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An mon trong duong dng do tdc nhan Carbon Dioxide (CO;) la vin dé ddng
quan tdm trong c6ng nghlep ddu khi. Trong nghlen ctru nay, nhém tdc gid
deé xudt phwong phdp tiép cdn mai dé dw dodn téc do dn mon do Carbon
Dioxide (CO2) trong dwong 6ng, ting dung phu’o'ng phdp mdy hoc, cu théla
mang Neural nhan tao (ANN). Sau khi tién hanh thu thdp, chon loc ddc
trung, tién xw ly dir liéu, tdp dir liéu phuc vu cho nghién cttu bao gém 40
diém dir liéu vdi 9 ddc trwng (features). M6 hinh mang ANN da dworc xdy
dwng véi 2 16p dn cé kich thwéc ldn lwot la 18 node va 9 node; véi ham kich
hoat lin Iwot la ReLU va Sigmoid. Nhém tdc gid st dung cdc thudt todn
Early Stopping va RMSprop dé tdng do chinh xdc ctia mé hinh ANN, gidm
dnh hwdng cua b dir liéu nhé. Mé hinh dw dodn theo tiéu chudn Norsok M-
506 ciing dworc dp dung dé so sanh hiéu qud véi mé hinh mang neural nhdan
tao. Cdc chi tiéu bao gém cdn bdc hai sai s6 binh phwong trung binh
(RMSE), sai s tuyét déi trung binh (MAE), hé sé xdc dinh (R?). Két quad
nghién ctru cho thdy dw dodn ctia mé hinh mang neural nhdn tao dat cdc
chi tiéu R2 = 0.938, RMSE = 0,014, MAE = 0,011 t6t hon nhiéu so véi mé hinh
thwe nghiém theo tiéu chudn Norsok M-506.

© 2019 Trudng Dai hoc M6 - Bia chit. T4t ca cac quyén dwoc bao dam.

1. Mé& dau

trong va ngoai duwong ong. Trong diéu kién chit
lwu van chuyén chi 1a cac hydro cicbon, duong

An mon kim loai trong va ngoai dwdng ng
dau khi la mét trong nhitng vin dé 16m can giai
quyét ctia nganh céng nghiép dau khi. Uéc tinh
rang hw héng do &n mon chiém t&i 30-33% tong
s6 hw hdong ghi nhin dwoc trén toan tuyén 6ng
trén thé gidi (Bersani et al, 2010), va la nguyén
nhan giy ra ro ri hodc v& dng. Trén thé gidi cling
nhu trong nwérc da cé nhiéu nghién ctru vé dn mon

“Tdc gid lién hé
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ong hau nhw khéng bi an mon trong. Sw xuit hién
cta cac tac nhan héa hoc: nwérc, hoi nwéc ngung
tu, cac khi hoa tan (HzS, CO, O; ...), chit rin hoa
tan, phan tan, mudi NaCl, MgCl,... két hop véi cac
tac nhan vatly: nhiét dg, 4p suat, ché do dong chay
... gAy nén cac phan trng dién héa dan dén &n mon
va phé hiy dwong 6ng (Pierre, 2002). Trong d6 an
mon trong do cacbon dioxide (CO2) la dang an
mon thwong gdp nhit.

Qué trinh dn mon trong dwong ong dwoc
danh gia thong qua chi s tdc do an mon
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(mm/nam). Viéc du dodn chinh xac téc d6 an mon
trong duwdng dng giup gidi quyét hang loat cac vin
dé vé ky thuat diu khi: tir thiét ké, xay dung tuyén
ong; t6i wu chi phi vin hanh: chdng &n mon, 1én ké
hoach va thuc hién kiém tra, bdo dudng, stra chira,
thay thé mét phén; ngin chan ro ri dau va khi gy
ton hai t&i moi treong.

Hién nay, phwong phap phé bién nhat dé
danh gia an mon trong va cac khuyét tit cho toan
b6 dwong 6ng dan dau khi 1a dung thiét bi kiém tra
bén trong dwong 6ng (ILI: in-line inspection), dwa
trén ki thuat tir thong ro ri (MFL: Magnetic Flux
Leakage) hoac k¥ thuat s6ng siéu am nén gian
(Ultrasonic Compression Wave) (Kexi Liao et al.,
2012; NACE SP0102,2010). Cac tiéu chuin (NACE
SP0110, 2010; NACE SP0116, 2016; NACE
SP0206-SG, 2016) cta Hiép hoi cidc quoc gia vé
chdng an mon (NACE) dé xudt cach ti€p cin dé
tinh todn t6c dé6 an mon trén toan bo tuyén ong
dwa trén két qua khdo sat bén trong cia mot doan
dwong ong (ILI) can cr vao cdc mo hinh dw doan
téc dd an mon da dwoc thé gidi cong nhan nhu:
NORSOK model (Statoil, Saga, Hydro), de Waard
model (Shell), Cassandra (BP), HYDROCOR
(Shell), CORPLUS (Total), Tulsa model (Pai hoc
Tulsa), ULL model (Pai hoc Louisiana Lafayette)...

Cac mo hinh trén thu dwoc nho cac phuwong
phap tinh toan ly thuyét, thi nghiém, ban thuc
nghiém va dir liéu thuc té; 1a két qua nghién ctru
cla cac to chirc, cong ty dau khi, cic trung tim
nghién ctru 16m trén thé giGi. Tuy nhién, két qua dw
doan ctia cac mo hinh doi khi khong phu hop véi
gia tri tdc d6 dn mon thuc té va rat khic nhau, do
cac md hinh c6 doi twgng nghién ctru khac nhau,
dworc tinh toan trén bd tham so khac nhau. Roft
Nyborg nhdn dinh khong mé hinh thyc nghiém
nao c6 do tin twdng + 50% khi ap dung trén diéu
kién dit liéu rong va chirng minh bang viéc so sanh
mo hinh Norsok M-506 v&i md hinh de Waard
trén doan 6ng 10km, v&i nhiét dé dau vao 90°C va
dau ra 20°C (Roft Nyborg, 2005, 2009).

Do khéng thé c6 mot ham sé chinh xac hoac
phu hgp dé lién két nhirng thong s6 dau vao téi
nhitng thong sé dau ra, vi vy phwong phap hoc
may xudt hién nhw &ng vién phu hop dé nhin
dwoc nhirng moi lién hé ham s6 gitra nhitng thong
s0 d6 va két qua mong mudn (Mohaghegh, 1995).
Trong nhitng ndm gin diy, nhiéu phwong phap
may hoc may va thong ké da dwgc phat trién dé dw
doan toc dd an mon trong do CO2: mang neural

nhén tao, thuit toan tién héa, mang neural mo,
logic m¢, phwong phap Monte Carlo (Mohamed
Layouni, 2014; Bassam, 2009) . Obaseki M. xay
dung mang neural nhan tao cho bd dir liéu 60
diém véi 13 dac trung dau vao dé dw doan téc do
an mon trén dwong 6ng vung Niger Delta &
Nigeria va dat dwoc két qua tot so véi két qua
phan mém mo phong dwoc st dung tai 6 cong ty
diu khi Niegera (Obaseki et al., 2017). Kexi Liao
str dung cac thuit toan t6i wu dé xay dung 3 mo
hinh neural nhan tao 116p 4n 14 nodes cho tap dir
liéu 116 diém dir liéu, véi 7 dac treng dir liéu dau
vao c6 hé sd twong quan cao hon 0,7 dé€ dw doan
t6c dd an mon trong dwong dng dan khi cé hoi
nwdc. Két qua chi ra rang mo hinh mang neural
networks cho két qua dw doan té6t hon mo hinh de
Waard, va mo hinh Top - of - Line (Kexi Liao et al,,
2012). Tuy nhién ca hai céng trinh néu trén déu
danh gia hiéu qua mo hinh trén gia tri sai s6 tuyét
déi va gia tri sai s6 twong déi, theo nhém nghién
ctru la 2 chi tiéu d6 chwa du dé€ danh gia tinh hiéu
qua cia mo hinh dw doan. Mazura Mat Din st
dung truc ti€p dir liéu dau vao la cac két qua cia
thiét bi kiém tra bén trong duwong éng (In line
Inspection): d6 siu, chiéu dai, chiéu rong, huéng
va hanh trinh, dé xay dung mang neural nhin tao
v&i ba 1ép 4n. K&t qua thu dworc rat tét véi cac chi
tiéu hé s6 xac dinh R2 = 0,9988, sai s6 tuyét doi
trung binh MAE = 0,0016, can bic hai sai s6 binh
phwong trung binh RMSE = 0,003 (Mazura Mat
Din etal.,, 2015). Giulia De Masi st dung tap dir liéu
10 dac trung diu vao: 8 dic trung cho dong chay
va thong s6 van chuyén, va 2 dic trung la két qua
dw doan t6c dd dn mon bdi mo hinh Norsok va de
Waard. M6t mo6 hinh neural nhan tao khép
(Fitting Neural Network) mét16p 4n 2 nodes dugrc
xay dwng, két qua thu dwoc c6 cac gia tri chi tiéu
chwa thuc sw cao: hé s6 twong quan R = 0,66, cian
béc hai cda sai s6 phan tram trung binh RMSPE =
52, trung binh sai s6 phan tram tuyét déi MAPE =
31 (Giulia De Masi et al., 2014). Hién nay, chwa c6
mot cong trinh nghién clru nao &ng dung phwong
phap hoc may dé dw doan téc do an mon dwoc
cong bo tai Viét Nam.

Trong nghién ctru nay, nhém tac gia trinh bay
phwong phap phat trién mot moé hinh mang neural
nhan tao (Artificial Neural Network) dé dw doan
téc do an mon trén dwong 6ng dan dau va khi.
Phwong phdp thwc nghiém theo tiéu chuin
Norsok M-506 dwgc ap dung dé so sanh hiéu qua
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vGi mo hinh mang neural da phat trién.

2. Phwong phap nghién ciru

Trong nghién ctru nay, phwong phap may hoc
vGOi thudt toan hodi quy phi tuyén tinh thong qua
mang neural nhan tao dwoc str dung dé dw doan
téc d6 dan mon. Cac bwde tién hanh bao gom: chuin
bi dir liéu dau vao; chia tip dir liéu ra thanh cac
thanh phan véi ty 16: b di liéu huin luyén, bo dir
liéu xac thuc, bd dir liéu kiém tra; xiy duwng mang
neural nhan tao dw doan toc d6 dn mon; danh gia
hiéu qua ciia mang neural nhan tao. Két qua dw
doan ciia mo6 hinh mang neural dwoc sé dwoc so
sanh v&i két qua tinh toan theo tiéu chuin Norsok
M-506.

D€ danh giad hiéu qua cta qua trinh huin
luyén va kiém tra so sanh giita cAc m6 hinh, cac
tiéu chudn danh gia dwoc st dung bao gom: cin
béc hai ctia sai s6 binh phwong trung binh RMSE
(Root Mean Square Error), sai s6 tuyét doi trung
binh (Mean Absolute Error), hé so xac dinh R2
(coefficient of determination). Gia tri RMSE biéu
thi dd 16m trung binh ctia sai s6. RMSE va MAE nam
trong khoéng (0, +0), c6 gia tri ly twdng khi bang
0. Hé s xac dinh R? la thong s6 do 1éch théng ké
don gidn biéu thi sw phtt hop véi dir liéu cia mot
phép hoi quy. R cia mdt phép hoi quy tuyén tinh
thuwdmg ndm trong khoang (0,1). Ly twdng nhat
khi R2 = 1 nghia la mé hinh hoéi quy cho gia tri dw
doan hoan toan phu hop véi dit liéu ma khong co
sai s0. Khi R2= 0, m6 hinh héi quy khong giai thich
dwoc bat cr dir liéu nao. R2 cling c6 thé dat gia tri
am, khi ma mo hinh héi quy cho két qua tong cac
d6 1éch binh phwong phan dw 16m hon téng cac dé
léch binh phwong toan bg, nghia 1a m6 hinh khong
pht hop dé du dodn xét trén quan diém thong ké.

1 ~

RMSE = \/;Z?:l(%' — 92 (1)
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MAE = —¥i_1ly: = 9l (2)

Xis i — 90)*

im0 —y)?
Trong do: yi- gia tri thuc té thi i cta n diém

dir liéu; y - gia tri du doan; j - gia tri trung binh.

R2=1- (3)

2.1. Mé hinh dw dodn téc dé dn mon theo tiéu
chudn Norsok M-506

bay 1a mo hinh thwe nghiém dwoc xay dung

bd&i cac cong ty dau khi Na Uy: Statoil, Norsk Hydro
va Saga Petroleum va thudc s& hitu cia Norway
Petroleum Industry (Norsok M-506, 2017). M6
hinh nay dwa trén cic két qua tir phong thi
nghiém. So v&i cdc mo hinh thyc nghiém khac, mo
hinh nay c6 wu thé khi c6 thé dw doan cho khoang
nhiét d6 rong tir 5 + 150°C. Ngoai ra mo hinh ciing
hon cdc m6 hinh khac khi tinh dén tac dung chéng
dn mon cuda lop film pha & nhiét do cao, va d6 pH
cao. Trong phin mém tinh toan theo phién ban
tiéu chuan M- 506 m&i nhit 2017, gidi han dé
chwong trinh tinh todn dwocla ap suit thanh phin
H,S 16m hon 0,05 bar, ty s6 4p suat thanh phan CO;
trén 4p suit thanh phan H,S nhé hon 20, mot bwée
tién so v&i phién ban 2005 khi 4p suit thanh phan
H,S phai 16n hon 0,5 bar. Tuy nhién m6 hinh nay
twong doi nhay véi su thay doi ciia pH. Khi tong ty
1é cua axit hitu co vwrot qua 100ppm va ap suit
thanh phan CO; nhé hon 0,5 bar, mé hinh dw doan
c6 thé khéng chinh xac.

Coéng thikc tinh toan theo mé hinh tiéu chuin
Norsok M-506 nhw sau:

CR, = K, x (fC0;)*°?

5 1 (0,146+0,0324%10g(fC03))
(%)

(4)
X f(pH).

CR; - tdc d6 an mon (mm/ndm) tai nhiét do T
(°C); K: - hang s6 can bang tai nhiét d6 T, fCO; - dd
loang (fugacity) ctia CO; (bar); f(pH): - hé s0 tac
nhan pH tai nhiét d6 T; S - *rng suit ma sat 1én
thanh (wall shear stress) don vi Pascal (Pa)

2.2 M6 hinh mang neural nhdn tao dw dodn téc
doé dn mon
Mang neural nhan tao Ia mét thuat todn hoc may
(machine learning) xt ly thong tin dworc thiét ké
mo phong chirc ndng va sy phitc tap ctia hé thong
neural sinh hoc (Robert, 1997). Neural sinh hoc la
mot khoi co s& cua hé thong neural bao gom 3
phdn chinh: thin neural (soma), s¢i nhanh
(dendrite) va sgi truc (axon). Théng tin & dang tin
hiéu dién dwoc nhan bdi cac nhanh, dwoc xtr Iy béi
than neural sau dé truyén qua soi truc. M6 hinh
mang neural nhan tao dwgc st dung rong rai nhit
1a m6 hinh mang neural da 1¢p MLP (Multi Layers
Perceptron) st dung thuit toan lan truyén nguwoc
(back propagation).

Kién tric co ban mét mang neural da 16p c6
cAu truc bao gom: 1 1ép dau vao, nlép an (n>1) va
1 16p dau ra. Qua trinh hoc cia mdt mang neural
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nhin tao noi trén thong thwong bao gom cac
bwéc: lan truyén tién (feedforward), lwa chon va
t6i wu héa ham mat mat (loss function) théng qua
viéc tinh dao ham ham mAt mat nho thuét toan lan
truyén ngwoc dua theo quy tic chudi dao ham ctia
ham hop (Robert, 1997; Geofrey, 2014)

M6 phong neural sinh hoc, tién trinh lan
truyén tién dién ra nhw sau: qua nhitng dau vao
(input), mdi dau vao dwgc nhan bdi mot ham
trong s6 trude khi di vao node (unit, neural). Tai
cacnode, dién ra qua trinh xtt ly: tat ca dit liéu dau
vao dwoc nhan véi trong s6 (weight), cong véi hé
sO bias va x& ly tong qua mét ham kich hoat
(activation function) trwéc khi truyén thong tin
t¢i nhitng node cta 16p tiép theo va ctr nhw vay
dén 16p dau ra. Cac ham kich hoat thwong dworc st
dung la: ReLU, Sigmoid, Tanh. Him mat mat duoc
lra chon can thé hién sw chénh l1éch giira hai dai
lwong: gia tri dwoc dw dodn va gia tri thuc té sao
cho don gian hoa viéc tinh dao ham. Trong qua
trinh dao tao, trong sé va bias dwoc thay doi béi
thuit todn tdi wu cho téi khi gia tri cia ham mat
mat du nho.

2.2.1 Chudn bi dir liéu ddu vao

DE thurc hién nghién ciru nay, nhém tac gia st
dung tap dir liéu dugc Obaseki M. dung trong
nghién ctru (Obaseki et al., 2017) da néu & trén va
tién hanh tién xtr ly dir liéu. Viéc tién xtr ly dir liéu
12 cAn thiét nham muc dich: lwa chon cac thong s6
dic trung cho mo hinh, loc cic mau dir liéu
(instants); lam sach - x6a bd cac diém dir liéu
nhiéu, dir liéu bat thwong, chuin héa dit liéu... Két
qua cua bwdrc tién x Iy dir liéu, nhém tac gia st
dung tip hop 40 diém dir liéu véi 9 dic trung sau
lam dit liéu dau vao cho m6 hinh ANN: dwong kinh
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(mm), tudi (ndm), nhiét dé (°C), 4p suit thanh
phan CO; (bar), téc d6 dong chay chit lwvu (m/s),
ap suit chit lwu (bar), ty trong riéng chit luu
(kg/m3), do nhdt dong luc hoc (cP), do pH (pH).
Dit liéu st dung cho nghién ctru dwoc tom tat dwdi
dang biéu d6 hop nhw trong Hinh 1.

Hinh 1 tom tit cic dic trung dit liéu st dung
cho nghién ctu nay véi: dwong kinh 6ng dao déng
tr 192,7 mm dén 914 mm, tudi ong tir 6 dén 41
nam, nhiét d6 chit lwu tir 28°C dén 70°C, 4p suit
ttr 30 bar dén 70 bar, toc d6 dong chay chit lvu tir
0,76 m/s dén 3,5 m/s, 4p suit thanh phan CO, tir
2 bar dén 6 bar, ty trong riéng chit lwu tir 816,88
kg/m3 dén 842,4 kg/m3, dd6 nhét dong hoc chit
lwu tir 9,65 cP dén 54,3 cP; toc dd an mon tir 0,02
mm/nam dén 0,24 mm/nam.

Hé s6 twong quan Pearson (Pearson
correlation coefficient) gitta cac dac trung dit liéu
dau vao dwoc tinh todn va xac dinh trong bang 1.
CAc gia tri trong bang 2 cho thay cic dic trung dau
vao hau hét c6 mdi twong quan thip véi nhau,
ngoai trir 2 cdp dac trung ty trong riéng - d6 nhét
déng luc hoc, ty trong riéng - nhiét d6 von la cac
dai lwong vatly c6 méi twong quan cao, hoan toan
tuan theo cac phwong trinh vat ly. Trong tap dir
liéu dang xét, hé s6 twong quan giira tudi ong va
téc d0 dan mon 1a R = 0,55, vi thé c6 thé xac dinh
tudi 6ng la mot dac trung khong thé bd qua khi xay
dung mé hinh dw doan t6c dd dn mon.

2.2.2. Chudn héa dir liéu ddu vao cho mang neural
nhdn tao

Do cac diém dir liéu trén véi 9 ddc trung khac
nhau, don vi do khac nhau, gia tri chénh léch nhau
qua 1én, nhém nghién ciu chuin hoéa dir liéu
(feature normalization) str dung min-max scaler:
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Hinh 1. Tém tat bé div liéu str dung cho nghién civu.
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Bdng 1. Két qud phdn tich twong quan gitra cdc ddc trung ddu vao.

Twong quan B;ﬁﬁg Tudi 6ng|Nhiét do|Ap sudt| Van toc Appi:;f él(l)aznh pH [Ty trong| Do nhot
Puong kinh 1.00 0.35 0.08 0.29 | -0.68 0.07 -0.09| -0.08 -0.09
Tubi 0.35 1.00 -0.02 0.16 | -0.17 0.13 -0.09| 0.02 0.04
Nhiét do 0.08 -0.02 1.00 0.04 | -0.28 0.04 -0.15| -1.00 -0.95
Ap sudt 0.29 0.16 0.04 1.00 | -0.23 -0.05 0.10| -0.04 -0.08
Vén toc -0.68 -0.17 -0.28 | -0.23 | 1.00 0.12 0.04| 0.28 0.37
Apsuatthanh | 4 o7 | 13 | 004 | -005 | 0.12 100  |-019] -0.04 | 005

phan CO;

pH -0.09 -0.09 -0.15 0.10 0.04 -0.19 1.00| 0.14 0.04
Ty trong -0.08 0.02 -1.00 | -0.04 | 0.28 -0.04 0.14| 1.00 0.95
D6 nhét -0.09 0.04 -095 | -0.08 | 0.37 0.05 0.04| 0.95 1.00

X'= (x- min(x)) / (max(x)-min(x)) (5) 16p 4n hon, hodc nhiéu node trong mdi 16p hon chi

trong d6 x la gia tri ban dau, x’ 1a gia tri sau khi
chuén hda. Gia tri cuc tiéu min(x), gia tri cwc dai
max(x) dwgc tinh trén toan bé dir liéu & cing mot
dic trung. K&t qua 1a cic gid tri cAc dic trung nam
trong khoang [-1,1]. Qua do6, gitp viéc huin luyén
md hinh dé dang hon va chinh xac hon, it phu
thudc vao do 16m va don vi cla tirng dac trung cla
diém dir liéu.
2.2.3. Xdy dwng mé hinh mang neural nhdn tao.

Mo6 hinh mang neural nhin tao du doan téc
d6 an mon dworc nghién ctru thudc vé dang hoc cd
giam sat dang hoi quy phi tuyén. D€ tranh hién
twgng moé hinh mang qua khép (overfitting) hoac
chwa khép (underfitting) véi tip hudn luyén va
nang cao chit lwong mo6 hinh mang ANN, di liéu
ban dau dwgc phan chia lam 3 phén: dao tao
(training), xac thwc (validation), va kiém tra
(testing). Ty lé Ian lwotla: phén dirliéu huin luyén
chiém 62,5% (25 diém dir liéu), b dir liéu xac
thuc c6 12,5% (5 diém dir liéu), bo dir liéu kiém
tra chiém 25% (10 diém dirliéu). Do lwong dir liéu
thu thap dwoc con it, nhém tac gia st dung ham
ReLU, thuat toan Earnly Stopping, RMSprop tang
chat lwong dw doan ctia mé hinh, giam do phu
thudc vao so lwgng dir liéu dau vao.

S6 16p an, s6 lwong node (unit), cadc ham kich
hoat, Iwa chon ham mit mat (loss function, hay
con goi 1a ham gia tri - cost function) thuit toan toi
wu lan truyén nguorc, 1a cac lwa chon quan trong
trong dao tao mang neural nhan tao, gidp tang do
chinh xac va gidm thoi gian tinh toan. S6 16p 4n va
s0 lwong node trong moi lép 4n cAn vira du dé dat
dwoc dd chinh xac can thiét. Viéc sit dung nhiéu

tang thoi gian tinh toan ma khong cai thién do
chinh x4c. Qua nhiéu thir nghiém valién tuc toi wu,
nhém tac gid str dung 18 node (unit) cho lép &n
d4u tién va 9 node (unit) cho 16p 4n thi 2 nhw
Hinh 2.

Trong nghién ctru nay, nhom tac gia str dung
ham ReLU (Rectified Linear Unit) (Hahnloser et
al, 2000) cho 16p 4n thi nhat va ham Sigmoid
(Han et al., 1995) cho 16p 4n ti€p theo. Ham ReLU
da dwoc chirng minh la gitup viéc huin luyén hoc
may va hoc siu (deep learning) nhanh hon rit
nhiéu, nguyén do dao ham ctia n6 bing 0 véix < 0,
va bang 1 khi x>0. Céng thirc cia ham ReLU va
ham Sigmoid lan lwgt nhuw (6), (7).

RELU:
fx) = max (0,9
(109 = 0v6ix <0, f(s) =xv6ix>0) O
Sigmoid:
1
f) = = -

D6 thi ctia 2 ham nhw Hinh 3
Ham mat mat dwoc str dung la ham sai s6 binh
phwong trung binh, c6 cong thirc nhw (8).
1 -
mse = ~ XL, (i — 9)*

(8)

Mot vai thuét todn téi wu dao tao lan truyén
nguoc thwong dwoc st dung Gradient Decent
(dao ham di ngworc), Stochastic Gradient Descent
(SGD), thuat toan Levenberg- Marquardt
Algorithm (LMA), Scaled Conjugate Gradient
(SCG), Pola-Ribiere conjugate gradient (PCG),
Adadelta (Matthew, 2012), Adam, Adagrad va
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Hinh 3. Do thi ham s6 Sigmoid va ReLU.

nhitng thudt toan khac...Nhom tac gia st dung
thudt toan RMSprop (Geoffrey, 2014). Thuat toan
nay c6 wu diém toc d6 hoc (learning rate) tw dong
diéu chinh, thay d6i 16m véi cac dir liéu khac biét
nhiéu va cac thay d6i nho cho cac dir liéu it khac
biét; va nhanh chéng dat dworc gia tri cuc ti€u toan
cuc.

Ky thuat Early stopping - dirng thuat toan
trwdc khi ham mat mat qua nhd, gitp tranh hién
twong qua khép (overfitting) cling dwoc ap dung
trong nghién ctru nay. Cac thiét lap Early stopping
gom: chi tiéu danh gia l1a sai s6 tuyét ddi trung
binh, va s6 epoch t6i da bang 50 (epoch - s6 Ian
duyét qua tit ca cac diém dir liéu) trueére khi gia tri
chi tiéu danh gia ctia bd dir liéu xac thwce cé chiéu
hwéng tang 1én.

3. Két qua nghién ciru va thao luan

Vé&i mo hinh mang neural nhan tao dwogc xay

dung nhw muc trén, tip dir liéu huin luyén va xac

thuc dwoc stit dung dé dao tao mang. Cung véi viée
ap dung ky thuat Early Stopping, qua trinh dao tao
két thiic véi s6 1an 13p (epoch) bang 1293. Sw thay
doi cua chi tiéu - sai s6 tuyét doi trung binh cta tap
huln luyén va tp xac thuc trong Hinh 4.

Bang 2 cho thdy m6 hinh mang neural nhan
tao cho két qua dw bao kha tot véi gia tri hé s6 xac
dinh cta tip dir liéu kiém tra R2=0,868. Chi s6 R2
cda tp dirliéu kiém tra thap hon tip dit liéu huin
luyén va xac thwc 1a do s6 lwong cac diém dir liéu
con it. Cac chi s6 danh gia cia mé hinh mang
neural nhan tao duw doan t6c d6 4n mon trén toan
b tip dir liéu lan lwot co6 gid tri RMSE = 0,014,
MAE = 0,011, R2 = 0,938. Anh hwdng ctia timg
thong s6 dau vao (ap suit CO,, do pH, tudi ...) 1én
téc d6 an mon chwa dwoc xét dén va sé dé cip dén
trong nhirng nghién ctiru sau. Cac két qua dw doan
tdc dd 4n mon cuda trén bo dir liéu dwoc so sanh
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vi thue té va dwoc minh hoa trong Hinh 5.

St dung mo hinh thyc nghiém dy doan an
mon CO; theo tiéu chuin Norsok M-506 dé tinh
toan bd di liéu, nhom tac gia thu dugc cac chi so
danh gia RMSE = 0,064, MAE = 0,048, R2 = -0,364.
Hé s6 xac dinh 4m cho thay két qua dw doan mo
hinh Norsok M-506 chwa mé phong dwoc thuc té

2.00

bd dit liéu trén. Mang neural nhin tao cho thay
kha nang dw doan vwot tréi hon so véi mé hinh
thuc nghiém theo tiéu chuin Norsok M-506. Bang
3 so sanh hiéu suit ctia cac mé hinh dw doan tdc
d6 an mon. Hinh 6 minh hoa gia tri t6c d6 an mon
du doan cua cdc m6 hinh so véi toc d an mon
thuec té.

| —— Tap huan luyén
,'E 175 —— Tap xac thie
=
2 1.50 -
£ 125
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0.00 1— . . . ; ; ; .
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Hinh 4. Early stcc)ppinﬁ;' sai s6 tuyét doi trung binh cua tdp hudn luyén va tdp xdc thuc.
Bdng 2. Cdc chi tiéu ctia'mang neural nhdn tgo dw dodn téc dé dn mon.
Tap dir liéu RMSE MAE R?
Huln luyén va xac thuc 0,010 0,008 0,962
Kiém tra 0,020 0,017 0,868

Bdng 3. Hiéu sudt ctia cdc mé hinh dw dodn téc do dn mon.

M6 hinh RMSE MAE R2
Tiéu chuin Norsok M-506 0,064 0,048 -0,364
Md hinh mang neural nhan tao 0,014 0,011 0,938
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Hinh 5. Do thi h6i quy ctia mang neural nhdn tao dw dodn téc dé dn mon.



