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MOT SO MO HINH TRi TUE NHAN TAO DU BAO DIEN TiCH GUONG HAM
SAU KHI NO MIN TRONG QUA TRINH THI CONG

Nguyén Chi Thanh"*, Nguyén Vin Chinh®
ITru’dng Pai hoc M6 - Pia chat
’Trieong Cao ding Giao théng van tdi Trung wong 6
*Tac gia chiu trach nhiém: nguyenthanh.xdctn47@gmail.com

Tém tit

Thi cbéng cac duong ham bang phuong phap khoan - nd min la mot trong nhimg phuong
phap chu dao ¢ Viét Nam bai cac uu diém cua phuong phap, bao gdm: gia thanh thap, thuan lgi
trong thi cong, tién do thi cong co thé duge day cao,... Mot trong nhiing chi tiéu dugc st dung
dé danh gia hiéu qua cua phuong phap khoan - n6 min khi thi cong cac duong ham, d6 1a dién
tich gwong ham sau khi né min. Trong bai bao nay, mot s6 md hinh tri tu¢ nhan tao da dugc xay
dung va st dung dé du bao dugc dién tich guwong hdm sau khi ndé min. Cac két qua nghién ctru di
cho thay, hoan toan co thé sir dung cic mo hinh tri tué nhan tao dé du bao, tinh toan dién tich
guong ham sau khi nd min véi do chinh xdc cao. Tur day, trén co s¢ cua cac gia tri dién tich
guong ham du bao duoc bang c4c md hinh tri tué nhan tao, s& tién hanh diéu chinh cac thong )
nd min dé phuong phap thi cong duong ham bang khoan - nd min dat hiéu qua cao.

Tir khoa: no min;, mé hinh; tri tué nhan tgo; dién tich guwong ham, dy bao.

1. Tong quan Ve sir dung tri tu¢ nhin tao dé dy bao di¢n tich gwong him va céng trinh
ngam sau khi nd min

Dién tich guong ham (dién tich mat cit ngang cua dudng ham) trong qua trinh thi cong (sau
khi n6é min) 1a mot trong nhiing yeu tb quan trong can duoc tinh toan va xac dinh voi myc dich
xac dinh cac khéi lugng cong viée can tién hanh trong mot chu ky thi cong duong ham va ciing
dugc su dung dé danh gia hiéu qua cua cong tac thi cong cac dudng ham bang phuong phap
khoan nd min. D3 c6 kha nhiéu céc tac gia véi cac nghién ciru ciia minh da duoc cong bd, co thé
nhic dén: Armaghani va nnk., 2014; Jang va Topal., 2013; Esmaeili va nnk., 2014; Mottahedi
va nnk., 2018; Chi T.N va nnk 2022... Bang cac két qua thu duoc trong cac nghlen cuu noi trén
c¢6 thé khang dinh viéc tinh toan du doan dién tich cua gwong ham sau khi ndé min trong qua
trinh thi cong bang tri tu¢ nhan tao co the dugce thuc hién voi do chinh xac cao, dap tmg dugce
yéu cau trong thyuc t&. Mot s6 cac thong sd dau vao can duoc nghién ciru va xac dinh dé c6 thé
x@y dyng cac mo hinh tri tu¢ nhén tao co kha nang dy bao, tinh toan chinh xac dién tich guong
ham sau khi n min, bao gom diéu kién dia chat, dia chit thiy vin ciia moi truong dat da xung
quanh khu vyc dat duong ham, chung loai va cac dic tinh cua thube nd sir dung trong qua trinh
thi cong duong ham, chiéu sau trung binh cua cac 16 khoan trén guong ham trong mdt chu ky thi
cong bang phuong phap khoan né min, dién tich va hinh dang cua mat cat ngang cua dudng him
trong thiét ké va trong thye té... (Jang va Topal, 2013; Mottahedi va nnk., 2018; Chi TN va nnk.,
2022). Hién nay, mot sé nghién ciru duge thuc hién Vé cong bo di chi ra réng, tinh chét cua céc
md hinh tri tué ciing anh hudng rat nhiéu dén cac két qua dy bao va tinh toan ctia mé hinh. Véi
mdi mot loai mo hinh tri tué nhan tao (mang noron than kinh nhan tao ANN, mang logic mo
ANFIS, md hinh may véc to hd trg SVM....), cac dic tinh ciia cac md hinh khac nhau ciing sé cho
cac két qua nghién ciru va hoat dong ctia mé hinh khac nhau.

Trong nghién ctru ndy, tac gia da sir dung mang noron than kinh nhén tao cting véi mé hinh
ANFIS, sir dung cing trén mét tap di liéu thu dugc trong thuc té thi cong duong ham giao thong
DPéo Ca, Phu Yén, Viét Nam dé xay dung duoc mat s6 cac md hinh tri tué nhan tao c6 kha nang
du bao, tinh toan dién tich cia mat cit ngang cua duong ham giao thong Péo Ca, Phu Yén sau
khi n6 min thi cong. Trén co s& cac két qua nhan duogc tir cac mo hinh tri tué noi trén, cac tac gia
cua bai bao d3 dua ra cdc nhan xét vé kha nang lam viéc cua cac mo hinh da dugc xay dung,...
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Théng qua viéc so sanh, dbi chiéu cac két qua ciia cac mé hinh 1a dién tich ciia guong ham sau
khi nd min, dugc danh gia bang hai hé s6 1a hé sd xac dinh R? va can bac hai cua sai s binh
phuong trung binh RMSE trong cac mo hinh tri tu¢ twong mg, ¢ thé rit ra két luan, cac mo
hinh tri tué nhan tao co thé su dung dé du bao, tinh toan gia tri di¢n tich guong ham, cong trinh
ngam v6i d6 chinh xac cao sau khi nd min. Viée lya chon st dung loai mo hinh tri tu¢ nhan tao
nao s€ phu thudc vao céac dac tinh cua tap dir li¢u thu duoc trén thuc té va dugc su dung lam dir
libu dau vao - dau ra cho cic mé hinh ciing nhu yéu ciu vé do chinh x4c cua két qua cac
mo hinh.

2. Cac loai md hinh tri tu¢ nhan tao sir dung dé xay dung mé hinh du bio, tinh toan dién
tich gwong ham sau khi no trong bai bao

2.1. Mang noron thin kinh nhin tao ANN

Mang noron than kinh nhan tao ANN (Artificial Neural Network - ANN) con duogc viét 1a
mang noron nhan tao (Nguyén Chi Thanh va nnk., 2022; Gordan, B., 2016; Mohammad E
va nnk., 2014), day duoc coi la mét mo hinh tri tu¢ nhan tao dugc su dung tuong ddi phd bién
trén the gidi dé giai quyét cac bai toan k¥ thuat ma cha yéu 1a cac bai toan k¥ thuat doi hoi dua ra
cac két qua 1a cac gia tri dy bao. Mang noron than kinh nhan tao c¢6 co ché xir ly thong tin va dua
ra két qua, gdm: mang noron c6 thong tin dau vao (Input data) va thong tin dau ra (Output data).
M& hinh mang noron than kinh nhan tao dugc tao thanh tir mot sO luong 16n cac noron trong cac
16p 4n, cac noron nay lam viéc va két nbi v6i nhau thong qua cac trong s6 lién két. Cac noron
trong md hinh lam viéc nhu mot thé thong nhit dé giai quyet céc cong viée cu thé. CAu trac cua
mdt mang noron than kinh nhén tao bao gdm cac thanh phan co ban nhu sau: tip cac dit liéu diu
vao cia mo hinh - Input data; tap cac trong s6 lién két lién hé gitra cac noron véi nhau; bo téng
hay con goi 1a ham téng (Summing function); ngudng (do 1é€ch-bias; ham truyén -Transfer
function - hay con goi 1a ham kich hoat - Activation function), cac tap dir li¢u dau ra cua mo hinh
- Output data.

Trong néi dung cua nghién ctru nay, st dung thuat toan truyén nguoc BP “trong mo hinh
noron than kinh dua trén mot s6 két luan cia Chi T.N va nnk., 2022 (vi cac két qua chay thu
nghiém cho thay, day 1a cAu tao ctia md hinh cho két qua ch1nh xdac voi hao phi tai nguyén vé
thoi gian, thiét bi 1a nho nhét). Trong mang noron than kinh nhin tao noi trén, mdi noron xac
dinh dit liéu dau vao cua mang ANN s¢€ co trong sb thuc twong Ung cua nod bang cach st dung
phuong trinh sau (Nguyén Chi Thanh va nnk., 2022; Armaghani, D.J., va nnk., 2014):

X=Yx*w,-p (1)
i=1

Trong d6, X 1a dit liéu dau ra tai 10p ra ciia mang noron than kinh nhan tao ANN dang xay
dung, x; 12 gia tri ciia ddu vao thir i cia dir liéu, w; 14 trong sd cua dau vao tht i trong ung, n 1a
s6 lwong dir liéu dau vao mang noron than kinh ANN, B 1a ngudng ap dung cho noron than kinh
dang xr ly dir li€u ¢ trong cac 16p cua mang ANN.

Ham truyén str dung trong mo hinh 1a ham Tansig, voi cac dit liéu co gia tri trong khoang
[-1, 1]. DPé chuan héa cac dit liéu Input data va Output data duoc dua vao dé xdy dung mé hinh
tri tué nhan tao ANN, cin str dung cong thic (2) dé dam bao su chinh xac cua cac két qua dy
doan cua mo hinh (Gordan, B., va nnk., 2016, Nguyén Chi Thanh va nnk., 2022):

(X Xmin)

- Xmin ) (2)

n
( max

Trong do, X, 1a gia tri chuan hoa cua bién, X 1a gia tri ban dau tuong Gng cua bicn, X.x 12
gia tri 16n nhat ban dau cua bién, khi chua dugc chuan hoa, X, 1a gid tri nho nhat lac dau cua
bién chua chuan hoa.
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Trén co s6 gia tri cac hé s6 xac dinh R va cin bic hai sai s6 binh phuong trung binh RMSE
cua tung loai mo hinh vai cac dir liéu trong tap dir liéu co kich thude twong mg dé dao tao va
kiém tra, tién hanh xac dinh va lya chon ciu trac t6i wu cua cac mod hinh sir dung mang noron
than kinh nhan tao ANN. Duya trén gia tri h¢ s6 xac dinh R? va cdn bac hai cta sai sb binh
phuong trung binh RMSE, v6i mé hinh c6 R’ 16n va RMSE nhé, mé hinh twong tng s& c¢6 két qua
du bao, tinh toan chinh xac cao.

Cin béc hai cua sai s6 binh phuong trung binh RMSE duoc xac dinh thong qua cong thiic
(Hajihassani M va nnk., 2016):

RMSE = 3)
Heé sb xac dinh R’ dugc xac dinh [6]:
2
Z(y NG =)
R? = 4)

Z(y ¥) Z(y 5%

N: s6 lugng dir lidu tai 16p diu vao ciia md hinh ANN dang duoc xdy dung, y; 1a gia tri do
trong thuc té thtr i twong tmg thu dwoc trong qua trinh thi cong dudng ham thyc té, y; 1a gia tri
du bao thr i twong ng hay ciing 1a két qua dy bao cia mé hinh mang noron than kinh nhén tao

ANN, y va ; 1a gi4 tri trung binh duoc do thuc té va gia tri du doan trung binh.
2.2. Mang vec to mdy SVM
ANFIS 12 mdt m hinh trf tué dugc dé xuat béi Jang va cong su va vao ndm 2012 (Nguyén
Chi Thanh, Armaghani, D.J. va nnk) ANFIS duoc biét dén 1a sy két hop gitra mang logic mo va
mang noron than kinh nhén tao ANN (Jang JSR va nnk, 1997). Phuong phap ANFIS ¢6 thé cho
phép tap mo stra doi cac tham s6 cia MF bang cach suir dung thuat toan BP. Phuong phap ANFIS
dua trén cac quy tac “néu - thi” mo kiéu Takagi va Sugeno. Trong bai bao nay, mé6 hinh ANFIS
la mot mo hinh Sugeno mo, dugc dl;a vao cau truc cua cac hé thong thich ung dé’ co thé hoc va
thich ing. Trong mé hinh ANFIS, doi v6i m6 hinh m¢ Sugeno béc nhat, hai quy tac if - then mo
¢6 thé dugc trinh bay dudi dang phuong trinh (Mohammad E va nnk, 2014; Mohammadi, M va
nnk, 2015; Mottahedi A va nnk, 2018):
Quy luat 1: Néu (x 12 Ay) va (y 1a By) thi (f; = pix+qiy+r1) 4)
Quy luat 2: Néu (x 13 Ay) va (y 1a B,) thi (f; = pax+qay-+r2) (6)
Trong cac cong thuc trén: py, q1, 11, P2, q2, I2 la tuyen tinh va A;, Ay, By va B, 1a cac tham $b
phi tuyén tinh; x, y la dau vao va f 1a diu ra.
Layer 1 Layer 2 Layer 3 Layer 4 Layer5
) ) = > >

x v

7
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Hinh 1. Cdu triic ciia mé hinh ANFIS (Nguyén Chi Thanh. 2022, Armaghani, D.J., va nnk., 2017).
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Kién triic cia mé hinh ANFIS trong bai bao nay duoc trinh bay trong Hinh 2. Kién trac hé
thong cua mo hinh ANFIS néi trén bao gdm nam 10p, 16p dau tién ctia mo hinh 1a 16p mo, 16p
thir hai ctia mo hinh 1a 16p san pham, 16p thi ba 1a 16p chuan héa, 16p thir tu 12 16p giai mo va
16p cubi cuing ciia md hinh 1a 16p tong san luong.

Lép thir nhat ciia mé hinh ANFIS: Chirc ndng cua cac 16p nay c6 thé dugc mé ta bing cac
phuong trinh dudi day (Jang va nnk., 1997).

Ol,i = mAi (x) 1:132 (7)
OZ,i = mBi(y) i:1:2 (8)

Trong d6: x vayla dau vao cua 16p dau tién. A va B 1a cac tap mo. Oy ;1a bac thanh vién cua
tdp mo A theo dau vao “x”. Oy;la bac thudc cua tdp mo B theo dau vao “y”, va ma; va mg; 1a
duong cong ham lién thudc mo.

Lép thit hai ciia mé hinh ANFIS: Trong 16p nay, mdi nut trong 16p thi hai [a mot nat ¢d dinh
c6 dau ra la san pham cua tat ca cac tin hiéu dén. Moi gia tri cua cac nut 1a két qua cua tich ctua
tat ca cac cap do thanh vién tir 16p trude dé dén nut.

w; = mAi(y)XmBj (y) =1 92 (9)

Trong do: w; 1a nut dAu ra ctia m6 hinh.

Lép thit ba ciia mé hinh ANFIS: 16p nay 14 16p chuan hoa. Trong 16p nay, mdi nut trong 16p

thir ba chuan héa cac ham trong luong thu dugce tir 16p san pham trudc do, sit dung phuong trinh:

w; = —= (10)

wq +W2

Trong d6, w; biéu thi cudong do chuan hoa.
Lop thir tw cua mo hinh: Lop nay c6 vai tro la 16p giai mo, cac nat ¢ 16p thir tu nay 1a cac nut
thich tng v6i chire nang dugc thé hién trong phuong trinh:

O41 = Wi(pix + qix +17) (11)
Trong do: Oy 1a bac thanh vién cia tap mo A theo dau vao “x”. Pi» i, 1i 1a cac tham sb h¢ qua.
Premise Part Consequent Part
AL ST
P T TR
LA
w1
Si=pix+given
ks ye w, f; +w,
‘I-‘l’r + Wz
uh o
Ja=pax+gay+ra =w;fi+w,fs
Wy
X X
X ¥

Hinh 2. Cdu triic cua I6p thir tw trong mé hinh ANFIS (Hajihassani M., Mohammadi, M va nnk)

_L6p thit ndm ciia mé hinh ANFIS: Trong 16p cudi cung ndy cia md hinh ANFIS, két qua
cudi cung bang tong cac ket qua dau ra cua 16p san pham trude d6 (16p thir tu) duoc tinh toan boi
mot nit ¢o dinh va dugc the hién bang phuong trinh dudi day.

05, = 2 (12)
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3. Xay dyng cac md hinh tri tu¢ nhan tao ANN va ANFIS dé du bao gia tri di¢n tich gwong
ham sau khi né6 min tai duong him giao thong Péo Ca, Phu Yén

Trong bai bao nay, tac gia da tién hanh thu thap va st dung cac dit lidu thyc té trong qué
trinh thi cong duong ham giao thong Péo C4, Phu Yén. Mot tap dit liéu c6 s6 luong 1a 60 dit liéu
voi 4 thanh phan dong vai tro 1a dir ligu dau vao cia cac mo hinh tri tué nhan tao ANN va
ANFIS dang dugc xdy dyng, bao gdbm: dién tich guong ham theo thiét ké; chidu sau trung binh
ctia cac 16 khoan trén gwong ham dang thi cong theo timg tién do thi cong; chi tiéu thude nd don
vi trong ho chiéu khoan nd min va chi s dit ¢4 RMR tai gwong ham dang thi cong. Thanh phan
voi vai tro 1a dit liéu dau ra - cling 1a muc tiéu can du bao cua cac md hinh dang dugc xay dung
1a dién tich cua guong ham sau khi nd min trong qua trinh thi céng. Tap dir liéu dugc chia thanh
5 phan véi ty 18 1:5, trong d6, 1 phan dugc sir dung lam tap dir liéu phuc vu cho qua trinh kiém
tra d¢ chinh xdc cuia mo6 hinh dugc xay dung, 4 phan dir liéu con lai duoc sir dung dé dao tao mo
hinh. Cac dir liéu nay da duoc xu ly dé viéc xuét hién trong cac phan dir liéu noéi trén 1a hoan
toan ngau nhién, ddm bao do chinh xac va tinh khach quan ctia cdc mo hinh tri tué nhan tao dang
duoc xay dung.

Bang 1. Cdc théng sé dia chét va thuéc né, dwong ham sir dung trong mé hinh
(Nguyén Chi Thanh va nnk., 2022)

Thong s0 Ky hiéu | Pon vi |Chirc nang nﬁ;éngg ¢ lgli{:lgg ¢ Trung binh
Chiéu dai 15 khoan trung binh L m Input 1,0 32 1,9530
Dién tich mat guwong ham thiét ké S m? Input 4926 | 64,855 54,5506
Luong thude nd don vi 0 kg/m® Input 0,37 2,32 1,4344
Chi tiéu danh gia khbi da RMR - Input 5,0 73,0 51,3300
kﬁiﬁg tr;"lllll mét guong ham thyc (€ sau sS4 m* | Ouput | 51221] 71,049 58,8784

3.1. Mé hinh tri tué nhan tao sir dung mang noron thian kinh nhin tao ANN

Trong cac mo hinh tri tu€ nhan tao sir dung mang noron than kinh nhan tao ANN, céc di liéu
duogc thay doi vi tri dé thiét 1p thanh 5 mé hinh khac nhau. Bang phuong phap thir-sai-tht, tac
gid cua bai bao da thu duogc kién tric ctia md hinh nhan tao sir dung mang noron than kinh nhan
tao toi wu nhat 1a: mé hinh c6 4 thanh phén dir liéu dau vao, 1 thanh phﬁn dit liéu dau ra, st dung
ham truyén Tangsig, sit dung 1 16p noron than kinh an va trong 16p 4n nay, st dung 7 noron than
kinh.

Hidden Output

Input

Hinh 3. Céu tric cia mé hinh mang noron than kinh nhan tao ANN.
Duya trén cic két qua nhan duoc trong bang 2, ¢6 thé thiy mo hinh sé 2 1 mé hinh mang
noron than kinh nhan tao cho két qua t61 vu nhat. Do do, st dung mo hinh s6 2 trong 5 m6 hinh
tao dung tur ban dau dé xac dinh dién tich guong ham sau khi ndé min.
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Bdng 2. Két qua mé hinh mang noron than kinh nhan tao ANN

) RMSE
noron
trorlg MH1 MH2 MH3 MH4 MHS Trung binh
16p an

Train | Test | Train | Test | Train | Test | Train | Test | Train | Test | Train | Test

0,1300{0,2626 10,1952 10,1928 |0,17410,2007 | 0,1261 | 0,2241|0,1775|0,1873]0,16058|0,2135

RZ
7
Train | Test | Train | Test | Train | Test | Train | Test | Train | Test | Train | Test
0,9666|0,522310,9275|0,9601 | 0,9282 [ 0,9357 [ 0,9620 | 0,87620,9285|0,9581 |0,94256 | 0,8504
75
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Hinh 4. Dy bdo dién tich guong ham trong tdp dit liéu dao tao bang ANN.
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Hinh 5. Dy bao dién tich giwong ham trong tdp dir liéu kiém tra bang ANN.
3.2. M6 hinh tri tué nhin tao ANFIS

Trong mo6 hinh ANFIS dugc nghién ctu va xay dung voi muc dich du bdo dién tich cua
guong ham sau khi nd, phan vung ludi (GP) da dugc st dung. Thuét toan hoc tap két hop, su két
hop cta binh phwong nhé nhét va gradient lan truyén ngugc duoc thyc hién nhu mot phuong
phép tdi wu hoa trong qua trinh dao tao mo hinh ANFIS. Céc thudt toan, su két hop nay da duogc
str dung dé mo phong cac chic ning thanh vién FIS trong tap dit liéu dao tao sir dung dé xay
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dung moé hinh du bao dién tich gwong ham. Trong mo hinh ANFIS, ham thanh vién mo hinh tam
giac tong quat duoc sir dung trong ham ANFIS véi hai s6 ham lién thuc duge thuc hién cho mo
hinh ANFIS nay. Tat ca cac bo dir lidu sur dung dé xay dung mo hinh ANFIS duoc chia thanh hai
tap khac nhau. Trong cac tap dir licu dugc chia ra tu tap dir li¢u 16n (véi 60 dir li¢u thu dugce
trong thuc té thi cong duong him giao théng Péo Ca), cac dir lidu duge sip xép ngau nhién véi
80% dir lidu dé sir dung dao tao (48 dit liéu) va 20% cho tat ca cac bo dit lidu (12 b dit ligu) dé
kiém tra do chinh x4c ctia mo hinh ANFIS khi dy bao dién tich guong ham sau khi nd min.

i S0l et pa a

Chek o s 9 11 04SSR hmnsce ‘ ‘ Lyt

Hinh 6. Cdu triic ctia mé hinh ANFIS dwoc xdy dung dé du bdo dién tich girong ham sau khi né min.

Dua trén céac két qua thu dugc khi sir dung ky thuét thu-sai ciing nhu sir dung phuong phap
xép hang (Nguyén Chi Thanh va nnk., 2022), md hinh ANFIS t4i vu nhét chinh 1a mé hinh sé 2
(theo cac két qua trong Bang 3). C6 thé nhan thiy, mé hinh ANFIS véi 2 MF cho mdi bién dau
vao s€ hoat dong tdt nhat can ct vao gia tri RMSE va h¢ s6 xac dinh R’ cua cac méd hinh duoc
tinh toan va so sanh vai nhau.

Bdng 3. Két qua mé hinh ANFIS

S6 MF RMSE

véi mbi
bién MH1 MH?2 MH3 MH4 MHS5 Trung binh

Train | Test | Train | Test | Train | Test | Train | Test | Train | Test Train Test

0,1068 | 0,2867 | 0,1412 | 0,1349 | 0,1335| 0,2326 | 0,1238 | 0,2788 | 0,1393 | 0,2454 | 0,1289 | 0,2356

RZ

Train | Test | Train | Test | Train | Test | Train | Test | Train | Test | Train Test

0,9752 10,4333 10,9537 0,9791 | 0,9509 | 0,8849 | 0,9631 | 0,8199 | 0,9531 | 0,9348 | 0,9592 | 0,8104
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Hinh 7. Dy bdo dién tich gwong ham trong tdp dit liéu ddo tao bang ANFIS.
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Hinh 8. Dy bao dién tich gwong hdam trong tdp dit liéu kiém tra bang ANFIS.

Dua vao céc két qua thu dugc tr mo hinh mang noron nhan tao ANN va mé hinh ANFIS, c6
thé nhan théy cac mo hinh tri tu¢ nhan tao c6 kha nang du bao, tinh toan dién tich guong ham sau
khi né min trong qua trinh thi cong véi mirc d6 chinh xdc rit cao. Viée x4c dinh cac théng sb dau
vao clia cac mo hinh (ma ¢ dy 1a dién tich guwong ham sau khi n6 theo thiét ké, chiéu sau 16 khoan
trung binh trén guong ham, lwong thudc nd don vi sir dung trong cac chu ky nd min, chi sé dat da
RMR tai gwong ham dang thi cong) dé tir 46, xay dung thanh cong cac mo hinh tri tué nhan tao sir
dung mang noron than kinh nhan tao ANN va ANFIS da chi ra rang, cac thong s6 dau vao dong
vai tro rat quan trong dén sy hoat dong va do chinh xéac cua cac mo hinh tri tu¢ nhan tao.

4. Két luin

Bang viéc sir dung cac dit liéu thu duoc tir qua trinh thi cong thuc té dudng ham giao théng
Péo Ca, Phil Yén, Viét Nam, bai bao da tién hanh xay dung va lya chon, dua ra dugc cac mé hinh
tri tué nhan tao t6i uu c6 kha nang du bao, tinh toan dién tich guong ham sau khi né min trong qué
trinh thi c6ng. Vi mo hinh mang noron than kinh nhan tao ANN va véi mé hinh logic md ANFIS,
bai bao di thu duge cac két qua vé dién tich gwong him sau khi nd min thi cong, dong thoi c6 thé
dua ra mot s6 nhan xét sau day:

1) Cac mo hinh tri tu¢ nhan tao str dung mang noron than kinh nhan tao ANN va m6 hinh logic
md ANFIS ¢6 kha niang du bao dién tich guong ham sau khi nd vé6i do chinh xéc rit cao (RMSE va
R? cho md hinh ANN duogc tinh toan lan lugt béng 0,1952 va 0,9275 trong tap dir liéu dao tao. Cac
gia tri nay lan luot 1a 0,1928 va 0,9601 trong bo dif lidu thir nghiém; RMSE va R? cho mé hinh
ANFIS t4i wu lan luot béng 0,142 va 0,9537 trong tap dir liéu dao tao. Cac gia tri nay lan luot la
0,1349 va 0,9791 trong bo dir liéu thir nghiém). Piéu nay khing dinh kha ning c6 thé sir dung cac
md hinh tri tué nhan tao hiéu qua vao viéc xac dinh dién tich guong him sau khi nd min trong qué
trinh thi cong. Tir ddy, diy manh tién d6 thi cong va giam chi phi thi cong dudong ham;
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2) Trong cic mo hinh sir dung mang noron than kinh nhan tao ANN, bang viéc danh gia va
so sanh cac két qua cia 5 mo hinh khac nhau, bai bao da chiing minh dugc mo hinh s6 2 1a mo
hinh t61 vu, c6 kha nang dua ra két qua dy bdo di¢n tich guong ham chinh xac nhat. M6 hinh s6
2 nay co6 kicn tric bao gom: 1 16p an chira 7 noron than kinh, 4 bién dau vao va 1 bién dau ra, su
dung ham truyén la tangsig;

3) M6 hinh ANFIS téi vu duge xac dinh véi cau tric gdm: 4 bién dau vao véi mdi bién sir
dung 2 MF, ham trimf dugc st dung trong md hinh t6i uu nay;

4) M6 hinh ANFIS duogc lua chon cho két qua dy bdo dién tich guong ham sau khi nd min
chinh xac hon so v&i md hinh ANN;

5) Can phai khao sat, nghién ctru k§ cdu trac ciia cac mé hinh tri tué nhan tao khi xay dung
cac md hinh nay trén céc dir liéu khac nhau.

Loi cam on

Bai bao nay dugc thyc hién voi sy giap do cua Truong Pai hoc Mo - Dia chat, Bo Gido duc
va Pao tao.

Tai liéu tham khao

Armaghani, D.J., Mohamad, E.T., Narayanasamy, M.S., Narita, N. Development of hybrid intelligent
models for predicting TBM penetration rate in hard rock condition. Tunn. Undergr. Space Technol. Vol
63,2017, pp. 29-43.

Armaghani, D.J., Hajihassani, M., Mohamad, E.T., Marto, A., Noorani, S.A. Blasting-induced flyrock
and ground vibration prediction through an expert artificial neural network based on particle swarm
optimization. Arabian J. Geosci. Vol.7, Issue 12, 2014, pp. 5383-5396.

Gordan, B., Armaghani, D.J., Hajihassani, M., Monjezi, M. Prediction of seismic slope stability
through combination of particle swarm optimization and neural network. Eng. Comput. Vol 32, Issue 1,
2016, pp. 85-97.

Hajihassani M, Jahed Armaghani D, Marto A, Tonnizam Mohamad E. Ground vibration prediction in
quarry blasting through an artificial neural network optimized by imperialist competitive algorithm. Bull
Eng Geol Environ, 2014, doi:10.1007/s10064-014-0657-x.

Jang, H., Topal, E. Optimizing over break prediction based on geological parameters comparing
multiple regression analysis and artificial neural network. Tunn. Undergr. Space Technol. Vol 38, 2013,
pp. 161-169.

Nguyen Chi Thanh, Nguyén Phuong Thily, Nguyen Van Thanh. Stt dyng mang noron than kmh nhan
tao dé tinh toan, du bao dién tich gwong ham sau khi nd. Héi nghi Khoa hoc toan quoc ACEA-
VIETGEO2021. 13-14, 5,2022. Phu Yén. 404 - 412.

Nguyél} Chi Thanh. Nghién ctru, xdy dyng m6 hinh trf tu¢ nhén tao s dung mang thich nghi mo
ANFIS dé dy bao giién‘ tich guong ham sau khi n6 min. Hgi nghi toan quoc khoa hoc trai dat va tai
nguyén voi phat trién bén vieng (ERSD 2022). Ha Noi, 11, 2022.

Mohammadi, M., Farouq, M.H., Mirzapour, B., Hajiantilaki, N. Use of fuzzy set theory for minimizing

overbreak in underground blasting operations - a case study of Alborz Tunnel, Iran. Int. J. Min. Sci.
Technol, Vol 25, Issue 3, 2015, pp. 439-445.

Mohammad E; Morteza O, Rashidinejad F, Aghajani B.A., Mohammad T. Multiple regression, ANN
and ANFIS models for prediction of backbreak in the open pit blasting. Engineering with Computers,
Vol. 30, 2014, pp. 549-558.

Mottahedi A, Farhang Sereshki F and Mohammad A. Overbreak prediction in underground excavations
using hybrid ANFIS-PSO model. Tunnelling and Underground Space Technology. Vol. 80, 2018, pp. 1-9.



600 HOI NGHI KHOA HOC TOAN QUOC VIETGEO 2023

Artificial intelligence models predict tunnel face area after blasting in
tunnel excavations
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Abstract

Construction of tunnels in Vietnam commonly employs the drilling and blasting method due
to its cost-effectiveness, construction convenience, and potential for accelerated progress.
Assessing the efficacy of this method involves evaluating the area of the tunnel face after
blasting. This paper has developed and used artificial intelligence models to accurately predict
the area of the tunnel face after blasting. The research findings demonstrate the feasibility of
utilizing artificial intelligence models to predict and calculate the area of the tunnel face after
blasting. Consequently, adjusting the blasting parameters based on the predicted tunnel area
enables an effective tunnel construction approach with fruitful outcomes. Based on Al models
for predicting the area of the tunnel face after blasting, the blasting parameters will be optimized
to enhance tunnel construction effectiveness.

Keywords: Blasting, modelling, Artificial Intelligence, tunnel mirror, forecasting.



