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DY BAO MU'C DO CHAN DONG TRONG
HOAT DONG KHAI THAC KHOANG SAN
VO'I TRI TUE NHAN TAO

Pham Thi Thanh Loan, Dao Hiéu
Trwdng Dai hoc M - dia chat

Tém tit: N6 min khai thac 1a phuong phéap su dung
nang luong cua thudc nd dé phé v cau trdc vat chat phuc
vu hoat dong xay dung, khai thac khoang san. Sau khi pha
V& cac cau trdc lan can diém nd, phan nang luong con lai
tao thanh séng chan dong lan truyén, tac dong toi moi
trudng xung quanh. Trong ky thuat nd hién dai, tong luong
thudc nd dugc chia thanh nhiéu nhém nho va duoc kich nd
lan luot sau nhitng khoang thoi gian khéc nhau. Nho do,
hiéu qua nd duoc cai thién dong thoi mic d6 chan dong
giam. Qua trinh do muc do chan dong 1a viéc xac dinh van
téc dao dong cua hat dit da tai diém do. Két qua do 1a co
s& dé danh gia muc do nguy hai t6i céc cau trdc, cong
trinh 1an can ving khai thac. Trong bai bao nay, tac gia dé
XUit phuong phap phan tich dir lidu dé xac dinh yéu té
quan trong tac dong dén van téc dao dong cua hat dat da.
Mot s6 md hinh tri tué nhan tao dugc phat trién dé dy bao
muc do chan dong do ndé min &p dung cho cac mo 16 thién
tai Viét Nam. Dit liéu duoc lay truc tiép tir cam bién trong
thoi gian nd thuc nghiém tai mo than NGi Béo, tinh Quang
Ninh

Tir khéa: S6ng chan dong, thoi gian vi sai, tién xu ly
di liéu, Random Forest, XGBoots, KNN.

. MODPAU
A. Chan dgng né min

S6ng chan dong nd min sinh ra khi ning luong nd
khong con du kha ning 1am pha v& dat da. Chan dong nd
min 1a mot tac dong tiéu cuc ¢ thé pha huy ciu trac cac
cong trinh xung quanh khu vuc nd, gy niit né, d6 sap nha
clra, mét an toan 6n dinh tang va bo mo. Toc d6 di chuyén
cua song chén dong tai mot khu vuc nhat dinh gﬁn nhu
khong doi, ném trong khoang 305 — 6100 m/s. Séng chan
dong lan truyen di tor moi dlem nd 1a doc 1ap v&i nhau
(Hinh 1). S6 luong diém nd trong mot vu nd cang nhiéu
thi luong thube ctia mot 1an nd cang nho, kéo theo mirc do
chén dong cang giam. Do do, muc do chén dong chi phu
thude vao luong thudc nd mot 1an nd ma khong phu thude
vao luong thube cua ca bai [1][2].

N6 min vi sai 1a qué trinh thuc hién cac dot né mot
cach tuan tu gidn cach nhau bang nhiing khoang thoi gian
tré phu hop tinh bang mili gidy (ms), dugc goi la thoi gian
vi sai. Cac dot nd lién nhau giip tao mat ty do mai, tao sw
giao thoa song Umg sut, cung véi hién tuong da ving, va
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dap 1an nhau lam tang kha nang pha v&. Khoang thoi gian
vi sai 1a mot tham s quan trong dé tan dung t6i da nhimg
hiéu tng do.

Lémin 1

Séng chan
dong tir 16 1

Hinh 1. Su lan truyén song ing sudt trong né min vi sai

Tham sb nay can dugc lya chon duya trén dic tinh co ly
riéng cua dat da tai mdi khu vue nd. Tuy nhién, céc théng
tin d6 lai khong duoc xac dinh mot cach chinh xac gay
khé khin cho hoat dong thiét ké né min. Thyc té, cac ky
su ndé min thuong phai st dung cac cong thirc va hé sb
thuc nghiém tai twong tmg véi mdi loai dat da va cu trac
dia chat ving khai thac. Cong thirc xac dinh thoi gian vi
sai theo thyc nghiém nhu sau [3][4]:

t =k.R (Ms) (8]

Trong d6: k (hé s6 nén) 1a hé s6 phy thudc tinh chat
ctia dat da (ms/m), d6i v6i da rat cimg k = 3, da cing k =
4, da cing vira k = 5, da niit né mém yéu k = 6; R 1a
dudng khang chén tang (m).

Bdng 1. Thoi gian vi sai khi né nhiéu hang

Loai d4t|DPo Puong khang chan t?mg R(m)

da cung f{15-3 [3-45 |4,5-6 |6-8 |8-10
Cimg Vva|)5 o0 112-15(19-21 |25-31 [31-37 |37-44
rat cig

Cing

trung  |8-14 |19-21|25-31 |31-37 [37-40 |43-50
binh

Dinh két|) o 155.31(31-37 |37-40 |43-50 |50-65
va mem

Anh huéng cua thoi gian vi sai t6i hiéu qua nd min da
dugc nghién ctu va ching minh bang thuc nghiém trong
nhiéu nghién ctru trude day [S][6][7][8]. Mot s6 két qua da
duoc khing dinh nhu: mirc d6 dap vé dat da giam khi nd
dong thoi (thoi gian vi sai bang 0); muc do dap v& ting
dan khi thoi gian vi sai ting 1én. Mirc d¢ dap v& toi wu khi
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ty I¢ “thoi gian vi sai/duong khang chan tang” nam trong
khodng tir 4ms/m dén 10ms/m. Thoi gian vi sai 16n hon
ngudng cho phép thi hat dat da lai tré nén tho hon.

Cung véi su phat trién cua khoa hoc cong nghé, nd
min khai thac gan nhu dugc kiém soét hoan toan trong
nhitng nam gan day. Céc thong so trong thiét ké vu no déu
duoc Xét téi nhu luong thudc no, sb luong diém no, kich
thudc 16 nd, ddc tinh dét da, van toc song chan dong hay
thoi gian tré no [9]. Dit liéu cua cac vu no duoc luu tri
mét cach c6 hé thng gitp cac nghién ciiu vé md hinh hog,
m6 phong ¢6 tinh ing dung cao khi cac thdng sé nd duoc
xac dinh mot cach nhanh chéng va t6i uu [10][11][12].

Mot huéng nghién ciu khac s dung dir ligu nay
nham du béo mirc d6 chan dong nd, muc do dap vo va
murc d6 ntt né anh huong két cdu caa vu nd. CAc tac gia sir
dung md hinh mang noron nhan tao, md hinh hoc may
khac nhau dé nang cao d¢ chinh xéc trong dy bao. Co so
dir liéu bao gém cac thong tin vé do cung, do xop dat da,
do ngam nudc, mat do dat da, lugng thudc no, vi tri, thoi
gian kich no.. J[13][14][15][16]. Tuy nhién, tham s6 thoi
gian vi sai trong nd min vi sai chua dugc dé cap dén. Bai
b&o nay tap trung phan tich vai tro cua thoi gian vi sai ddi
v6i mirc d6 chin dong thong qua cac qué trinh tién xu ly
va phan tich di liéu.

B. Tién xir Iy dix liéu trong hec may

Tién xir 1y dir liéu trong quy trinh hoc méay 1a mot
bude quan trong, chiém nhiéu thoi gian va cong stc cla
ngudi thiét ké moé hinh. Tién xir 1y dir lidu giup nang cao
chét luwong va dam bao tinh nhét quan cho bd dir liéu, tir
d6 cai thién hiéu suat mo hinh du béo. Quy trinh nay bao
gém cac bude co ban tir viée 1am sach dit liéu dén chuéan
hoé va giam chiéu dir liéu [17][18][19][20].

1) Xk Iy thiéu dir liéu

Céc dit lidu bi thiéu sau khi thu thap va luu trit ¢6 thé
duogc loai bo (néu ty 18 thiéu 1a rat nho), hodc duoc thay
thé bang cac gia tri trung binh, trung vi, hodc cac gia tri
xudt hién nhiéu nhét tuy theo tinh chit dic diém cua cac
dac trung.

DPdi v6i bai toan can sy chinh xé4c cao hon, gia tri
thiéu dwgc bu vao theo phuong phap KNN (K-Nearest
Neighbors) hodc Regression Imputation. Giai phap nay st
dung gi4 tri cia k diém dir liéu gan nhat hoic mot mo
hinh hdi quy dé uée luong, du doan gia tri con thiéu.
Phuong phép dya trén md hinh (Model-based Imputation)
tao ra nhiéu tap dir liéu bang cach thay thé cac gia tri bi
mat bang cac wdc lwong tir mot phan phéi sac xudt, sau d6
téng hop cac tap dit liéu nay dé co két qua cudi cung.

2) Chudn hod dir liéu

Dit ligu dugc quy doi vé giai gid trj [0,1] hoac [-1,1]
theo cong thire (2), hodc duoc chuyén doi sao cho nd ¢6
gia tri trung binh bang 0 va d¢ 1éch chuan bang (Z-score
Scaling):

, X —min(x)
= O]
max(x) —min(x)
Trong do: x 1a mot dac trung ; p, o 1a gid tri trung binh va
d6 1éch chuan cua tap dir ligu.
x=XTH
o
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3) Bién doi dir liéu

Ap dung ham log, ham mil hodc ham cin bac hai dé
giam thiéu tac dong cuia cac gia tri 16n:

X' =log(x+1) (ap dung khi dir liéu c6 phan phdi
1éch phai)

X' =e*
4) M& hod dir liéu

Chuyén d6i cic nhin phéan loai thanh cac gia tri s6
nguyén (Label Encoding) hodc thanh vector nhi phan
(One-hot Encoding). Mdi gia tri phan loai dugc dai dién
bdi mot vector co gia tri 1 tai vi tri tuong ung va 0 tai cac
vi tri khac. Phuong phép nay loai bo m6i quan hé gia gitra
cac gia tri, nhung c6 thé tao ra ma tran dit liéu 16n néu sb
luong gia tri phan loai nhiéu. Phwong phip Binary
Encoding két hop Label Encoding va One-hot Encoding.
Cac gia tri phén loai duoc gan cac s6 nguyén, sau do cac
s6 _nguyén nay dugc chuyén thanh biéu dién nhi phan.
M&i phuong phap c6 wu, nhuge diém riéng, viéc lya chon
phuong phap phu hop phu thudce déc tinh cua dir li¢u va
yéu cau cu thé ctia timg bai toan.

(dit liéu c6 phan phdi 1&ch trai)

5) Gidm chiéu dit liéu

S6 chiéu cua dir liéu duoc giam xuéng khi loai bo cac
dac trung khong cé anh hudng lon theo phuong phap
PCA (Principal Component Analysis) hodc LDA (Linear
Discriminant Analysis). PCA la ky thuat giam chiéu dua
trén toan hoc, gitip chuyén ddi cac dic trung gbc thanh
mot tap dic trung méi khong tuong quan xép theo thir tw
giam dan ctia phuong sai. Trong khi d6, LDA 1a ky thuét
giam chiéu c6 giam sat c6 nhiém vu tim cac vector trong
khong gian dic trung dé tach biét cac 16p dir lidu tt nhat.
6) Phat hién dir liéu ngoai lai (Outlier)
+) Z-score (Standard Score): phuong phap nay do khoang
cach ciia mot diém dir lidu so voi gia tri trung binh theo
don vi do 1éch chuén:

z=2K ®)
o
|Z|>3 dugc coi la ngoai lai

+) Interquartile Range (IQR): Do ludong d6 phén tan cia
dir liéu giita phan vi tha nhat (Q1) va phan vi thir 3 (Q3).
Dir liéu ngoai lai 14 cac diém nam ngoai khoang [Q1 —
1.51QR; Q3 + 1.51QR]; IQR=Q3-Q1
+) Biéu d6 hop (Boxplot) hodc biéu dd phan tan (Scatter
Plot): 1a cong cu tryc quan dé phat hién dir liéu ngoai lai.
Cac diém dir liéu ndm ngoai “rau” cta hop dugc coi la
ngoai lai.
+) Phuong phap hoc may: Isolation Forest la thuat toan
hoc may khong giam sat, hoat dong biang cach xay dung
cac ciy quyét dinh nglu nhién va c6 lap cac diém dir lidu.
Piém dix liéu dé& bi co 18p 1a ngoai lai.
+) Mot sb phuong phap khac nhu phuong phap dya trén
mo hinh, phuong phap dua trén khoang cach hodc phuong
phap tong hop.
7) Chia tach dir liéu (Data Spliting)

Dit liéu dugc chia thanh cac tap huén luyén, kiém tra,
kiém dinh dé danh gia hiéu qua mo hinh.

C. M hinh tri tué nhan tao dw bio chin dong né min

M6 hinh du b4o dugc phan loai theo ban chét cta bai
todn hodc dua trén cach thirc hoc ciia mo hinh. Cé 3 cach
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phén loai chinh: Phan loai dya trén 1oai'd1~r liéu dau ra;
Dua trén phuong phap hoc; Dua trén kién tric mé hinh
[19][20][21][22].

Bang 2. Phan logi mé hinh

Linear Regression,
Gia  tri | Decision Tree, K-nearest
lién tuc Neighbors, Random Forest,
Neural Network,..
Dir liéu Logistic Regression, K-
dau ra Nhén nearest Neighbors,
phéan loai | Decision Tree, Random
Forest, Neural Network,..
Chudi ARIMA, LSTM, Neural
thoi gian | Networks, ..
Co giam Line_a_r/Logistic Regression,
sat Decision Tree, Random
Forest, Neural Network,..
Phuong Khong
phép hoc G Phan cum K-means, PCA..
gidm sat
Hoc tang | Q-Learning, Deep Q-
cuong Networks (DQN), ...
Eﬁzen Linear/Logistic Regression
Kién trac Phi tuvén | Decision  Tree,  Neural
mo hinh Y Network
Két hop Randqm Forestg Gradient
i Boosting Machines (GBM)

1) K-nearest Neighbors

KNN la mdt thuat toan don gian st dung trong bai
toan phan loai va hdi quy. Gia dinh trong thuat toan 13 cac
diém dir liéu gan nhau c6 xu huéng gidng nhau. S6 luong
k diém lan can gén nhét thuong duge chon dya trén
khoang cach giita diém can du doan cac diém trong tap dir
liéu huén luyén vé6i khoang cach 1a nhé nhit. Cac phuong
phap tinh khoang cach phd bién bao gdm:

+) Khoang cach Euclid:

)= 33003 @

+) Khoang cach Manhattan:

d(x, y):Z| X =Yl ©)
+) Khoang cach Minkowski:
d(x, y)=(Z|Xi_yi )" (6)

Trong do: x, y 1a hai diém trong khong gian n chleu
Xi, Yi 1a thanh phan thtr i cta x va y; p la tham sb diéu
chinh cua khoang cach Minkowski.

Gia tri dg doan chinh 1a gia tri trung binh cta k diém
lan can (h61 quy), hodc bang nhin xuit hién nhiéu nhat
trong k diém lan can (phan loai). M6 hinh dugc danh gia
thong qua cac tham so: d§ chinh xac (accuracy), sai sO
trung binh binh phuong (mean square error) ... KNN ¢
wu diém vé tinh don gian, linh hoat tuy nhién hiéu suat
cham véi tap dir li€u 16n, hi¢u sudt phu thuéc manh mé
vao k
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2) Decision Tree

Cay quyét dinh duoc sir dung cho ca bai toan phan
loai va hdi quy. Pay 1a mot k¥ thuat phd bién chia nho dir
liéu thanh céc tap con dua trén cac dac trung, sau do lap
lai qua trinh nay cho timg tap con tao thanh mot cay quyét
dinh.

LFl [LT]

Hinh 2. Cdu tric cua cy quyét dinh

Cay quyét dinh bao gdm cac nat quyét dinh (nit B)
va cac nat 14 (T, F). Nut gbc (A) 1a diém bat dau cua cay
quyét dinh. Tai day dir li¢u dugc chia dua trén mdt dac
trung tot nhat va mot ngudng. Dir liéu tiép tuc duoc chia
nho tai cac nuat quyét dinh v&i mot thude tinh va mot
ngudng méi duge so sanh. Nut 14 1a nat cudi cung (T, F)
chira gia tri dy doan, thuong 1a gia tri trung binh cla céc
gia tri muyc tiéu trong tap dir liéu.

C6 nhiéu cach dé trién khai cay quyét dinh, ndi bat la
phuong phap C5.0, CART (phén loai va cay hdi quy) véi
thuat toan Gini Index, Variance Reduction:

Gini(S) =1—ZC: p? (7

S|
Variance(S) :|?1|Z(yi -y)? (8)
i=1

Trong dé: pi 1a xac sudt cua 16p i trong tap hop S; yi
1a gia tri myc tiéu cia mau i va 'y 1a gia tri trung binh coa
cac gia tri trong tap S.

Gini Index str dung cho bai toan phan loai, do luong
mirc 46 khong thuan nhét ciia mot tap hop. Variance do
mirc d6 giam bién dong sau khi chia tap hop dua trén mot
ddc trung. Qua trinh chia nho s€ dung lai khi cay dat den
do sau t01 da va s6 lwong miu trong mot nut it hon sd
lwong mau tdi thiéu cia mot nut 14.

Cay quyét dinh c6 cic quy tic don gian, hoat dong
hiéu qua dbi véi tap dir liéu nho va 1on. Nhugc diém cia
mo hinh nay d& gay qua khép, c6 hiéu suit thap ddi voi
bai toan phan loai nhiéu 16p.

3) RandomForest
Do Iiéu

M4&u ngau nhién
M&u ngau nhién
Mau hgAu nhién

Cay 1 Cay 1 Cayn

Lop 1 Lép 1 Lop 2

Tbng hop

Hinh 3. Cau trac md hinh ring ngau nhién
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Random Forest la ky thuit mé rong cua Decision
tree, trong d6 nhiéu cay quyet dinh dugc x@y dung va cac
dy doan cia ching duogc 13y trung binh dé cai thién do
chinh xac va giam hién tuong qua khép. SO lugng thude
tinh trong mdi tdp con thuong dugc lay 1a Jm, véim la
tong sd ddc trung cua bo dir lidu.

L 1S

=529 )

i=1

Véi § 1a gia tri du doan cudi cung; ¥ 1a gia tri du
doan ciia mdi cay; B 1a s luong ciy quyét dinh.

Raqdom Forest cho d§ chinh xé,c cao hgn S0 vO1 mot
cdy quyét dinh don 1¢, kha nang chong nhicu tot do viée
lay trung binh cac du doan nhung nd doi hoi kha nang
tinh todm va mtc d phuc tap cao cta thuat toan.

4) XGBoosting

XGBoost bao gdm nhiéu cay quyét dinh duoc thiét ké

theo tuan ty. Cac cady nay khong doc 1ap nhu trong

Random Forest ma duoc xay dung dan véi muyc ti€u giam
thieu ham loi bang phuong phap Gradient Boosting.

+) Ham mét mat duogc tinh theo cong thirc:

L0 =3Iy 9 + L) +Af)  (10)

Trong d6: L®: ham mét mat tai bude t; 1: 14 ham mét
mat; Q(f,) la ham regularization
+) Gradient va Hessian;

i ay_(t—l) ; h(l) 8( y_(t—l) )2 (11)
+) Cap nhat dy doan:
90 =970 +nf (%) (12)

XGBoost la mot cong cu manh mé va linh hoat, mang
lai hiéu sudt cao. N6 duoc tdi wu hoéa dé chay nhanh va
hiéu qua trén bd dir liéu 16n. XGBoost ¢6 kha nang tu
dong xir Iy gid tri thiéu ma khong can tién xur ly dong thoi
giam hién tuong qua khdp nho k¥ thuat regularization.

Chi tiéu danh gia do chinh xac ciia cdc mo hinh dugc
thé hién qua gia tri RMSE (Root Mean Squared Error): do
léch chuan cua sai s6 du bao; MAE (Mean Absolute
Error): d§ 16n trung binh ciia cic sai s6 du bao; MSE
(Mean Square Error): gia tri trung binh cua binh phuong
sai sO0 du bao; R-square (RZ) ty 1¢ phuong sai ctia bién
muc tiéu dwoc giai thich bang mé hinh dy bao. R? cang
gan 1 thi mé hinh cang tét.

fl . N
RMSE = HZ(yi _yi)2
i=1

13 .
MAE:_Zl Yi =i |

MSE = Z(y. 9,)° (13)
Z(Vi -9

RZ-1_ i:l
Z(yi _yi)2
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Trong d6: n la $6 luong quan sat; Y, 1a gia tri thuc té
tai quan sat thir i; §;1a gia tri du bdo cia quan sat thu i;

¥ : gia trj trung binh ciia tat ca cac gia tri thuc té ;.

1. X& LY DI LIEU TRONG DY BAO CHAN DONG
TAI MO THAN NUI BEO

Tap dir liéu thuc nghiém thu thdp dugc tai mo than
Nui Béo bao gom 1115 gia tri cung 5 dac trung: luong
thudc n6 16n nhat tai mot diém nd; thoi gian vi sai, van
tdc song lan truyén. Cac dic trung nay dugc s dung dé
du bao van tdc cua hat dat da.

Bdng 3. Théng s6 ciia cdc dic trung

<class 'pandas.core.frame.DataFrame'>
RangeIndex: 1115 entries, @ to 1114

Data columns (total 6 columns)

# Column Non-Null Count Dtype

@ Distance 1115 non-null  float&4
1 differental_timel 1115 non-null int64

2 differental_time2 1115 non-null  int64

3  Max_explosives 1115 non-null floate4
4  wave_speed 1115 non-null inte4d

5 partical_speed 1115 non-null floate4

dtypes:
memory usage:

float64(3), intsa(3)
52.4 KB

A. Khio sat mdi twong quan giira cic dic trung

Do chinh x4c cia md hinh phu thudc vao bo dir licu
quan sat. Sy twrong quan 16n giita mot cip bién dau vao co
thé dan toi giam hiéu qua mo hinh. Ban d6 nhiét tuorng
quan (Correlation heatmap) 1a mot cong cy tryc quan giip
phat hién mdi quan hé tuyén tinh giita cac bién tir d6 loai
bo dugce dic trung phy thudce.

Correlation Heatmap on the Training Set

1.00

Distance 0.75 0.75

differental_time1

differental_time2
~-0.00

--0.25
Max_explosives

--0.50

wave_speed
=--075

Distance

differental_time1
differental_time2
_explosives
wave_speed

Max_ex|

Hinh 4. Méi twong quan giita cdc ddc trung

Thoi gian vi sai 1 va thoi gian vi sai 2 ¢6 mbi twong
quan 16n = 1 nén khong thé sir dung dong thoi ca hai dic
trung nay dé du bao van tdc hat dat da. bac trung thoi
gian vi sai 1 s€ dugc loai bo khéi tép dit liéu dau vao. Pac
trung luong thude nd 16n nhit va thoi gian vi sai c6 mdi
lién h¢ thap nhat, khoang 25%, trong khi tvong quan giita
khoang cach va thoi gian vi sai xap xi 70%. Do d6 ca 4
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dac trung con lai déu duge s dung nhu dau vao dé du
bao van toc hat.

B. Phat hién dir li¢u ngoai lai (Outlier)
Boxplot for Distance
2000 ]
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Boxplot for partical_speed dfferental_time2

45 o % —
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CEBOQIO C @WOO 00

1
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Hinh 5. Biéu do Boxplot

differental_time2

Phan phdi dir liéu khoang cach va thoi gian vi sai 2
cho thay c6 su bién dong kha 16n trong giai gia tri cia hai
dic trung nay. Tuy nhién, khong ton tai gia tri ngoai 16
trong khoang cach va thoi gian vi sai 2. Dit liéu vé toc do
lan truyén song va tdc do hat dét da it c6 bién dong. Véan
toc hat dao dong chu yéu quanh cdc gia tri 1.5-1. 75m/s
C6 mot s6 ngoai 18 & van tdc hat va van tdc lan truyén
song. Cac gia tri ngoai 1€ nay s& duoc loai bo theo phuong

phap IQR.
C. Bién déi dfr liéu
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Tap gig’l tyi cua cdc dic trung duoc phan bd 1éch phai
trén biéu d6 tan suat (Hinh 66). Gia tri khoang cach [120 -
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630m] gitta cac diém nd xuit hién nhiéu nhit trong bién
Distance, chiém 90% dir liéu. Dac trung thoi gian vi sai
va luong thudc nd 16n nhit dugc phan bo khong déu, bao
gdm mot sd dir lidu cao bat thuong (9kg ddi véi luong
thuéc nd va 16s dbi véi thoi gian vi sai) Pé dua dir licu
vé dang phan phéi chuén, tac gia trién khai phuong phap
chuan hoa Z-score va bién ddi Yeo Johnson. Phuong
phép nay ap dung cho ca dir liu c6 gia tri duwong va gia tri
am. Cong thirc bién doi nhu sau:

(y+D* -1
y>0: vl A#0
In(y+1 A=0
(y )12_1 1 (14)
. ' _(_y+) B A£2
y<0: y' = 2-1
—In(-y+1) A1=0

~ Trong do: X 1a tham s6 diéu chinh quyét dinh cach
bién doi dir ligu.

Bdng 4. Phirong phdp bién doi di liéu

GiatriA | Phuong phap bién doi
0 Bién d6i logarit
1 Gilr nguyén dir liéu
Khac 0 va 2 | Bién dbi theo cong thirc Yeo_Johnson
Udc lugng | Tdi wu hod su bién doi

Dit liéu sau khi chuin hoa duoc dua vé dang gén
phan phdi chuin (Hinh 7). Piéu nay giup ning cao do
chinh xac cac cho m6 hinh dy bao nhay cam véi phan
phdi dir liéu.

Distance Max_explosives
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Hinh 7. Diz liéu dueoc chudn hod theo phirong phap Z-
Score

differental_time2
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I1.TRIEN KHAI CAC MO HINH DY BAO MU'C PQ
CHAN PONG NO MIN

Du bao mirc do chin dong nd min cua mo than Nui
Béo thong qua véan toc hat dat d4 c6 xét dén tac dong cla
lwong thudc nd 16n nhét tai mot diém nd thoi gian tré nd,
van toc song lan truyén 13 bai toan dw bao hdi quy, dbi
tuong phi tuyén manh.
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Chia d@ liéu
]

Huén luyén véi k
hién tai

2

Dw doan gié tri trén
tap kiém tra

Tim sai s6 hién tai

SS hién tai < 6 S
€0 =SS hién tai l

Xuét k tét nhat

Hinh 8. Thudt todn xdc dinh k

M&bi mé hinh du bao c6 cac uu, nhuoc diém riéng va
phil hop véi timg nhom dbi tuong cu thé. D6i véi muc
tiéu du bao chin dong nd min, nhom tac gia dé xuét trién
khai mot s& mé hinh: KNN, Decision tree, Random
Forest; XGBoost.

Tham s6 k duoc khéi tao & gia tri nho nhit trong giai
cho phép ddng thoi thiét 1ap sai s6 ban dau eo 16n nhét.
Dit liéu duoc dua vao huin luyén véi k hién tai va xac
dinh ra sai s6 sau huan luyén. Qua trinh tiép tuc cho dén
gia tri 16n nhét cia k va xac dinh duge tham sb k tuong
g véi sai s6 nho nhat (hinh 8). Tham sé k ciia mé hinh
KNN (KneighborsRegressor) dugc chon trong khoang [5,
30] vi sb luwgng dir liéu khong 16n. Két qua thuc hién mo
hinh cho thay d6 chinh xé4c ciia mé hinh dat cao nhit véi k
= 9. Tai d6, 6 chinh xac dat 0.95 cho tap huén luyén va
0.8 cho tap thir nghiém. Thuat toan xac dinh k cho trén
Hinh 8. Céac tham sb cta cac md hinh con lai cling dugc
lya chon theo thudt toan trén. Gia tri max_depth va
random_state trong mo hinh DecisionTreeRegressor nam
trong dai [1, 30] vdi budc tinh 1a 2. B9 phu hop cua mod
hinh kha cao, 1én t6i 91.5% khi max depth la 9 va
random_state 1a 3. M6 hinh XGBoost cho hiéu suét cao
nhét 1én t&i 96,6%. Chi tiéu danh gia md hinh dugc cho
trong Bang 5.

Bang 5. Két qua dw bdo ciia cde mé hinh

M6 hinh Coefficient | RMSE | MSE | MAE
KNN 0952 | 0.0061 | 1.545 | 0.0011
Decision | 915 | 0.160 | 0.025 | 0.131
tree

Random 0.947 0.126 | 0.015 | 0.076
Forest

XGBoots | 0966 | 0019 | 9.35 | 0.018
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Pred

Hinh 9. Gi4 trj thyec té va gid tri du dodn ciia mo hinh
XGBoost

Predictions

Hinh 10. Gid trj thuc té va gia tri dir dodn ciia md hinh
KNN

Két qua hinh 9 va hinh 10 cho thay, méi quan hé giita
gia trj thuc té va gié tri du doan tir mé hinh ¢6 xu huéng
tré nén tuyén tinh 1-1, nghia 1a gia tri du bdo da theo sat
gia tri thuc té cua hé thng.
IV. KET LUAN

Trong bai bao nay, nhom tac gia dd thyc hién phan
tich di liéu chi tiét va trién khai mot s md hinh co ban
dé du bao van toc hat dat da, tir 6 xac dinh duge mtc do
chin dong nd min trong moé than Nai Béo. K¥ thuat tim
va loai bo dir liéu ngoai lai, chuén hod va phéan chia tap dir
lidu da duoc 4p dung dé dam bao chit luong cua dir liéu
khi trién khai mé hinh du bao. Mot s6 mé hinh dy bao hoi
quy da duoc thir nghiém dé tim ra mé hinh phu hop nhat
v6i bai toan. Két qua cho thay, mo hinh XGBoost va mo
hinh KNN cho hiéu suét cao nhat véi cac chi s MSE;
MAE; RMSE rit nho. Nghién ctru ndy cung cip mot co
s& quan trong cho viéc dy bao mic chan dong nd min. Tu
d6 xéac dinh ra thoi gian vi sai t6i wu phuc vu cong tac
thiét ké nd min trong cac mo than tai Viét Nam.
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SEISMIC LEVEL PREDICTING IN MINERAL
EXTRACTION WITH ARTIFICIAL
INTELLIGENCE

Abstract: Blasting in mining is the process of utilizing
explosive energy to break down physical structures for
construction and mineral exploitation activities. After
breaking the rock near the explosion point, the remain
energy forms a vibration wave. It propagates, affecting the
surrounding geological structure and buildings. In modern
blasting techniques, the total amount of explosive is
divided into parts to detinate after different periods of
time. That improve blasting efficiency, while reducing the
level of vibration. Measuring the vibration level is
determining the oscillation velocity of soil and rock
particles. The results are the basis for assessing the level of
danger to buildings near the mining area. In this paper, the
authors propose a data analysis method to determine
important factors affecting the oscillation velocity of soil
and rock particles. A number of artificial intelligence
models have also been developed to predict blasting shock
waves applicable to open pit mines in Viet Nam. Data was
taken directly from the sensor during an experimental
explosion at Nui Beo coal mine, Quang Ninh province.

Keywords: Shock waves, differential time,
preprocessing, Random Forest, XGBoost, KNN.

data

Pham Thi Thanh Loan tbt nghiép dai
hoc, cao hoc va nhan bing Tién s§ nganh
K§ thuat diéu khién va Ty dong hoa nim
2003, 2005 va 2015 twong ung tai truong
Pai hoc Bach khoa Ha ndi. Nam 2003 chi
lam viéc nhu mét ky su Ty dong hoéa tai
Trung tdm Cong nghé cao - Vién May va
Dung cu Cong nghiép. Tt ndm 2004, TS
Loan la giang vién tai Bo mon Ty dong

. < hoa — Khoa Co Dién — Dai hoc Mo Pia
chit. Linh vuc nghién ctru bao gdm: Diéu khién qua trinh, Diéu
khién du bao, mé hinh hoa, nang lugng tai tao, Al.

Pao Hiéu t6t nghiép dai hoc, cao hoc va
= = nhan bing Tién sy nganh Ky thuat didu
khién va Tu dong hoa nam 2005, 2009 va
2023 twong trng tai truong Pai hoc Mo -
Dia chit. Ndm 2005-2007 anh lam viéc
nhu mot k§ su Ty dong hoa tai cac nha
may cong nghiép. Tir nam 2008, TS Hiéu
la giang vién tai Bo mén Ty dong hoa —
Khoa Co Pién — DPai hoc Mo Dia chit.
Linh vuc nghién ciru bao gdbm: Ning luong tai tao, hé théng
diéu khién thong minh, ToT.
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