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X4y dung tiac nhan Al dwa trén Hoc ting cwong siu dé toi wu héa thiét
ké n6 min mé 19 thién
Vii Pinh Trong"’, Tran Pinh Bio?
"Triwong DHCN Qudng Ninh
’PH M6 Dia Chat Ha Noi
*Email: trongvu(@qui.edu.vn, Mobile: 0869437970

Tém tit: Cong tdc né min cé tac dong 1om dén hidu qua va chi phi cia cdc hoat ddng
khai thac phia sau. Tuy nhién, cac mo hinh thuc nghiém va phwong phdp hoc may thu dong
hién nay thuwong kho thich ing voi sw bdt dinh dia chdt hodc chua can bang dwoc cdc muc
tiéu chi phi doi nghich. Nghién ciru nay gidi thiéu mot quy trinh toz wu héa thiét ké né min tu
dong dua trén Hoc tang cwong sau (DRL). Ching toi phat trién tdc nhdn mang hoc siu
(DDON), dya trén quy trinh quyét dinh Markov (MDP), dé thay thé cdc tinh todn tinh bdng
quy trinh_hoc tdp chu dong va lién tuc. Quy trinh nay duwoc tich hop voi mé hinh dai dien
Ru’ng ngau nhién (RF) lam ham chuyen trang thdi, giiip ndam bat sy bt dinh ciia méi truong
va cung cdp tin hiéu on dinh cho qua trinh hudn luyén. Thong qua ham phan thu’ong da muc
tiéu, tac nhdan DDON t6i da héa chi phi né min bang cdch can bang muc tiéu mirc do ddp vé
dat da véi chi phi thuée né va khoan. Két qua thwc nghiem trén 1,437 vu né tai mo 19 thién
Nui Phdo cho thay tac nhdn dat ty I¢ thanh cong vé dé v lén téi 98,9%, vuot xa mirc 61,9%
cua cdc thlet ké thii cong truyén thong Dac biét, tac nhan da chu dong diéu chinh cdc thong
6 khoan né min va giam tiéu thy thuéc né trung binh tir 0,79 kg/m? xuéng 0,45 kg/m? ma van
dam bdo chit lwong da vo 16i wu. Nghién ciru nay khang dinh hwéng di méi trong viéc g
dung tac nhdn Al dé ndng cao hiéu sudt va giam chi phi van hanh cho nganh khai théc mo.

Tir khod: Hoc ting cieong sau; Toi wu héa thiét ké né min; Mirc do dip v dat da;
Khoan va no min; Khai thac mo 1o thién.

1. PAT VAN PE

Cong tac n6 min dong vai tro 13 mat xich thiét yéu va quan trong nhat trong quy trinh
khai thac mo 16 thién, c6 anh huong truc tiép dén hiéu suat cta cac quy trinh san xuat phia sau
nhu xtuc bdc, van tai va nghién sang. Trong nganh cong nghiép khai thac, hoat dong pha vo
dat da chiém tr 30% dén 60% tong nang lugng tiu thy cua toan bo mo [1]. Do do, viée t6i wu
hoa thiét ké nd min 'khong chi 1a yéu cau k§ thuat ma con la sy can thiét cAp bach Ve mat kinh
té va van hanh. Chét luong dap vo dat da, thuong duoc danh gia thong qua chi s6 kich thuéce
lot sang 80% (Dso), c6 moi tuong quan tryc tiép voi nang suat ciia cac thiét bi va hiéu qua
kinh té tong thé ctia dy an khai théac. Mot gia tri Dso thap va dong nhét gilip nang cao nang
suét thiét bi khai thac. Nguoc lai, sy xuat hién cia da qua c§ s€ doi hoi né min lan hai, lam
tang tiéu hao ning luong tai may nghién va giam dang ké hiéu suit ctia khau xtc bdc. Vi véy,
viéc dy bao chinh x4c va kiém soat do v& da trd thanh muc tiéu hang dau trong quan 1y khai
thac hién dai.

Mic du cac cong thirc va mo hinh thuc nghi¢m nhu Kuznetsov [2] hodc Kuz-Ram [3]
da duoc ap dung rong rai trong thiét ké né min, chiing thuong dua trén cac gia dinh don gian
héa va sd luong bién doc 12p han ché. biéu nay dan dén nhiing sai sb dang ké va thiéu tinh
chinh xé4c khi ddi mat véi cac diéu kién thuc té phtc tap. Su chuyén dich sang cac mo hinh
may hoc (ML) thy dong nhu mang no-ron nhan tao (ANN) di cai thién dang ké kha ning du
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bao murc do dap v dat da so véi cac cong thie thdng ké. Tuy nhién, cac mo hinh nay van boc
16 han ché 16n 1a chi dung lai & mirc du bao xac suét that bai (Dso > Dygisi han) ma khong dua ra
dugc céc chi dan diéu chinh thiét ké cu thé. Hé qua 1a quyét dinh cubi cing van phu thudc vao
su danh gia chil quan va thiéu nhat quan ctia con nguoi.

Bén canh d6, cac thudt toan tdi wu hoa truyén thdng nhu giai thuat di truyén (GA) [4]
hay t6i uu héa bay dan (PSO) [5] ciing boc 16 nhiéu nhuoc diém trong moi truong khai thac
thyc té. Nhitng phuong phap nay thuong doi hoi chi phi tinh toan 16n, gay kho khan cho viéc
ung dung trong cac kich ban thoi gian thuc. Hiéu qua cua GA va PSO phu thudc nang né vao
viéc tinh chinh siéu tham sd, khién két qua tré nén khé duy doan néu khong duoc cu hinh
hoan hao. Quan trong nht, cic thuit toan nay thiéu kha ning tong quat hoa va co ché hoc tap
lién tuc, dan dén viéc lap lai cac sai lam cii trong cung mot diéu kién dia chat. Pa sb cac
phuong phap tiép can hién nay van bo qua sy khong chic chin cua cac yéu to dia chét, von
bién dong rit manh ngay trong cing mot vi tri bai nd, din dén viéc ap dung céac thong sd thiét
ké cb dinh thiéu linh hoat.

bé giai quyét nhirng thach thirc néu trén, nghién ciru nay dé xuat mot quy trinh toi wu
hoa thiét ké nd min méi dua trén Hoc ting cudng sau (Deep Reinforcement Learning - DRL),
cu thé 1a sur dung thuét toan mang Q sau kép (Double Deep Q-Network - DDQN). Hudng tiép
can nay chuyén d6i hoan toan quy trinh thiét k& nd min tir cac du béo tinh va thu dong sang
mot qua trinh hoc tap chu dong, lién tuc, cd kha ndng cdp nhat linh hoat dya trén dir li¢u lich
sir va cac diéu kién dia chat thay ddi.

Pugc mo hinh héa dudi dang Quy trinh quyét dinh Markov (Markov Decision Process
- MDP), tac nhan DDQN dong vai tro nhu mét trg 1y Al t chu, dugce huin luyén dé tbi da
hoa loi nhuén kinh té trong khi vAn dam bao nghiém ngit cac yéu cau k¥ thuat vé muc do dap
v& dat da. Giai phap nay tich hop mé hinh dai dién Rimg ngau nhién (Random Forest - RF)
nham nam bt nhirng bét dinh Vén c6 clia moi truong khai thac, cung cap cho tic nhan tin
hiéu phan hoi 6n dinh vé xac suat thanh cong cia muce d§ dép vo. Thong qua ham phan
thudng da muc ti€éu xem xét dong thot chi phi thudc no va chi phi khoan, tac nhan c6 thé tu
kham pha va thuc thi cac chién lugc thiét ké tdi wu, can bang gitra hiéu qua kinh té va do tin
cay van hanh. Tinh thuc tién cia khung giai phap dwoc kiém ching thong qua bo dit liéu gdbm
1,437 vu nd nd min thyc té tai mo 16 thién Nui Phao, tinh Thai Nguyén, Viét Nam.

2. PHUONG PHAP NGHIEN CUU
2.1. Dinh nghia bai toan

o) ,a_{’l A-A
b
B s
IUUUUBEUUL L,
K’l H F Y Y
L ’
T

Hinh 1. Céc thong s6 thiét ké n6 min dic trung
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Trong thuc té khai thac mo, su thit bai cua cong tac nd min thuong biéu hién qua su
xudt hién cta cac khdi da qua kich c&, gdy anh hudng tiéu cuc dén hiéu suét cia cac cong
doan phia sau. Nghién cru ndy phén loai két qua ctia mdi dot nd thanh hai trang thai nhi phan:
thanh c6ng khi Dso < Dgisihan Va that bai trong cac truong hop con lai, v6i Dgisi hen 12 ngudng
kich thudc do dap vo t6i d4 cho phép. O day, gia tri Dyisi hen dOng vai tro la ranh gioi phan
dinh gitra mot vu nd ¢ hiéu qua va mot vu nd that bai, gay t6n kém chi phi cho doanh nghiép.

Cac thong s6 hinh hoc (Hinh 1) ca thiét ké nd min dugc sir dung trong nghién ctru
nay bao gom: duong khang (W, m), khoang cach 16 min trong hang (4, m), khoang cach hang
16 min (b, m), s6 luong 16 min (N), thé tich dat ¢4 nd min (¥, m®), chidu cao tang (4, m),
chiéu sau 13 khoan (L, m), chiéu dai cot thube (L, m), dudng kinh 16 min (D, m), chiéu siu
khoan thém (Lk, m) va chiéu dai bua (L, m). Ngoai ra, cac yéu t6 phi hinh hoc nhu loai thudc
16 (E), do cing cua da (RH), phan loai dat da (RT) va chi tiéu thude nd (g, kg/m?) ciing duoc
dua vao hé théng dé phan tich. Trong nghién ctru nay, chiing t6i ciing dua thém vao cac théng
s6 dé danh gia mirc do hiéu qua cua thiét ké mang luéi 16 min nhu: H/W va S/B. Pong thoi st
dung thong sd cuong do khoan (Ir, m/m?), dai dién cho tong chiéu dai khoan can thiét dé pha
v mot don vi thé tich dat da (Cong thic 1). Pdi vi cac dot nd dat yéu cau vé do va, chi sb I
cang thap cang thé hién hiéu qua sir dung thiét bi va nang luong tdi uu hon.

H+L,

I, =—"— 1
W xaxH (M

2.2. Quy trinh ti wu héa

Trang thai
(Pigu kién dia chét, ki thuat

cha khu virc né mln\

N

Técnhén Al
(xdc dinh chién lugc ti wu)

a

Ham phén thwéng da muc tiéu
{dénh gia hiéu qua kinh t&)

(((((0)

()

8

Hanh dén

Méi trwong ao - RF (D& xuét thiét k& nd min)

(Dy dodn xéc sudt thanh cong clia vu nd)

e
- é—’

Hinh 2. Quy trinh t6i vu hoa thiét ké nd min véi tac nhan Al

Muc tiéu chinh ciia nghién ctru nay 13 tao ra cac thiét ké né min nham t6i thiéu hoa
téng chi phi trong khi van tuan thi nghiém ngit cac yéu cau ky thuat vé muc do dap vo dat
d4. Hinh 2 thé hién quy trinh téi uu hoa thiét ké n6 min véi tac nhan Al trong nghién ciru nay.
Khac véi cac phuong phap tiép can truyén thong thuong coi toi wu hoa 1a viéc tim kiém mot
diém t6i vu tinh, chung t61 chuyén hudng sang viéc hoc mdt chinh sach (policy) dugc cap
nhat lién tuc tir dit liéu nd min lich str. Qua trinh ra quyét dinh tudn tuy nay dwoc mé hinh hoa
du6i dang Qua trinh quyét dinh Markov (MDP), bao gdm mét khong gian trang thai S, mot
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khong gian hanh dong 7 ,mot ham chuyén trang thai P va mot gia tri phan thuéng vo hudng
R.

Trong khuén khd nay, tic nhan Al déng vai trod 1a thuc thé ra quyét dinh, tuong tac voi
moi truong thong qua mot vong 1ap li€n tuc cia viéc cdm nhén, hanh dong va hoc hdi. Tai
moi budc thoi gian roi rac ¢, tac nhan s€ quan sat trang thai méi truong 8, € § va thuc hién
mot hanh dong thiét ké a; € <4 dua trén chién lugce hién tai cia minh. M6i truong sau do sé
phan hoi bang cach cung cap mot gia tri phan thudng ri+; va chuyén sang mot trang thai moi
Bt+1.

Ham chuyén trang thai P kiém soét cach thirc méi truong thay ddi, duoc xac dinh boi
xac suat co dieu kién, #( &, r | 8, a), khi tdc nhan thyc hién hanh dong a tur trang thai s dé
chuyén sang trang thai moi s'. Mot dac tinh cot 161 cia md hinh nay 1a tinh chat Markov,
khang dinh rang trang thai moi chi phu thudc vao trang thai va hanh dong hién tai, ma khong
phu thudc vao toan b lich sir cia cac trang thai trudc do. Muc tiéu cudi cung cua hoc tang
cuong (RL) la tim ra chinh sach t6i vu (n*) giip mang lai phan thuong tich lily ky vong 16n
nhat trong dai han.

2.2.1 Trang thai

Trang thai ciia mdi trudng nd min () 1a co s dé tac nhan Al nhan dién va dua ra cac
quyét dinh thiet ke, dua trén cac tham so dia chat, hinh hoc va k¥ thuat khong thé kiém soat
tai bai no. Trang thai 8, S dugc bicu dién dudi dang mot vecto tong hop cac dic trung sau:

8t = [ Viia chét, Xhinh hoey Rk5 thuar] (2)

Trong 46, Viiacnér md ta cac dic trung dia chit bao gom do ctng va loai dat da. X
noe 18 cac dac trung hinh hoc cua bai no, nhu chi€u cao tang hodc thé tich dat da n6 min. Ry
muar 12 cac dac trung k¥ thuat ctia bai nd, bao gom cac ty 1& H/W va a/W hién tai nham phan
anh boi canh co hoc da, giup tac nhan tim kiém cac gia tri W va a téi uu hon.

2.2.2 Hanh dong

Khéng gian hanh dong (A) dai dién cho tap hop cac thong sé thiét ké nd min co thé
kiém soat dugc ma tic nhan Al st dung dé¢ phan ng voi cac trang thai dia chat khong the
kiém soat. Vecto hanh dong a,e A dugc cau tric bao gom cac bién so k¥ thuat nhu sau:

a,=[W, a, q, E, Lbua, Lia] (3)

Trong d0, cac bién lién tuc s& duoc chia thanh cac khoang roi rac, nham thu hep pham
vi tim kiém cua Al vao cac phuong an c6 y nghia k¥ thuat, gitip mang than kinh hoi tu nhanh
hon va quan trong nhat la cac thiét ke dua ra c6 the ap dung ngay lap tirc vao van hanh tai mo.

2.2.3 Méi truong do thay thé Random Forest (RF)

Trong mdi truong n6 min phirc tap, cdc ham chuyén trang thai rat khé xac dinh bang
moét phuong trinh duy nhit , p(&', | 8, @), do su bat dinh cao cua dja chat. Do d6, nghién ciru
nay thay thé ham chuyen trang thai bang mot mo hinh dai dién dua trén thuat todn Random
Forest (RF) dong vai tro 12 m6 hinh mau:

A8, 1| 8 a) = frr Q)

Viéc lua chon RF thay vi mang no-ron la do kha nang tranh viéc hoc thudc long
(overfitting) trén cac bo dir li€éu quy mo nho, chi phi tinh todn thap va tinh dién giai cao thong
qua phan tich tam quan trong cta cdc ddc trung. M6 hinh RF hoat dong nhu mét hé thong
quyét dinh tdp hop, chuyén doi cac dir lidu dau vao (dia chat, thong s6 thiét ke, ky thuét)
thanh két qua dap v& nhi phan (thanh cong hodc thit bai). Bang cach trung binh hoa két qua tir
hang tram cdy quyét dinh, RF cung cdp mot ngudng tin cdy hay x4c suat nd min thanh cong
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(Hinh 3). Diéu nay cung cip cho tic nhan Al mét tin hiéu 6n dinh thay vi cac nhidu ngiu
nhién, budc tac nhan phai tap trung vao cac bién so co thé kiém soat dé dua ra thiét ke thuc te.

RF — Céc cay quyét dinh
Bién dau vao: C& K&t qua dy bao
- Théng s dia chat Cay 1 (xéc suat)
- Thong s6 thiét k& > C&) T C& > - Thanh c6ng (Dgo<Dgigs han)
_Théng s& k§ thuat Cay 2 & Cay 3 - Failure (Dgo>Dges han)
Cay 4

Hinh 3. Céu trac ctia mé hinh RF duy bao két qua dap vo

Hiéu suit ciia mé hinh duoc danh gia thong qua ma trdn nham 13n v6i bén thong sb co
ban: Duong tinh that (7P), Am tinh that (7N), Duong tinh gia (FP), va Am tinh gia (FN). Tu
d0, cac chi so0 sau duoc tinh toan:

- D6 chinh xac (Accuracy): Ty 1& du bao dung trén téng sé mau. Tuy nhién, trong di
liéu nd min thudong bi mat cén bang (ty 1¢ thanh cong cao hon thét bai), chi s6 ndy c6 thé
khong phan anh dung kha nang nhan dién céc dot nd hong. Ty 1€ nay dugc tinh toan theo
cong thirc s6 5 dudi day:

TP+1IN

accuracy = %)
TP+IN+FP+FN

- BJ chinh xac dy bao (Precision): Ty 1¢ cac dot n6 duge du béo thanh cong thuc té 1a
thanh cong. Cong thuc 6 dugc dung dé tinh toan dg chinh xac nay:
TP
TP+ FP

precision =

(6)
- B9 nhay (Recall): Ty 1€ cac dot nd thanh cong thuc té dwoc md hinh nhén dién ding
duoc tinh toan nhu sau:

TP
TP+FN

recall =

(7

- Fl-score: Pay la tiéu chi chinh dwoc lwa chon dé giai quyét su xung dot giita
Precision va Recall . Chi s6 nay budc mo hinh va tac nhan RL phai tim diém can bang, toi uu
hoa hiéu qua st dung thudc né ma khong lam giam do tin cay k¥ thuat cua két qua do vo.

F1 score= ___2r (8)
2TP+FP+FN

Trong diéu kién dit liéu mat can béng, mé hinh RF c¢6 thé dat duoc diém F1 cao chi
dua trén ty 1€ pho bién cua cac 16p dir li¢u (p) . Do do, chi s6 F1 cia mé hinh phai vuot qua
ngudng co s& ngau nhién (F1-scorengiu nnien) A€ ddm bao tin hiéu cung cap cho tdc nhan Al 1a
thuc sy hiru ich:

2p
random — 1

F1 scores =
I+p

©

Dé dam bao tin hiéu tir mo hinh RF gitip tac nhan RL hoi tu vé chinh sach tdi wu bat
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ké nhidu méi truong, chi sé Youden (J) [6] phai co gié tri dwong (J > 0) :
J=TPR - FPR (10)

Trong do, TPR 1a ty 1¢ duong tinh that (Recall) va FPR la ty 1€ duong tinh gia.

Tinh nhét quan vé mit vat 1y cling la ti€u chi quan trong dé dam bao Al hoc duge mot
chién luge c6 y nghia co hoc da thay vi cac thiét k& phi thyc t€. Vi dy, m6 hinh phai thé hién
dugc logic: khi tang chi s6 ti€u hao thudc né (p), xac suat thanh cong vé d6 v& phai tang 1én
(cho dén khi dat ngudng bao hoa). Viéc xac thuc nay gitp tdc nhan Al & trong vung tin cdy va
tranh cac khu vuc c6 nguy co tao ra da qua co.

2.2.4 Ham phan thuéng da muc tiéu

Ham phan thuong dugc thiét ké nhém diéu hudng tic nhan Al dat duoc sy can bang
giita yéu cau k¥ thuat va hiéu qua kinh té. Cau trac ciia ham phan thuong (cong thirc 11) giap
tac nhan thyuc hién dong thoi ba muyc tidu cbt 16i: (i) dam bao do v& da dat yéu cau, (ii) giam

thiéu tiéu hao thuqc nd va (iii) t6i uu héa chi phi khoan théng qua viéc giam cudng d6 khoan
trén mot don vi theé tich.

Rianh cotg —(Cq-(I) —(cxdy) khi P(Dgy < Dgisinain) > 6
—Rinatibai khi- P(Dgy < Dgisphan ) < €

(11)

Trong d6, @14 d¢ tin cay cta du doan v6i md hinh RF. Trong truong hop thét bai,
P(Ds0>Dygisi han)< 6, tic nhan bi xir phat bang mot gid tri &m 16n (Rumdr bei). Hinh phat nay dong
vai trd ngan chin tac nhan dua ra cac thiét ké co nguy co tao ra da qua kich ¢&. Nguoc lai, tac
nhan nhan dugc mot phan thudng co ban duong (Ruan cing) cho viée dap tmg tiéu chuan dap
v&, nhung ddng thoi phai chiu hai hinh phat kinh té di kém:

+ Hinh phat do str dung qué nhiéu thudc nd (c,.q), budc tic nhan phai giam chi sb tiéu
hao thudc n6 ma khong 1am anh hudng dén chat luong dap vd, véi ¢, 14 hé sé phat do tiéu hao
thude nd.

+ Hinh phat do gia ting cudng d6 khoan (cx.Zx), khau trir dua trén cuong do khoan thuc
té. Trong d0, ¢x 1a hé sb phat do gia ting cudng do khoan. Pic biét, trong sb khoan (cx) duoc
thiét 1ap linh hoat theo d6 cing cta da thay vi 1a mot hang s6 c¢6 dinh.

2.2.4 Tro ly AI — mang hoc sau DDON

Thuat toan Hoc ting cudng dugc lya chon dé tdi uwu hoa chinh sach thiét ké nd min 1a
mang hoc su Q-Learning - DQN). Tac nhan Al hoat dong bang cach str dung mot mang than
kinh nhan tao dé xap xi ham gia tri hanh dong Q(s a) dal dién cho loi nhuan tich Iy ky vong
ma tac nhan s& nhan dugc khi thyc hién mot thiét ké nd min cy thé a trong mot trang théi dia
chat s nhét dinh. Co ché ra quyét dinh cua tic nhan dua trén phuong trinh Bellman. Phuong
trinh nay dy béo gia tri ciia mot thiét ké nd min bang tong clia phan thuéng van hanh tic thoi
r va gia tri phan thudng tdi da trong tuong lai dd duogc chiét khau y. Hé s chiét khau (0 < y <
1) cho phép tac nhan can nhéc tac dong cua cac lya chon thiét ké hién tai d6i v6i hiéu qua dap
v0 dai han.

Dé khic phuc nhuoc diém ctia DQN truyén thdng thudong danh gia qua cao hiéu qua
ctia mot sb thiét ké, nghién ctru ndy 4p dung cai tién hoc sau kép (Double Deep Q-Network -
DDQN). Kién tric nay tach biét qua trinh Iya chon hanh dong va qua trinh dénh gia bang cach
sit dung hai mang song song: mang truc tuyén va mang muc tiéu. Trong sb ctia mang ()
dugc cap nhat théng qua ham ton that L(a) nham t6i thiéu héa sai sé binh phuong trung binh
(MSE) gitra gia tri Q du bao va gia tri Q muc tiéu.
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Co ché hoc tap cua trg Iy Al duoc hd tro boi hai ki thuat quan trong:
- Bo dém trai nghiém: Tac nhan luu trir cac trai nghiém tuong tac véi mo hinh dai dién
va lay mau ngau nhién cac 10 dir liéu dé cap nhat trong so, gitip qua trinh hoc tap 6n dinh hon

- Chién lugc kham pha ¢: Ban dau, tac nhéan thuc hién cac hanh dong ngau nhién véi
xéc suit £ cao dé kham pha méi truong . Theo thoi gian, gia tri & giam dén, thic day tac nhan
khai thac nhirng kién thirc da hoc dé lya chon thiét ké mang lai gia tri Q cao nhét.

Céu triic mang than kinh bao gdm cac 16p an véi sé lwong no-ron (Hinh 4) duoc tdi uu
hoa thong qua phén tich d6 nhay, sir dung ham kich hoat ReLU dé nim bat cac quy lut phic
tap cua dir liéu nd min.

Bién dau vao:
Pia chat,
Hinh hoc b3i ng,

Théng s6 ki thuat

Hinh 4. Minh hoa ciu trac mang hoc sdu DDQN cua tac nhan Al

3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. M6 ta khu vuc nghién ciru

‘D¢ kiém chimg hiéu qué ciia tro 1y Al nghién ciru da sir dyng b dit liéu gdm 1.437 sy
kién nd min’ san xuat duogc thu thap tai mo 16 thi€n Nui Phao, qViét Nam, trong giai doan t}‘I
nam 2013 dén nam 2024. Day la mo da kim ap dyng ky thuat né6 min phén tang dé pha vo dat
da va quéng. Cac da}nh muyc dfr liéu bao quat nhiéu diéu kién dia chat va thiét ké khac nhau,
cung cap nén tang can thiét d¢ huan luyén tdc nhan Al

Bang 1. Phén tich thong ké cac tham s lién tuc trong dir liéu né min

Tham sb Trung vi Do 1éch chuén Nho nhét Lén nhéat
W (m) 2.75 0.23 1.90 4.20

a (m) 3.09 0.28 2.20 4.80
Lpua (m) 2.16 0.29 0.0 3.80

L (m) 0.75 0.37 0.0 4.0

H (m) 5.24 1.11 1.11 11.0

q (kg/m®) 0.79 0.14 0.33 1.30

V (m*) 10709.29 5662.07 180.0 48027.0
H/W 1.91 0.37 0.44 4.39
a/W 0.13 0.05 0.97 1.54

Ik 0.14 0.02 0.06 0.34
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Két qua dap vo dat da sau no min duoc thu thép thong qua phuong phap phan tich
hinh anh k¥ thuat s6. Cu thé, phan mém Split- Desktop dé duoc st dung dé xay dung duong
cong phan bd kich thudc hat (CDF) va danh gia chat lugng nd min. Trong nghién ctru nay,
mot vu nd duge coi 1a thanh cong khi dat chi s6 Dso < 45¢m.

Bang 2. Phén tich théng ké cac tham sb dinh danh trong dit liéu né min

Tham sb S6 lwong % Category S6 lwong %
Do cling dat da Loai thudc nd

Cung 867 60.33 | Flexigel 121 8.42
Trung binh 559 38.90 | Fortis 1245 86.64
Mém 11 0.77 | Khac 71 5.0
Két qua dap vo Loai dit da

Thét bai 547 38.10 | Quing & Patda 1395 97.08
Thanh cong 890 61.90 | Khac 42 29

Phén tich théng ké cac bién lién tyc (Bang 1) cho thay cac thong s6 hinh hoc nhu
duong khang (W), khoang cach 16 min (a=b) va chiéu cao tang (H) bién dong trong pham vi
rong. Tuy nhién, ty 1€ khoang cach trén duong khang (a/W) va cuong d6 khoan (/) lai c6 do
léch chuan rét thap (lan luot 1a 0,05 va 0,02). Diéu nay chi ra rang cac ky su tai mo thuong ap
dung cac quy tic kinh nghiém c¢b dinh trén toan cong truong, bét ké su thay d6i cua diéu kién
dia chat. Cach tlep cén nay dan dén viéc khoan thiéu tai cac ving da ctimg va khoan du thira
tai cac ving dia chat mém hon.

Vé dic diém dia chét, bo dir liéu cho théy su ap dao cua cac diéu kién ndé min kho
khan, voi da cing chiém 60,33% tong s6 quan sat (Bang 2). Pang chi y, c¢o dén 38,1% s6 vu
n6 min lich sir khong dat dugc kich thude do v& yéu cau. Ty 1é that bai cao nay cho thiy
phuong phap k¥ thuat truyén thong dua trén cac tiéu chuin cb dinh vé a/W va ¢ la chua du
hiéu qua va doi hoi mot giai phéap thich Gng thong minh dé xir 1y su phirc tap vé dia chit cua
mo.

3.2. Panh gia méi trudng ao thay thé

Hiéu suét ctia mo hinh dai dién RF dong vai tro quyét dinh dén do tin cdy cua céc tin
hiéu phan hoi giri t6i tac nhan AL Sau qua trinh tinh chinh siéu tham s6 thong qua tim kiém
luéi (grid search) va kiém chéo 5 16p, cau hinh téi uu duoc xac dinh gdm 200 cay quyét dinh
v6i do sau t6i da 1a 15. Dé giai quyét tinh trang mét can bang dit liéu (do céc thiét ké lich sir
thuong uu tién sy thanh cong), ky thuat SMOTE di duoc ap dung dé can bang ty 18 giira cac
mau thanh cong va that bai trong tap huin luyén.

Ket qua danh gia mo hinh RF (Bang 3) cho thay do chinh xac tong thé dat 70%. Mac
du con s6 ndy ¢ muc trung binh so v6i mot s tidu chuan hoc may 1y thuyét, né van vuot troi
dang ké so v6i mé hinh thyc nghiém Kuz-Ram truyén thong vbn chi dat do chinh xac khoang
60% trén cung bo dir liéu. Diéu nay cho thay mo hinh RF da bét duoc cac yéu t6 nhidu va mbi
quan hé phi tuyen trong moi truong nd min thue té tai NGi Phiao ma cac cong thirc thuc
nghiém kho co6 thé thuc hién duoc.
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Bang 3. Két qua danh gia mé hinh thay thé RF.

Chi s6 That bai Thanh cong
Precision 0.62 0.75

Recall 0.56 0.79
F1-score 0.59 0.77
Prevalence (q) 0.375 0.63
F1-scorerandom 0.55 0.77
Youden's Index (J) 0.35

Accuracy 0.70

Véi cac két qua that bai, chi s6 FI-score = 0.59 cao hon so v6éi mirc ngdu nhién FI-
SCOPerandom = 0.55. Didu nay chirg minh mo hinh c6 kha ning cung cap cac tin hiéu hitu ich
gitip tac nhan Al nhéan biét cac ving rai ro. Chi s6 Youden (J = 0,35) khang dinh rang bat
chap cac nhidu méi truong khong quan sat dugc, mo hinh van cung cip mot huéng dan 6n
dinh gitp thuat toan Hoc ting cudng hoi tu vé chinh sach t6i wu. Phan tich d6 nhay (Hinh 5)
x4c nhdn rang x4c suat thanh cong ting ty 16 thuén véi chi tiéu thudc nd (¢). Tuy nhién, do thi
cling chi ra sy bdo hoa khi ting ¢ qua mot ngudng nhét dinh khong con mang lai hiéu qua vé
do v&, ma tham chi c6 thé gdy ra cac tac dong c6 hai nhu rung chan va bui.

0.76 1

0.74 1

0.72 1

0.70 1

0.68

0.66 1

X&c suat vu né thanh céng (Dgg = 45cm)

0.4 0.6 0.8 1.0 4
Chi tiéu thuéc né g

Hinh 5. Su tac dong cua chi tiéu thude nd (¢) 1én xac suit thanh cong ctia vu nd
3.3. Qua trinh huin luyén tro Iy AI

Qua trinh hu4n luyén tac nhan Al duoc thiét ké dé chuyén ddi tir viéc thir nghiém ngau
nhién sang viéc thuc thi mot chinh sach t61 vu dya trén dir liéu. Tac nhan thyc hién tim kiém
trong khong gian hanh dong da duoc roi rac hda gom 27,000 thiet ké né min khac nhau. Day
la tap hop cac to hop thict ké kha thi vé mat ky thuat, ddm bao rang moi quyéet dinh cua Al
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déu c6 thé trién khai thuc té tai mo. Vu nd duoc coi la thanh cong khi Dgp < 45¢m véi d6 tin
cay 6> 80%. Bang 4 thé hién cac thong so6 dugc ap dung trong ham phan thuong. Luu y rang,
wa s€ thay doi tuy theo loai dat da khoan n6 min.
Bang 4. cac thong s6 duoc 4p dung trong ham phan thudng.
Thong 6 Rihanh cong  Rindtbai Cq  Wd (dacing) Wd (dacimg vira) Wd (damém) O
Gia tri 10 -10 2,0 8,0 12,0 20.0 0.8

Dién bién cua qua trinh huén luyén duoc thé hién qua cac giai doan hdi tu ctia ham
phan thudng va ty 1€ thanh cong (Hinh 6 va Hinh 7):

- Giai doan kham pha (0 - 1.200 vong huén luyén): O giai doan ddu, do st dung chién
luge & voi hé sé kham pha cao, tac nhan chu yéu thuc hién cac hanh dong ngau nhién dé tim
hiéu moi truong nd min. Két qua la hau hét cac vu nd déu that bai trong viéc dat ngudng an
toan, dan dén mirc phan thudng trung binh bi kéo xubng ving am siu (khoang -7,5) do chiu
cac hinh phat ndng tir méi truong.

- Giai doan chuyén doi (1.200 - 1.500 vong huén luyén): Tac nhan bét dau nhan dién
dugc cac quy luat gitra thong s6 thiét ké va phan hoi dia chat. Puong cong phan thuong tang
vot va tién vao ving duong. Trong giai doan ndy, do 1éch chuan cta phan thuong dao dong rat
16n, cho thay AI dang tich cyuc thir nghiém & ranh giéi giita thanh cong va that bai dé tinh
chinh chinh sach.

- Giai doan hi tu (sau 10.000 vong huan luyén): Puong cong hoc tap bat dau di ngang
va dat dén trang thai 6n dinh & mérc phan thudng trung binh khoang 5,5. Luc nay, tic nhan di
ghi nh¢ duoc cac ranh gidi an toan ky thuat va khong con kich hoat cac hinh phat that bai
nang né.

- Két qua cudi cung: Tai tdp vong huén luyén tht 20.000, khi hé sé kham pha & giam
xuéng muc ti thiéu 0,01, tac nhan hoan toan tin tudng vao mang than kinh ndi bd ctia minh.
Ty 1é thanh cong dat muc 98,9% vai khoang tin ciy 95% rat hep (chi 1,7%), chimg minh ring
chinh sach t6i vu tim duge ¢6 tinh 6n dinh va manh m@ cao trudc céac bién dong dia cht.

15
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—— Phéan thuéng trung binh
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Vong hudn luyén

Hinh 6. Gia tri phan thuéng thu dugc trong qua trinh huén luyén tac nhan Al
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Hinh 7. Ty 1 vu nd thanh cong thu dugc trong qua trinh huin luyén tac nhan AL
3.4. Panh gia hi¢u qua tdi wu hoa

Sau khi hoan tit qua trinh hudn luyén, hiéu qua cua tro Iy Al dwgc danh gia théng qua
vi€c so sanh truc ti€p voi cac thiét ké thuc t€ tir cac k¥ su tai moé Nuai Phao trén cung mot tap
dir liéu 1.437 vu no.

Két qua thuc nghiém cho thdy mot su chénh léch dang ké vé két qua nd min. Trong
khi k¥ su con nguoi dat ty 1€ thanh cong trung binh 1a 61,9%, véi gan 38,1% so vu nd khong
dat yéu cau vé do v Dso > 45cm. Trg 1y Al dat ty 1¢ thanh cong 1€n t61 98,9% (Hinh &). Sy
cai thi¢n dot pha nay chirng minh rang mang than kinh sau c6 kha nang nhéan di¢n, phan tich
cac bién dong dia chat va 1ap luan ranh gidi an toan tot hon rat nhiéu so vai viéc ap dung cac
cong thuc kinh nghi¢m truyén thong.
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201 EE Tro ly Al
[ K§ su con ngudi
[LZZ1 Bap vd khéng thanh céng
0 T ¥
K¥ su con ngudi Tac nhan Al

Hinh 8. So sanh ty 18 vu nd thanh cong giita k¥ su con nguoi va tac nhan AL
Piém dang cha ¥ nhét cta khung t6i wu hoa nay 1a ty 18 thanh cong 98,9% khong hé
dat dugc théng qua viéc gia tang nang luong dau vao. Nguoc lai, Tro Iy Al da t61 uu hoa va
cat giam manh mé céac chi phi khoan n6é min (Hinh 9). Ky su con nguoi thuong cé xu hudng
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ap dung cac so d6 nap thude bao thu (nap du thira) dé bu dép cho su thiéu chic chin vé cdu
trac d4, dan dén chi tiéu thudc nd trung binh 1€n té1 0,79 kg/m3. Tac nhan Al da hoc dugc
cach dinh lugng ning lugng chinh xac, giam chi tiéu nay xubng chi con 0,45 kg/m?. Bing
cach tai cau tric va mo rong hop 1y cac thong sé hinh hoc (khoang cach 16, dudng khang) dua
trén do cung cua da, Al da giam cuong do khoan tir 0,14 m/m? cua con nguoi xuéng muc toi
uu 0,07 m/m? (giam 50% khéi luong khoan).

(a) Chi tiéu thudc nd (b) Cudng dbé khoan
1.04 0.175
Fe 0.79 . 0.150 0.14
£ 08 E
2 £0.125
%Q ] c
S 0.6 g 0.100
'3 0.45 = 0.07
E 0.4 < 0.075
o
B c
- D 0.050
So.2 S
0.025
0 - ‘ " > 0.000-1 : - A
Ky su con nguoi Tre ly Al Ky su con ngudi Tro Iy Al

Hinh 9. So sanh hiéu qua kinh té dat duogc giita k§ su con ngudi va tac nhan AL

Su chénh léch 16n vé ca chat lugng 1an chi phi bat ngudn tir tinh linh hoat trong chién
lwge ra quyét dinh. Phan tich phan bd dir liéu (xem Bang 1) cho thay thiét ké cua con ngudi
thudng tut vao by sir dung cac quy tic tinh khi ap dung mot dai théng sd ludi khoan hep ap
dung chung cho nhiéu khu vuc khai thac khac nhau. Su cing nhic nay giy ling phi ning
luong 16n & cac ving da mém va khong du luc pha v& o cac tang d4 cung. Nguoc lai, trg 1y
Al thé hién kha ning thich img dong. Trong Hinh 10, phan b chi tiéu thudc no, dién tich
mang 16 khoan, va cuong d6 khoan mé rong hon so véi ki su con ngudi. Tac nhan ndy hoan
toan tir bo tu duy an toan thai qua, lién tuc tiy chinh tirng mii khoan va dinh luong thudc nd
tuong thich truc tiép v6i nhin do cimg. Két qua mang lai 1a mot bai toan tdi uu kép: vira dam
bao kich thudc hat 1y tudng cho day chuyén nghién sang, vira truc tiép tiét kiém chi phi hoa
chat n6 va giam thiéu d6 hao mon thiét bj khoan cho doanh nghiép.

Dién tich mang khoan (B x 5} Chi tiéu thuéc né Cuong do khoan
221 124 0.14
20 @ a
181 < g
~ e Q c 1
E16 08 & 0.10
o 0 <
214 = ©
< hl T 0.08
<8 0.61 o
124 e ,g el
z 3
10 Syal —+ 0.06
Dé cling D& clng vira P4 mém Da cing P& clng vira Ba mém P4 cing P& clng vira Ba mém

Hinh 9. Chién lugc st dung thudc nd va khéi luong khoan cua tac nhan Al
4. KET LUAN
Nghién ctru nay da phat 7trie;n va trinh dién thanh cong mot quy trinh wu héa ra quyét
dinh thong minh cho cong tac n6 min 19 thién, két hop gitra mo6 hinh dai dién RF va thuat toan

272 Ky yéu Hpi nghi KHCN lin 9, thang 5/2026



N\ A ~ 2 ‘
TRUONG DAI HOC CONG NGHIEP QUANG NINH
—

hoc siu kép (DDQN). Bang cach thiét 1ap mot moi truong mo phong dua trén dit lidu thuc té
tai mo Nui Phao, tac nhan Al da hoc dugc cach tuong tac va dua ra cac thiét ké nd min téi wu.

Tro ly Al da ching minh kha ning chu dong thich ing véi cac diéu kién dia chat thay
dbi lién tuc. Bang cach phan tich mdi quan hé phi tuyén giita cac thong sé hinh hoc, ning
lwong nd va tinh chat khéi da, AI da linh hoat tir b tu duy thiét ké kinh nghiém cta con
nguoi dé cung cAp céac giai phap chuyén biét cho ting vung dg cumg khac nhau. Tac nhan Al
da giai quyét bai toan da muc tiéu trong cong tac khoan né min. Vé mat ky thuat, Al nang ty
1¢ thanh cong khi pha v& dat da tir mie 61,9% cua k¥ su thuc dia 1én mirc gan nhu tuyét d6i 1a
98,9%. Vé mit kinh té, bﬁng cach loai bo cac so do nap thubc bao thu, Al da giam manh chi
tiéu thudc nd (tir 0,79 xudng 0,45 kg/m?) va cuong dd khoan (tir 0,14 xudng 0,07 m/m?),
mang lai gia tri kinh té tryc tiép va to 16n cho doanh nghiép khai thac. Viéc ap dung trong sd
phat kinh t& dong (thay ddi theo do cting ctia d4) ciing v6i ham xap xi gia tri kép cia DDQN
da ngan chan hi¢u qua hién tugng danh gia thién vi cac hanh dong rui ro, giup thuat toan hoi
tu On dinh va tao ra mot chién luge khai thac dang tin cay ¢ cép do cong nghiép.

Mic du dat dugc cac két qua tich cuc, nghién ciu nay Vﬁn t6n tai mot sd han ché nhat
dinh. Ham muc ti€u ky thuat hién tai chi tap trung vao mét chi s6 duy nhit 1 ngudng da qua
¢ (Dso), trong khi chat lwong ctia mot vu nd min con phu thudc vao ty 16 da hat min hodc cac
kich thudc trung binh (D2, Dso). Ngoai ra, mo hinh hién chua xem xét truc tiép cac rang budc
vé tic dong madi trudng nhu rung chan, da ving va song xung kich ranh gidi. Trong cac
nghién ctru tiép theo, quy trinh vu héa nay c¢6 thé dugc mé rong bang cach tich hop thém cac
moé hinh du bao da bién dé danh gia ddng thoi toan bd dai phan bd kich thudce hat (CDF) va
mo phong cac gi6i han vé an toan moi trudng.
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Development of an AI agent for open-pit blast designs
Vu Dinh Trong"*, Tran Dinh Bao?
INinh University of Industry
’Hanoi University of Mining and Geology.

Abstract: Blasting has a huge, significant impact on the efficiency and cost of
downstream operations. However, experimental and traditional machine learning models
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have n struggletoin deal with the geological uncertainty or the conflicting costs in blasts. This
studproposeses a novel optimization framework based on Reinforcement Learning (RL) to
automatically generate blast designs. We have constructeaan DDQON agent to replace static
calculationwithby an adaptive ancontinuouslyus updated solution. This framework is
integrated with a surrogate Random Forest (RF) model to capture the geological uncertainty
and providstablele signals to the agent training. We applied a reward function that balances
the fragmentation requirement with the explosive and drilling costs. We experienced this
agent on a real case study at Nui Phaopen-pitit mine. The results show that the Al agent
achieve 98.9% which outperformed the human engineers. Especially, it reduced the power
factofrom 0.79 kg/m> down to 0.45 kg/m>. This study creates a new trend of applications of Al
agents in improve the operations in mining.

Keywords: reinforment learning, blasting, open pit mines, blast design.
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Technology Innovation Strategy for Non-Pillar Mining: A Solution for
Resource Optimization and Economic Efficiency Enhancement in the
Vietnamese Underground Coal Industry
Nguyen Ngoc Minh'*, Nguyen Manh Tuong!, Dong Xuan Loc2, Nguyen Duy Hung?
"Quang Ninh University of Industry
2Company 91 - Branch of Dong Bac Corporation
SKim Thac Phat Import & Export Joint Stock Company

Abstract: In the current underground coal mining industry of Quang Ninh, one of the
greatest barriers to mining efficiency is the maintenance of development roadways and the
high rate of resource loss in protective coal pillars. In Vietnam, the traditional longwall
mining system along strike (121 mining layout) often results in high costs for roadway
support maintenance and repair, while approximately 15% of coal reserves are lost due to the
necessity of leaving protective coal pillars. To fundamentally address this issue, the non-pillar
mining technology (110 mining method), invented by Professor He Manchao, has created a
technological breakthrough based on the short cantilever beam theory and the mechanism of
automatic roadway formation.

This paper provides an in-depth analysis of the integrated technical solutions
associated with this technology, including directional roof-cutting blasting technology using
cumulative energy explosives, Constant Resistance and Large Deformation (CRLD) anchor
cable systems, and roadside support structures for gob-side entry retaining. Through
evaluating pilot applications at major mines of the Vietnam National Coal and Mineral
Industries Group (TKV), such as Mong Duong and Ha Long coal mines, the paper focuses on
analyzing the prospects and resource mobilization potential of the 110 mining technology in
Vietnam, as well as the difficulties and barriers encountered during the process of technology
dissemination and large-scale implementation.

Keywords: Underground mining, 110 mining technology, CRLD anchor cable,
cumulative blasting, resource optimization, mine pressure.
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