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Nghién ctru rng dung phwong phap SVM trong dw bao muc
nwdc ngdm tai mot sd giéng quan trac vung Ha Noi
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Du bdo muwc nwdc ngdm

Nuwéc ngdm dworc str dung réng rdi trong nén kinh té€ qudc dadn, vi thé viéc
dw bdo sw thay doi lwong triv nwéc ngdm ma ddc trung cta né la muc
nwéc la mot viéc hét sirc cdn thiét. Trong bai bdo nay chiing téi siv dung
phwong phdp SVM (Support Vector Machine) dé dw bdo mwc nwéc ngdm
cho cdc giéng khoan trong ving Ha Noi. Viéc thir nghiém dwoc tién hanh
vdi 2 phwong dn dw bdo. Phwong dn thir nhdt chiing téi dw bao muwc nuwéc
twong lai dwa vao muwc nwéc tai thoi diém hién tai va qud khit, Phwrong dn
thit hai, theo cdc nghién ctru thuy vdn, dir liéu vé mwa ciing dnh hwéng rdt
Ién dén trir luvong nwde ngdm trong twong lai. Viéc dw bdo cdn cd thdng s6

vé lwong mwa tai thoi diém hién tai va lwong mwa trong qud khit.

© 2017 Trwdong Pai hoc Mo - Pia chit. T4t ca cac quyén dwgc bao dam.

1. Mé& dau

Cong viéc dw bado muc nwéc dwdi dit dong
vai tro hét sirc quan trong né gitip cic nha quan
ly dé ra cac bién phap quy hoach va st dung hop
ly nguon tai nguyén nwéc quy gia.

D3 c6 mot s6 phwong phap dw bdo damg
dwoc ap dung hién nay (Yannan Zhao et al,
2016). b6 1a cac phwong phap:

- Dwa trén mo hinh vat ly

- Dwa trén mo6 hinh toan hoc

- Dwa trén mé hinh théng ké

Trong bai bao nay chung t6i sit dung mé hinh
thdng ké va cu thé la sir dung cic phwong phap
hoc may (machine learning) dé dy bao muc nuwéc

*Tdc giad lién hé
E-mail: nghidanghuu@gmail.com

ngam cho mot sé giéng khoan trong viing Ha Noi.

2. Support Vector Machine (SVM)

Support Vector Machine (SVM) la phuwong
phap manh va chinh xac nhat trong s6 cac thuit
todn ndi bat & linh vwc khai thac dir liéu. SVM bao
gom hai ndi dung chinh la: support vector
classifier (SVC), bd phan 16p dua theo vector hd
tro, va support vector regressor (SVR), bd hoi
quy dua theo vector ho tro. Pwgc phat trién dau
tién bdi Vapnik vao nhitng nam 1990, SVM c6
nén tang ly thuyét dwoc xay dung trén nén mong
ly thuyét xac suit théng ké. N6 yéu cau s6 lwong
mAu huin luyén khong nhiéu va thwong khong
nhay cdm véi s6 chiéu cda dit liéu. Trong nhirng
thip nién qua, SVM da phét trién nhanh chong ca
vé ly thuyét 1an thic nghiém.
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2.1. Support Vector Classifier - SVC.

Trong mo6 hinh hoc cé gidm sat, thuat toan
dwoc cho trwdc mot s6 diém dir liéu cung voi
nhdn cta ching thudéc mot trong hai 16p cho
trwéc. Muc tiéu cia thuat todn la xac dinh xem
mot diém dir liéu mai sé dwoc thudc vé 16p nao.
Moi diém dir liéu dwoc biéu dién dwdi dang mot
vector p-chiéu, va ta mudn biét liéu c6 thé chia
tach hai 16p dir liéu bang mot siéu phang p - 1
chiéu. Pay goi 1a phan loai tuyén tinh. Cé nhiéu
siéu phang c6 thé phan loai dwoc dit liéu. Mot lwa
chon hop ly trong ching 1a siéu phing c6 18 16n
nhat gitra hai 1¢p. (Nello Cristianini, 2000)
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Nhw Hinh 1, H3 khéng chia tach hai lép dir
liéu. H1 phéan tach hai 1ép véi 18 nho va H2 phan
tach véi 1€ cuc dai.

Ta c6 mot tip huln luyén D gbm n diém c6
dang

D ={(xy)|x € RP,y; € {-1,13}_ (1)

véi yi mang gia tri 1 hodc -1, xac dinh 16p clha
diém x.. M6i x; 1a mot vecto thuc p-chiéu.

Ta cAn tim siéu phang c6 1é lén nhat chia
tach cac diém c6 y; = 1 va cac diém cb y; = -1. Mbi
siéu phang déu co6 thé dwoc viét dwdi dang mot
tAp hop cac diém x théa man

w.x—b=0

(2)
Pay la mot bai toan quy hoach toan phwong.
Cu thé hon:

mi

nin, 3

1 2
flwl]
véi diéu kién

yw.x;— b)=1, i=1,..,n

Viéc yéu cau dir liéu phai phan tach tuyén tinh
hoan toan la nghiém ngat va khong phu hop véi
cac bai todn thuec té, dic biét 1a cic treong hop
phéan 16p phi tuyén phirc tap. Trong khi d6, cac
mAu khong phan tach tuyén tinh hoan toan dan
dén viéc khong thé giai quyét cac bai toan téi wu
dé tim w va b twong ing. D€ giai quyét vian dé
nay, ¢6 hai cach tiép cin chinh:

& L& mém (Soft-margin)

& Thu thuat ham nhan (ham Kernel).

\ l{x | <w,x>+b=+1}|
[{x| <w,x>+b=-1}| A Note:

<wx,>+b=+I]

) y, =+l <W X,2>+b=-1

> => <“w(xl—x._,)>= 2
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\\ \\

Hinh 2. Phén tdch di liéu bdi siéu phang.
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Ham nhan (ham Kernel) cho phép chuyén doi
phi tuyén dit liéu dau vao sang khong gian c6 s6
chiéu cao hon dé c6 kha ning phan tach tuyén
tinh.

Goi @: X - H la phép bién doi phi tuyén tir
khong gian dau vao m chiéu X vao khong gian dac
trung H ma & dé cac mAu c6 thé phan tach tuyén
tinh.

Vi du: ta c6 phép bién déi @: R2 —» R3

(s, x2) = (21, 22, 23) = (xf, V221 %5, x3)
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Hinh 3. Anh xa tir khéng gian 2 chiéu sang khéng
gian 3 chiéu.

Khi d6 dwong phin cach téi wu dwoc dinh
nghia nhw sau:

wl.®dx)+b=0 (4)

Twong ty nhw phin trén thi vector trong s6

t6i wu la trong khong gian dic trung maéi sé la:
wh =3 a;y; ©(x;) (5)

Theo d6 siéu mit phang t6i wu trong khong
gian ddc trung mai la:

Yim @y @T(e)@(x) +b =0 (6)

Trong d6 ®7 (x;)®(x) 1a tich vd hwéng clia
hai vector @(x) va @(x;). Tir ddy, ching ta c6 thé
ap dung ham kernel tich vo hwéng.

Vi nhiéu ly do, do ban chat hodc do sai sot
trong qua trinh thu thip dir liéu, ton tai mot s6
diém thudc 16p nay 1an 16n vao 16p kia, diéu nay
sé 1am pha v& sw phan tach tuyén tinh. Néu ta cd
tinh phan tach hoan toan sé lam cho m6 hinh dw
doan qua khép. D€ chong lai sw qua khép, ngudi
ta m¢& rong SVC dé né chip nhin mot vai diém
phéin 16p sai. Ky thuit nay goi 1a 16 mém (Soft
margin).

Pé lam diéu nay, mot bién (goi la slack
variable) & dwoc thém vao biéu thirc cin t6i wu
nham cho phép mé hinh phan 1¢p thwc hién phan
16p sai & mirc chip nhan duwoc:

V&i SVM 1é mém L1 viéc tim siéu phang 16m

Hinh 4. Cdc diém nhiéu trong tdp dir liéu.
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Hinh 5. Phdn I6p véi bién I6ng.

nhat bang cach giai bai toan t8i wu sau:
. 1 1.d

min  SlIwlF+ SC3¢ ™)
i=1

w.bé
Véi cac rang budc
yi((wx)-b)>1-&, &£20, Vi=1.N

2.2. Support Vector Regressor - SVR

Y twdng co ban ctia SVR 1a 4nh xa khong gian
diu vao (ma néu ta dp dung truc tiép hoéi qui
tuyén tinh thi khéng hiéu qua) sang mot khong
gian dic treng nhiéu chiéu ma & do, ta c6 thé ap
dung dwoc hoi qui tuyén tinh. Dic diém ciua SVR
la cho ta mdt gidi phap thwa (sparse solution);
nghia la dé€ xay dung dwoc ham hoi qui, ta khong
can phai str dung hét tit ca cac diém dir liéu trong
b6 huin luyén. Nhitng diém cé déng gbp vao viéc
xay dung ham hoi qui dwoc goi 1a nhirng Support
Vector.

3. Dw bao mwc nwé'c ngim

Mot s6 phwong phap dy bdo dang ap dung
hién nay trong nganh thuy van hoc la (Lalit
Kumar, 2012):

- Dw bao dwa trén moé hinh vét ly: Giai bai toan
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bang cach phan tich va téng hop cac qué trinh vat
Ii co s& hinh thanh nén hién twong. Tham s6 dac
trung cho cac qua trinh nay dwoc xac dinh bang
cach do dac hodc bang con dwong ly thuyét.

- Dw bao dwa trén mé hinh toan: Mo hinh toan
hoc tip trung miéu ta hé thdng dwédi dang toan
hoc. M6 hinh toan hoc la tdp hop cac phuong
trinh toan hoc, cdc ménh dé logic thé hién cac
quan hé giita cic bién va cac théng s6 ciia mb
hinh dé€ moé phdéng hé théng tw nhién, hay néi
cach khac mé hinh todn hoc la mot hé théng bién
d6i dau vao (Tang chira nwéc, cach nuwdce, diéu
kién bién, hé s6 thim v.v..) thanh dau ra (dong
chay, mwc nwéc vv..).

Nhw viy dé thuwc hién cidc phwong phap nay
trong thuc t& can phai c6 cac s6 liéu quan tric chi
tiét cac dac trung dinh lwong khac nhau cia lwu
vue, ciu truc thuy dia chit, hé s6 tham...

Trong bai bao nay chung t6i sttr dung mé hinh
thong ké dé du bao. M6 hinh nay dwa trén méot co
s@ dir liéu thuc té da 16m va ap dung cac ki thuét
tinh toan hién dai dang dwoc dung nhiéu trong
linh vic cong nghé thong tin nhirng nam gin day
nhur mang no-ron nhén tao, cy quyét dinh, may
hd tro vector v.v.. (Ch. Suryanarayana et al,
2014) va chung thwdng dwoc néi téi nhw cac
phuwong phap hoc may. Hwéng tiép cin nay da
m& ra mot phwong phdp méi dé md hinh hoa cac
qua trinh ty nhién phic tap, phi tuyén ma viéc
ddc ta cac qua trinh vat ly cda nd gap nhiéu kho
khan. (Suja S Nair et al, 2016).

Cu thé trong bai bdo nay chung t6i st dung
SVM dé dw bdo muc nuwéc cho cac giéng khoan
trong viing Ha Ndi. Ving nghién ctru nim & phia
Pong Nam thanh phd Ha Noi, va ndam & bo Hiru
song Hong, bao gom cic huyén Kim Bang, Ly
Nhan va Duy Tién. Dia hinh trong viing kha bang
phéng, cao d6 mit dit bién thién tir 2 téi 5m, c6
nhiéu ao ho va kénh rach, khi hiu trong ving

mang dac trung cda khi hau nhiét déi gié mua,
tong lwgng mwa nam tir 1800 téi 2000mm.

Trén khu vwe nghién ctru ton tai 3 ting chira
nuwéc: ting chira nwéc Holocen trén (gh2) dwoc
ciu tao bdi cat min xen bot c6 mirc d6 dwoc chira
nuwéc yéu. Tang chira nwéc Holocen dudi (ghl)
dwoc ciu tao boi cat min téi trung, cé mirc do
chra nuwéc trung binh. Tang chia nwéc
Pleistocen (gqp) dwoc ciu tao bdi cat min trung
tho 14n san sdi c6 mitc dd chira nwérc tot.

Chuing t6i thir nghiém viéc str dung SVM dé dw
b4o muwc nwdc tai cac giéng Q_83a_0, Q_85b_0 va
Q.87.0.

Chung t6i str dung s6 liéu tir nam 2000 dén
nam 2013 tai giéng Q 83a_0, Q_85b_0 va Q _87_0.
S6 liéu nay dwoc do mdi thang mot Ian, tap di
liéu ndy ¢ tit ca 98 mau:

- Phan dit liéu hoc (training set): Chung t6i st
dung 70 mAu diu tién d€ dwa vao huin luyén
(cAc mAu tir cudi ndm 2000 dén 6/2009).

- Phan dir liéu kiém tra (test set): Chiing tbi st
dung 28 sau d€ dua vao ki€ém tra (cAc mau tir
7/2009 dén cudi nam 2013).

Chung t6i dé xuit st dung 2 phwong an dé dw
bao nhu sau:

+ Phwong an 1:

Trong phwong an nay viéc dy bao muc nwéc
trong giéng trong twong lai trede 1 thang Q(t+1)
dwa vao cac muc nwéc tai thoi di€m hién tai va
qua khtr. Chung t6i str dung ba gia tri muc nwéc
lam dau vao gbm:

- Muc nwéc hién tai: Q(t)

- Muc nuwéc truede dé 1 thang: Q(t-1)

- Myc nuwée tredre dé 2 thang: Q(t-2)

Qt+1)=£Q@,Qt-1),Qt-2) (8)

+ Phwong an 2

Theo cac nghién ctvu thuy van, dir liéu vé mwa
cling d&nh hwéng rat 16n dén muyc nuwéc trong
twong lai.

Bdng 1. Toa dé va vi tri mét s6 giéng khoan trdc.

Toa do Vi tr
Giéng — " -
X Y vA Xa Huyén Tinh
Q.83a0 2372204 | 18594719 3.86 Chau Son Kim Bang Ha Nam
Q.85b_0 2373976 | 18597556 3.18 Lam Ha Duy Tién Ha Nam
Q870 2378278 | 18505188 3.87 Hung Ly Ly Nhan Ha Nam
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Viéc dw bao can ca thong s6 vé lwong mua tai
thoi diém hién tai va lwvgng muwa trong qua khir
(do anh hwéng dén muwc nwdc ngdm). Trong
phwong an nay, du bao muc nwédc twong lai
truwede 1 thang. Q(t+1) khong nhitng chi dwa vao
cac myc nwdc qua khir va hién tai (Q(¢t), Q(t-1),
Q(t- 2)) nhw phwong an 1 ma con phu thudc vao
lrong mwa trong qua khir va hién tai tai khu vuc
do(X(t) X(t-1),X(t-2)).

Qt+1) =£(Q(),Q(t-1),Q(t-2), X (), X (t-1),
X(-2) €)

Ching t6i da tién hanh cho SVM hoc cic méi
quan hé nay theo thu tuc sau:

Ti 1é di liéu cta cac thudc tinh vé mién gia tri
[-1, 1]. (Nghi Dang Huu et al,, 2011)

Lwa chon mo hinh: Trong bai bdo nay ching
toi st dung ham nhan RBF cho SVM (Chih-Wei
Hsu, 2008). D€ lwa chon gia tri t6i wu cho cac
tham s6 C va y chung t6i sit dung phwong phap
t6i wu bay dan. (Nghi Dang Huu et al,, 2011)

St dung cac tham s6 C va y t6t nhit dé huan
luyén tp huin luyén (70 mau).

Kiém thir trén tap ki€ém thir (28 mau).

Va cho két qua dw bao nhw Bang 2.

Biéu d6 két qua dv bao va thuc nghiém dwoc

thé hién nhw Hinh 7, Hinh 8, Hinh 9.

4. Kétluan

Trong bai bao nay ching t6i di st dung
phwong phap SVM dé dw bdo muc nwéc ngam tai
mot s8 giéng quan trac trong viing Ha Noi. Ching
toi dua ra 2 phwong an du bao, phwong an thir
nhit 1a dw bdo muwc nwéc trong giéng trong
twong lai dwa vao muc nwéc tai thoi diém hién
tai va qua kht.

Phwong an thit hai la dw bao myc nwérc trong
giéng trong twong lai dwa vao lwong mwa, muc
nuwéc tai thoi diém hién tai va qua khir.

Qua thuc nghiém cho thay viéc 4p dung SVM
cho bai toan dw bao muc nwéc ngdm cho két qua
c6 do6 chinh xac gan twong dwong véi viéc dw bao
st dung mo hinh vt ly hodc toan hoc ma khéng
can phai c6 cac s6 liéu quan trac chi tiét cac dic
trwng dinh lwong khac nhau cta lvu v, ciu tric
thuy dia chit, hé s6 thim... Két qua dw béo ciling
cho thiy du bio theo phwong dn hai chinh xac
hon phwong an 1. Trong thoi gian téi ching toi
sé thu thip va dwa thém vao cac tham sé nhw boc
hoi dé nham ning cao hon d6 chinh xac, ching
t6i cling sé tién hanh 4p dung md hinh trén cho
cac vung khac nhw Tay Nguyén.

Bdng 2. Két quad du bdo.

Két qua phwong an 1 Két qua phwong an 2
Giéng | Sai sé trung binh binh | Hé s8 twong quan binh | Sai s§ trung binh binh |Hé s6 twong quan binh
phwong phwong phwong phuwong
Q 85b_0 0.030 0.58 0.021 0.70
Q83a0 0.103 0.518 0.05 0.746
Q870 0.085 0.623 0.063 0.72
K&t qua dw bdo theo PA1 giéng Q_83a_0
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Hinh 7. Két qud dw bdo ctia giéng Q_83b_0.
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Biéu dd thwc nghiém giéng Q_85b_0
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Hinh 9. Két qud dw bdo ctia giéng Q_87_0.

Mot trong nhitng hwéng phat trién tiép theo
cia ching t6i la nghién ctu, cai tién va tht
nghiém cac phwong phap hoc may tién tién khac
dé c6 thé ning cao dwoc két qua dw bao va thoi
gian dv bao.
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ABSTRACT

Study and applications the svm method in groundwater level
forecast at some well in ha noi region

Nghi Huu Dang 1, Phuc Dinh Dang 2, Van Anh Thi Bui 1

1 Faculty of Information Technology, University of Mining and Geology, Vietnam
2 Vietnam Hydrological Association, Vietnam

Groundwater is widely used in the national economy, so it is important to forecast the change in
groundwater reserves that characterize it as water level. In this paper we use SVM (Support Vector
Machine) method to forecast groundwater table for wells in Hanoi area. The test was conducted with 2
forecasting options. The first is that we predict future water levels based on current and past water levels.
The second option, according to hydrological studies, data on rain, also has a huge impact on future
groundwater reserves. Forecasting needs both current rainfall and past rainfall.

Keywords: Support Vector Machine, Machine learnging, Groundwater Level Prediction.





