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TOM TAT

Sut 1Gn bé mat dat 1a vin d& thuong xay ra ¢ cac khu vyuc khai thac mo ham 10, gay thiét hai vé kinh té va
con ngudi. Do d6, viéc dyu bao 1Gn bé mat 1 can thiét nham dam bao an toan va hiéu qua san xuat. Trong
bai b4o nay, chiing toi 4p dung mod hinh mang no-ron nhén tao (Artificial neural network - ANN) dé dy béo
In bé mat do cac hoat dong khai thac mé ham 10 tai moé than Mong Duong, tinh Quang Ninh, Viét Nam.
Mb hinh ANN duogc dé xuét st dung trong nghién ctru nay 1a mé hinh dy bao da bude dé quy, trong do6 gia
tri du b&o & bude trude d6 duoc thém vao chudi thoi gian dé du béo gia tri tiép theo. Bo dit liu thuc nghiém
gom 4 diém quan tric lan duoc quan trac véi 12 chu ky trong thoi gian 24 thang, dit liéu dugc chia thanh
tap huan luyén géom 9 chu ky do dau tién, va tap kiém thiar gdm 3 chu ky do cudi ciing. Trudc tién, phuong
phap kiém tra chéo K-fold dugc ap dung vao tap huan luyén dé xac dinh tham sb tét nhat cho mé hinh. Sau
d6, bo tham s6 nay duoc &p dung dé du bao 1Gn bé mat cho ba chu ky cudi. Két qua chi ra rang, sai s6 dy
bao phu thudc vao khoang thoi gian gidn céch giira chu ky do cudi cling va chu ky du bao. Sai s6 twong ddi
& chu ky thir 10 cia bén diém thuc nghiém dat duoc 12 0.9%, -1.7%, -1.7 va 1.4%. C4c gi4 tri sai s6 nay
ting lén thanh 1.4%, -1.8%, -1.8% va -1.7% ¢ chu ky thur 11, va 2.0%, -2.2%, -2.2% va 2.5% ¢ chu ky thir
12. Céc sai sb tuyét ddi dugce xac dinh 1a nho, trong pham vi 20 mm. Céc két qua nay da ching minh ring
phuong phap va mé hinh dugc dé xuét sir dung mang ANN 1a phii hop véi chudi dit liéu quan trac 1an tai
cac khu vuc khai thac mo.

Tir khoa: dy béo 1Gn bé mat; mé ham 16; mang no-ron nhan tao

1. D3t vin dé

Viét Nam la quéc gia c6 ngudn tai nguyén da dang véi khoang 70 loai khoang san (B. N. Nguyen, Boruff,
& Tonts, 2017), trong d6 than da 1a ngudn khoang san chinh, hiu hét nim & cac moé than & tinh Quéang
Ninh. Trong s6 dé, ty 1é phan tram giita mé than ham 16 va moé than 16 thién tuong tng 1a khoang 60% va
40%, véi tong khdi lugng khai théc dy kién ting 1én hang nam (B. N. Nguyen, Boruff, & Tonts, 2021).
Trong d6, mot s6 mo than 16 thién ¢ ké hoach dugc chuyén ddi thanh mo ham 16 do d6 sau khai thac ngay
cang tang dan, ty 1é cac mo ham 10 dang ting 1én (Q. N. Nguyen, Nguyen, Pham, & Chu, 2021). Dong gop
cua cong nghiép than ¢ Viét Nam khdng chi la sy tang truéng Kinh té thong qua xuat khau khoang san ma
con la an ninh ning lugng théng qua viéc san xuat dién tir than (Dorband, Jakob, & Steckel, 2020).

Mic du c6 nhidu déng gop vé kinh té, cac hoat dong khai thac mo ciing mang téi nhitng thach thirc vé
mdi trudng (Mohsin, Zhu, Naseem, Sarfraz, & Ivascu, 2021), trong d6 sut 1Gn mat dat 1a mot hé qua phd
bién. LGn bé mat da gy ra nhitng rai ro dang ké ddi vé6i co so ha ting, sy 6n dinh vé mai truong, va an
toan cua ngudi lao dong trong cac khu vuc khai thac mo (Marschalko et al., 2012). Mic du syt 1Gn bé mat
do céc hoat dong khai thac mo c6 thé dugc do dac sau khi hién twong sut lin da dién ra, viéc du béo hiéu
qua sut 1an bé mat do khai th4c moé trong tuong lai ciing 1a viéc lam quan trong trong phét trién khai thac
mé bén viing va lap ké hoach sir dung tai nguyén (Ma, Li, & Zhang, 2017). Cho dén nay, cac ly thuyét dy
bao dich chuyén va bién dang bé mat mé dugc chia l1am ba huéng chinh: dwa vao nguyén ly hinh hoc, dva
trén moi truong co hoc lién tuc va dya vao ly thuyét ngau nhién. Cac nha khoa hoc trén thé gisi da phat
trién nhiéu phuong phap du béo dua trén cac Iy thuyét nay, c6 thé nhom thanh 5 nhom phuong phap nhur:
nhém phuong phap quan hé thuc nghiém, ham mit cat, ham anh huong, giai tich va mé hinh vat ly (Reddish
& Whittaker, 2012).

*Tac gia lién h¢
Email: lethithanhtam@humg.edu.vn
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Véi su phat trién cua khoa hoc may tinh, mang no-ron nhan tao di dwoc tng dung rong réai trong nhiéu
linh vue, trong d6 c6 khoa hoc du bao. Mang no-ron nhan tao c6 kha nang lién két, tich hop céc thong sé
khac nhau dé xac dinh va du béo trong nhiéu ng dung. Diém manh ctia mang no-ron nhan tao 1a kha nang
du béo tét vai nhitng dir liu phuc tap ma nguorl du bao khong c6 cac thdng tin va kién thac cu thé vé tinh
quy luat cua dix li¢u. Boi voi nhung dir ligu nay, mang no-ron nhan tao cho kha ning tong quat hoa cao
trong du bao, hon nita, n6 con c6 kha nang du bao cho cac dai luong Xuét hién khong tuyen tinh.

Viéc du bao cac dai lugng dich chuyen do anh hudng qua trinh khai thac mé ham 16 bang mang no-ron
nhén tao da duoc thyc hign boi kha nhiéu tac gia nuéc ngoai nhu nghién ciru cia Ambrozi¢ va Turk, 2003
dé du doan muc d6 sut 1un bé mat do khai thac than tai mo Velenje, Slovenia; Ki-Dong Kim va nnk, 2009
(Kim, Lee, & Oh, 2009) nghién ctru du bao mirc do sut Iin cua thanh phd Samcheok, Han Quéc do anh
hudng ctia mo than da khai thac; Nghién ctu ctia Saro Lee va nnk (Lee, Park, & Choi, 2012) sir dung mang
no-ron nhan tao dé du béo anh hudng sut 1an tai khu mé Jeong-am, Han Quéc.

So véi cac phuong phap du bdo mie d6 sut ltn da dugc st dung trude dya vao cac cong thuc va tham
s6 duoc xac dinh thi phuong phap du béo 1Un st dung Mang no-ron nhan tao dugc coi 1a phuong phéap dy
bao khéng st dung tham s6 va c0 kha néng du bao cho cac khu vuc véi cic dic diém dia chat, dia hinh dic
biét. Pay la van dé can duoc giai quyét trong bai toan du béo cac dai lugng dich chuyén do anh huong coa
qua trinh khai thac mo. Dy bao mirc d9 sut Itn bang Mang no-ron nhan tao 1a phuong phép hién dai, phuong
phép nay can c6 dit lidu thyc té quan trac 1Un trén cac khu vic khai thac dé 1am di ligu dau ‘vao huan luy¢n
mang, tuy vay diéu nay c6 thé d& dang thu nhan dugc hon nhiéu so véi viéc thu thap céc yéu té anh huong
can thiét voi do chinh x4c cao cho cac nhom phu’ong phap dé Cap o trén.

Tai Viét Nam, cac nghién ctu phd bién 1a xay dung cac mé hinh du bao dua trén s liéu quan tric thuc
nghi¢m (Long et al., 2017; Long, My, & Luyen; L. Q. Nguyen, 2016), va xac dinh cac tham so ctia cac mo
hinh phi hop véi dlel.l klen cu thé cua tirng khu vuc khai thac nham nang cao do chinh xac két qua du bao
(L. Q. Nguyen, 2016, 2020). Cac nghién ciru vé ng dung Mang no-ron nhan tao trong dy béo 1in bé mat
mo di khang dinh dugc tinh wu viét ciia phuong phap nay so vai cac phuong phép truyén thong khi &p dung
tai Viét Nam (L. Q. Nguyen et al., 2023; L.Q. Nguyen et al., 2021). Ung dung Mang no-ron nhan tao st
dung phwong phap da budc dé quy dé du doan lun tuyén duong do khai thac mo ham 16 da duoc thuc hign
vao ndm 2023 (H. V. Nguyen et al., 2023). M6 hinh mang no-ron nhan tao méi véi cac siéu tham sb “tbi
uu’ dé du doan bé mat dat do khai thac mo ham 16 dwoc dé xuat (Long Quoc Nguyen, 2023).

Trong bai bao nay, mang no-ron nhan tao dugc ap dung dé du bao lGn bé mat do khai thac mo ham 10.
Nghién ctru nay dong gop vé mit phuong phép dy bao dya vao cac tién bo trong céc k¥ thuat du béo sut
IGn, tir &6 hd tro trong viéc khai thac moé bén viing va an toan.

2. Phwong phap nghién ciu
2.1. Phwong phdp mang no-ron nhan tao

Mang no-ron nhan tao ANN 1a mét trong nhirng cdng cu tri tué nhan tao dugc su dung trong du bao sut
1Gn bé mat nho kha nang hoc cac mé hinh phirc tap véi mot bo dit liéu 16n, tir d6 ¢6 thé thuc hién dyu bao
chinh xac (Ambrozi¢ & Turk, 2003; Yang & Xia, 2013). Mang no-ron nhan tao ANN la c&c md hinh tinh
toan duoc phét trién dya trén nghién ctu ciu trdc cta ndo ngudi, va do d6 c6 tén goi 13 mang no-ron nhan
tao (Zou, Han, & So, 2009). Chiing bao gom mét s6 lp no-ron nhan tao duoc két ndi véi nhau, dugc chia
thanh céc 16p dau vao, 16p an, va lop dau ra (Hinh 1). Lép dau vao nhap cac thong sé dau vao sau do truyén
chiing qua cac l6p an véi cac tinh toan duoc thuc hlen dua trén trong s, tir d6 cac bién dy doan duoc uéc
lugng trong Io‘p dau ra. Trong s6 dugc gan gia tri ngau nhién ban dau trong 16p dau vao, sau d6 dugc truyén
qua cac 16p 4n va dau ra. Cac trong s6 sau d6 duoc tinh toén lai bang cac thuat todn toi wu hoa, ching han
nhu gradient descent va lan truyén nguoc (Amari, 1993). Nhu vy, mé hinh no-ron nhan tao ANN c6 thé
du doan chinh xac cac bién dau ra thdng qua viéc tinh toan lai céc gia tri trong sb.

Trong mot mang no-ron nhan tao ANN, mdi 16p
bao gdm mét hoic nhiéu no-ron tiy thudc vao bai
toan cu thé dang dugc nghién cau. Trong nghién
ctu nay, Iop dau vao bao gém sau no-ron tuong
g véi sau chu ky do lin trude do tir s(t-6) dén
s(t-1), duoc sir dung dé dy béo sut 1n tai thoi diem
t (tac Ia s(t)). Phan l6p an bao gom mot hoac nhiéu
Iorp, mol I6p c6 mot sb nat an. Trong nghién cuu
nay, s6 lwong t6i wu cua cac 16p an, cac nit an va
s6 lan tinh lap trong qua trinh lan truyén nguoc
dugc xdc dinh thuc nghiém thong qua phwong |_________!'_ ____________i_________!
phap kiem dinh chéo k-fold (Fushiki, 2011). Hinh 1. Cdu trdc mang no-ron nhan tgo bao gom

l6p ddu vao, 1ép dn, va I6p dau ra

L6p diu ra

s(t) |
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2.2. Md hinh dw bao dé quy da bwéc

C6 tong cong 12 tri do lun dwgc do mot 1an mdi thang, twong wng véi khoang thoi gian mot nam. Vai s6
luong tri do nay, ching toi chia bo dir liéu thanh b huan luyén bao gom 9 tri do dau tién va ba tri do con
lai duoc chon 1am bo kiém thir. Bé huan luyén md hinh dua trén bo huan luyén, ching toi sir dung séu tri
do trude d6 lam dau vao va céc tri do tiép theo lam dau ra nhu dugc thé hién trén Hinh 2. Qua trinh nay
duogc goi 1a du doan da budce dé quy. Cu thé, sau thang dau tién duoc sir dung lam dau vao va thang thir bay
lam d4u ra. Sau d6, chudi thoi gian dugc dich chuyén tinh tién mot budc véi thang thir hai dén thang thi
bay duoc sir dung lam dau vao va thang thir tam lam dau ra. Tuong tu, tir thang thir ba dén thang thir tam
dugc sir dung 1am dau vao dé du doan thang thir chin. Théng qua qua trinh nay, thuat toén lan truyén ngugc
dugc ap dung dua trén su khac biét gitta cac gia tri du doan va gia tri do dac ¢ cac thang 7, 8 va 9 (Hinh 2).
Trén hinh 2, hinh vudng den thé hién gia tri diu vao ciia md hinh va hinh vuéng d6 twong tng véi gia tri
dau ra. Céc tham sb cia md hinh sau qua trinh huan luyén sau d6 dugc sir dung dé du bao sut lGn & céc
thang 10, 11 va 12. B¢ lam diéu ndy, c4c gid tri tir thang thir tu dén thang thi chin dugc sir dung dé du bao
sut lun ciia thang thir muoi. Sau d6, gia tri du doan & thang thir mudi dugc thém vao chudi thoi gian dé du
doan thang thir mudi mot. Cudi ciing, mot quy trinh tuong tu dugc 4p dung dé du doan su sut 10n cua thang
thir muoi hai.

[1]2]3]4]s]6]7]8]9][10]11]12]

Hinh 2. M6 hinh du bdo da budc dé quy

2.3. Ddnh gia mo hinh . .
Dé danh gia hiéu qua du bao sut 1Gn bé mat do khai thﬁc mo ba}mg md hinh no-ron nhan tao ANN, trong
nghién cau nay, hai chi s6 danh gia dugc su dung, bao gom sai so tuyét doi va sai s6 tuong doi, do la:

Abs.Erry =n; —n? 1)
n; —nP
x 100% 2

Rel.Err; =

. N . _
Trong d6 n; va nP lan luot 1a cAc tri do va tri du béo tai thoi diém t;; 7 va n? twong tng la tri trung
binh cua tri do va tri dy bao.

3. Két qua va thao luan

Trong nghién ctu nay, bén diém quan tric bang phuong phap GNSS ¢ khu vyc mo than ham 16 Méng
Duong duoc sir dung dé thir nghiém mo hinh da dé xuit. Bén diém nay duoc dat tén lan luot 1a P1, P2, P3
va P4, nam trén bé mit trén khu vuc khai thac tai mé Méng Duong. Nhu da dé cap trude do, mdi diém
dugc do véi 12 chu ky do cach nhau hai thang. Chin chu ky quan tric dau tién dwoc chon 1am b sb lisu
huan luyén dé huan luyén mé hinh, va ba chu ky quan trac cudi cung 1am bo kiém thir dé du béo sut lan.
Modul chuong trinh xt ly dir liéu va du bao duoc 1ap trinh bang ngon ngit Python st dung gai scikit-learn
(Pedregosa et al., 2011). Bang 1 thé hién céc trj do lan ctia bén diém twong wng vai bo huan luyén cua chin
chu ky dau tién.

Bang 1. Bg hudn luyén bao gom gia tri sut 1Gn ciia chin thang dau tién. (Pon vi: mm).

Chu ky Diém P1 Diém P2 Diém P3 Diém P4

1 0 0 0 0

2 22 -25 -24 -15
3 -62 -67 77 -54
4 -129 -115 -102 -109
5 -198 -192 -183 -165
6 -278 -342 -317 -303
7 -369 -429 -416 -441
8 -452 -558 -547 -569
9 -516 -638 -617 -639

Gia tri sut 1un bé mét cta ba chu ky cudi cuing duoc dy bao dya trén cac tham so tim duoc tir bo dir
lieu huan luyeén, véi két qua duogc hién thi trén Bang 2 (Piém P1), Bang 3 (Piém P2) va Bang 4 (Diém
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P3) va Bang 5 (Dlem P4). Trong cac bang do, céc gi tri du bio duoc so sanh véi cac gia tri quan tric,
tir d6 tinh dwoc sai sb tuyét ddi (Abs. errors), dugc tinh theo don vi do 1a mm. Thém vao do, sai s0 tuong
dbi (Rel. errors) duoc tinh bang cach chia sai s6 tuyét d6i cho gia tri sut 1Gn quan tric, duoc tinh theo
phan trim (%). Két qua cho thay khoang gidn cach I6n hon gitra thoi diém du bao va thoi diém tuong
g Vi gia tri quan tric cudi cung cua tap huan luyén din dén sai s6 I6n hon. Sai sb twong d0| ¢ thang
thir 10 cuia bon diém thyuc nghlem dat duoc 12 0.9%, -1.7%, -1.7% va 1.4%. Céc gié tri sai s6 nay ting
Ién thanhrl 4%, -1.8%, -1.8% va -1.7% ¢ thang thir 11, va 2.0%, -2.2%, -2.2% va 2.5% ¢ thang thtr 12.
Cac sai so tuyét doi duoc xac dinh la nho, trong pham vi 20 mm. Tuong quan giita gia tri du bao va quan
trac cua ca 4 diém r=0.980. Dleu nay cho thay phuong phdp mang no-ron nhan tao ANN s dyng trong
nghlen ctu nay c6 thé dy béo tét cho chudi thoi gian sut 1Gn bé mit tai cac khu vuc khai thac mo. bidu
nay dugc xac nhan bang két qua duoc hién thi trén Hinh 3, trong d6 gié tri sut 14n quan trac va du béo
rit gan nhau. ,
Bang 2. So sanh trj quan trac va trj dir bdo ¢ Piém P1

Chu ky Tri do Tri du béo Sai so tuyét doi Sai s6 twong doi
(mm) (mm) (mm) (%)
10 - 589 -584 -5 0.9
11 -637 -628 -19 1.4
12 -664 -651 -13 2.0
Bang 3. So sanh tri quan trdc va trj du bdo ¢ Piém P2
Chu ky Tri do Tri du bao Sai s6 tuyét doi Sai so twong doi
(mm) (mm) (mm) (%)
10 -725 -7137 12 -1.7
11 -761 -7175 14 -1.8
12 -797 -815 18 -2.2
Bang 4. So sanh trj quan trac va trj dir bdo ¢ Biém P3
Chu ky Tri do Tri du bao Sai so tuyét doi Sai s6 tuong doi
(mm) (mm) (mm) (%)
10 -694 -706 12 -1.7
11 -740 -795 14 -1.8
12 -783 -827 18 -2.2
Bang 5. So sanh trj quan trac va trj dir bdo ¢ Biém P4
Chu k§ Tri do Tri du bao Sai so tuyét doi Sai s6 tuong doi
(mm) (mm) (mm) (%)
10 -711 -701 -10 1.4
11 -762 -775 13 -1.7
12 -814 -834 20 -2.5
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Hinh 3. Két qua so sdnh dwong cong 1an quan trdc va trj du bao
4. Két luan

Trong nghién ctru nay, chiing t6i da sir dung mang no-ron nhan tao ANN dé du béo sut 1Gn bé mat dat
do khai thac mo ham 10 tai mo than Mong Duong. Qua trinh dy bao da bude dé quy da duoc thiét ké va ap
dung, trong d6 chin chu ky dau tién dwoc sir dung 1am dau vao dé huan luyén mé hinh mang ANN. Sau d6,
cac tham s6 ciia mé hinh duoc sir dung dé du béo sut 1Gn cua ba chu ky cudi cung.

Céc tham s6 ciia md hinh ANN, bao gom sb 16p an, sé nit an va s6 vong lap, da dugc xac dinh thong
qua phuong phép kiém dinh chéo k-fold truéc khi chung duoc sir dung dé xac dinh tham sb ciia mé hinh
bang bo dir liéu huan luyén, va du béo sut 1tn bé mat cho bo dit liéu kiém thir. M6 hinh ANN duoc dé xuét
V6i céc tham s6 'tdi wu' tim thay trong nghién ciru nay da duoc chitng minh 13 mot cong cu tét dé du bao
sut lun dudng do khai thac mo ham 10. Sai s6 tuyét dbi duoc xac dinh 1a nho, trong pham vi 20 mm. Sai sé
tuyét d6i phu thudc vao khoang gian cach vé thai gian gitra thang du bao va thang tuong tng véi tri do cudi
cuing trong bé dir liéu huan luyén. Sai sé trong déi ¢ thang thir 10 dat dwoc 14 0.9%, -1.7%, -1.7% va 1.4%.
CAc gié tri sai 6 nay tang 1én thanh 1.4%, -1.8%, -1.8% va -1.7% & thang tha 11, va 2.0%, -2.2%, -2.2%
va 2.5% ¢ thang thar 12.
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ABSTRACT

Prediction of underground mine’s surface subsidence
using a Artificial Neural Network

Le Thi Thanh Tam?, Pham Van Chung?, Nguyen Gia Trong?, Nguyen Quoc Long?
!Geodesy and Environment research group, Hanoi University of Mining and Geology
2Innovations for Sustainable and Responsible Mining (ISRM) Research Group,
Hanoi University of Mining and Geology

The subsidence of the surface due to mining activities is a significant issue in mining areas. Therefore,
predicting surface subsidence is a necessary task to ensure safety and production efficiency. This article
applied an Artificial Neural Network (ANN) model to predict surface subsidence resulting from
underground mining operations in the Mong Duong mine. The ANN model proposed in this research uses
a recursive multi-step forecasting model, where the predicted value at the previous step is added to the time
series to forecast the next value. The experimental dataset consists of 12 monitoring cycles over 24 months,
with a 2-month interval, divided into a training set containing the first 9 measurement cycles and a test set
containing the last 3 cycles. First, the K-fold cross-validation method is applied to the training set to
determine the best parameters for the model. Then, these parameters are used to predict surface subsidence
for the values in the test set. The prediction error depends on the time gap between the last measurement
cycle and the forecasting cycle. The relative errors in the tenth cycle for the four points are 0.9%, -1.7%, -
1.7%, and 1.4%. These error values increase to 1.4%, -1.8%, -1.8%, and -1.7% in the eleventh cycle and
further to 2.0%, -2.2%, -2.2%, and 2.5% in the twelfth cycle. The absolute errors are determined to be
small, within the range of 20 mm. These results demonstrate that the proposed method and ANN model are
suitable for the time-series monitoring data in mining areas.

Keywords: subsidence prediction; underground mine; artificial neural network
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