dir liéu canh bao vé cac kich ban nghiép vu
trong cac md thong minh, tr d6 dat duoc

canh bao som, phan tich chinh xac va danh
gia trudc cac rui ro quén 1y an toan.

5) Hinh thanh mo hinh u’ng dung thi
giac thong minh phan mém + mdy chu, co
thé nhanh chong trién khai va thyc hién tat
ca cac chtrc nang AI ma khong can sira c'1‘01
phan ctmg quy mé 16n, tranh trung lip dau
tu.

6) Thuc hién tng dung linh hoat cua
kho thuat toan trong nhiéu tinh hudng & cip
quan ly mo than. N6 str dung kha nang tinh
toan, luu trir va xt 1y dir liéu bién dé nhan
dang mot cach thong minh cac quy trinh san
xudt ¢ tmg khu vuc va thuc hién giam sat
diéu khién va phan tich Ai thoi gian thuc cac
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cong doan dir liu cam bién trong 16, khai
thac than, giam sat da vach, cong tac phong
chong, tham do nude, dia chat va cac cong
viéc vi pham qui dinh.

7) Thong qua cac nghién clu vé cong
nghé phan tich video Al, cung cap dich vu
quéan 1y c6 do chinh xé4c cao dbi véi hé théng
quan ly thong minh quan 1y an toan trong cac
tinh huong nghiép vu san xuat an toan, bao
g0m cac thuat toan Al dya trén phan tich thong
minh video trong cac tinh hudng nghiép vu san
Xuét an toan nham dam bao an toan cho cong
nhén va an toan tai san cong cong.

8) Trao quyén cho nganh than thong
qua tri tu¢ nhan tao va thac day nhung thay
d6i co ban trong phuong thirc san xuat cia
nganh than. Thong qua vi¢c nhan dang thong
minh cic quy trinh san xuét an toan,thyc
hién phan tich va kiém soat cac quy trinh tw
dong hoa, co d6 chinh x4c cao, khong can
ngudi giam sat, tao ra cuc dién moi trong
trong san xuat an toan.

9) Dua trén phan tich dir li¢u 16n Al
thuc hién néi thong dao thong tin cac mod
than, qua do6 thuc hién nghién ctru cong nghé
hién thi nén tang va glam sat, do luong quan
1y an toan, tuong tac gitra ngum va may vé
thong tin thi gidc cta nhiéu kich ban mo
thong minh.

4.Két luan

Duya trén cong ngh¢ nhan dang thong minh
Al lay cong nghé nhan dang thong minh db

hoa lam cét 15i va dugc hd trg boi cac md
hinh toan hoc va hé thong canh béao hoc séu
bang may, cung cap g1a1 phap toan dién de
nhén thirc toan dién vé mdi trudng, thiét bi
va nhan su lién quan dén mo thong minh va
x@y dyng muc ti€u ing dung thi giac thong
minh nhiéu kich ban 1én xuong 10 mo than,
thyc hién cac tng dung nhiéu kich ban: nhan
dang tu thé thiét bi, nhan thirc moi trudng
toan di¢n, thu thap du’ liéu chinh xéc, canh
bao khu vuc nguy hiém, ghi lai thoi gian
thuc cac hanh vi "ba vi pham", phat hién tu
dong qui luat, luu trir bang chimg ty dong.

Thong qua kha nang cung cap nhan thirc
toan canh trong khu vyc khai thac mo, né
bu dip nhung thiéu sot cua h¢ thong glam
sat truyen thong, giai quyét viéc danh gia
sai vé quan ly va klem soat an toan mo than
dua vao cac yéu td nhu kinh nghiém va truc
giac, giam sy can thlep thu cong vao giam
sat san xuat an toan va lam cho hoat dong
g1am sat an toan san Xuét tro nén thong minh
va tiéu chuan hoéa hon, nham thac day qua
trinh chuyen doi quan 1y an toan mo than tur
phong v€ con nguoi sang phong vé ky thuat,
tor truc giac sang nhan thuc, dé trao quyén
cho cac mo than thuc hién céc kich ban van
hanh ty dong gitp gidm thi€u con nguoi va
nang cao hiéu qud, it nguoi, khong nguoi,
di€u nay c6 y nghia quan trong doi voi sy
phat trién thong minh héa hoat dong khai
thac than cua Trung Qudc
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Cong nghé VR/AR va dao tao nhan sy cho nganh
khai thac mo

>>KS. Tran Tién Hué, Cong ty CP Tu van dau tu va cong nghiép mo - Vinacomin

Tém tit: Cac cong nghé hién dai dé mo6 hinh hoa ky thuat s6 cac hoat dong khai thac co thé
mo rong ranh gidi dao tao thyc té khong chi cho céc ky su khai thdc mo trong tuong lai ma
con cho céc chuyen gia dang lam viéc. Trong qua trinh hoc tép, didu quan trong la phai dam
bao mirc 0 m6 phong cao ciia moi tru:ong khai thac san xuat, dugc con ngudi cam nhan gan
nhu thyuc te Trong bdi canh nay, viéc phat trién cac giai phap cong nghé dua trén thuc té 4o
va thyc té ting cudng (cong nghé VR/AR) trd nén phu hop nhit. Nén tang cho sy phat trlen
VR/AR trong khai thac dugc dat ra nho tu dong hoa séu cac quy trinh cong nghé trong b01
canh chuyen d01 k¥ thuat so quy mo 16n. Nhu:ng phat trién tiép theo theo huong nay co thé
thay doi mot so thyc thé truyén thong hién c6 hodc tao ra nhitng thuc thé méi, bao gom ca
hé théng dao tao nhan sy. Bai bao gidi thiéu kinh nghiém trong nudc va quoc té trong qua
trinh dao tao cac k¥ su khai thac mo, nhiéu khoéa hoc, phong thi nghiém dao tao va trung
tam nghién ctru vé nghién ctru khai thac, st dung cong nghé AR/VR da dugc tao ra tai cac
truong dai hoc dé cai thién viéc dao tao cac k¥ su khai thac mo, chuan bi cho ho viéc lam
va giam chi phi dao tao.

Abstract: Modern technologies for digital modeling of mining operations can expand the
boundaries of practical training not only for future mining engineers, but also for working
professionals. During the learning process, it is important to ensure a high level of simulation
of the production mining environment, which is perceived by humans as almost real. In this
context, the development of technological solutions based on virtual reality and augmented
reality (VR/AR technology) becomes most relevant. The foundation for the development of
VR/AR in mining is laid by the deep automation of technological processes in the context
of large-scale digital transformation. Further developments in this direction may change
some existing traditional entities or create new ones, including personnel training systems.
The article introduces domestic and international experiences in the training of mining
engineers, many courses, training laboratories and research centers on mining research,
using AR/VR technology have been created at universities to improve the training of mining
engineers, prepare them for employment and reduce training costs.

1. Mé diu

Bui than va khi thai metan trong qua
trinTrong nhirg nam gan day, da co su
chuyén ddi tir khai thac mo truyen thong
sang khai thac mo thong minh, diéu nay da
cai thién dang ké kha ning cua cac ky su
khai thac trong vigc xac dinh m01 nguy hiém
va dua ra quyét dinh tiép theo de dam bao an
toan cong nghiép. Tuy nhién, dé dao tao cac
ky su mo trén co s¢ thue té 6 nhung kho
khan khong nho néu ap dyng mo hinh dao
tao truyén thong do: hé thong khai thac mo
phuc tap va phan cAp va mdi truong giang
day va phd bién khoa hoc kém; kho tai hién
tham hoa khai thac than va cac khai niém
lién quan dén doi tugng con mo ho.

Hién nay, da co sy gia ting vé s6 luong
cac dy an gidi thigu cong nghé tang cuong
(AR) va thuc te a0 (VR), duoc st dung tich
cuc trong nhiéu linh vuc khac nhau cua doi
song con ngum tir cong nghiép dén gido
duc. Vi ca AR va VR dé€u la nhiing thanh
phan chinh cua khai niém Cong nghlep 4.0,
nén cac cong ty trén toan the gio1 dang dau
tu manh vao viéc phat trlen chung. Vi du,
Google va Microsoft, ban dau tap trung san
pham ciia ho vao thi truong tiéu dung, hién
da cung cap cho ca muc dich st dung cong
ngh¢ cua ho trong cong nghlep va giao duc.
Cong nghiép 4.0, bao gom cac hé thong
mang vat 1y, Internet van vat va cac mang
ludi phire tap két hop san xuat cong nghiép
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voi cac cong ngh¢ thong tin va truyén thong
moi nhét, lién quan den viéc tao ra cac nha
may thong minh, chang han nhu mang va
nha may tu dong.

Cong nghé AR va VR dang dugc su dung
dé glal quyét nhiéu van dé khac nhau trong
qua trinh dao tao ky su khai thac mo, tur thiét
ké day chuyen cOng nghi¢p mai va san pham
cudi cung dén hd trg dao tao nhan sy trong
stra chira. Cong nghé dugc ap dung vao dao
tao co the thay doi vai tro cua yéu t6 con
ngu’orl bang cach giam thiéu rui ro lién quan
dén viéc van hanh thiét bi khong dung cach
khi lam vi€c tai cac co s& nguy hiém.

Nham cung cip kién thirc, k¥ nang, va
kinh nghlem dic thu dé phat trién nguoi
hoc - cac k¥ su mo tuong lai thanh nhiing
chuyén gia trong linh vuc khai thac mo, viéc
quan tam &p dung nhirng thanh tyu cta Cach
mang 4.0 trong linh vuc VR/AR cho dao tao
trong nganh mo la hét sirc can thiét.

Bai bao tom tat kinh nghiém trong nuéc
va qudc té trong qua trinh dao tao cac k¥
su khai thac mo, nhiéu khoa hoc, phong thi
nghiém dao tao va trung tdm nghlen ctru vé
nghién cuu khai thac, st dung cong nghé
AR/VR dé duoc tao ra tai cac truong dai hoc
dé cai thién viéc dao tao cac ky su khai thac
mo, chuan bi cho ho viéc lam va giam chi
phi dao tao.

2. Cac ung dung AR/VR trong dao tao
ky sw khai thac mo

Cac cong nghé AR/VR moi nhat dé mé
phong cac quy trinh san xuat khai thac mo
rong ranh giGi cua dao tao khai thac thye té.
Trong qua trinh g1ao duc, diéu quan trong la
phai dam bao m6 phong tién tién moi truong
san xuat, dugc sinh vién coi 1a thyc té. Dao
tao chuyén nghi€p dua trén AR/VR cho phép
sinh vién tham gia vao cac quy trinh san xuat
cua mot doanh nghiép khai thac va tham gia
vao cac hoat dong chuyén mon trong twong
lai cia ho.

Su phat trién VR/AR trong khai thac dya
trén vigc ty dong hoa cac quy trinh cong
nghé trong bdi canh chuyén do6i so cua xa
héi hién dai. Mt hi¢u ung dang ké cuia cong
nghé VR/AR dugc ap dung vao dao tao thuc

té cua cac k}7 su dat dugc thong qua viéc
hinh thanh céc nang lyc chuyén mon trong
viéc xur 1y thiét bi khai thac.

2.1. Kinh nghiém su dung VR trong qua
trinh dao tgo ky sw khai thac mo

Truyén thong di dong, Internet van vat,
tri tu¢ nhan tao va dién toan dam may cung
cAp co so ha tang thong tin can thiét cho khai
thac thong minh. Nho nhitng cong ngh¢ hién
dai nay, cac h¢ thong VR thé hé tiép theo
cho khai thac ngam dang duoc tao ra dé cai
thién kha nang thich nghi chuyen mon va
quy trinh an toan nghé nghiép cia cac k¥ su
khai thac tuong lai.

Céc nghién ctru ung dung dao tao bang
cong cu VR két luan rang sinh vién st dung
ung dung VR hoc nhanh hon gip bbn lan
so v6i nhitng ngudi hoc trong lop hoc. Bao
tao dugc thuc hién bang cach su dung trinh
mo phong VR (Hinh 1) dé dao tao nguoi van
hanh va trinh mé phong bao tri, day la cac
chuong trinh dao tao thuc té 4o quan trong
cho nganh khai thac mo. Cac h¢ thong nay
c6 thé theo ddi qua trinh dao tao va cung cap
phan héi cho sinh vién. Gamification 13 mot
tinh ndng cua dao tao VR, cho phép lap lai
cac hoat dong hoc tap cho den khi dat dugc
trinh do ning luc va ning suit mong mudn.

Cong ty Maptek, hop tac véi LlamaZOO
MineLife, da phat tri€n cac cong cu ky thuat
s6 VR dé truc quan hoa cic quy trinh san xuat
tai cac cong ty khai thac mo ¢ Canada, Uc
va Nam Phi. Vi sy tro gitp cua LlamaZOO
MineLife, mot mo hinh k¥ thuat s6 cliia mot
mo ngam da dugc tao ra, co the su dung véi
tai nghe VR hodc may tinh dé kham pha dia
diém (Hinh 2). Cong nghe nay cé the duoc
stt dung cho muc dich gido duc dé dao tao
chuyén nghiép va dao tao lai cac k¥ su khai
thac mo. Vige str dung cac mo6 hinh ky thuat
s6 ctia mo lam cho qua trinh dao tao ky su
khai thac mo gan hon voéi diéu kién lam viéc
thyc té va an toan hon. )

Cong ty First Quantum Minerals da lap
dat cac may mo phong Cybermine 5 Full-
Mission tur ThoroughTec tai mo ngam cua
minh dé dao tao ngum van hanh thiét bi
khai thac. Cac budng mé phong (Hinh 3) 1a
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ban sao cua thiét bi khai thac thuc té, véi
cac cong cu hoat dong nhu trong qua trinh
van chuyen mo thyc t€. May mo phong cho
phep ngudi van hanh kiém tra va thyc hanh
cac ky nang can thiét trong truong hop khan
cap (hong phanh, hoa hoan, v.v.). Dang chu
¥, hai may mé phong co thé twong tac voi
nhau de dao tao lam vi¢c nhom trong cac
tinh hudng san xuat thyc té.

Do d6, VR 1a mot thanh phan quan trong

Hinh 1. T huee té do la cong cu thay doi cujc
choi cho nganh khai thac

Hinh 3. Buong khai thac mé phong

2.2. Kinh nghiém su dung AR trong qua
trinh dao tao ky sw khai thac

Trong nganh khai thac, cong nghé¢ AR
phat trién nhanh chong, do do gop phan vao
su phat trién cta cac phuorng phéap va cong
cu dao tao cho cac chuyén gia twong lai. Khi
su dung AR, ndi dung s6 duoc chong lén
moi tmong san xuat thue té, dua ‘qua trinh
dao tao gan vai diéu kién san xuat nht co
the Uu diém cua cong nghé¢ nay 1a khong
t6n kém. Chi can mot chiéc dién thoai thong
minh la du. )

Cac trinh m6 phong AR cho phép chuan
bi cho céc ky su khai thac tuong lai lam viéc
trén san san xuat ma khong can phal dén co
¢ cong nghiép. AR ¢ thé dugc sir dung dé
tao dleu kién cho cac chuyen gia khai thac
tuyén dau tham gia tu van tir xa cho cac ky
su khai thac tuong lai.

Nha phat trién di tao ra mot nén tang AR
dé mo phong hoat dong khai thac khong
ngum 1ai trong cac mo ngam, cho thay két
qua tot va hoat dong 6 on dinh. Ngucn ta nhan
thay rang hoat dong san xuat nhu vay c6 mot

cua khai thac thong minh, nhung c6 mot sd
van dé khi dua cac cong nghé nay vao qua
trinh dao tao k¥ su khai thac. Chung dat tién
va khong c6 phuong phap nao dé danh gia
hiéu qua cua chung Céc cong nghé nay cling
y€u cau nguoi hudng dan phal dugc dao tao
truge va phuce tap dé thich ung véi cac diéu
kién san xuat khac nhau & cac khu vuc khac

nhau.

Hinh 2. Str dung VR dé theo doi higu sudt ciia
mdy khai thdc theo thoi gian thuc

HEAI.WEAH HM'I'-1'

Hinh 3. AR ranh tay voi hwong dén triec quan

s6 loi thé, cu thé 13 hiéu qua cao, an toan va
chi phi thép.

RealWear da phat trién mot thiét bi cong
thai hoc (Hinh 4) vira vén dudi mii bao hiém
va khong anh hu’O’ng dén viéc sir dung kinh
bao ho trong moi trudong cong nghiép. Thiét
bi gitip cong nhén truy cép tai licu (huong
dan, ban v&, v.v.), tang toc tuong tac voi cac
nhan vién khac va tao diéu kién thuén loi
cho viéc diéu huéng trén san san XUAt.

DAQRI d3 phét trién mot tai nghe AR
(Hlnh 5) danh cho ky su va ky thuat vién,
co the dugc su dung dé sua chita, bao tri
va kiém tra thiét bi cong nghlep Trong khi
lam vigc tai doanh nghlep, cac huéng dan s&
duogc hién thi trén man hinh dé hlrong dan
nhén vién. Ng0a1 ra, ngu’(n lao dong co thé
két n01 tir xa voi ngudi ¢d van hodc chuyén
gia dé thyc hién nhiém vu.

Plutomen thiét ké va phat trién cong nghe
AR sang tao (H1nh 6) nhim muc dich cai
thién quy trinh sén xuat, dao tao ky su khai
thac va loai bo cac han ché veé khong glan
va thoi gian dé giao tiép giita nhan vién va
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