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tw nhw no-ron sinh hec, duwoc (rng dung

rong trong nhiéu linh v, no6 co kha nang
lien két, tich hop cac thong sé khac nhau dé xac
dinh va du bao hién twong theo nguyén ly nhan-
qua Co6 thé (rng dung mang no-ron nhan tao glau
quyét cac bai toan vé phan nhém, phan 16p, xap xi,
tinh toan téi uu, diéu khién, dy bao dwa trén mod
phong mét sb chire nang clia bd ndo con nguoi [4].

Sw dung mang no-ron nhan tao dy bao sut ltn
be m&t mo do khai thac ham 16 ¢é wu diém la chi
can div liéu quan trac lGn trén cac khu virc khai
thac, loai div liéu nay dé dang thu nhan duwoc hon
nhidu so véi viéc thu thap cac yéu td dia chat-khai
thac va diéu kién dia co mo cla cac phwong phap
dy bao khac [3], [4], [6], [7]

Da c6 mot sb tac gia trén thé giGi nghién ctru
(rng dung mang ro-ron nhan tao dy bao lun bé& mat
mo, trong cac nghién clru ho thwdng dung phan
mém md phong Matlap, c6 thé dung Matlap dé tinh
toan, phat trién thuat toan, mé hinh va mo phong,
phan tich dir Ileu vé dd thi,... Tuy nhién sl dung
Matlap dé phat trién ng dung dy béo sut lin & mé
la khong dé dang, doi hdi ngwdi ding phai hiéu
cach thirc 1ap trinh trong Matlap. Vi vay, tac gia da
xay dwng mot chwong trinh dy bao sut 1Gn do khai
thac ham 16 trén co s& mang no-ron truyen thang
da l&p va thuat toan lan truyén ngugc sai so.

'\ I\ ang no-ron nhan tao dwoc thiét ké twong

1. Mang No-ron nhan tao

1.1. No-ron nhén tao

CAu trlic ctia mot no-ron nhan tao dworc thiét Iap
dwa theo mé hinh no-ron sinh hoc. Cac thanh phan
co ban cia mét no-ron nhan tao bao gom dau
vao, trong sb lién két, nguwdng, ham tbng, ham
truyen va dau ra (hinh H.1). Trong do:

< Dau vao: 14 ngudn thdng tin clia cd mang vo&i
cac tin hiéu x4, Xa,...X4 la cac so thwe, céc tin hiéu
nay thwong duoc dua vao dwéi dang mét vector d

Trwéng Dai hoc Mé-Dja chat

chiéu [Xg]; trong sb lién két, mou lien két dwoc thé
hién béi mot trong s6, trong s0 lién két gitra tin hiéu
vao th& j v&i no-ron k thuo’ng duwoc ki hiéu la wy;.
Thong thuwdng, cac trong so nay dwgc khéi tao mot
cach ngAu nhién & thoi diém khéi tao mang va duoc
cap nhéat Ilen tuc trong qué trinh huan Iuyen mang;

% Ham tong thuwdng dung dé tinh tong cua tich
cac dau vao voi trong sO lién két cia n6 ZXi,Wig;

X Ngu’o'ng gia tri x,=-1 la mdt hang sb va cung
vei trong sb lién két w, tao ra ngudng hay con goi
la do léch (b|as) thwong dwoc dwa vao nhu mot
thanh phan cua ham truyén;

% Ham truyen ham nay dwgc dung dé QIO’I han
pham vi d4u ra ctia mdi no-ron, né nhan dau vao l1a
két qua clia ham tong va ngu’dng da cho. Théng
thwong, gia tri dau ra cia mdi no-ron duoc g|o=|
han trong doan [0 1] hoac [-1, 1]. Cac ham truyén
rat da dang, c6 thé 1a cac ham tuyen tinh hodc phi
tuyen Viéc Iwa chon ham truyén nao la tuy thugc
vao tlrng bai toan va kinh nghiém clia nguoi thiét
ké& mang. Mot sé ham truyén thweng str dung trong
cac mé hinh mang no-ron la Hardlims, Linear
(purelln) Saturating Linear (satlin), SlngId (logsig);

< DAau ra: |a tin hidéu dau ra cia mét no-ron, voi
mdi no-ron sé co ti da la mot dau ra.

xp=-1

H.1. CAu tao no-ron nhén tao [7]
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1.2 Mang no+-ron truyén thang nhiéu Iop (MLP)
Ma&c du mdi no-ron don lé cé thé thwe hién
. nhitng chtrc nang x& ly théng tin nhéat dinh, stc
manh tinh todn chl yéu c6 dwoc nhd sy két hop

cac no-ron trong mot kién tric théng nhat. Mot~

mang no-ron la mét md hinh tinh toan dwoc xac
dinh qua céc tham sd: kiéu no-ron, kién trac két ndi
va thuat toan. V& quan diém toan hoc, mang no-
ron nhan tao thyc hién cac phép bién dbi:

a=YL,wx:y=g@sy=g( g wx) )

C6 2 loai kién tric mang bao gdém mang truyén
thang va mang phan héi. Trong bai toan dw bao
bién dang & mé thi hau hét cac nghién ctru ds
ding mang_no-ron truyen thang nhieu lop. Mang
no-ron truyén thang nhiéu 16p bao gom mot 1op
vao, mot I1op ra va mét hodc nhiéu I&p an. Cac no-
ron I6p dau vao thwe chét khong phai cac no-ron
theo dung nghia, b&i vi ching khong thuwc hién bét
ky mét tinh toan nao trén di liéu vao, don gian né
chi tlep nhan cac dir liéu vao va chuyen cho cac
|&p ké tiép. Cac no-ron & |&p &n va Io’p dau ra maéi
thwe sw thyee hién cac tinh toan, két qua dwoc dinh
dang b&i ham dau ra (ham truyén). Cum tl “truyen
thang dé chi tAt c& cac no-ron chi cé thé duwoc két
noi v&i nhau theo mot hwo’ng téi mot hay nhiéu
no-ron khac trong 16p ké. Hinh H.2 md ta mang
no-ron truyén thang 3 16p v&i n no-ron 16p dau
Va0, g no-ron I&p an va m no-ron |&p dau ra.

Tai Iép dau vao cac ‘no-ron nhan tin hiéu vao xt
Iy, gl t&i ham tmyen roi cho ra két qua (Ia két qua
cta ham truyén), ket qua nay sé duoc truyén t&i cac
no-ron thudc I&p &n thir nhat, cac no-ron tai day tlep
nhan nhu 1a tin hiéu dau vao, xtr Iy va guvi két qua dén
I&p an thir 2. Qua trinh nay tlep tuc cho d@én khi cac
no-ron thudc I&p dau ra cho két qua.

H.2. Mang no-ron truyén thang 3 I6p [6]

Phan 16n cac no-ron trong mang truyén dau
vao bang cach sty dung moét ham vé hwéng goi la
ham kich hoat, két qua cla ham nay 1a mét gia
tri goi la mirc d6 kich hoat clia no-ron. Loai trir kha
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nang no-ron dé thudc I&p dau ra clia mang, gia tri
kich hoat dwgc dwa vao mét hay nhidu no-ron
khac. Cac ham kich hoat thwéng bi ép vao mét
khoang gla tn xac dinh. Ham sigmoid cé dang [5]:

f(x) = ()

1+e7 3

H.3. Ham Sigmoid [5]

Ham nay dac biét thuan Igi khi str dung cho cac
mang dwoc huan luyén bdi thuat toan Lan truyén
ngwec (back- propagatlon) b&i vi n6 dé ldy dao
ham, do d6 cé thé giam dang ké tinh toan trong
qua trinh huén luyén. Ham nay duoc wng dung cho
cac chwong trinh (rng dung ma cac diu ra mong
muén roi vao khoang [0, 1].

1.3. Thuét todn lan truyén nguoc sai sé

Thuét toan'lan truyén ngwoc sai s6 13 dang tong
quat cua thuét toan trung binh binh phuong téi
thleu (LMS) Thuat toan nay thudéc dang thuéat toan
xap xi dé tim cac dlem ma tai d6 hiéu nang cla
mang la téi wu. Chl s6 t6i wu thwong duec xac
dinh b&i mot ham sb cla ma tran trong sé va cac
dau vao nao dé ma trong qua trinh tim hiéu bai
toan dat ra. Sau day la thuat toan cho mang 3 Iép
nhw hinh H.2 [6]

Voi tap mau dau vao x; va trong sb lién két Wi
githa tang vao va tang gira, cac no-ron vao cla
tang gitra dworc tinh, trong khi cac gia tri d4u ra cia
no-ron 16p gitka x'j c6 thé tinh b&i ham kich hoat.
Tong cOng co n gla tri & I&p vao va q gia tri & 16p
an, gia tri dau ra dwoc tinh:

X —f(z L wix, e) O<j<(L-1). 3)

Cac gia tri dau vao cla iop dau ra dwoc tinh
dwa vao cac gia tri d&u ra cla no-ron & Io’p gira
va trong sb lién két wj gilra tang gitra va tang ra.
DAu ra y, dwgc tinh théng qua ham Sigmoid:

Y, =f(2. X-0) O<ks(m-1). ()

V&i mbi dau ra mong muén dj va gia tri thuee tinh
dwge & dau ra clia mang vy, sai sb tai dau ra ctia
mang &§j dwoc tinh:

8 =y;(1-y;)(d; -v;)- (5)

V&i trong sb gitra I&p &n véi 16p ra va sai sb cia
I&6p ra va gia tri dau ra cla l¢p gitra thi sai sb cla
no-ron & |&p gitra dweec tinh:

—
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6j=xl

(1—x‘-)zk5k O (6)

Trong sb lién két gitra lo’p dau ra va 16p gitra
dwoc hiéu chinh béng cach st dung sai sb ctia no-
ron & |&p ra dau ra va gia trj dau ra clia clia no-ron
& lop gitra.

wi(t-1) = wj (t) + 18y X;. (7)

Trong sé lién két gitra 16p gitra va lop vao duoc
tinh bang cach s dung sai s6 no-ron & 16p gitra
va cac no-ron dau vao, chung dwgc tinh theo cong
thire (6). Qua trinh huén Iuyen mang sé két thuc khi
sai so cia |ép diu ra cha mang va dau ra mong
mudn (sb liéu quan tréc) nho hon gia tri cho phép
cai dat trwodec.

2. Phwong phap danh gia do chinh xac dw bao lan

Sy thanh cong ctia md hinh mang no-ron da
dwoc dao tao dwgc danh gia trén mét tép div liéu
thir nghiém, xac dinh cac gia tri & la sw khac nhau
gilra gia trj thuc té cla sut lun va gia trj dw bao thu
dwoc bdi mang. Dé danh gia dd chinh xac dw bao,
cac so ligu thdng ké sau day dwoc sir dung:

Gia tri 1éch nhé nhét: &,i,=mind; (8)
Gia tri léch cwc dai: dmax=maxd : (9)
Gia tri l&ch trung binh:’ 6—25’ ; (10)
D6 l6ch chudn:  S= (288 (11)

n—1

#

Sai s6 trung phwong (Root Mean Square Error):
- 5
RMSE= J;Z;‘ﬂ(m ~ i) (12)

Hé s6 tuong quan gitra gia tri dy bao va thuc té: -
I, (0= (nf -nP)

e fon z _TE P 33 (13)
4‘&:;(’1: “T}"E#:E‘i; “ﬂ
Trong d6: ! - Gia tri lGn d bao tai diém thr i; m;

- Gia trj dé lun thwe tai diém thir i; 7 - Gia trj d6 lan

trung binh thyc té; WF - Gi tri d6 lin trung binh duw
bao; §i - Gia tri do léch gitra d6 lun thuc té va dyw
b&o: & - Gia tri dd l&ch trung binh cia do léch thwc
té va dw bao; n - Sé lwong diém can dy béo.

‘3. Xay dyng phan mém dw bdo lan béng
thuat toan no-ron nhan tao

Phan mém dwoc 1ap trén ngdn nglr 1ap trinh
Visual C++.net, Ia ngdn nglr lap trinh hwéng doi
tu’o’ng dwa trén nén tdng ngén ngir C++, wu diém
cla ngdn ngir 1ap trinh nay la giao dién dd hoa trc
quan, lap trinh huéng ddi twong, c6 thé can thigp
sau vao hé thdng. Tuy nhién day la ngdn ngie

twong déi khé hoc, can c6 mdt khodng thoi gian
lam quen va st dung. M hinh st dung la md hinh
mang truyen théng nhleu Iop MLP voi kha nang
chon cAu hinh mang, sb l&p an, s6 no-ron trong
méi 1&p. Ham kich hoat l1a ham sigmoid nhw gi¢i
thiéu & 1.2, thuat toan huan luyén mang la Back-
propagation da dwoc gioi thigu & muc 1.3.

Bang 1. Théng sé huén luyén mang

Phan mém gbém cac tinh nang chinh sau:
% Lwa chon c&u hinh mang, s6 I6p an, sd no-
ron trong mai lép;
% Xéac dinh gi¢i han qua trinh hoc theo s6 lan
lap tdi da hodc theo sai s hoc cta toan mang;
_ % Lwu cAu hinh mang tai cdu hinh mang dé st
dung cho céc lan dy bao tlep theo;
< Dw bao lun, luu tri két qua dudi dang file excel;
-+ V& biéu dd do lin dw bao va dé Ian thyec té;
% \V/é bidu do twong quan gilr gia tri thuc té va
gia tri dy bao;
% Tong hdp két qua va danh gia sai sb dv bao;
% V@ biéu db 18i trong qua trinh mang hoc.

"4, Thwe nghiém

4.1. S6 liéu tap huan mang

Dir liéu dau vao bao gdbm 5 yéu té: Goc dbc via
(a); chidu day khéu via (M); d6 sau khai thac trung
binh (H); kich thwéc vang khai thac theo hudng
déc (L) hoac theo phwo'ng (W); khoang cach tir
bién giou bdn t&i cac diém can dy bao (X).

DPé huan luyén mang, 3 kich thwéc khac nhau
theo hwéng déc via khai thac dwgc dua vao tép
huén luyén (50 m, 100 m, 150 m), mdi via khai thac
nam & 3 d6 sau khai thac khac nhau (150 m, 200
m, 250 m) va c6 do day khéu la (4 m, 6 m, 8 m).
Trong tat ca cac trwong hop thi cac goc dich
chuyen la cd dinh, B=55°, y=70°, 6=80°. Trén mbi
mét cit co ban di qua tam bén dich chuyén-cé 21
diém da dwoc xac dinh dd lun theo ham thyc
nghiém ctia Nga [2] va dwa vao tép huén luyén.
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H.6. Module vé biéu dé lan H.7. Mo;:fu!e vé biéu db turong quan

H.8. Module déanh gié dé chinh xac dw bao H.9. Module Biéu éfé 16i




St dung cac tham sé d&u vao nhuw trong Bang 1,
két hop voi do lan tinh dwoc ttr ham thye nghiém
cla Nga [2] khi thay cac tham sé nay ta cé dwoc mot
tép huén luyén va mot tép dich twong (rng. B di
liéu huén luyén bao gdm 1701 mau, méi mau duoc
Ivu trong 1 cét cua file Excel, mbi cot bao gbm 5
hang twong ung voi 5 yéu td dau vao clia mang.
Binh dang tép huén luyén mang nhw hinh H. 10

4.2. Két qua duw bdo lin bang phan mém

Thlr nghiém v&i méd hinh mang No-ron 2 1&p an
voi 5 no-ron moi Iép Kiém tra kha nang du bao

Bang 2. Tham so dau vao

clia mang No-ron da dwoc huan luyén dwoc tién
hanh trén mét mé hinh khu vic khai thac. Bang 3
thé hién dé léch gitra két qua du’ béo va thyc té do
khai thac via c6 céac théng sé nhw Bang 2. Hinh
H.11 thé hién dueng cong lun dw bao so voi
dwong cong lun thyc té. Gia tri twong quan gilra
hai két qua dw bao va do Itn thuc té xap xi bang 1
chirng té chiing cd twong quan cao, biéu dd twong
quan thé hlen trén hinh H.12. Trong trwong hop
nay cac sai sb glwa gia tri lun thwe té va gia tri dw
b&o tir phan megf} thu dwoc nhw Bang 3.

H.11. So sénh duong cong lan thuc té va du béo

H.1 2 Tuwong quan gitka dé Ian thure té va do Iin duw béo

Béng 3. So sanh két qua duw béo cla phan mém
va Maﬂap
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DPé danh gia két qua dw bao dd un cla phan
mém, tadc gid si dung bd cdng cu Neural
Network Toolbox ciia phan mém Matlap R2014a
xay dwng mét mod-dun dy bao lan.

S dung mé-dun nay du béo lun bé mat trén
via khai thac c6 théng sb nhw Bang 2, két qua
dw bao lan tir md-dun nay dwoc so sanh voi két
quad dy bao tir phdn mém nhuw trén Bang 4, voi
do léch rat nhd chirng té phan mém dwoc lap voi
thuat toan chinh xac.

5. Két luan

Thuat toan lan truyen ngwoc sai sd dwoc st
dung trong viéc huan luyén mang no-ron truyen
thdng. nhiéu 16p da chirng t& khad ning rét tét
tham chi ddi v&i ca cac bai toan phire tap. Dé c6
dwoc kha nang duw bao tét cadn méat rat nhidu thoi
gian dé huan luyén, didu chinh cac tham sb cla
mang. Diéu nay luén 1a tré ngai d6i voi cac bai
toan trong thuc té, do vay, can tiép tuc cai tién
thuat toan dé ting kha nang hoi ty ctia mang khi
huaniuyen

Phan mém dw bao lun do anh hudng 0ua khai
thac than ham 1o duoc xay dyng trén co s& sl
dung thuat toan no-ron nhén.tao ct thé cho két
qué dy bao tot khi so sanh véi div lidu quan tréc
va di liéu tinh .t mo-dun duwoc lap tren phan
mem Matlap.

D@ liéu dAu vao cda chwong trinh bao gom
goc débc via, dd sau khai thac trung binh, chiéu
day khAu via, kich thwéc khoang trong khai thac
theo hwéng déc hodc theo phwong ciia via va
khodng cach tir bién gi¢i bon téi cac diém can
dy bao. Day la nhitng di¥ liéu dé dang thu thap
dugc tai cac mé ham 16 tai Quang Ninh nén co
thé sir dung phan mém vao thyc té.00
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SUMMARY

; The artificial neural network (ANN) has

been widely applied in many fields,

- including scientific forecasting. Using ANN |
| forecasting surface subsidence caused by |
. underground mining does not need to |
~ know the geological conditions above the |
. excavation, but we need the subsidence |
. _monitoring data on the surface, which is

. much easier to collect than the geological |
~ factors. This paper presents the neural, |
 Multilayer perception, and Back- |

| propagation method for training a neural |

. network. The paper also presents the |

~ subsidence prediction software built based |

_ on artificial neural network, it is an |

_ effective, high accuracy prediction |

_ software. Five main influencing factors: |

. angle of coal seam, mean mining depth,

_ thickness of seam, length of excavation

. and distance from trough edge to points

. were selected as the input data of the |
software, these data are easy collected in
the underground coal mine. Comparing

 the predicted values with actual
subsidence data indicates that this is the
high  precision subsidence  prediction
software.




