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Bai bdo ddnh gid khd ndng st dung mang no-ron nhdn tao trong dw
bdo sut liin bé mdt do khai thdc ham o trén co sé xdy dung mot mo
hinh mang no-ron truyén thang 2 1ép. Dir liéu hudn luyén va dir liéu
kiém tra dwoc ldy tir mé hinh dw bdo Itin da dwoc chitng minh pht hop
vdi diéu kién dia chdt - khai thdc mé & Viét Nam. Pdnh gid khd ndng
dw bdo ctia mang sau khi hudn luyén dwoc tién hanh trong 3 diéu kién
dia chdt - khai thdc hoan toan khdc trong tép hudn luyén. B léch dw
bdo Iiin ttr mang va thwc té Ién nhdt trong 3 trwdong hop lan lwot la
0.127m, 0.212mva 0.019m. DJ l1éch trung phwong RMS Ién nhdt trong
3 trwong hop la 0.106m, twong dwong 5% do lin cwc dai. Két qud nay
la co sé& dé xudt mot mé hinh mang no-ron dw bdo liin trong thuwc té

cho cdc mé khai thdc hdm lo & Qudng Ninh.

© 2016 Trwong Pai hoc M6 - Dia chat. T4t ca cac quyén dwoc bao dam.

1. M¢é dau

Cho dén nay, cac ly thuyét dw bao dich
chuyén va bién dang bé mit mo6 dwoc chia lam
ba hwédng chinh: dwa vao nguyén ly hinh hoc,
dwa trén moi trweong co hoc lién tuc va dua
vao ly thuyét ngau nhién. Cac nha khoa hoc
trén thé gi¢i da phat trién nhiéu phwong phap
du bao dwa trén cac ly thuyét nay, c6 thé nhom
thanh 5 nhém phwong phap nhw: nhom
phwong phap quan hé thuc nghiém, ham mat
cat, ham anh hwéng, gidi tich va mo hinh vatly
(David J. Reddish, Barry N. Whittaker, 2012).

V&i sy phat trién cta khoa hoc may tinh,
mang no-ron nhan tao da dwgc rng dung rong

*Tdc gid lién hé.
E-mail: nguyenquoclong@humg.edu.vn

rdi trong nhiéu linh vuc, trong dé c6 khoa hoc
du bao. Mang no-ron nhan tao c6 kha nang lién
két, tich hop cac thong s6 khac nhau dé xac
dinh va du bdo trong nhiéu Ung dung
(Guogiang Zhang, et al., 1998). Diém manh cta
mang no-ron nhin tao la kha nang du bao tot
v&i nhitng dit liéu phitrc tap ma ngudi dw bao
khong c6 cac thong tin va kién thirc cu thé vé
tinh quy luit ctia dit liéu. Poi véi nhirng dir liéu
nay, mang no-ron nhan tao cho kha ning tong
quat héa cao trong du bao, hon nira, n6 con co
kha ndng dw bao cho cac dai lwong xuat hién
khong tuyén tinh.

Viéc du bao cac dai lwong dich chuyén do
anh hwdéng qua trinh khai thic mé ham 1o
bang mang no-ron nhan tao da dwoc thuc
hién b&i kha nhiéu tac gida nwdc ngoai nhw
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nghién ctru cta (Ambrozi¢ va Turk, 2003) dé
dw dodn mirc dd sut lin bé mat do khai thac
than tai moé Velenje, Slovenia; (Ki-Dong Kim
va nnk, 2009) nghién ctru dw bao mirc do sut
lin cda thanh phé Samcheok, Han Qudc do
anh hwdng cia mo than da khai thac; nghién
ctru cua (Saro Lee vannk 2012) str dung mang
no-ron nhin tao dé du bdo anh hwdng sut lin
tai khu mé Jeong-am, Han Qudc; nghién ctiru
cua (Yang va Xia, 2013) vé du bdo mic d6 sut
ltin bé mat ddi khi khai thac cdc mé nam dwéi
16p @4 méng va 16p dat mwon day.

So v&i cac phwong phap dw bdo mirc do
sut lin da dwoc st dung trwedc dwa vao cac
cong thirc va tham sé dwoc xac dinh thi
phwong phap dw bdo lin st dung mang no-
ron nhan tao dworc coi la phwong phap du bao
khong st dung tham s6 va c6 kha nang du bao
cho cac khu vuc véi cac dac diém dia chat, dia
hinh dic biét. Py la vin dé can dwoc giai
quyét trong bai todn dw bdo cac dai lwong dich
chuyén do anh hwéng ctia qua trinh khai thac
mo. D bdo mirc dd sut ltin bang mang no-ron
nhan tao la phwong phap hién dai, phwong
phap nay can c6 dit liéu thuc t€ quan trac lun
trén cac khu vuwe khai thac dé lam dir liéu dau
vao huin luyén mang, tuy vy diéu nay cé thé
dé dang thu nhan dwoc hon nhiéu so véi viéc
thu thip cac yéu té anh hwdng can thiét véi do
chinh xac cao cho cdc nhém phwong phap dé
cap & trén.

Bai bao danh gia kha nang st dung mang
no-ron nhan tao trong dw bao sut lin bé mat
do khai thac hdm 10, trén co s& d6 dé xuit mot
mo hinh mang no-ron dw bio 14n bé méat phu
hop véi diéu kién khai thdc mé ham 1o & Viét
Nam.

2. Mang no-ron truyén thing nhiéu 1ép
(MLP)

Mang no-ron nhin tao dwoc thiét ké
twong ty nhw no-ron sinh hoc dwoc rng dung
rong trong nhiéu linh vwc, n6 cé kha nang lién
két, tich hop cac thong s6 khac nhau dé xac
dinh va du bao hién twong theo nguyén ly
nhan-qua. Mang no-ron nhan tao la thuat toan
mo phong hoat dong cuia hé than kinh sinh hoc
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trong viéc giai quyét cac bai toan ky thuit va
cong nghé.

M6 hinh mang noron dwoc st dung rong
rai nhit 1a moé hinh mang truyén thang nhiéu
16p (MLP: Multi Layer Perceptron). Mot mang
MLP tong quat la mang c6 n (n=2) 1ép (théng
thwong ting dau vao khéng dwoc tinh dén):
trong d6 gobm mot ting dau ra (ting thir n) va
(n-1) ting an (Hinh 1).

Hoat dong cua mang MLP nhw sau: tai
tang dau vao cic noron nhin tin hiéu vao xt
ly (tinh tong trong s6, giti t&i ham truyén) roi
cho rakét qua (1a két qua ciia ham truyén); két
qua nay sé dwoc truyén tédi cic no-ron thudc
16p 4n thir nhat; cac noron tai diy ti€p nhin
nhuw 1a tin hiéu dau vao, xt ly va giri két qua
dén 1ép an thir 2;...; qua trinh tiép tuc cho dén
khi cac no-ron thudc ting ra cho két qua.

b€ mot mang no-ron nhin tao mé phong
chinh xac mot hién twong, cadn phai c6 qua
trinh hun luyén mang. Trong qua trinh nay,
cac théng sé khac cia mang khong thay déi,
trong khi gia tri cac trong s6 lién két dwoc diéu
chinh sao cho diu ra cia mang gan v&i gia tri
mong mudn. Moi mot trudng hop tham gia
trong qua trinh huan luyén 1a mét véc-to dir
liéu biéu dién s6 liéu quan tric ctia hién twong.
Quaé trinh hoc cia mang c6 thé chia ra thanh 2
loai la hoc c6 giam sat va hoc khong giam sat.
Trong trwong hop xay dung mo hinh dy bao
bién dang ma thi hau hét st dung qua trinh
hoc c6 giam sat, trong dé, dé xac dinh trong sé
cla cac lién két trong mang can c6 cac véc to
di liéu dau vao, cic gia tri va yéu ciu ctia két
qua lam dau ra.

Nhuw vay, trong qua trinh hoc c6 giam sat,
mbi vi du hoc bao gobm hai phan: véc to dir liéu
xn & dau vao va véc to yk & dau ra.

Hoat dong cia mang MLP nhw sau: Tai
tang dau vao cic noron nhin tin hiéu vao xt
ly (tinh tong trong s6, giti t&i ham truyén) roi
cho ra két qua (1a két qua ciia ham truyén); két
qua nay sé dwoc truyén tédi cac no-ron thudc
16p 4n thir nhat; cic noron tai diy ti€p nhan
nhu 1a tin hiéu dau vao, xr ly va giri két qua
dén 16p 4n thir 2; qua trinh tiép tuc cho dén
khi cdc no-ron thudc ting ra cho két qua.
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I6p an 1

l6p dau vao

l6p &n (n-1)  16p daura

Hinh 1: Mang MLP téng qudt

b€ mo6t mang no-ron nhian tao moé phong
chinh xac moét hién twong, can phai c6 qua
trinh huin luyén mang.

Trong qua trinh nay, cac thong s6 khac cua
mang khong thay doi, trong khi gid tri cac
trong so lién két dwoc diéu chinh sao cho dau
ra cla mang gan véi gia tri mong mudén. Moi
mot trwong hop tham gia trong qua trinh
hu4n luyén 1a mét véc-to dir liéu biéu dién s6
liéu quan trac cda hién twong. Qua trinh hoc
cia mang c6 thé chia ra thanh 2 loai la hoc c6
giam sat va hoc khong giam sat. Trong truwong
hop x4y dwng mé hinh dw bao bién dang mo
thi hu hét st dung qua trinh hoc c6 giam sat,
trong do, dé xac dinh trong sé cua cac lién két
trong mang can c6 cac véc to dir liéu diu vao,
cac gia tri va yéu cau cia két qua lam dau ra.
Nhuw vay, trong qua trinh hoc c6 giam sat, moi
vi du hoc bao gdbm hai phan: Véc to dir liéu xa
& dau vao va véc to yk & dau ra.

3. Panh gia kha nang ng dung mang no-
ron nhin tao dw bao lin bé mat do khai
thac ham lo

3.1. Cac yéu té trong tép dir liéu hudn luyén

Dt liéu dau vao huin luyén mang bao gbm
11 yéu t6 dic trung cho yéu t6 dia chat - khai
thac cda via than: Goc doc via (a, do), chiéu
day khau via (M, m), d6 siu khai thac ranh gi&i
trén 10 cho (h, m), géc dich chuyén xudi doc (B,
do), géc dich chuyén ngwoc doc (y, dd), goc
lan cuc dai; (0, dd), kich thwéc khodng trong

khai thac theo hwéng déc (1, m), kich thwéc
khoang trong khai thac theo hwéng dwong
phwong (w, m), kich thwéc bon dich chuyén
theo hwéng ngwoc déc (L1, m), kich thwdc bon
dich chuyén theo hwéng nguoc doc (Lz, m),
khoang cach tir bién gi¢i bon téi diém (s, m).

3.2. Xdc dinh cdc théng sé goc dich chuyén
trong tép hudn luyén

bé xay dwng mot tép hudn luyén cho mang
thi cAn rat nhiéu s6 liéu quan trac ltn trén cac
via khai thac c6 cac diéu kién dia chit - khai
thac khac nhau. Tuy nhién trong thuc té tai
Viét Nam, tai bé than Quang Ninh m&i chi xay
dung dwgc mot s6 tram quan trac tai cic mo
Ha Lim, Nam MAu, Mao Khé, Théng Nhit,
Mo6ng Dwong (Pham Van Chung, 2010). S6 liéu
lin quan trac dwoc hiu hét chwa phaila do lun
khi khai thac toan phan, vi viy dwong cong lin
trén mit cat chinh cta bon dich chuyén thu
dwgc chwa phan anh hét mic d6 anh hwdng
cda qua trinh khai thac 1én bé mat. Vi viy dé
xdy dung tép huln luyén tac gia st dung
phuwong phap vung twong tw do gido sw
Kazakovski dé xuit dé xac dinh cac théng so
goc dich chuyén. Phwong phap nay dwa trén
s so sanh hé so kién c6 dat da f dé xac dinh
cac goéc dich dong cho viing mé chwa nghién
ctru. Phan loai nhdm mé theo d6 kién cé (do
cirng) dat da bang phwong phap ving twong
tw dwgc thé hién trén Bang 1 (Quy pham
nganh mo, 1981).
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Bdng 1. Phan logi nhém mé theo dg cirng

dat dad

NhOm | 1 o5 kidn c6 dét da f
=0 - : &0 | O

Trung | Khoang giao

binh dong

I 0.1 dén 0.3 45 | 45
11 0.5 0.3+0.7 55 | 55
111 1.0 08+1.2 60 | 60
IV 1.5 1.3+2.0 65 | 65
\Y% 2.5 2.1+35 70 | 70
VI 4.0 3.6 + 4.5 75 | 75
VII 5.5 5.0 + 6.0 80 | 80
VIII 8.0 6.1+12.0 | 85 | 85

Theo s6 liéu dia chit tham do bé than
Quang Ninh, dia tAng chira than cia cic mé Ha
Lam, Mao Khé, Nam Mau, M6ng Dwong, Théng
Nhét... bao gom: cat két, bot két, sét két, cudi
két, sét than va cac via than, chung nam xen
kep va phan nhip. Cac 1ép da c6 dd gin két ran
chac, thudc loai d4 cirng bén virng. Do kién c6
d4t da trung binh tai cac mé da dwgc tham do
ndm trong khoang tir 4+7 (Nguyén Dinh Bé.
1997), do vay khi lya chon cac géc dich dong
dé dwa vao tép huin luyén tac gia chon bé than
Quang Ninh thudc nhém VII, géc dich chuyén
theo phuong & bang goc dich chuyén theo
hwéng nguwoc doc y = 80°. Géc dich chuyén
theo hwéng xudi doc phu thudc gbc déc cua
via khai thac va dwoc xac dinh dwa trén Bang
2 (Quy pham nganh mo, 1981).

Go6c lun cyc dai 6 duwoc xac dinh theo cong
thirc thyc nghiém 6 = 900 - kia, trong dé gia
tri kl xac dinh tuy thudéc vao nhém khoang

sang va ty sO tong chiéu day dit pha va 1ép
nam ngang mézodoi vdi chiéu siu khai thac
trung binh. Pé xiy dwung tép dir liéu huin
luyén va kiém dinh phuc vu cho viéc danh gia
kha nang st dung mang no-ron nhan tao
trong bai todn dy bao bién dang & mo thi
khong can thiét phai thay doi cac gia tri k1, do
vay vi diéu kién khai thic mé & Quang Ninh
tac gia cling chon gia tri ki1 = 0.77 (Pham Van
Chung, 2010).

3.3. Xdc dinh cdc yéu té khdc trong tép hudn
luyén mang

bé xay duwng tép dir liéu hudn luyén, 3 kich
thwdc khdc nhau cua vung khai thac (LxW)
duwgc dwa vao tép huin luyén (50x100m,
100x200m, 150x300m). Cac ranh gi¢i trén
cua 10 chg nam & 3 dd sdu khac nhau (100m,
200m, 300m), do day khau via 1a 4m, 6m va
8m. Goc doc cia via la 100, 200, 30°, cac goc 6,
B, y xac dinh nhw trén muc 2.2 d6i véi nhom
moé VIL. Cac thong so6 dia chit - khai thac dwa
vao tép huln luyén mang nhw trong Bang 3.

Do lun cta cac diém trén trén mat cat co
ban di qua tAm bon dich chuyén phia trén cac
via khai thac c6 cac thong s6 nhw Bang 3 dwoc
xac dinh theo ham dwgc mo ta trong Phwong
trinh (2) dwéi day, Phwong trinh (2) da duoc
chirng minh pht hgp vi sé liéu quan trac lin
thwc té tai mo6 Thong Nhat, Quang Ninh
(Nguyén Qudc Long, 2015) vi vay c6 thé coi do
lin xac dinh tir phwong trinh nay twong
dwong v&i d6 1an thwce té & mo.

Bdng 2. Xdc dinh géc dich chuyén 3 theo nhém mé

Nhém G6c doc via af
mo 0 51101520 25|30(35({40|45|50|55|60|65 (70|80 |90
I1 55|51 |47 |44 |42 40|39 |38 |37 (37|35(34[33(32|32|30]30
I11 60 |56 | 52|49 |46 |44 |42 |40 |38 |37 3635|3433 (32|30]30
IV 65| 60|56 |53|50|48 |46 (4240|138 |36(34|33|33(32|30]30
\Y% 70 | 65|61 | 58|54 |51|48 |46 (43 4038|3633 |31|30|30]30
VI 75| 70,66 |62 |58 |54 |50 |48 |46 |42 (38|34 |31|30|30|30]|35
VII 80| 75|70 |66 |62 |58|53(49 |46 |42 |38(34|30|30|30|30]35
VIII {85 |80|75|70 65|61 |57 52|47 |42 |38(34|30|30|30|30]35
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Bdng 3. Cdc théng sé dia chdt - khai thdc trong tép hudn luyén mang

Gécdéc | Chituday | DOS3U Kich thude Gécdich | Gécldn

TT via khau via Khai khai thac chuyén cuc dai
thac (16 chg) T

(o) (M) (h) (L) W) B Y 6
4 100 50 100 700 80° 82°
1 10 6 200 100 200 700 800 820
8 300 150 300 700 80° 820
4 100 50 100 62° 80° 750
2 20 6 200 100 200 62° 800 750
8 300 150 300 62° 80° 750
4 100 50 100 53¢ 80° 67°
3 30 6 200 100 200 530 80° 6720
8 300 150 300 53¢ 80° 67°
—s 2.64 s 1.727
n(s) = Nmax Ce_6.30(L_1) + de_4.36(g) (2)
trong do: cac tham sé nay vao phwong trinh (2) ta c6

L1va Lz IAn lwot 13 kich thwéc ban bon dich
chuyén theo hwéng ngwoc déc va xudi doc,
xac dinh theo (3) va (4);
L1 hcotan(y) + 0.5lcos(a) +
0.5Isin(a))cotan(0); (3)
L2=0.5lcos (a) - (h + 0.5.1sin(a))cotan(6) + (h
+ Isin(a)cotan(f3); (4)
s la khoang cach tir diém cin dw bao tédi diém
c6 do lin cuc dai, s mang gia tri Am khi ndm
trén phia nguwoc déc va dwong khi nam dwéi
phia xu6i déc;
c va d 1 cac hé so diéu kién, xac dinh theo
phwong trinh (5);
c=1d=0 (s<0)
c=0,d=1 (s>0)
c=05d=05(=0)

Nmax 1a d6 ldn cwc dai cia bén dich
chuyén, xac dinh theo (6);

Nmax = a.m.cosa. N; (6)

Vé&iala hé so lun twong déi, xac dinh theo
s6 liéu quan trac thuc dia, trong diéu kién cac
mo & Viét Nam thia = 0.8 (Nguyén Van chung,
2010), N 1a hé s6 m&c do khai thac, trong
trweong hop khai thac toan phan thi N=1
(Nguyén Dinh Bé va nnk, 2000).

Str dung cac tham sé diu vao nhw trong
Bang 3, két hop v&i db lun tinh dwoc khi thay

+ (h

(5)

dwgc mot tép huin luyén va mét tép dich
twong &ng. Bo dir liéu huan luyén bao gom
3402 mau, mdi miu duoc lru trong 1 cot clia
file, mdi cot bao gobm 11 hang twong ng véi
11 yéu t6 dau vao cia mang. Pinh dang tép
huén luyén mang nhw hinh 2.

3.4. Khdo sdt kha nang dw bdo lin cua
mang no-ron nhdn tao

Theo Jeff Heaton (Jeff Heaton, 2008) mang
no-ron cé hailép an cé thé thé hién cac ham voi
dang diéu bat ky, nén vé ly thuyét, khong co ly
do nao st dung cac mang c6 nhiéu hon hai 16p
an. Ciing theo (Jeff Heaton, 2008), c6 3 phuwong
phép dé xac dinh s lwong no-ron trong méi 16p
4n, d6 1a: s6 no-ron trong moéi 1&p 4n nén nam
trong khodng gitra s6 lwong no-ron & 1ép dau
vao va dau ra; s6 no-ron trong moi 1ép 4n nén
bang téng 2/3 s lwgng no-ron lép dau vao va
dau ra; s6 no-ron trong mdi 1ép 4n nén nhé hon
2 lan s6 lwong no-ron & lop dau vao. Do vy
trong nghién ctru nay tac gia stt dung mé hinh
mang no-ron truyén thang 2 16p 4n véi 8 no-ron
mdi 16p.

D€ huin luyén mang no-ron va dw bao do
lan, tac gia da lap trinh mot mé-dun trén nén
phin mém Matlap R2014a, trong chwong trinh
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c6 st dung mét sé6 ham cta vé mang no-ron
trong bd cong cu Neural Network Toolbox.
Viéc str dung cac ham c6 san trong Matlap cho
két qua tin ciy va tiét kiém dwoc thoi gian 1ap
trinh.

Kiém tra kha ning du bdo ctia mang no-
ron sau huin luyén dwoc tién hanh trén 3 via
khai thac c6 cac tham sd d6 doc, kich thuéc
khai thac, kich thwéc bon dich chuyén, goc dich
chuyén, goc lin cwc dai va d6 sau khai thac
khac hoan toan khac dir liéu trong tép huin
luyén & Bang 3. Cac thong s6 tép kiém dinh
dung dé danh gia kha nang cia mang nhw trén
Bang 4.

Két hop cac thong sé trong 3 trwdng hop
via khai thac 159, 25¢, 35° trén Bang 4 v&i biéu
thirc (2) ta xac dinh dwoc do Iin cac diém trén
bé mat, d6 14n nay dwoc coi la do lun thuc té

dé so sanh v&i d6 lun dw bao tir mang, két qua
so sanh gia tri do Iin thé hién trén cac Bang 5.
Biéu d6 so sanh dwong 2 cong lun nhw trén cac
Hinh 3, 4, 5.

Trong truwdng hop 1, do léch dw bao va
thwc t€ 16n nhit 1a 0.127m, nho nhit 1a -
0.204m, RMS = 0.086m, twong duwong 2% do
lUn cwc dai. Treong hop 2 do 1éch 16n nhat la
0.212m, nhé nhat 1a -0.163m, RMS = 0.106m,
twong duwong 2% do 1un cuc dai. Trwong hop
3, d0 léch 16n nhat 1a 0.019m, nho nhit 13 -
0.183m, RMS = 0.095m, twong dwong 5% do
lin cuc dai (Bang 6). Vé&i do 1éch gitta dwong
cong dw bao va thuc té thé hién qua chi s6 RMS
rat nho thi trén cac biéu dd so sanh dé dang
nhin thiy cac duwong cong lan rit sat nhau,
chirng té két qua du bao dat do chinh xac cao.
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| ¥ Number ¥ Number ¥ Number ¥ Number ~ Number > Number > MNumber ~* Number ¥ Number ¥ Number ¥ Number ¥ Number ~ Number > Number > MNumber ~* Number =~
x 1 30 30 30 30 30 30 30 30, 30, 30, 30, 30/ 30/ 30 30 30, 30)
2 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 g
3 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300
4 150 150 150 1501 1501 150/ 150] 150] 150 150 150 1501 1501 150/ 150] 150] 150}
5 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300)
6 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53
7 80 80/ 80/ 80/ 80/ 80 80 80 80, 80/ 80/ 80/ 80/ 80 80 80 80}
8 67 67 67 67 67 67 67 67 67 67 67 67 67 67 67 67 67
9 1102| 261.1102| 261.1102| 261.1102| 261.1102| 261.1102| 261.1102| 261.1102| 261.1102| 261.1102| 261.1102| 261.1102| 261.1102| 261.1102| 261.1102| 261.1102| 261.1102]
102744| 2042744| 204.2744| 204.2744| 204.2744) 204.2744| 204.2744| 204 20.4000 Converted To[Type:Number, Value:ZDADUD]‘ZMZ?M 204.2744) 204.2744| 204.2744| 2042744
116000 -130.5000 -104.4000 -78.3000 -52.2000 -26.1000 0. I : ] I 1224000 142.8000 163.2000| 183.6000 204
< >
Training data
Ay - A P g A
Hinh 2: Pinh dang tép hudn luyén mang
?2 A ~ A = A7 .
Bdng 4. Thong sé tép kiém dinh mang
7 ~ A \ Pay A 3 e 7 - 7 = 7 7
True Go6c doc | Chiéu day | o sau khai | Kich thwdc khai Goc dich Goc lan
reong 2 ~ 2 ) . , 0 .
h via khau via thac thac chuyén cuc dai
() (M) (h) (L) (W) B Y 6
1 15 5,0 150 120 250 66° 80° 780
25 6,7 230 195 350 580 80° 710
3 35 3,0 250 200 280 490 800 63°
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Bdng 5. So sdnh gid tri dd liin dw bdo b&i mang no-ron va thuc té

Trwong hop 1

Khoang cach PO lun thuc té PO lun duw bao Do léch
-120.000 -0.007 -0.015 0.008
-108.000 -0.033 -0.071 0.038
-96.000 -0.117 -0.153 0.036
-84.000 -0.331 -0.315 -0.017
-72.000 -0.754 -0.670 -0.084
-60.000 -1.408 -1.330 -0.077
-48.000 -2.208 -2.201 -0.006
-36.000 -2.975 -3.064 0.089

30.900 -2.202 -1.998 -0.204
41.200 -1.535 -1.374 -0.161
51.500 -0.996 -0.905 -0.091
61.800 -0.604 -0.543 -0.062
72.100 -0.344 -0.294 -0.050
82.400 -0.184 -0.152 -0.032
92.700 -0.093 -0.081 -0.012
103.000 -0.044 -0.051 0.006
Trwong hop 2
-222.000 -0.009 -0.007 -0.002
-199.800 -0.041 -0.159 0.118
-177.600 -0.147 -0.360 0.212
-155.400 -0.416 -0.622 0.206
-133.200 -0.947 -1.007 0.061
-111.000 -1.768 -1.807 0.039
-88.800 -2.773 -2.866 0.093
-66.600 -3.737 -3.747 0.010
57.000 -2.765 -2.866 0.101
76.000 -1.928 -1.955 0.027
95.000 -1.251 -1.231 -0.020
114.000 -0.759 -0.756 -0.003
133.000 -0.432 -0.474 0.043
152.000 -0.231 -0.315 0.084
171.000 -0.117 -0.226 0.109
190.000 -0.056 -0.175 0.120
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Trwong hop 3

-283.000 -0.004 0.001 -0.005
-255.000 -0.017 -0.010 -0.006
-226.000 -0.060 -0.052 -0.007
-198.000 -0.168 -0.159 -0.009
-170.000 -0.383 -0.328 -0.056
-142.000 -0.716 -0.635 -0.081
-113.000 -1.122 -0.997 -0.125
-85.000 -1.512 -1.367 -0.146
73.000 -1.119 -0.980 -0.139
97.000 -0.780 -0.661 -0.119
121.000 -0.506 -0.477 -0.030
145.000 -0.307 -0.326 0.019
169.000 -0.175 -0.166 -0.009
194.000 -0.094 -0.077 -0.017
218.000 -0.047 -0.030 -0.017
242.000 -0.023 -0.004 -0.018
Bdng 6. So sdnh két qud dw bdo véi thuc té
P bo léch bo léch -
Goc doc via . ,, L Sai so
(@) 16n nhat nhéd nl'lat RMS
(AHmax) (AHmin)
150 0.127 -0.204 0.086
250 0.212 -0.163 0.106
350 0.019 -0.183 0.095
Khoang cach téi tim bon
2130 -110 %0  -70 =50 =30 -10 10 30 50 70 90 110
l-—m_*\
-0.500
E -1.500
5
2 -2.500
-3.500 <
-4.500
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Khoang cach t6i tam bdn

-230 -180 -130 -80
0.000

-1.000

-2.000

P4 lun, m

-3.000

-4.000

-5.000

—e— Pudmng cong dd lan thue té

-30 20 70 120 170

—» Puong cong do lun dy bao

Hinh 4. So sanh dwdng cong dw bdo va thuc té trong trwdong hop 2

Khoang cach téi tim bon

-300  -250 200 -150  -100
0.500

0.000
£ -0.500
g
E
= -1.000
[
-1.500
-2.000

-2.500

—e— Dudng cong d6 lin thyc té

-50 0 50 100 150 200 250

=% Puodng cong do lun du bao

Hinh 5. So sdanh dwdng cong dw bdo va thuc té trong trwdong hop 3

5. Két luan

Két qua thuc nghiém cho thdy viéc st
dung mang no-ron truyén thang MLP 4p dung
phwong phap hoc c6 giam sat vao du bao lun
cho mit cat bon lun ly thuyét dat chit lwong
tot, thé hién qua gia tri sai s6 RMS 1én nhit
trong cac treong hop thir nghiém chi xip xi
5% so v&i do lun thuc té cuc dai.

V&i mang no-ron truyén thang sau khi thi
nghiém nhiéu lan cho thdy mang no-ron c6 cau
trac hai 16p 4n véi s6 lwgng tir 8+10 no-ron
mbi 16p 1a mang cé cau triic phtt hop dé du bao
lin bé mat do khai thac cdc mo than ham lo.

Khi dir liéu quan trac dung d€ huin luyén
mang phong phu, hoan toan c6 thé s dung
mé hinh mang no-ron nhan tao dé dw bao sut
ltn bé mat mé do khai thac ham 10 giy ra tai
vung Quang Ninh.
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ABSTRACT

Valuating usability of artificial neural networks for subsidence
prediction in underground coal mining

Long Quoc Nguyen
Hanoi University of Mining and Geology, Vietnam

This paper presents the results of assessing the artificial neural network usability to predict
surface subsidence, caused by underground coal mining. In this paper, a 2-layer feedforward
network are used. Training and testing data are taken from the subsidence forecast model that
has been demonstrated to fit with geological - mining conditions in Quang Ninh coal seams.
Assessment of predictability of the neural network after training period was conducted in 3
geological - mining conditions which are absolutely different from the training conditions. The
largest differences between predicted and real values, corresponding to 3 cases of prediction,
are 0.127m, 0.212m and 0.019m respectively. The largest RMS of 3 cases is 0.106, equivalent to
5% of maximum subsidence. This result is a premise to propose a neural network model for
prediction of subsidence due to underground mining in Quang Ninh coal basin.
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