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Mo hinh tri tué nhan tao (A1) la mot trong nhitng thanh tuu khoa hoc cong nghé vuot troi cia cach
mang cong nghiép 4.0. Poi véi nganh khai khodng, viéc dp dung AI phuc vu nghién civu, san xudt con
rat han ché, dac biét trong du bdo cac cong viéc co tinh quy ludt. Dva trén viéc danh gia, so sanh mirc
dé chinh xdc cia 08 mé hinh Al tir co s6 diF liéu né min cia mé than 16 thién Na Duong, Khanh Hoa va
Cao Son, da lwa chon mé hinh du bao song chan dong phu hop cho tirng mo. Pé thudn tién trong viéc ap
dung mé hinh AI trong thue té san xudt, chwong trinh duw bdo séng chan dong diroe xdy dung dwa trén
ngoén ngir lap trinh mé Python theo hwéng don gian héa trong cdch tiép cdn va sir dung.

1. D3t van dé

Séng chan doéng la mét trong nhivng tac nhan
anh huwéng I6n dén an toan, 6n dinh va hiéu qua
san xuat tai cac mé than 16 thién. Trong giai doan
khai thac xubéng sau va mé rong vé bién gisi két
thac trén mat thi nguy co anh hwéng cla séng
chan dong dén cac cong trinh can bao vé cang
tang cao. Theo QCVN 01:2019/BCT vé an toan
trong san xuét, thir nghiém, nghiém thu, bao quan,
van chuyén, s dung, tiéu hdy vat liéu né cong
nghiép va bdo quan tién chét thuéc nd cé quy dinh
rd gi¢i han bién d6 dao dong phan tir d4t da cho
phép theo khoang cach tir vi tri nd min dén cong
trinh can bao vé: T 0 + 91,4 m 14 31,75 mm/s; tlr
92 + 1.524 m la 25,4 mm/s va ttr 1.524 m tr& 1én
14 19 mm/s [2].

Hién nay, dé xac dinh gia tri séng chan doéng
sinh ra tr nd min trén mé than 16 thién, cac phwong
phap phd bién 1a siv dung thiét bi do séng chan
dong, phwong trinh thwe nghiém. Vi méi mot
phuwong phap déu cé loi thé va han ché riéng nhu:
S dung thiét bi do séng chan déng cung cép két
quéa do vé&i do chinh xac cao nhwng chi cung cap
két qua sau khi vu né sdy ra, mang tinh chat giam
sat; str dung phwong trinh thyec nghiém dwa trén
quan hé gira khodng cach do (R) va khdi lwong
thudc nd tire thei I6n nhat (Q), dé dang tiép can
va tinh toan gia tri séng chan déng nhung két qua
dwa ra v@i d6 chinh xac chwa cao do chwa phan
anh day da cac yéu té anh hwdng dén séng chan

ddng trong phwong trinh. Do do, viéc nghién ctru
xay dwng chwong trinh dw bao séng chan déng nd
min cho cac ma than 16 thién Viét Nam Ia can thiét.

Vi cach tiép can st dung mé hinh Al 1a moét
céach tiép can méi, ké thira va khac phuc dwoc cac
han ché cta phwong phéap truyén théng. M6 hinh
Al st dung céc dai thuat hdi quy dé xac dinh quy
luat lan truyén va suy gidm song chan dong trong
moi trudng dat da trén co sé div liéu thu thap trén
03 mdé Na Dwong, Khanh Hoa va Cao Son. Tuy
nhién, viéc ap dung mé hinh dw bao séng chén
doéng trong thue té san xuat can chuong trinh may
tinh d& dang st dung va khai bao d liéu. Két qua
nghién ctru 1a co’ s& khoa hoc dé trién khai va tng
dung chuong trinh dw bao séng chan dong vao
thwc té san xuét tai cac mad than 16 thién cé diéu
kién twong tw nhu méd Na Dwong, Khanh Hoa va
Cao Son.

2. Xay dwng co’ s& div liéu séng chan dong
tai 03 mé Na Dwong, Khanh Hoa va Cao Son

2.1. M6 than Na Dwong

Mé than Na Duwong dang khai thac tai khai
trwdng via 4, cbt cao day mé thap nhat & mic +
150 m. Khu vyc phia trén mat, cach bo tru khu
Trung tam khoang 150 m, tai cbt cao + 285 m c6
cac cong trinh: Nha may nhiét dién Na Dwong 1
dang hoat dong, Nha may nhiét dién Na Dwong 2
dang dau tir xay dung, khu Xwéng sang (mé Na
Duwong).

Dé xay dwng CSDL séng chan ddng cho mé
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Na Dwong, nhém thuc hién thiét lap 70 vi tri do
véi thiét bi Blastmate Ill (hinh 1) v&i cac théng sb
thu thap nhu sau: Khéi lwong thubc nd tic thoi
I&n nhéat (Qtt); Chiéu dai 16 khoan (L); chiéu dai cot
bua (Lb); khodng céach gitra cac hang (a); khoang
cach gitra cac hang 16 khoan (b); chi tiéu thubc nd
(q), khoang cach dat may do séng chan déng (R)
va tbc dd dao dong nén (PVS). Két qua do dwoc
tém tat trong bang 1.

p Lalh AT gl i L I‘L N
Hinh 1. Vj tri do séng chan déng tai mé than
Na Duong

2.2. M6 than Khanh Hoa
Khai tridng 16 thién mé Khanh Hoa co dia hinh
cao nhét hién tai la cac dinh ddi nhé mirc + 45 m &
phia Tay khai trwéng, dia hinh thp nhat hién tai la
day moong 16 thién dw&i mirc - 235 m.

CSDL do séng chan dong ctia mé Khanh hoa
véi cac bién twong tw nhu mé than Na Duong.

1, S

9 Wb than Khaoh Haa
® Vitrigames

\ -:'_559

Hinh 2. Vij tri do séng chan déng tai mé than
Khanh Hoa
Nhém thye thiét thiét [ap 115 vi tri do (hinh 2). Két
qua do dwoc tom tat trong bang 1.
2.3. M6 than Cao Son
Mé than Cao Son la mét mé than Ién cla tap
doan TKV. Hién nay, dia hinh cao nhat ku mé

Hinh 3. Vj tri do séng chéan déng tai mé than
Cao Son

Bang 1. Gia tri déc trung cua céc bién trong CSDL do séng chan déng tai mé Na Duwong, Khénh Hoa

va Cao Son
stt Gia tri at,kg | Ltm |Lbm|am| bm | X | rm | PVS
m3 mm/s
I Mo than Na Dwong
1.1 |Nhé nhét 36 6,2 3,9 0 0 0,15 28 1,86
1.2 |L&n nhét 145 14,4 5,2 7,6 6,8 0,21 441 191,7
1.3 | Trung binh 118,72 13,05 | 4,24 | 450 | 3,53 0,19 149,47 40,81
Il Mo than Khanh Hoa
2.1 |Nhd nhéat 12 3,6 029 | 25 2,5 0,18 57 0,08
2.2 |L&n nhét 158 16,9 9,6 55 5,2 0,37 632 59,71
2.3 | Trung binh 79,71 10,14 | 5,72 | 4,79 | 4,54 0,31 242,25 7,93
il | Mé than Cao Son
3.1 |Nhd nhéat 108 4,63 4,00 | 550 | 5,00 0,35 89,0 2,22
3.2 |Lé&nnhat 644 18,9 9,0 8,3 8,0 0,57 780 74,6
3.3 | Trung binh 410,61 13,09 | 7,02 | 7,18 | 6,53 0,47 267,87 14,69
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thudc vé khu Nam Cao Son mdrc + 400, dia hinh
thap thap nhét thudc vé day mé khu viwc Tay Cao
Son muirc - 145.

CSDL do séng chan dong ctia mé Cao Son véi
cac bién twong tw nhw mé than Na Dwong. Nhém
thuc thiét thiét 1ap 60 vi tri do (hinh 3). Két qua do
duwoc tom tét trong bang 1.

3. Lwa chon thuat toan Al cho 03 mé Na
Dwong, Khanh Hoa va Cao Son

Hién nay, viéc trng dung cac thuat toan Al dé
giai quyét van dé ky thuat ngay cang tré nén phd
bién. Trén thé gi&i, cac nha khoa hoc da rat thanh
cbng trong viéc phat trién cac mé hinh Al dy bao
chan déng nd min cho cac mé 16 thién véi mirc
do chinh xac cao. Mot sé mé hinh tri tué nhan tao
dién hinh phai k& dén nhw: M6 hinh may hoc: Véc-
to hdi quy hé tro (SVR), rirng ngau nhién (RF),...;
md hinh hoc sau: Mang no-ron nhan tao (ANN),
md hinh LSTM,...; md hinh lai: ky thuat phan cum
phan tang va toan lap th& (HKM-CA), mé hinh
SVR - SOM,...

Ké thira nhirtng kinh nghiém trén, nhém thuc
hién da Iwa chon mé hinh phu hop cho 03 mé Na
Duwong, Khanh Hoa va Cao Son trong 08 mé hinh
Al @& xuét nhw so dé hinh 4.

M3 hinh )
hocmidy | .
(Machine  /vac to b tro Ma hmh
leamning) / (sva hee siu
le(De_ep ) Mang no ron nhin
Rimg ngiu nhidn 2mIRE) / ta0 (ANN)
(Random forest -
RF)
B décting cing
& S Mo hinh la1
: ANN-NA
(Dectsion Tree - DT)
SVR - SOM
Butmg héi quy (LR)

Hinh 4. Cac mé hinh t{)uét toan f\l St dung dw
béo song chan déng né min

T& CSDL séng chan dong cta 03 mé thu thap
dwoc, nhém tac gia thwe hién dw bao va danh gia
hiéu suét dbi véi mé hinh thuat toan Al [1]. Két
qua du bao séng chan ddng cho 03 mé véi di liéu
huén luyén va kiém tra dwoc phan chia theo ti &
80/20, chi tiét xem bang 2.

Bang 2 cho thay: Mrc dd chinh xac clia cac md
hinh la khac nhau. Nguyén nhan la do qua trinh
xW ly cia cac thuat toan khac nhau. M6 hinh thuat
toan Al phi hop cho cac mé theo tap div liéu kiém

tra nhw sau: Mé than Na Dwong - Mang no ron
nhan tao 2 16p an (ANN), do chinh xac dat 74 %;
mé than Khanh Hoa - Mang no ron nhan tao 2 I6p
an (ANN), dd chinh xac dat 83 %; md than Cao
Son - Mang nhan tao ANN - NA 2 16p 4n, do chinh
xac dat 85 %.

Két qua so sanh gitra gia tri séng chan dong
thuc té va dw bdo bang mé hinh Al dwoc lwa chon
trén tap dir liéu kiém tra, xem hinh 5.
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Hinh 5. So sénh séng chan déng thuc té va dw
bao trén mé hinh dwoc Iwra chon cho 03 mé than
16 thién Na Dwong, Khanh Hoa va Cao Son
4. Xay dwng chwong trinh dw bao séng
chan dong
Dwa trén két qua lwa chon mé hinh thuat toan
Al phu hgp cho 03 mé than 16 thién Na Dwong,
Khanh Hoa va Cao Son. V&i muc tiéu don gian

KHCNM SO 3/2023 * CONG NGHE KHAI THAC LO THIEN



THONG TIN

KHOA HOC CONG NGHE Mo M

Bang 2. Két qua du béo séng chén dong véi céc thuét toén Al cho 03 mé Na Duong, Khanh Hoa va

Cao Son
I. Mé Na Dwong

17| M6 hinh Dir liéu huan luyén Div liéu kiém tra

MAE | MSE | RMSE | MAPE| R2 | MAE| MSE | RMSE | MAPE | R2
1 [SVM 8,52 | 498,55 | 22,32 | 4,19 | 0,81 33,67 |1194,21 | 4465 | 1,82 | 0,60
2 |RF 10,84 | 218,28 | 14,77 | 2,17 | 0,93 |28,23|1879,31| 43,35 | 0,51 | 0,61
3 | XGboot 11,86 | 460,49 | 21,45 | 1,28 | 0,83 | 23,76 | 886,77 | 29,77 | 0,53 |0,52
4 |DT 11,71 | 304,12 | 17,43 | 3,3 | 0,89 |37,21|3266,11 | 57,14 | 0,71 |0,55
5 |LR 29,29 [ 1591,5| 39,89 | 6,09 | 0,45 | 23,16 | 801,77 | 28,31 | 1,84 |0,44
6 |ANN 3,27 | 246,01 | 1568 | 0,08 | 0,85 10,29 | 355,33 | 18,85 | 0,36 |0,74
7 |SVR-SOM | 8,07 |502,04| 224 | 455 | 0,81 | 36,58 |2213,62| 47,04 | 1,89 |0,57
8 | ANN-NA 11,02 | 426,94 | 20,66 | 0,27 | 0,85 | 21,89 | 727,20 | 26,96 | 6,36 |0,80

Il. Mé Khanh Hoa

17| M6 hinh Dir liéu huan luyén D@ liéu kiém tra

MAE |MSE |RMSE |MAPE |R2 |MAE |MSE |RMSE | MAPE |R2
1 |SVM 1,68 | 16,91 | 4,11 0,5 0,8 | 541 | 5290 | 7,27 | 2,09 |0,33
2 |RF 2,73 | 19,94 | 446 | 145 | 0,84 | 248 | 11,69 | 3,41 | 0,39 |0,73
3 | XGboot 18 | 767 | 277 | 0,74 | 091 | 2,73 | 14,33 | 3,78 1,3 |0,66
4 |DT 251 | 142 | 3,77 | 2,03 | 0,83 | 442 | 86,32 | 929 | 0,68 |0,32
5 |LR 436 | 4548 | 6,74 31 | 049 | 453 | 6823 | 826 | 0,72 |0,54
6 |ANN 141 | 867 | 2,94 | 0,76 |0844| 312 | 16,89 | 411 | 0,56 |0,83
7 |SVR-SOM 1,59 | 16,25 | 4,03 | 045 | 0,81 | 6,0 | 6325 | 7,95 | 1,45 |0,34
8 | ANN-NA 1,36 | 17,66 | 42 025 | 085|294 | 1517 | 0,66 | 3,89 |0,47
Ill. Mé Cao Son
T | M hinh Dir liéu huan luyén D@ liéu kiém tra

MAE |MSE |RMSE |MAPE |R2 |MAE |MSE |RMSE | MAPE |R2
1 [SVM 1,89 | 50,14 | 7,08 | 0,05 | 08 | 7,91 | 173,62 | 0,72 | 13,17 | 0,51
2 |RF 471 | 3863 | 6,21 | 0552 | 0,84 | 11,73 | 313,89 | 17,71 | 0,82 | 0,48
3 | XGboot 4,04 | 3328 | 576 | 0,37 | 0,86 | 11,42 | 268,96 | 16,4 | 0,75 |0,32
4 |DT 2,45 | 29 538 | 0,13 |0,877|10,88 | 240,68 | 1551 | 1,01 |0,35
5 |LR 9,2 |160,48| 12,66 | 1,07 | 0,41 | 11,23 | 254,59 | 1595 | 1,97 |0,30
6 |ANN 2,69 | 33,91 | 582 | 0,17 | 0,85 |12,25| 443,41 | 21,05 | 0,55 |0,75
7 |SVR-SOM 1,71 | 40,68 | 6,37 | 0,04 | 0,84 | 9,38 | 207,13 | 14,39 | 0,64 |0,30
8 | ANN-NA 1,32 | 19,49 | 4,41 | 0,06 | 0,92 | 9,17 | 321,22 | 17,92 | 0,36 |0,85

trong cach tiép can va si dung thuat toan Al
vao thuc té san xuét. Nném thuc hién xay dung
chwong trinh dw bao séng chan déng véi ngdn
ng® 1ap trinh ma ngudn mé& Python.

So dd két ndi hién thi va so dé thuat toan cla
chwong trinh dy bao séng chan déng xem hinh 6.

Trong so dd két ndi hién thi: St dung thw vién
Tkinter va matplotlib cla Python dé khai bao bién
dau vao va hién thi két qua dw bao. Cac chirc nang

dwoc khai thac trong 02 thw vién xem bang 3.

Bén canh do, dé lién két gitra chirc nang dw
bdo v&i thuat toan Al va giao dién clia chwong
trinh dw b&o séng chan déng. Hé théng cac cau
lénh dwoc xay dwng thanh tirng khdi chung va
riéng theo so’ d6 tbng quat hinh 7.

T so' do két ndi hién thi, so d6 thuat toan Al,
chuwong trinh dw bao séng chan déng nd min véi
giao dién nhw hinh 8.
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Khai bao bién dau

——————————————————————————————————

Tén ho chiéu

Khu vue cédnh bao)

Khai bao bién
dau vao

Mé hinh Al

Bat dau

i Nhap gia tri ddu vao ;

Thuét toan Al d&
dugc huén luyén

Huén luyan

thuéat toan Al

Xir Iy

Két qua du bao dat
mtkc @6 tin cay cao

Huén luyan
lai thuat toan

Di liéu hudn luyén Két qua 16i
Luu lich i du Két qua dw bao Trich xuat trong
bao PPV séciia cac bién \\ //
a) b)

Hinh 6. So dé két ndi hién thi (a) va so dé thuat toén Al (b) chay trong chuong trinh dw béo séng
chén déng
Bang 3. Céc chirc ndng duoc str dung dé xay dung giao dién chuong trinh dw bdo séng chén dong

TT | Chirc nang Vai tro TT | Chirc nang Vai tro

1 |Lép Tk Tao ctra sb hién thi 6 |Frame Quan ly tac vu

2 | Title Hién thi tén 7 | Grid Vi tri hién thi

3 | Geometry Kich thwédc khung 8 | Label Tén chirc nang

4 |Entry O nhap va hién thi két qua | 9 | Combobox Lwa chon théng tin tir CSDL

5 |Button Tao nut chirc nang 10 | Messagebox Hién thi thong bao
Khoi Class
o
tnmg cho tat ca
tuemg cda lop

lchm. Neu... Thu'atnnht

Hinh 7. Khéi cau lénh c'fwo’c St¥ dung trong chwo’ng tr/nh duw bdo séng chén dong

PPV Predition.vs1 - [m}

MO BUN DI BAO CHAN BONG NO MIN

1. Khu vwre di bao M8 than Na Duong

I HCKNMND-01 |~

~] LICH S DI BAO:
Md than Na Dwrong  HCKMMND-01 22 21mm/s Bam bdo an toan

2. 86 hé chiéu
3. Khéi lvong thudc né tire thoi Ién nhit kg
4. Chiéu dai cot thude,m

5. Chiéu dai cét buam

Canh bio Séng chin X

o Dam bao an toan

6. Khoang cach giira cac 16,m

7. Khoang céch giira cac hang,m

8. Chi tiéu thuéc nd,kg/m3 | 02
9. Khoang cach do, m 137 L
10. Két qua dw bao song chan déng, mm/s 22.21

11. Kiém chirng theo QCVN01:2019/BCT

I Bam bao an toan

- - ASBO -

Hinh 8. Chuong trinh dw bdo séng chan déng né min
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Trong so

0.08
iﬁ o oaees .
a L Lb a

Bien so

a) Md than Na Duwong

Q L b 3 b q

Biéen so0

b) Mé than Khanh Hoa

' i H -
[Er=tn St
Q L b a b q

Bién s6
¢) Mé than Cao Son
Hinh 9. Mirc d6 quan trong ctia cac bién dau vao
téi dd chinh xac trong mé hinh Iwa chon trong dw
béao séng chéan déng né min

C6 thé thay, cac thong sé trong CSDL déu co
tac dong truc tiép dén két qua dy bao séng chan
doéng véi cac mire do khac nhau. Viéc thay ddi gia
tri cac bién sb sé& lam ting hodc gidm gia tri cla
séng chan dong.

Nhuw vay, dé xac dinh dwoc mire dd anh huéng
clia cac bién dén két qua dw bao, tién hanh phan
tich d6 nhay ctia cac bién dau vao béng phuwong
phap “danh gia phan phéi dd nhay cuc bd” [3]. Két
qua thu dwoc dbi véi tirng mé xem hinh 9.

T két qué phan tich do nhay hinh 9 cho thay:
V&icac mé hinh Al lwa chon cho 03 mé Na Dwong,

b q D

Trong s6

Trong s6

D

Khanh Hoa va Cao Son danh gia cao mirc 6 anh
hwéng cla cac bién Qtt, L va D. Trong khi d6, cac
bién Lb, a, b va q it anh huéng téi do chinh xac
trong két qua dy bao.

Do d6, cong tac nd min trén 3 md co thé duwoc
tdi wu hda dwa vao viéc diéu chinh gia tri ctia cac
théng s6 anh hwéng dén chan ddng nd min (Qtt, L
va D). Céc gia trj sau khi diéu chinh dwoc dwa vao
chwong trinh dw bao chan dong ndé min trwdc khi
tién hanh ngoai thwc dia nhdm kiém soat tét hon
cac tac dong tiéu cwc cta chan dong nd min téi
mdi trdng xung quanh.

5. Két luan

Qua trinh lwa chon thuat toan Al tr CSDL do
séng chan déng nd min va chwong trinh dy bao
séng chén dong cho + ¥ mé Na Dwong, Khanh Hoa
va Cao Son, cho thay:

- Thuat toan Al Iwa chon cung cap gidi phap
céng nghé dw bao séng chan déng véi dd chinh
xac cao. Qua phan tich do nhay trong céc bién
dau vao theo thuat toan Al lwa chon, co thé diéu
chinh céc bién khéi lvong thubc né tirc thoi (Qtt),
chiéu sau 16 khoan (L) va khoadng cach ti bai nd
dén cong trinh bao vé (D) dé kiém soat tét hon tac
déng cla séng chan dong;

- Chuong trinh dw bao séng chan dong dap
tng dwoc muc tiéu dé ra trong viéc don gian héa
cach thire tiép can, st dung va dé dang diéu diéu
chinh tham sé. Két qua dwa ra nhanh chéng, dam
bdo mirc 4o tin cay.
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Research on and development of a program to predict blasting seimic waves for
opencast coal mines of Vietnam

Eng. Do Van Trieu, Eng. Hoang Manh Thang
Vinacomin - Institute of Mining Science and Technology
Dr. Tran Dinh Bao, Dr. Nguyen Tuan Thanh - Hanoi University of Mining and Geology

Abstract:

Artificial intelligence (Al) model is one of the outstanding scientific and technological achievements
of the 4.0 indusirial revolution. For the mining industry, the application of Al for research and production
is still very limited, especially in forecasting regular work. Based on the evaluation and comparison of
the accuracy of 08 Al models from the blasting database of Na Duong, Khanh Hoa and Cao Son open-
pit coal mines, an appropriate seismic wave prediction model was selected for each mine. In order to
facilitate the application of Al models in production practice, the shock wave forecasting program is
built based on the Python open programming language in the direction of simplification in approach
and use.
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