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TRAN QUANG HIEU - Trwong Dai hoc Mé-Dja chat

1. Gi¢i thiéu

NG min Ia mot trong nhitng phwong phap pha
v& dat da tréh cac mo 16 thién, ma hiéu qua cta né
mang lai 1a diéu khong thé pha nhan. Bén canh
nhirng wu diém cla phwong phap pha v& dat da
bang nd min nhw khéi lwong dat da bi pha vé lon,
c6 thé pha v& bét ky loai dat da nao, khéng phu
«thudc vao diéu kién thoi tiét, kh| hau,..., thi cac
nhwoc diém ma phwong phap nd min pha v& dat
da dem lai la sinh ra séng va dap khéng khi, song
chén dong, dat da bay,... lam rung dgng cac cbng
trinh, nha clra, phd v& hé thdng ctra kinh, anh
hwdng truc tiép t6i strc khoe nguoi dan va tan pha
moi truong xung quanh

Hau hét cac mé 16 thién scr dung phuwong phap
nd min gé pha vo dat da déu dang phai dbi mat voi
viéc gidm thiéu séng chan dong va song va dap
khéng khi sinh ra do né min. Mét trong nhirng cach
don gian nhat dé giam thiéu nhi*ng anh hwéng cua
song va dap khong khi t¢i méi trwérng xung quanh
la tang khoang cach an toan va chat lwong, cau
tric ctia cac cong trinh [2], [14]. Cac bire tuong co
tac dung nhw nhirng man chan nhdm gidm thiéu
~ tac dong cla séng chén doéng ciing nhw séng va
dap khong Khi téi cac cong trinh cling da dwoc
nghién ctu va str dung [18]. Ngoai ra, mot vai
nghién ctru tiép can theo phwong phap hién dai
hon, si dung cac thuat toan hoc may nhu: giai
thuat di truyén, cac thuat toan hoi quy tuyén tinh,
hoi quy phi tuyén tinh va hé thong mang no' ron
nhéan tao dé du bao song chan ddng va séng va
dap khéng khi sinh ra do ndé min cling da duwoc
nghién clru va cho két qua kha quan 11, [10] [15].
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trc tiép cac vu nd ngoai hién trweng béang cac
thiét bj nhw Blastmate hay Micromate. Cdng téac do
dac trie tiép ngoai hién trwong thvong ton kém vé
ca thoi gian, chi phi va khéng dwoc thwe hién mot
cach thuéng xuyén. Hon niva, cong tac do dac
ngoai hién trwong chi thye hién dwoc sau khi vu nd
da xay ra va viéc han ché anh hwdng cla nod toi
mai treong xung quanh la diéu khéng thé. Do vay,
viéc dw bao song va dap khéng khi va séng chéan
déng.sinh ra do nd min trén_cac mao 16 thign l1a mét
van d& méi mé va co thé khic phuc dwoc nhuoc
dlem cla phwong phép trén.

- Bai bao trinh bay mét phwong phap tiép can st
dung_thuat todn rirng ngdu nhién dé co thé st
dung may tinh dién ter dw bao dwoc séng va dap
khong khi sinh ra do né min dya trén cac di liéu
vé séng va dap khong khl do dwoc bang thiét b
Blastmate Il t&r 146 vu nd thu thap tai mé than Péo
Nai, Quang Ninh.

2. Téng quan vé thuat toan rirng ngiu nhién

Thuéat toan rieng ngau nhién hay con co tén goi la
Random Forests (RF) trong tleng Anh, 1a mét ky
thuat phan Iop va héi quy dwoc dé& xuét béi Breiman
nam 2001 [5] st dung nhiéu cay phan loai hodc hdi
quy trong mét nhom. RF 1a mét trong nhibng thuat
toan dwoc xay dwng dwa trén mé hinh cay quyét
dinh. Méi cay dong vai trd nhw mét 1 phiéu lam co
s&' ra quyét dinh cho thuat toan. Cac phuwong phap
hoc nhém két hop véi cac két qua riéng lé cla tivng
cay thwong mang lai cac két qua tét hon [4]. RF 1a
thuat toan dwoc mé rong dira trén ky thuat dong goi
(bagging) hoéc tap hop boostrap sty dung cac mau
ngau nhién (c6 thay thé) ctia dir liéu huan luyén dé
tao ra nhiéu cay d@ liéu hdi quy khéng can cét tiava
la tbng két qua trung binh cua ching [12]. Trong k¥
thuat bagging, cac cay duwoc trong bang cach chon
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didm.chia t6t nhat tai m&i nut cho tat ca cac bién dy
bao. Thuat toan RF chinh slra phu’ong phap chia
tach bang cach Iwa chon diém chia tot nhat tr mot
tap hop con ngau nhién dworc Iwa chon clia cac blen
dw bao [3], [12]. Viéc Iwa chon cac bién dy bao ngau
nhién sé tao ra sy da dang hon gilra cac cay va lam
gidm méi twong quan cla chung [17]. Tuy nhién, do
s dung cac lwa chon ngéu nhién nén RF mang lai
két qua hoi khac nhau méi khi né duoc chay. Viéc
két hop bién dau ra tr cac cay sé lam gidm di sy
khac nhau gira cac két qua tir cac cay va cho mo
hinh tdng quat hon. Trong thuc té, khi cay dugc
thém vao, RF khéng lam héng chét lwong mé hinh
va han ché 16i mot cach tng quat [5].

Ba dé&c diém hiru ich cla thuat toan RF la danh
gla 16i ndi bd, kha nang danh gia tdm quan trong clia
bién va khd nang xw ly cac bién kém. Mét trong
nhitng tinh nang hap dan clta RF 1a né ¢6 kha néng
wde tinh 16 ma khong can bd div ligu ther nghiém
rieng bang cach st dung cac wac tinh 16i ngoai [8],
[11]. Udc tinh 16i ngoai duoc tao ra tir dit ligu khong
co trong mau bootstrap va duoc str dung cho sw
phat trién ciia méi mot cay [5]. Do khéng thé sor
dung mét rieng ngdu nhién voi hang tram cay dé
danh gia vai tro clia tivng bién nén tam quan trong
clia moi bién coé thé duge wéc tinh bang cach theo
déi 16i dw bao thay déi sau khi m0| _cay duoc xay
dwng [5]. TAm quan trong clia mdi bién co thé dwoc
st¢ dung dé dat dwoc sw hiéu biét vé cac gia tri
twong dbi cla cac blen dw bao dé dwa ra cac giai
phap va co thé gidm sb lwong cac bién dau vao.

Thuat toan RF da dwoc sir dung rong rai trong
rat nhidu linh vec nhu: lap ban do khdng gian [81,
[17]; dw bao dw phét trién cla cay tréng [6]; dw bao
s6ng chan dong sinh ra do nd min trén cac mé 16

Bang 1. Toém tét dir liéu st dung cho nghién ctru

thién [13]; cai tao phuc hoi méi treerng cho ma than
[7]; dw bao sy &n dinh b& mé trén mo 16 thién
[20],... Trong pham vi bai bao nay, nhom tac gia s
dung RF dé du bao séng va dap khong khi sinh ra
do nd min trén md than Déo Nai, Quéng Ninh.

3. S liéu str dung va phwong phép nghién cteu

S6 liéu str dung cho bai bao bao gom cac thong
s nhw song va dap khong khi (P), tan sb f duoc
do béng thiét bl Blastmate Il va cac théng sb khac
clia hd chiéu nd min dwoc thu thap tir.146 vy nd tai
mo than Béo Nai.
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H.1. D liéu thu thap duwoc tir 146 vu né
tai mé than Deo Nai

Ngoai ra, cac dir ligu can thiét khac phuc vy cho
nghién ctru nay bao gom Chiéu day |&p dat phu B,
khoang cach glwa cac hang 16 khoan (a), chi tiéu
thudc nd (q), sb hang 16 khoan né dong thoi (N),
khoang cach dat thlet bi (R), tong khéi lwong thube
n6 trong mét 1an nd (Q) chiéu cao tang (H), chiéu
dai ¢t bua-(Ly) va do am khong khi (W) dwoc thu
thap tir 146 vu nd clia maé. D liéu s dung cho
nghlen clru nay dwoc tom tat trong Bang 1.

Q H B a Ly q
Min.: 6546 Min.:13.00 Min.:7.500 Min.;7.400 Min.:6.200 Min.:0.3500
P25 %: 9312 P25 %:13.50 P25 %:7.800 P25 %:7.700 P25 %:6.600 P25 %:0.3900

P50 %:12108

P50 %:14.37

P50 %:8.064

P50 %:7.814

P50 %:6.879

P50 %:0.4178

P75 %:14258 | P75 %:15.00 |P75 %:8.300 P75 %:8.000 P75 %:7.200 P75 %:0.4500

Max.:20426 Max.:16.00 Max.:8.500 Max.:8.200 Max.:7.500 Max.:0.4800
N W R f P -

Min.:2.000 Min.:76.00 Min.:180 Min.: 2.00 Min.: 97.5 -

P25 %:2.000 P25 %:81.25 P25 %:338 P25 %: 2.50 | P25 %:119.0 -

Median:3.000 | Median:85.00 | Median:495 Median: 5.20 Median:122.0 -

P50 %:3.486 P50 %:85.16 P50 %:469 P50 %:10.89 P50 %:121.6 -

P75 %:5.000 P75 %:89.00 P75 %:622 P75 %:19.50 P75 %:127.0 -

Max.:5.000 Max.:94.00 Max.:726 Max.:29.00 Max.:142.0 -

~ Céac buwdc kiém tra va x@ ly div liéu truge khi
tién hanh hoc may sé dwoc tién hanh. D& kiém tra,
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27 quan sat) sé dwoc st dung dé danh gia két qua
ctia qua trinh huén luyén.

do, 80 % (twong dwong 119 quan sat) sé dugc sty
dung dé huén luyén thuat toan va 20 % (twong (rng
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H.2. B4 thi ham mat d6 xac dinh phan phéi ctia di¥ liéu déu vao

Bang 2. Két qué phan tich mdi twong quan gitia cac bién dau vao cda dir ligu

Q H B S T q N W D f
Q 1.00 0.71 0.47 0.77 -0.79 0.13 0.30 0.73 -0.90 0.22
H 0.71 1.00 0.24 0.58 -0.54 -0.03 0.31 0.48 -0.62 0.13
B 0.47 0.24 1.00 0.56 -0.56 0.32 0.13 0.53 -0.56 0.11
S 0.77 0.58 0.56 1.00 -0.76 0.31 0.17 0.67 -0.84 0.09
T -0.79 -0.54 -0.56 -0.76 1.00 -0.23 -0.20 -0.80 0.89 -0.19
1 g 0.13 -0.03 0.32 0.31 -0.23 1.00 -0.02 0.12 -0.21 0.08
1N 0.30 0.31 0.13 0.17 -0.20 -0.02 1.00 0.19 -0.29 -0.01
- W 0.73 0.48 0.53 0.67 -0.80 0.12 0.19 1.00 -0.78 0.23
‘D -0.90 -0.62 -0.56 -0.84 0.89 -0.21 -0.29 -0.78 1.00 -0.16
ik 0.22 0.13 0.11 0.09 -0.19 0.08 -0.01 0.23 -0.16 1.00

Phan phdi ly twdng cho qua trinh hoc may 1a phan
phéi Gaussian. Tuy nhién, H.2 cho thay tat ca cac
bién d4u vao clia dir liéu déu gan véi luat phan phdi
beta hoac uniform. Biéu nay c6 thé khéng t6t cho qua
trinh huén luyén va duoc goi la dd nghiéng. Do vay
can c6 phuong phap chuyén dbi néng luong clia cac

bién diu vao sao cho ching gan v&i phan phdi
Gaussian nhat. Phwong phap chuyén déi Box-Cox da
duwoc st dung cho nghién clru nay [16]. Ngoai viéc
kiém tra phan phéi ctia cac bién dau vao, sy twong
quan gilba céc bién d4u vao ciing la yéu té can thiét
phai kiém tra d& thdy dwoc méi lién hé giira cac bién
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dau.voi voi nhau. Mgt b2ng ohan ©ich gia tri tucmg md hinh dw bao bang thuét toan Random Forests €
quan gitra cac bién dau Va0 GroT XEC _nh dé minh  dwoc danh gia dya trén bd dir liéu kiém tra (bao gobm
hoa s diéu nay (Bang 2) Cac g2 milonhon 0,75va 27 quan sat da duoc chia & trén) dé klem tra mirc dd
nhé hon -0, 75 la nhirng g2 &1 &ha —:: dan khi ching  chinh x&c cla md hinh dw bao. Mot sb tiéu chuan
cho thay méi twong qua* fich curc va moi twong quan danh gia bao gom sai sb toan phuong trung binh
tiéu cuc gitra cac bién 2u w20 Cacgid tri 1va -1 thé (RMSE) va hé sd xac dinh (R ) dwoc st dung dé
hién moi twong quan Hich cuc w= 350 crc mot cach  danh gia mirc do chinh xac cia mé hinh. RMSE chi
tuyét @di. Tlr cac phan Sch SO S w2 = W <O 2u,  muc do chinh xac cua mo hinh dy bao va dat gia tri
nhom tac gia st dung phwong ohep hoc may bang bang 0 la tuyét dbi, R? chi mic do phu hop cua dir

—— S o= = - SeB. fo3n

cach huén luyén me pc TSt fodr
Random Forest véi cac dir l[eu dau vao da dugc
kiém tra va x ly, hiéu qua cda qua trinh hoc duoc
danh gia béng céc gia tri dw béo va so sanh vé&i gia tr

thire té do dwoc bang thiét bi Blastmate II.
4. Két qua nghién ctru va thao luan

Tl céc két qua phan tich va sb ligu cta di liéu
dau vao sau khi dwoc xr ly, nhém tac gia tién hanh
huén luyén cho may tinh dién tlr tlr cac dir lieu dau
vao (ttr 119 quan sat da dwoc chia & trén) va tim ra
quy luat chung dé dyw bao sdéng va dap khong khi (dw
liéu dau ra) béng thuat toan Random Forests. Két-qua

liéu va dat gia tri bang 1 1a tuyét doi, bang 0 la t& nhét. -

RMSE =, 13y, -y.) - )

i=1

Trong do: n - Sé cac quan sat; y; - Gia tri dwoc dw bao

ti mé hinh; y, - Gia tri thyc té ctia bién phu thudc. -
Z(y -f)
R'= (2)
Z(y. N
Trong do: y, - Gia tri dwgc dyw bao tr mé hinh; f; -
Gla trj dich c&n dat duoc; y- Gia tri trung binh clia y.

Béng 3. Mtrc do chinh xac va phu hop cla di¥ liéu véi mé hinh Random Forest

mtry RMSE R? mtry RMSE R?
2 ~ 2.986265 0.88485 52 2.567315 0.894845
4 - 2.750635 0.893074 54 2.56854 0.892419
6 2.6429 0.894318 56 2.554929 0.894721
8 2.596485 0.894204 58 2.581098 0.892318
10 2.559598 0.893229 60 2.574285 0.893206
12 2.576108 0.892303 62 2.559948 0.892775
14 2.563161 0.893651 64 2.563883 0.893504
16 2.536074 0.894842 66 2.561964 0.894226
18 2.551845 0.89449 68 2.580093 0.892505
20 2.593859 0.890837 70 2.572509 0.892696
22 2.572306 0.892494 72 2.56505 0.894293
24 2.554426 0.893622 74 2.571121 0.892822
26 2.563964 0.893752 76 2.570336 0.893102
28 2.580469 5 0.892757 78 2.562953 0.893443
30 2.574246 0.892932 80 2.572496 0.892078
32 2.551577 0.89468 82 2.567003 0.893322
34 2.54876 0.894071 84 2.572472 0.892984.
36 2.574236 0.892497 86 2.561579 0.893106 "
38 2.564271 0.893033 88 2.55824 0.892667
40 2.57019 0.892844 90 2.55314 0.8948
42 2.559403 0.893539 92 2.58562 0.892015
44 2.559303 0.892828 94 2.56671 0.893613
46 2.568025 0.892865 96 2.558679 0.893951
48 2.570874 0.892473 98 2.553651 0.894474
50 2.556188 0.8933 100 2.543745 0.894449
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RMSE (Repeated Cross-Validation)

#Randomly Selected Predictors

H.3. Bé thj xac dinh mé hinh Random Forest t6i
wu cho div ligu dw bao séng va dép khéng khi
tai mo than Péo Nai

; Dé kiém tra va xac dinh dwoc mo hinh dy béao
toi wu cho di¥ liéu, nhém tac gia tién hanh chay 50

mod hinh dwa trén thuat todn Random Forests voi
tham sb “mtry” cha thuat toan thay dbi tiv 2 dén
100, buéc nhay la 2. Cac két qua ctia 50 mé hinh
duwoc thé hién trong Bang 3.

Tl cac két qua huén luyén 50 mé hinh trong
Bang 3 va minh hoa trong H.3 cho thAy: M6 hinh
Random Forests v&i mtry=16 |a mé hinh tbi wu
nhéat cho dy bao séng va dap khéng khi tai mo
than Péo Nai v&i RMSE=2.536074 (0 I1a tét nhéat)
va R?=0.894842 (1 1a t6t nhét, 0 1a té nhét) sau
khi dwgrc hudngluyén. Tuy nhién, hiéu suat cla
mé hinh dy bao dwoc kiém tra va danh gia boi
bd div lieu danh gia (bao gébm 278 quan sat da
duwoc chia & trén). Qua trinh danh gia mé hinh
sé& cho thdy mé hinh dwoc chon cé phai la tbi wu
hay khéng. Badng 4 va H.4 minh hoa két qua cua
md hinh RF trén ca tap di liéu huén luyén va di
liéu danh gia.

Bang 4. Hiéu suét cta mé hinh dw bao RF duoc chon

MB hinh Dt liéu huan luyén

D( liéu danh gia

RMSE R’

RMSE R*

2.536074

0.894842

3.26459 0.88361

leandom Forests

130

Két qua dv bao
120

110

100 *
|
L

110

1 T T
120 130 140

Két qua do thyc t&

H.4. Bé thi héi quy danh giad mirc do phil hop cda di liéu kiém tra

Céc két qua ¢ Bang 4, H.4 cho thdy md hinh RF
dwoc chon 1a mét mé hinh t6t véi RMSE cua tap di
liéu danh gia cling kha nhé (3.26459) va R? cla tap
di¥ liéu danh gia khé tét (0.88361). Céc két qua nay

rat phi hop voi bd div lidu huén luyén trwée d6 trong
Bang 2. Mét dd thi so sanh mirc dd chinh xac gitra
cac gia tri dw bao bédng mé hinh dudc lua chon va cac
gia tri do ngoai thyc t& dwoc thé hién trong H.5.
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H.5. D6 thi so sénh murc do chinh xac gitra cac két qua do thuc té
Vv&i cac két qua duw bao bang mé hinh Random Forests

Cac gia tri d@ bdo bang md hinh Random
Forests v&i mtry=16 dwoc thé hién bang cac cham
hinh tam gidc mau xanh trong H.5 cho thy mirc do
chinh xac ctia md hinh dw bao kha cao khi phan
I&n cac diém mau xanh déu rat gin so véi céc
didm mau dd (gia tri do thuc té).

So v&i cac nghién clru truvere d6 trén thé gidi [1],
[10], [15] thi nghién ctu nay cho két qua kha kha
quan.

Ngoai ra, so v&i cac nghién clru trwedc dé trén
thé gidi khi dw bdo AOp [9], [19] thi nghién clru nay
da dwa thém thong sé “Do am khong khi” vao di
liéu déu vao dé du bao song va dap khéng khi sinh
ra do né min trén mo than Béo Nai.

Cac két qua tinh toan trong Bang 2 cho thay do
am khéng khi cling c6 mai twong quan kha cao so
v@i cac théng sO con lai va day ciing 1a mot trong
nhitng bién dau vao cé anh hwdng lén dén mire d6
chinh xac cia mé hinh dir bao song va dap khong
khi trong thuc té.

5. Két luan

Phwong phap st dung cac thuat toan hoc may
dé du bao séng va dap khéng khi sinh ra trén cac
mé 16 thién la mdt phwong phap hién dai va moi
mé, cho hiéu qua cao va két qua ap dung cho mé
than Déo Nai 1a mét vi du dién hinh trong nghién
clru nay. Két qua nghién clru nay da chi ra rang
Random Forests la mét thuat toan kha phu hop

I cone neuer mi. so6 - 2017

cho dw bao song va dap khong khi tai mé than Beo
Nai véi RMSE=3.26459 va R*=0.88361:

Két qua nay ciing la tai liéu tham khdo cho md
than Béo Nai va cac mé khac cé diéu kién twong -
tw dé diéu chinh cac thong s6 nd min mét cach hgp
ly, dam bdo an toan vé song va dap khdéng khi sinh
ra do nd min.

Ngoai ra, viéc str dung tri thdbng minh nhan tao
dé& du bao séng va dap khéng khi sinh ra do nd
min cling gitp cho cac mé tiét kiem dwoc _nhiéu
thoi gian va chi phi do dac thyc té, cap. nhat nhirng
tién bd cla khoa hoc-ky thuat, dac biét khi cudc
cach mang cong nghé 4.0 dang t&i gan.0
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dw bao, mo than Déo Nai

SUMMARY

Mechanization Blasting method is one of
the methods to break rock in open-pit mine
and its effects is undeniable. Beside the
advantages of the blasiing method such as
the large volume of rock is broken, can
break any type of rock, not depending on the
climate, etc then the disadvantages of this
method include air-blast overpressure,

ground vibration and fly rock. They can make
vibration of works, broken the glass of the
doors and affecting of residentials and
environmental damages. Most of open-pit
mine have facing to these problems. The

paper presents an approach using Random
Forest machine learning algorithm to predict
the air-blast overpressure caused by blasting
operation at Déo Nai coal mine, Quang Ninh.
The data used in this case study were
collected from 146 explosions of the mine.
The results showed that Random Forest is a
suitable algorithm for predicting air-blast
overpressure at Déo Na| coal mine with
RMSE=1.519147 va R®=0.941586. This
study will help the blasters of Beo Nai coal
mine can adjust the parameters of blast
fields and is the reference for the other
open-pit mine, where the same condition

| with Déo Nai coal mine. I
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