KHOA HOC VA CONG NGHE Mo

SO SANH HIEU QUA GIA THUAT TOAN HOI QUY TUYEN
TiNH VA PHI TUYEN TiNH KHI DU BAO SONG CHAN BONG
NO MIN TREN MO THAN NUI B€O, QUANG NINH

NGUYEN HOANG, BUI XUAN NAM

NGUYEN TUAN ANH, NGUYEN TUAN THANH -

1. Dat van dé

N6 min la mét trong nhirng phuong phap ré
nhat va hiéu qua nhét trong viéc pha v& dat da
ctrng trén cac moé 16 thién [1], [2]. Tuy nhién; khéng
phai 100 % nang lwong cla chat ndé déu tham gia
vao viéc pha v& dat da. Mot s0 nha nghién cteu da
két luan réng cb téi 80+85 % nang lwong cha chat
nd 1a vé ich va sinh ra'cac tac dung phu nhw séng
chan dong (Peak Particle Velocity - PPV), séng
dap khdng khi, dat da vang va hau xung [3]:[9].
Trong so cac tac dung phu dé thi song chan déng
la mot trong cac yéu tb nguy hiém sinh ra do qua
trinh N6 min trén cac mo 16 thién. N6 co thé lam
rung déng cac cong trinh, nha cira, pha hiy cac két
cAu cdng trinh, gay mét 6n dinh tang va b& ma trén
cac md 16 thién,... Do vay, viéc do dac va dw bao
séng chan déng sinh ra do né min mét cach chinh
xac |a rét can thiét dé giam thiéu cac tac dong tiéu
cuc cla nd min t&i méi trwdng xung quanh.

Trong nhitng ndm gan day, nhiéu ky thuat va
cach tiép can mai da duwoc phat trién dé dw bao va
gidm thiéu cac tac dong khong mong mudn cla
song chan dong nb min trén mo Ig.thién nhu: cac
phwong phap may hoc, mang no-ron nhan tao, cac
thuat toan tién héa, hé théng mang no-ron ma,...
Longjun, Xibing [10] d& si dung thuat toan
Random Forest (RF) va Support Vector Machine
(SVM) dé dy bao séng chan déng nd min véi 93 vu
nd dwoc thu thap phuc vu cho nghién ctru. Nghién
clru nay da chi ra rang RF va SVM la nhitng thuat
toan may hoc phu hgp dé& dw bao séng chan dong
nd min va SVM da cung cip mét hiéu suét cao hon
so v&i RF trong dy bao PPV. Cac thuat toan may
hoc khac nhw Support Vector Machine (SVM), hoi
quy nhiéu bién va cac cong thirc thye nghiém ciing
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la cach tiép can cla Hasanipanah, Faradonbeh
[11] d& dw bao PPV. Véi muc dich nay, ho da thu
thap 86 vu nd tai mé déng Miduk cuia Iran dé phuc
vu nghién clru. Cac két qua da chi ra rang ky thuat
SVM .la mdt ky thuét tién tién cho hiéu suat cao
hon rat nhidu so véi cac ky thuat con lai voi sai s6
binh quan phuong RMSE=0,17 va hé s xac dinh
R?=0,95. Béng céach tiép can khéc, Chandar, Sastry
[12] da s dung cac mé hinh hoi quy va hé théng
mang no-fon nhan tao (ANN) dé du béo PPV vo&i
168 vu nd da dwoc thu thap tai 3 mo da voi,
dolomite va mé than. Cac két qua cho thdy mo hinh
ANN & mo hinh tét nhét dwoc st dung trong
nghién ctru cla ho v&i hé sbé xac dinh R*=0,878
cho téng 3.mé. Ngoai ra, con rat nhiéu cac nghién
ctru khac da st dung céc ky thuat tién tién va hién
dai dé dw bao céc tac déng khéng mong muén sinh
ra do nd min trén ma 16 thién [13]+[17]. |

Tai Viét Nam, phwong phap phd bién nhét hién
nay van dwoc str dung dé xac dinh séng chan déng
nd min l& st dung cac thiét bj do chan déng nhu:
Blastmate Ill, Minimate cla Instel (Canada). Tuy
nhién cac thiét bi nay chi ghi lai dwoc song chén
dong khi cac vu n da dwoc tién hanh ma khong co
kha néng dy bao trrgc song chan déng sinh ra do
qua trinh ndé min. Cac ky thuét tién tién va hién dai
nhw cac phwong phap may hoc, mang no-ron nhan
tao, cac thuéat toan tién hoa, hé théng mang no-ron
m®,... cling chwa dwoc ap dung tai Viét Nam. -

Trong nghién clru nay, nhém tac gia st fdung
cac thuat toan hdi quy tuyén tinh va hdi quy phi
tuyén tinh dé& so sanh va danh gi4 kha nang tng
dung cac thuat toan may hoc trong duw bao séng
chan doéng nd min trén mé 16 thién tai Viét Nam.
Linear Regression (LR) va Support Vector Machine

.
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(SVM) la mét trong nhikng thuat toan héi quy tuyén
tinh va phi tuyén tinh dwoc st dung cho muc dich
nay. M6 than Nui Béo dwge xem xét nhw la mot
khu viwc nghién ctru dién hinh vo&i 108 vu nd da
dwgrc ghi lai trong nhiéu nam.

2. Thu thap di liéu
Pé thwe hién nghién cwu nay,” 108 vu nd da

duggc ghi lai tir cac ho chiéu nd min clia mé va thiét
bi gidm sat chan dong Blastmate Ill. Sé liéu sir
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dung cho nghién ctru bao gdbm: séng chan ddng nb
min (PPV), @ chénh cao gira bai min va vj tri dat
may do (H), khéi lwgng thuéc nd (Q) va khodng
cach dat may do (R).

Cac div lieu PPV duwoc ghi lai bang thiét bi
Blastmate Il clia Instatel do Canada s&n xuét. Cac
bién H, Q va R duoc xem nhw 1a cac bién dau vao
va PPV la bién dau ra trong nghién ctru nay. D
liéu st dung cho nghién ctru dwoc tom tat dwdi
dang biéu d6 hop trong H.1.
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H.1. Tém 551‘ dir liéu séng str dung cho nghién ctru

H.1 tém tat cac di¥ liéu st dung trong nghién
clru nay v&i dd chénh cao gilra bai min va vi tri dat
may dao déng trong khoang tir -35,16 m dén
+79,85 m; Khdi lwong thude nd st dung cho cac vu
nd dao dong tr 131,93 kg dén 16905,69 kg;
Khoang. cach dat may do song chan dong
(Blastmate ) tor 26,18 . m dén 629,69m. Cac két
qua séng chan dong thu dwgc ndm trong khoang
tlr 2,26 mm/s dén 56,27 mm/s.

Bang 2. Két qua phan tich méi tuong quan gidia
cac bién dau vao

Twong quan H Q D
H 1 0.08 -0.03
Q 0.08 1 -0.03

D -0.03 -0.03 1

Qua trinh st dung cac thuat toan hoi quy, phan
tl‘Ch twong quan gitba cac bién dau Vao la diéu
can thiét d& loai bé nhitng bién c6 méi twong
quan l&n (>0,75 hoac <-0,75) gay anh huwéng téi
murc d6 chinh xac ctia md hinh dw bao. M6t Bang

phan tich va tinh toan cac gia tri twong quan gitra
cac bién dau vao dwoc xac dinh trong Bang 2.
Cac-gia tri trong Bang 2 cho théy céac bién dau
vao déu cé mdi twong quan thap v&i nhau. Do vay
khéng can loai bd cac bién trong qua trinh xay
dwng cac mé hinh dy bao PPV.

3. Phwong phap nghién ctru

Trong nghién ctru nay, phuong phap may hoc
voi cac thuat toan hoi quy tuyén tinh (Linear
Regression - LR) va hdi quy phi tuyen tinh
(Support Vector Machine - SVM) dwgc sir dung
de xay dwng cac md hinh dw bao song chan dong
nd min PPV. Bo di¥ lieu bao gbm 108 quan sat
dwoc chia thanh 2 phan: bd di liéu huén luyén
(92 quan sat) va bd di liéu kiém tra (16 quan sat).

Céc thuat toan LR va SVM sé dwoc lap trinh
trén may tinh dién t& dé xay dwng cac md hinh dw
bao sbéng chan dong st dung bd d liéu huan
luyén bao gébm 92 quan sat dé huén luyén cho
cac mo hinh dy bao. Bd dir liéu kiém tra bao gom
16 quan sét sé dwgc str dung dé kiém tra lai murc
dd chinh xac clia cac mo hinh dy bao LR va_ SVM
da xay duwng.

CONG NGHIEP 0. 502 - 2018 LN
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Dé danh gia hiéu qua ctia qua trinh huén ]uyén
va kiém tra, mot sb tieu chudn danh gia duoc st
dung bao gbém: sai so binh phwong binh quan
phu’o'ng (RMSE), hé sb xac dinh (R® ) va sai so tiéu
chuan (MAE) duwoc xéc dinh theo cac cong thirc

(1)+(3):
RMSE =

;(y, y,)2 (1)

Z(Y. £y

RZ=1-t——0 (2)

Z(y[ yP

MAE=E;Iyi §| (3)

Sai s6 binh quan phuwong 1a mét trong nhirng
dai lwgng co ban va thuwong duwoc st dung phd
bién cho viéc danh gia két qua clia mé hinh dw béo
s6 tri. Nguwoi ta thwong hay st dung dai lvong sai
sO binh phwong trung binh quan phwong (RMSE)
biéu thj dd I&n trung binh cla sai s. RMSE khéng
chi ra dd l&ch gitra gia tri dw bao va gia trj thwe té.
Gia trj cia RMSE nam trong khoang (0, +=). MAE
cling tu’cng tw nhu RMSE nhwng céac chi tiéu danh
gia don glan hon nhleu RMSE va MAE ly twéng
nhét khi bang 0. R? 1a hé sb xac dinh thé hién murc
do phu hop cla«di liéu v&i thuat toan. R? ndm
trong khoang (0,1) va ly twéng nhét khi R*=1 va
bang 0 |a t& nhat.

3.1. Téng quan vé thuét todn Linear Regression

Hoi quy tuyén tinh c6 1€ 14 mét trong nhiing
thuat toan ndi tiéng nhat va dwoc hidu ré nhét
trong sb liéu théng ké va may hoc. Cac thuat
toan hoi quy tuyén tinh la nhirng thuat toan hoc
cé giam sat trong may hoc va 1a nhirng thuat
toan don gian. Cac thuat toan nay nhdm muc
dich tim ra méi quan hé gitra cac déc tinh cla
mot sd van dé. Cu thé hon, tir mot tap div lieu X,
mét md hinh Y (phwong trinh, do thi,...) sé dwoc
xay dwng phu hgp véi tap dir liéu, thé hién xu
hwéng thay déi va mdi quan hé gitra céac dac
tinh. Khi mét mau div liéu méi d@gc nhap, dua
trén mé hinh tich hop sén, co thé dw doan gia tri
cla dir liéu do [18]+[20].

Nhin chung, LR la thuat toan héi quy tuyen tinh
duge thwe hién voi gia thiét rang €6 mot moi quan
hé tuyen tinh gitka X va Y. Vé mét toan hoc, mbi
quan hé tuyén tinh co thé viét nhw sau:

Y =By +BiX; + B, +.+BX, (4)
Trong do: y - Cac gia tri dau ra; B - Cac hé sé md
hinh (cac gia tri nay |a "da hoc" trong giai doan tap
hop hoac dao tao mo hmh) Bo - Hé s0 chan; B4 - Hé
s0 cho x4 (tinh nang dau tién); B - Hé s6 cho x,,.
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3.2. Téng quan vé thuat todn Support Vector
Machine (SVM)

Support Vector Machine (SVM) la mét phwong
phap hoc may dwa trén ly thuyét théng ké wa
dwoc phat trién vao nhirng nam 1990 [21] va tiép
dwoc phat trién bdng thuat toan co hiéu suét cao
véi mot chat didu chinh. SVM cé kha néng glﬁl
quyét cac bai toan phan loai va hdi quy. Theo
Cortes va Vapnik [21], SVM ban d&u chi dwoc stv
dung cho cac bai toan phan loai. Dén nam 1996,
mot phlen ban clia SVM cho céac bai toan hdi quy
dwgc dé xuét béi Drucker, Burges [22] va chinh

thi/c dwge str dung vao nam 1997 voi tén goi -

Support Vector Regression (SVR) la mot nhanh
cua thuat toan SVM.

Ham SVM tbng quat duwoc xac dinh theo cong
thire sau:

f(x)=w-ix+b=2 a -a, )K(xx,)+b )
Trong do: a., a. va b thu dweoc thdng qua viéc giai
quyét cac van dé téi wu duoc trinh bay trong cong
thtee (6) va (7). Théng thuwéng, mét phan nhé cua
a;, a khong phai la khéng, va dwgc goi la vector
hé tro.

w(a,a’) —-0 52(3 -a’

i,j=1

a a )K(XX)
52 +iyi(ai-ai&)'8i(ai +ai.') 3 - (6)

Z(ai = asﬁ) =0 . (7) ‘

St i=1
0<a, ai'sc, (=12

Trong dé: C la he s6 bét loi, thé hién mc do bat
loi dbi voi cac mau |6i qua murc g K(x,x) la ham
hat nhat, gidi quyét cac van dé tinh toan c¢é ky nang
cao.

Mot trong cac ham hat nhan ctia SVM du’o’c st
dung trong nghién ctru nay la ham, Polynomial. va
duwgc xac dinh theo céng thirc:

K(xy)=[(xxy)+1I; d=(1,2,..).  ~  (8)
Véi: x, y - Lan lvot la cac bién dau vao va dau ra
ctia ham; d - Hé sbé Poly.

4. Két qua nghién ctru va thao luén

Nhw da dé cap trong phan 3, toan bd di ligu
(108 vu no) dugc chia thanh 2 phan. Trong do 85
% (92 vy nd) dwgc st dung dé xay dung cag md
hinh dw bao PPV dwa trén cac thuat toan héi quy
tuyén tinh LR va thuat toan hdi quy phi tuyén tinh
SVM. Cac thuat toan dwgc lap trinh vé&i cac tham
sb cla thuét toan thay déi dé tim ra md hinh dyw
bao tbi wu dwa trén cac bién ddu vao. Trong

‘.
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nghién clu nay, cac bién H, Q va D dwoc xem
nhw céac bién diu vao dé dy bao gia tri dau ra
PPV. Déi v&i LR, tham sb chdn da dwoc sk dung
dé diéu chinh hiéu suat cia mé hinh dw bao LR,
trong khi D, o va C la cac tham s dugc st dung
dé di&u chinh hiéu suat ctia mo hinh dy bao SVM.

Qua trinh th&r nghiém nhom tac gia da tim ra véi
D=3, 5=0,1 va C=1 thi mé hinh SVM dat gia trj t6i
wu. Cac md hinh dy bao xay dwng trén bd dir liéu
huan luyén dwoc danh gia théng qua cac chi sb
hiéu suét trong céng thire (1)+(3) va dwoc thé
hién trong Bang 3.

Bang 3. Céc chi s6 hiéu suét cuia cac moé hinh dw béo trén tap div liéu huén luyén

e

% . . MAE
Ph h

uqng phap Min. 1st Qu. Median Mean 3rd Qu. Max.
‘LR 0,858 1,574 2,191 2,287 2,863 4,640
SVM 0,837 1,441 1,681 19844 2,032 3,977
_ Phng phge Min. 1st Qu. Median Mean 3rd Qu. Max.
LR 1,100 2,548 3,097 3,562 4,009 8,802
SVM 0,928 1,710 2,424 2,742 2,688 8,018
thu»crng phéip Min. 1st Qu Median Mean 3rd Qu. Max.
LR - 0,765 0,903 0,943 0,925 0,966 0,997
SVM 0,856 0,946 0,970 0,957 0,978 0,993

&

T Bang 3, ¢o thé thay ca 2 thuat toan LR va
SVM hoat dong kha tét khi dy bao PPV tai mé than
NUi Béo. Tuy nhién, nhin vao cac gia tri trung binh
(Mean) cia MAE, RMSE va R? trén Bang 3 co thé
thay rang mé hinh duw bao SVM cung cap mét hiéu

suat cao hon mé hinh dw bao LR vé&i MAE=1,844,
RMSE=2,742 va R*=0,957. Cac két qua so sanh
hiéu suat ctia cac md hinh dwgc minh hoa ré hon
trong H.2 v&i mire do tin cdy 95 % cia cac mé hinh
duw bao da xay dung trén bd di¥ lidu huén luyén.

1 2 3 4
| | 1 1 I | | | | 1 1
MAE # RMSE Rsquared
LR = —a— | ®
SVM e —-— @

MAE

RMSE

Rsquared

H.2. Mirc d§ tin cdy 95 % cua cac mé hinh dw bao PPV cho mé than Nui Béo

i Trong thuc té, cac moé hinh dw bao sau khi xay
dirng dwa trén bo div liéu huén luyén can phai kiém
tra lai bang cac gia tri do thyc té va diéu chinh mé
hinh dw bdo (néu can). Do vay, 16 quan sat con lai
(trong dwong 15 % con lai cha di liéu) dwoc sl
dung nhw 1& nhitng di¥ liéu chwa tirng thay cho dw
bao PPV bang md hinh d& xay dyng. Hiéu suat cta
cac moé hinh dy bado dwgc danh gia théng qua ca

bd di¥ lieu huén luyén va bd div ligu kié[n tra. Cac
két qua trong Bang 4 cho thdy hiéu suét cla cac
mé hinh dy bao LR va SVM trén bo dir lidu thir
nghiém kha tét. M6t 1an nira, md hinh dw bao SVM
lai cho két qua dw bao tét hon mé hinh LR véi
MAE=1,809, RMSE=2,591 va R*=0,976 trén bd di¥
lidu kiém tra. H. 3 va H.4 minh hoa mic dd phu
hop clia di¥ lidu dbi véi cac mé hinh LR va SVM.
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Béng 4. Hiéu suét ctia cac mé hinh duw bao trén tap div liéu hudn luyén va tap kiém tra

Phuong Dt liéu huén luyén D@ lieu kiém tra
phap MAE RMSE R? MAE RMSE R? 2
LR 2,287 3,562 0,925 2,724 3,707 0,949
SVM 1,844 2,742 0,957 1,809 2,591 0,976 ‘:
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H 3. Méi quan hé gitra cac gia tri thuc té va g:a tri di bao PPV
bang thuat toan héi quy tuyen tmh LR

SVM

Gia trj PPV dy bao (mm/s)
10 20 30 40 50

Gia tri PPV thyc té (mm/s)

H.4. M6i quan hé gitra cac gia tr thuc té va gia tri du bédo PPV
bang thuat toan hoi quy phi tuyén tinh SVM

Cé thé thay, trong truéng hop nay thuat toan
hoi quy phi tuyén tinh hoat dong tot hon nhiéu so
v&i thuat toan hdi quy tuyén tinh va SVM la thuat
toan hdi quy phi tuyén tinh dién hinh cé thé ap
dung dé dy bao séng chan ddng né min cho mé
than NGi Béo. Piéu nay cho thay gitra cac bién
dau vao khéng c6 mdi quan hé tuyén tinh va

m CONG NGHIEP MO. SO 2 - 2018
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chung la nhwng bién déc lap, phu hop VoI cac L

két qua trong Bang 2. Viéc dy bao song ¢hén
doéng trong thuc té dwa trén nhng bién dbc lap
(khéng c6 mbi quan hé tuyén tinh) néu khéng str
dung céac thuat toan hdi quy phi tuyén tinh. (nhw
SVM) la rat kho va cho dd chinh xac khéng cao.
H.5 minh hoa mirc dd chinh xac ctia cac mé hinh



- ¥

~ 3

KHOA HOC VA CONG NGHE MO

- dy bao so v&i cac gla tri do thuwc té trén bo d

liéu klem tra. Cac két qud cho thdy SVM cung

60 == —

50

40
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2

o

1

o

m Gia fri thue té

i ||| “l L.l

B Gia trj dw bdo béng LR

cap mot hiéu nang wu viét hon so voi LR va rat
gan véi gia tri do thuc té.

14 15 16
E Gia tri dw bao bédng SVM

H.5. Mtrc do chinh xac cla cac mé hinh LR va SVM trén tap di ligu kiém tra

5. Két luan

Tri théng minh nhan tao la mot phwong phap
hién dai v&i do chinh xac cao thdng qua cac thuat
toan may hoc dé& dy bao song chan dong nd min
trén mo 16 thién dwa trén cac so liéu dugc thong ké
mot cach chinh xac. Nghién clru nay da ching
minh hiéu qua clia cac thuat toan hoi quy phi tuyen
tinh trong dy bao sdng chan dong nd min bang
thuat toan SVM la xuét sac voi hiéu suat ctia mo
hinh dat cac gia tri MAE=1,809, RMSE=2,591 va
R?=0,976. Cac két qua du bao séng chén déng noé
min cho mé than Nui Béo bang thuat toan héi quy
ph| tuyén tinh SVM cho phép cac kj su va nha
quan ly mé dw doan duwgc trwdc cac gia tri cua
song chan dong sinh ra va kiém soat dwoc cac tac
déng khéng mong mudn t&i moi trwo’ng xung
quanh vd&i sai sO binh quan clia céc két qud dw bao
chi bang 1,81 %. Trong nghlen clru nay, LR [a mét
phucyng phap don gidn dé dw bao PPV sinh ra do
no min. Tuy nhién mirc do chinh xac khong cao va
can duoc tlep tuc nghién ctru dé cai thién mirc dd
c;hsnh xac ctia mod hinh khi dw bao PPV. SVM la
phwong phap cho hiéu qua dy bao PPV cao hon,
tuy nhién mdc dd phirc tap khi xay dwng mo hinh
SVM la 1&n hon. Bay la mot cach tiép can moi sw
dung k¥ thuat SVM cho du bao song chan dong nb
min trén mo 16 thién & Viét Nam va cé thé u=ng
dung trong thyc té tuy thudc vao didu kién cu thé
clia ttrng mo.0d
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SUMMARY

_ Ground vibration (PPV) is one of the |
. undesirable effects induced by blasting |
| operations in open-pit mine, and it can cause §
| damage to  surrounding  structures. |
| Therefore, predicting ground vibration is |
necessary to reduce the |
| environmerital effects of blasting. In this |
| paper, ' tha authors used two regression |
| algorithms to predict PPV in Nui Beo open- |
| pit coal mine, including Linear Regression |
| (LR) and Support Vector Machine (SVM).
| LR represented for linear regression |
. algorithms, whereas SVM represented for
! non-linear regression algorithms. To employ |
| this study, 108° blasting events were |

recorded with four _parameters, including |
. ground vibration (PPV), elevation between |
.~ blast sites and monitor device (H), the |
| capacity of explosive (Q), and the distance |
| between blast sites and monitor device (D). |

~ The indicators for evaluating the |
. performance of the predictive models were |
| used including Root Mean Square Error |
(RMSE), Coefficient of determination (R?), |
. and Mean Absolute Error (MAE). The results ||
. indicated that LR and SVM are suitable for |
predicting PPV in Nui Beo open-pit coal mine |
and SVM technique provides highar |
performance than LR technique with |
MAE=1.801, RMSE=2.591, and R°=0.976. In |
addtion, the results are also the basis of |
~ development of other predictive models in |
blasting operations of open-pit mine in |
Vietnam. : '




