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Tom tit:

Trong nghién ciru nay, hé sb ¢ két (C) cua dét yéu tai mot s6 khu vue ven bién Quang Ninh, Hai Phong va Théi
Binh dwgc du bao bang phuong phap hoc may - ky thuit tri tué nhan tao thong qua 3 mé hinh hoc may: hé tro hoi
quy véc to - Support Vector Regression (SVR); mang thin Kinh nhan tao da 16p tri giac - Artificial Neural Network
Mutilayer Perceptron (ANN MLP); hdi quy swon bén - Ridge Regression (RR). Cac mé hinh nay dwoc xay dung trén
ngdn ngir 1ap trinh Python va thw vién hd tro Scikit-learn. S6 liéu sir dung gdm 133 miu dét yéu thu thap tir cac cong
trinh thyec té, dwoc Iy tir nhitng d sdu khac nhau (m) va dwoc phan tich trong phong thi nghiém nham xac dinh cac
thong s6: ham lugng sét (%), ham lugng bui (%), giéi han chiy (%), giéi han déo (%), chi s6 déo (%), d) sét, ) 4m
(%), khoi lwgng the tlch tw nhién (g/cmd), Kkhoi llrong thé tich khé (g/ecmd), Kkhoi lwong riéng (g/cm?), @9 rong (%), do
bao hoa (%), hé s0 rong. bé du bio C,, 15 thong s6 diu vao dwogc phén tich  twong quan. Sau khi loal b6 cac thong s0
khong c6 quan h¢ chat véi C, 6 thong 50 co quan he chat dugce xac dinh gom gi¢i han chay, do am, khoi lugng thé
tich tw nhién, khéi lwgng thé ‘tich kho, d rong, hé s6 réng. Pé du bao va cho may hoc, tién hanh xiy dung mo hinh
chung véi 70% dir liéu hoc va 30% dir liéu klem tra. Hiéu suét ciia cic md hinh dwgc kiém tra bang cac hé so gia tri
trung binh ciia tdng cac tri tuyét dm ciia sai s6 - Mean Absolute Error (MAE); d9 1éch tleu chuén cac sai s6 - Root
Mean Square Error (RMSE); hé s6 twong quan R - Correlation coefficient (R); va hé s6 xac dinh - Coefficient of
determination (R2). Két qua ciac mé hinh nghién ciru thé hién hiéu suit ciia cic mé hinh hoc may khac nhau véi R?
bién thién tir 0,7899 dén 0,8737, dam bio quan hé chit. Nghién ctru da chi ra hiéu suét ciia mé hinh ANN MLP la tot
nhit véi két qua cac hé s6: R>=0,8737, MAE=0,2196, RMSE=0,2678 va R=0,9367 t6t nhit trong 3 mé hinh sir dung.

Tir khéa: ANN MLP, dit yéu, hé s6 c6 két, hoc may, RR, SVR.
Chi 56 phin logi: 2.1

viée cai tién phan tich hoi quy [9]. Tuy nhién, phwong phap
hoi quy c6 gidi han nhu cau triic cia md hinh dya trén mot

Hé s6 ¢ két (C) la mot trong nhing thong s6 dat nén

quan trong ding dé du bao lin ¢6 két nén dit yéu dudi tac
dung cua tai trong, dac biét can thiét khi tinh toan thiét ké xu
Iy nén dét yéu trong xay dung giao thong [1, 2]. No ty 1¢ voi
te do giam cua ap lue nuée 16 rdng va phan anh toe d6 lan cb
ket ctia dat yéu [1, 2]. Thong thudng, C, duoc xdc dinh truc
tlep bang cac thi nghiém dia ky thuat trong phong trén cac
mau dat duoc ldy tir cac 16 khoan tham do [3, 4]. Viée lay va
bao quan mau dét trudc khi thi nghiém thuong c6 nhiéu kho
khin, d& mét tinh nguyén trang, dac biét vdi cc mau dat yéu
khi lay tir d6 séulon [5, 6]. Anh hudng cia cac 16p cat hay cat
pha moéng nam xen k& ¢ dat yéu cang lam cho viéc xac dinh
chmh xac C, trong phong thi nghiém thém khé khin va dé sai
so 16n [7]. pé thay thé cho cac thi nghiém trong phong trén
mau dat, cc thi nghiém hién trudong xac dinh thong qua twong
quan thuc nghiém hay béan thyc nghiém di dugc phat trién
dé dy doan C, [4, 8]. Nhing twong quan nay co ban dya trén
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hay mét s6 phuong trinh tuyén tinh hodc phi tuyén [10, 11].

Trong cudc cach mang sd ngay nay, hoc may (Machine
Learning) hay tri tué nhan tao (Artificial Intelligent) da duoc
ung dung rong rai trong nhiéu linh vyc bao gom ca dia ky
thuat, nhu dé dy bao truot 16 dat [12-14], du doan 1ii lut [15],
du béo trit lugng nude ngam [16, 17] va dy doan tinh chét
vat liéu dat [18-24]. Trong nghien ctru nay, thong s6 duoc lua
chon dy doan la C cua dat yéu tai mot sd khu vuc ven bién &
Quang Ninh, Hai Phong va Thai Binh bang viéc sir dung ba
phuong phap hoc may hd trg hdi quy véc to - Support Vector
Regression (SVR); mang than kinh nhan tao da 1op tri giac -
Artificial Neural Network Mutilayer Perceptron (ANN MLP);
hdi quy suon bén - Ridge Regression (RR). Két qua ciia cic
mb hinh du bio dugc kiém tra bang cac phuong phap thong
ké tiéu chuan nhu: gia tri trung binh cua tong cac tri tuyét
ddi cua sai s - Mean Absolute Error (MAE); d6 léch tiéu
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Abstract:

The main object of this study is to accurately predict the
consolidation coefficient (C ) of soft soil in some areas of
Quang Ninh, Hai Phong, and Thai Binh provinces using
3 machine learning methods: Support Vector Regression
(SVR), Artificial Neural Network Multilayer Perceptron
(ANN MLP), and Ridge Regression (RR). These methods
are built on the Python programming language and the
Scikit-learn library. The data for this study includes 133
soil samples that were collected from the construction site
in North coast Vietnam. These samples at various depth (m)
were analysed in the laboratory for the determination of
clay content (%), silt content (%), liquid limit (%), plastic
limit (%), plasticity index (%), liquidity index, moisture
content (%), wet density (g/cm®), dry density (g/cmd),
specific gravity (g/cm?), porosity (%), degree of saturation
(%), and void ratio. In addition, the authors have analysed
the correlation of 15 parameters in predicting C . After
removing parameters which have a weak correlation with
C,, there were 6 parameters that were strongly correlated
with C  including liquid limit, moisture content, wet
density, dry density, porosity, and void ratio. For prediction
Cv, the authors built a model with 70% of learning data
and 30% of test data. The performance of the models was
validated using Mean Absolute Error (MAE), Root Mean
Square Error (RMSE) Correlation coefficient (R), and
Coefficient of determination (R?). Results of the models’
study showed that the performance of the models using
different methods is much different where R’-value varies
from 0.7899 to 0.8737. The present study suggested that the
ANN MLP model has the highest predictive capability in
3 models with the corresponding results of the coefficients:
R*=0.8737, MAE=0.2196, RMSE=0.2678, and R=0.9367.

Keywords:  artificial neural network multilayer
perceptron (ANN MLP), consolidation coefficient,
machine learning, ridge regression (RR), soft soil,
support vector regression (SVR).
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chuén céc sai s6 - Root Mean Square Error (RMSE); hé s6
twong quan R - Correlation coefficient (R); va h¢ so xac dinh
- Coefficient of determination (R?).

Dir liéu va phuong phap sif dung du hao
Dir liéu sir dung

Trong nghién ctru ndy, tong cong 133 miu dat yéu la bun
sét pha dugc thu thap tir cac cong trinh thuc té tin cay va mot
s6 mau thi nghiém bd sung kiém chung tai mat s6 khu vuc
ven bién tir Quang Ninh dén Nam Dinh, véi ddy du cac chi
tiéu dugc xac dinh trong phong thi nghiém su dung lam co s&
dir liéu xay dyng mo hinh dy bao. Cac thong sd cua dat dugce
xem xét sir dung phan tich trong nghién ctru nay bao gom:
d6 sau ldy mau (m), ham luong hat sét (%), ham luong hat
bui (%), gidi han chay (%), gidi han deo (%), chi s0 déo (%),
do sét, d6 am (%), khdi luong thé tich tw nhién (g/cm?), khdi
lugng thé tich kho (g/cm?), kh01 lugng riéng hat (g/cm?), do
rong (%), do bio hoa (%), hé s6 rong. Cac thong sé nay dwoc
coi 14 cac bién dau vao doc 1ap twong tng X1, X2, X3, X4,
X5, X6, X7, X8, X9, X10, X11, X12, X13, X14, X15 nhim
xdc dinh bién dau ra phu thudc C (Y). DUt liéu thu thap dugc
chia ngéu nhién thanh hai phan 1a tap dir liéu hoc (70%), dung
dé tap luyén cho may va tap dir liéu kiém tra (30%) nham
danh gi4 hiéu suat mé hinh. Cac mé hinh nay duoc xay dung
trén ngdn ngit 1ap trinh Python va thu vién h tro Scikit-learn.

Bang 1. Dir liéu dau vao va dau ra str dung trong nghién ctru.

STT T'h(‘mg Gia tri' Gia tri ) Trung Do léch X
S0 16n nhat nhé nhat binh tiéu chuan
1 X1 35,40 1,2 11,04466  6,938565
2 X2 36,00 2 11,62752  6,949414
3 X3 53,00 4.5 27,28947  9,863118
4 X4 76,20 18 52,7218 12,09864
5 X5 77,00 28,57 53,09496  10,83319
6 X6 39,96 15,06 26,95699  4,659818
7 X7 47,15 9,40 26,13797  7,917158
8 X8 1,66 0,35 0,862932  0,200529
9 X9 70,65 22,55 49,19586  10,09728
10 X10 2,02 1,52 1,706767  0,088374
11 Xl 1,65 0,91 1,152707  0,141143
12 XI12 2,73 2,65 2,694361  0,017596
13 XI3 66,30 38,88 5721278 5268267
14 Xl14 99,95 84,11 96,64316  2,856277
15 X15 1,967 0,636 1,370263  0,273962
16 Y 337 0,31 1274286  0,713631

Phan tich phan phdi 133 méau cho 15 thong s bién dau vao
(X1-X15) va bién dau ra (Y) cho thiy, cac thong s6 bién thién
trong khoang gia tri rat khac nhau (bang 1 va hinh dai dién 1,
2,3, 4): 6 sau ldy mau trén (X1) bién thién tir 1,2 dén 35,4 m;
d6 sau ldy mau dudi (X2) bién thién tir 2 dén 36 m; ham luong
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sét (X3) ciia cac mau dat thi tir 4,5 dén 53%; ham luong bui
clia cac mau dat (X4) tir 18 dén 76,2%; gidi han chay (X5) tir
28,57 dén 77%; gioi han déo (X6) tir 15,06 dén 39,96%; chi
s6 déo (X7) tir 9,4 dén 47,15%; do sét (X8) tir 0,35 dén 1,66;
d6 am (X9) tir 22,55 dén 70,65%:; khdi luong thé tich tu nhién
(X10) tir 1,52 dén 2,02 g/cm?; khéi lugng thé tich kho (X11)
tir 0,91 dén 1,65 g/cm?; khdi lwong riéng hat (X12) tir 2,65
dén 2,73 g/em?; do rong (X13) tir 38,88 dén 66,3%; do bio
hoa (X14) tir 84,11 dén 99,95%; hé s rong (X15) tir 0,636
dén 1,967 va hé s6 cd két C, (Y) bién thién 0,31 den 3,37
[25-30]. P léch tiéu chuan 16n nhét thudc vé thong s6 ham
lugng hat bui (X4, do 1éch tiéu chuan 12,09864), nho nhit
khi luong riéng hat dat (X12, 0,017596).

Hinh 2. Bién thién gia tri do

chay. am.

Hé 8 8 két (cm?/s)

Hinh 4. Bién thién gia tri C,
tw thi nghiém.

Hinh 3. Bién thién gia tri hé sé
réng.

Cong cu va phwong phap su dung

Pythonlamotngdn ngit 1ap trinh thong dich (interpreted),
hudng d6i tuong (object-oriented), va 1a mot ngdn ngit bac
cao (high-level) nglt nghia dong (dynamic semantics).
Python hd tro cac module va goi (packages), khuyén khich
chuong trinh module hoa va tai su dung ma. Trinh thong
dich Python va thu vién chuin mé rong c6 san dudi dang
ma ngudn hodc dang nhi phan mién phi cho tit ca cac nén
tang chinh va c6 thé duoc phan phdi tu do [30]. Cing véi
do, Scikit-learn 1a mot thu vién tai nguyén mo dung cho hoc
may, hd tro hoc may cé giam sat (supervised learning) va
hoc may khong giam sat (unsupervised learning). No cling
cung cap nhleu cong cu dung cho [am khép mo hinh (model
fitting), tién xur Iy dit liéu (data preprocessing), lwa chon mo
hinh va nhiéu tién ich khac [31-33].

Thudt toan Support Vector Regression (SVR)

Support Vector Regression (SVR) 1a mot thuat toan nam
trong bo thuat toan Support Vector Machine (SVM) dung dé
giai quyét cac vin dé hoi quy [34- 37]. Thay vi giam thiéu 15i
trong qua trinh huan luyén, SVR c6 ging giam thiéu 16i tong
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quat bi rang budc dé dat dwoc hidu xuat téng thé. Y tuong vé
SVR duya trén tinh toan ctia ham hoi quy tuyen tinh, trong khong
gian ddc trung chiéu cao noi dir liéu dau vao bang ham phi
tuyén (non-linear function). SVR da duoc ap dung trong cac
linh vuc khac nhau nhu phén tich va du doan theo chudi thoi
gian va tai chinh (loc nhiéu va rui ro), x4p xi cac phan tich k¥
thudt phuec tap, 1ap trinh va lya chon cac ham mat mat... SVR
str dung cac nguyén tac tuong ty cho phan loai (classification)
va st dung thém loai médi cuia ham mat mat. Véi mot tap dir
liéu huén luyén nhét dinh, duoc biéu thi trong mdt khong gian
vecto, trong d6 mdi dir liéu ctia mau 1a mot diém. Phuong thire
nay 13 tot nhat, tai d6 co thé chia cac diém trong khong gian
thanh hai 16p riéng biét, twrong ung véi (16p) + va (16p) - (phan
loai nhi phan). Dic trung ciia siéu phing nay dugc xdc dinh boi
khoang cach (dugc goi la ranh gidi) cua diém dir lidu gan nht
ctia moi 16p véi mit phang nay. Do d6, ranh gi6i cang rong cho
thdy mat phing phan chia va phan loai cang chinh x4c. Muc
tiéu ciia phuong phap SVR 14 tim ra khoang cach ranh gidi toi
da. Trong nghién ctru nay, ching t6i xac dinh céc gia tri cho cac
tham s6 SVR thong qua qua trinh thir - 15i.

Y tudng co ban ciia SVR 1a 4nh xa khong gian dau vao
sang mot khong gian dic trung nhiéu chiéulmél o do ta co
thé ap dung duoc hdi quy tuyén tinh. Pic diém cia SVR la
cho ta mot giai phap thua (sparse solution): nghia la dé xay
dung duoc ham hdi quy, ta khong can phai str dung hét toan
b tat ca cac diém dir liéu trong bd hudn luyén. Nhirng diém
& bién dong gop vao viéc xay dung ham hdi quy duge goi
la Support Vector. Viéc phan 16p cho tap dir li€éu méi s€ chi
phu thudc vao cac Support Vector.

Dt li€u hoc duge dua vao dang [(x, t),.. (x“, t)]
C R xR trongdon biéu thi khong gian ctia cic mau dau
vao. Dya Vao quan h¢ gittas—SVR, muc ti€u la tim dugc
ham f ¢6 d6 1éch & véi muyc tiéu tJ cho tat ca tap dir ligu
huén luyén va dong thoi cang phang cang t6t. Do vy ham
héi quy can c6 dang: y = f. = w' ®(x)+b.

Trong d6: W € R" 1a vector trong s; T 1a ky hi¢u chuyén
vi; b € R 1ahingsb: x € R" 1a vector diu vao; ®(x) e R" 1a
vector dic trung; @ 13 ham anh xa tir khong gian dau vao
sang kh()ng gian déc trung (hinh 5). Nhu yay détimwvabta
phai t6i thiéu hoa ham 16i chudn hoa: _Z v, —t )+ i"w”
v6i A 1a hang sb chuan hoa.

. Dé co dugc mot giai phap thua, ta s¢ thay ham 16i trén
bang ham 161 &-insensitive (hinh 6).

Dic diém ctua ham 16i nay 1a gid tri tuyét d6i cua
su sai khac gilra gid tri du doan y(x) va gid tri dich nho
hon & (v6i £>0) thi n6 coi nhu do 16i bang 0. Nhu
Vay bay gio ta phai t01 thiéu hoa ham 15i chuan hoéa sau:

CZE(y(x) t) +— ||w||

Véi y, WTCD(x )+ b, C 1a hing s6 chuan hoa gidng
nhu A nhung duge nhan véi ham 16i thay vi ||W||

40



Khéng glandir
[igu ban diu

Khéng gian dic trng

Hinh 6. S do nguyén ly thujt
toan SVR st dung ham Ioi
e-insensitive.

Hinh 5. Bién déi khéng gian
dir liéu sang khong gian dac
trwng (thu thuat Kernel).

Véi SVR st dung ham 16i e-insensitive va ham nhéan
Gaussian ta c6 ba tham sd can tim: hé s chuan hoa C, tham
sO v ctia ham nhan Gaussian va do rong cua dng . Ca ba
tham s6 nay déu anh huong dén d6 chinh xac dy doan ctia mo
hinh va can phai chon lya k¥ cang. Néu C qua 16n thi s& wu
tién vao phan do 15i huan luyén, dan dén mé hinh phic tap,
dé bi qua khép. Con néu C qua nho thilai wu tién vao phan
do phuc tap mo hinh, dan dén mé hinh qua don gian,
giam d¢ chinh xac du doan. Y nghia cia ¢ ciing twong
tu C. Néu € qua 16n thi 6 it vecto hd tro, 1am cho mé hinh
qua don gian. Nguoc lai, néu ¢ qua nho thi co nhiéu vecto
hd tro, dan dén mo hinh phic tap, d& bi qua khép. Tham
s6 phan anh mdi tuong quan giita cac vecto hd trg nén
cling anh huong dén d6 chinh xac dw doan ctia mé hinh.

Mang no ron nhdn tao (Artificial Neural Network
Mutilayer Perceptron - ANN MLP)

Mang no ron nhéan tao (ANN) la mot tap hop cuia cac
nuat duogc lién két v6i nhau nham giai thich va giai quyét cac
van dé c6 mdi quan hé phirc tap giita cac bién doc lap du
vao va bién phu thudc dau ra [35]. Mang perceptron da 16p
(MLP) la mdt trong nhitng mang no ron nhan tao, hay mat
trong nhitng k¥ thuat mang no ron nhén tao hiéu qua nhat
trong md hinh va du doan. Do d6 né dugc st dung nhu mdt
mo hinh chuan cua nhiéu nha nghién ctru [36]. ANN MLP
¢6 kha nang mé phong cac qua trinh phi tuyén va phic tap
ctia thé gidi thuc. Trong nghién ciru nay, ANN MLP dugc str
dung dé phan tich va du doan h¢ s6 cb két C,. Co ban, ANN
MLP la mot m6 hinh chuyén tiép bao gdm moét 16p dau vao,
mot hay nhiéu 16p 4n va mot 16p dau ra nhu trén hinh 7.

Hinh 7. Minh hoa mét ANN MLP véi 2 1&p an.

Néi chung, ) lugng cua cac nut dau vao phu thude vao
cac thong s6 duoc lua chon trong nguén dir liéu su dung, va
) luong no ron 4n duoc x4c dinh dua trén tap dir liéu dung
cho hoc may trong timg trudng hop cu thé. S6 lwong 16p 4n
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duogc st dung cho tinh toan va lop dau ra dai dién cho muc
dich ctia mo hinh. Mdi nit cta 16p an phai két ndi véi tat ca
cac nut cta 16p dau vao, va mdi niit ciia 16p dau ra phai dugc
két ndi véi toan bo nut trong cac 16p an. Thong qua cac lién
két nay, qua trinh hoat dong cia ANN MLP c6 thé chia ra
hai budc: truyén thang va truyén nguoc sir dung thuat toan
tmyén nguoc.

Déi voi muc dich mé hinh héa ham véi mot bién du doan,
ANN MLP duoc sir dung dé tong quat hoéa mot ham phi
tuyén f-XeRP—YeR'. Ham f dugc thé hién ngin gon thong
qua phuong trinh sau [35]: f(X)=b2+W x (f, (b,+W x1)).

V&i W1 va W2 1an luot 1a cac ma trin trong s6 cua 1op
an va 16p ddura b =[b, b ,.....b ]; biéu thi véc to “bias”
cua l6p an, b,1a vec to “bias” cua 16p dau ra; £, biéu thi ham
kich hoat. M6t trong nhitng ham kich hoat pho bién duoc stir
dung hi¢n nay 1a Sigmoid, Tanh va Relu.

Trong nghién ctru nay, ching t6i st dung mang no ron
nhan tao ANN MLP ¢6 3 16p an v6i s6 nuat lan luot trong
moi 16p an la 16,10,14 va st dung ham kich hoat Sigmoid.

Ridge Regression (RR)

Mo hinh Ridge Regression (RR) la phuong phéap ap dung
khi bo dir liéu gap van dé vé da cong tuyén cac bién doc lap
x ¢6 mdi lién hé voi nhau, va anh hudng 1én két qua du bao
ctia y, hay giai quyét cac van dé vé Overfifting (mé hinh ap
dung tbt cho dit liéu hoc (training) nhung khong hoat dong
t6t trén dir liéu kiém tra (test) ma mo hinh hoi quy tuyén tinh
thong thuong gédp phai) [36].

Phuong trinh tong quét cia linear regression:

y =B, B, x, B, x, .. +p x +€

Ta c6 thé thiy gia tri € & cudi phuong trinh. Day 1 sai sb
ctia cac phuong trinh hdi quy, 1a chénh 1éch gitra két qua du
bao va két qua thuc té. Céc sai s6 dugc chia thanh 2 phﬁn:
Biased (thién I¢ch), Variance (phuong sai). Biased la truong
hop mé hinh phén tich khong khop, khong dem lai két qua
chinh xéc trén tap dit liéu hoc tap (training). Variance 1a ddi
v6i dir liéu thir (test). Mbi quan hé danh doi giira Biased va
Variance xét trén muac d6 phuc tap cua mé hinh dugc minh
hoa & hinh 8.

Y

Téng I6i

Phwong sai

D6 phie tzp cia mé hinh téi w

Thiéu vi2

&

v

Do phiec tap cia mé hinh

Hinh 8. Méi quan hé danh déi gitra bias va variance.

M
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RR 1a mo hinh hdi quy phan tich mdi quan hé giira
cac bién doc 1ap va bién phy thudc str dung phuong phap
Regularization, didu chinh md hinh sao cho giam thiéu cac
van d& Overfitting, t6i wu hay kiém soat mirc d phirc tap
ctia mo hinh dé can ddi gitra Biased va Variance, qua d6
giam sai s6 ctia m6 hinh. Do vay, st dung mo6 hinh hoi quy
sudn bén (Ridge Regression) vao viéc du bao hé sb cb két
C, cta dat duoc xem xét trong nghién ciru nay.

Lwa chon thong so dau vao

Téng cong 15 thong s6 dau vao duoc lua chon bao gém
hdu hét cac chi tiéu vt Iy ctia cac mau dat thu dwoc tir th
nghiém trong phong (bang 1). Tuy nhién chi c6 mot so bién
dau vao c6 moi quan hé chit ché véi két qua dau ra can du
bao C. Thong qua qua trinh nay, cho phép loai bo nhiing
bidn it hodc khong c6 quan hé chit véi két qua dau ra (C).
Tur d6 thoi gian xr ly cua md hinh s& giam xu6ng, dong thoi
hiéu suét ciia md hinh cling s€ dugc cai thién.

Sir dung cong cu Seaborn cua Scikit-learn dé lwa chon
cdc thong so dau vao:

Trong nghién cuu nay, chung téi st dung cong cu
Seaborn cuia Scikit-learn nham tao ra “Biéu d6 nhiét” (heat
map) thé hi€n moi tuwong quan giita cac bién trong mo hinh.

Tir heat map c6 thé thanh 1ap biéu dd thé hién mic do
tuong quan cua cac bién ddc lap doi voi bién phu thude lay
tr bang 1 va dugc thé hién nhu hinh 9.

u- 0ps a5 e o ogea W . e o, EEeRE . ”
S xi0 i3 xis

Hinh 9. Heat map thé hién mirc cac bién

nghién ctru.

dé twong quan gitra

Sur dung cong cu Extra Trees Regressor cua Scikit-learn:

Str dung cong cu Extra Trees Regressor cua Scikit-learn
nham tao rabiéu do thé hién moi twong quan gitta cac bién trong
mo hinh va so sanh két qua voi heat map & trén (hinh 10, 11).
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Hinh 10. M&c do twong quan
cla bién doc lap déi voi bién
phu thuéc s dung céng cu
Seaborn.

Hinh 11. Mirc d6 twong quan
cta bién doc lap doi véi bién
phu thudc str dung céng cu
Extra Trees Regressor.

Céc hinh 10 va 11 thé hién két qua phén tich bang hai
cong cu khéac nhau dé lya chon thong s6 dau vao du bao,
déu chi ra 6 bién doc 1ap c6 mbi quan hé chat ché nhét véi
C, (YY) gbm: X5, X9, X10, X13, X11, X15 tuong tng 1a gisi
han chay, d6 a am, khéi luong thé thh tu nhién, do rong, hé
s6 rong, khdi lugng thé tich kho.

Xay dung va danh gia hiéu suat mé hinh
Xay dung mo hinh

Trong nghién ctru nay, thuc hién 3 bude cho mé hinh
hoc may dé du bao C, cua dat yeu khu vue nghién ctru (hinh
12), gom: (1) Chuan b1 va tién xtr 1y s6 liéu, loai bo nhleu
(133 mau dét co cac chi tidu thi nghiém cho ra 15 thong sb
déu vao tir X1 dén X15 1a cac chi tidu co 1y clia dat) va bién
dau ra phu thuge Y (C,); (2) Loai bo cac bién doc lap co mdi
quan h¢ khong chat voi bién phu thude Y (tr 15 bién X ban
dau, sau xir Iy xudng con 6 bién X) (hinh 10 va 11); (3) Tién
hanh hoc may va du doan C, danh gia hi¢u suét cac mo hinh
dya vao cac thong sb RMSE MAE, R va R%.

\ Bién doc 13p (X) |

D6 am (X9)

Kh&i lugng thé tich ty nhién (X10)
| 70% mau huan
| luyen

|
|
|
| | Gi6i han chay (x5)
|
|
|
|

Di liéu dau vao: Kh&i lugng thé tich kho (X11)
15 théng sé co'ly
cia dét

Tién xir ly s6 liéu M6 hinh da

DO réng (X13| P
0 rong (X13) dwoc huan luyén

Logi nhiéu, bt
théng sé khéng
tuong quan

IBU% kiém tra,
danh gid mé hinh  p4n,
gid
mo
hinh

|

|

| M5 hinh ¢6 t&t
| hay khéng?

|

Hinh 12. So' d6 xay dwng mé hinh hoc may dé dw béo C..

Hé s6 rbng (X15)

MAE,
RMSE,
R% R

Ddnh gid higu suit mé hinh

Mot mé hinh dwoc danh gia tot khi str dung cac bién dau
vao X, choracacgiatridubdoY  satvoigiatricuaY  thyuc
té d3 xac dinh. Bé danh gia hleu sudt ciia cac md hinh hoc
may, & day sir dung cac thong sé (1) Root Mean Square Error
(RMSE), (2) Mean Absolute Error (MAE), (3) Coefficient
of Determine (R?) va (4) Correlation Coefficient (R).

RMSE thé hién do 1éch tiéu chuan cac sai s0 ciia mo hinh
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du doan. N6 dugc xac dinh thong qua cong thire:

1 \2
RMSE = \/;Zﬁ1(ytest,i - Ypred'l)

trong d6 m 14 s6 luong mu kiém tra, y__ 1a gid tri ding da
xac dinh cuay,y . la gia tri do m6 hinh dy doan.

MAE la gia trj trung binh ciia tong cac trj tuyét ddi cua
sai s6 ma méd hinh du doan. N6 duoc xac dinh thong qua
cong thuc:

1
MAE = - Z{ill}%est,i_Ypred,i
trong d6, m 1a s lwong mau kiém tra, Yooy 18 gid tri ding da
xac dinh cuay, Yiored la gid tri do mo hinh du doan.

Hé s6 xac dinh R? 1a mot thong s6 bién doi tir 0 dén 1
nham thé hién hiéu suat cia mo hinh du doan. N6 c6 thé
duoc xac dinh thong qua cong thirc:

2
R=1— Z?:l1(Ytest,i_Ypred,i)

N2
Z{Zl(J’test,i_J’test)

trong d6 m 1a s6 lugng mau kiém tra, Yooy 12 gid tri dung da
xacdinhcuay,y lagia tri do md hinh dy doan, Vtest 1a gid
tri trung binh clia cac mau kiém tra.

Hé sb tuong quan R danh gia twong quan gitra hai bién
s0 trong quan hé. N6 dugc thé hién thong qua cong thuc sau:
2?;1(3’pred,i_Ypred)(J/test,i_Ytest)

N2
\/Zﬁl(Ypred,i_Ypred) -\/Z{Z1(3’test,i_

trong d6 m 1a s6 lugng mau kiém tra, Yoo 18 gid tri diing
cuay,y, . , 12 gia tri do m6 hinh dy doéan, Yeest 1a gia tri
trung bll’lh clia cic mau kiém tra, Vpred 1a gia tri trung
binh cua cac mau du doan.

R =

ytest)2

Két qua du bdo hé sé co két va phan tich

Str dung ba m6 hinh SVR, ANN MLP va RR nhu da néu
trén, voi bo sd lidu sau chuin hoa gém 6 bién doc 1ap (X5,
X9, X10, X13, X11, X15) c6 twong quan chit va tién hanh
du béo theo so @6 mé hinh hoc may da xdy dyng nhu trinh
bay trén hinh 12, két ‘qua du bao hé s6 ¢ két C, duoc so
sanh vé6i gia tri thuc té thi nghiém (hinh 13, 14 va 15)

——Gia tridy dodn ——Gitrdy dosn

He 56 c6kat (cm2/s)

s6miukiémtra 8 miu dém

Hinh 13. Gia tri C, dw doan va Hinh14. Giatri C dw doanva
gia tri that khi str dung mé hinh gia tri that stv dung mé hinh
SVR. ANN MLP.
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56 méu kiém tra

Hinh 15. Gia tri C, dw doan va gi tri that si» dung mé hinh RR.

Két qua danh gia hi¢u suit cac md hinh st dung trong
nghién ctru nay thu dugc gia tri t6t voi tit ca cac mo hinh
dy béo sir dung, cu thé: khi dy bdo C, bang mé hinh SVR
thi RMSE=0,345, MAE=0,285, R>=0,7899, R=0,9102;
v&i m6 hinh ANN MLP thi RMSE=0,2678, MAE=0,2196,
R>=0,8737, R=0,9367; con md hinh RR ¢4 RMSE=0,3359,
MAE=0,2791, R>=0,8011, R=0,9025 (bang 2).

Bang 2. So sanh hiéu suat cac mé hinh.

STT M0 hinh RMSE MAE R R?

1 SVR 0,345 0,285 0,9102 0,7899
2 ANN MLP 0,2678 0,2196  0,9367 0,8737
3 RR 0,3359 0,2791  0,9025 0,8011

Két qua danh gia hiéu suit du bao cua cac mé hinh sir
dung trong nghién ctru nay RMSE, MAE, R hay R? déu cho
két qua t6t, chimg t6 do tin cay cao khi du bao C, thong qua
mdt sO chi tiéu vat ly dé xac dinh khac di co. Rleng v6i hé
sb xé4c dinh R, két qua thay ddi thir 0,7899 dén 0,8737. Két
qua nay cho thay riang, d6 chinh xac ctia ca 3 mo hinh da st
dung trong dy doan C, cua dat yéu khu vuc ven bién Bic
B¢ khac nhau khong 16n, va mé hinh SVR ¢6 d¢ chinh xac
thip nhat trong nghién ciru nay (R?=0,7899), trong khi do
mo hinh ANN MLP dat hiéu suit cao nhat trong, du doan
C, (R*=0,8737).

Heé s6 cb két (C,) cua dat yéu 1a thong s6 dat nen khong
the thiéu, sir dung trong phan tich ltn khi dép nén trén dat
yéu. N6 thuong duge xac dinh bang thi nghiém nén cd két
mau dat trong phong véi chi phi kha tén kém va phirc tap.
Ba mo hinh SVR, ANN MLP va RR thudc k¥ thuat hoc may
hoan toan co thé s dung dé du bao tot hé sb cb két cua dat
yéu théng qua mot sb chi tiéu vat 1y d& xac dinh khac.

M6 hinh ANN MLP c6 kha nang du bao hé sé c¢b két
ctia dit yéu khu vyuc ven bién Quang Ninh, Hai Phong, Thai
Binh 14 tot nhét (R>=0,8737), trong khi cic mé hinh con lai
ciing thé hién kha ning du doan kh4 tdt.

Ung dung cia phuong phap hoc may co thé xem nhu
mot cong cu thay thé hiéu qua va day trién vong nham giam
thot gian, chi phi va sai sot do phai thi nghiém xac dinh C|
trén ting mau dat. Dua trén két qua ctia nghién ctru nay, c6
thé d& xuét rang, ca 3 phuong phip hoc may SVR, ANN
MLP va RR la cong cu hiru dung trong du doan C_ cua dat
yéu, tuong tng 1a 6 thong sé vat Iy quan trong dé du doén



s Khoa hoc Ky thuat va Céng nghé

C, gém: gi6i han chay, do am, khoi luong thé tich tu nhién,
khoi lugng thé tich kho, do rong va h¢ so rong.

Nghién ctru nay dugc thuc hién véi ngudn kinh phi
duoc cép tor BO Gido duc va DPao tao thong qua dé tai ma
s6 B2020-GHA-03 do Truong Pai hoc Giao thong Van tai
chu tri. Cac tac gia xin trin trong cam on sy hd trg cia Vu
KHCN&MT (B¢ Gido duc va Pao tao), Truong Pai hoc
Giao thong Van tai va cac don vi di ho tro sb lieu phuc vu
cho nghién ctru.
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