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2Khoa Kh2 t€ ng Th,y vin v" H[Fi d€ehng h' c,
NHQGHN; giangnt @nu.edu. vn

*T§c gi fgiangnt@wnu.gdu.yrTel.:+84i 9128M896

Ban Bi°n t d@/20@hdNgbyi ph[ 3882022 n Nygo ghgizll £ ng
25/8/2022

T - m reg nghién cu nay,badthg ham kernel: Radial basis functidREF), tuy/h

t2nh (Linear’csvdng Bongaao madhinlt iy & Support Vector
Regression (SVR) Vi bachy id li u fl'vaola: mc rc€no niiingay (HhaxCL): M ¢

n & thed nringay (HhinCL); m ¢ e #ung binh ngay (BCL) trong qué kh LWH  béo

mc .rc€t ‘€h khyCab lnh, ot hr” ng Thap. K} qu cho tHs}, cac ham nhan trong

m! h &Qn h @fqufda bdkyi , dhinh xac cao thhi n qua chs NSE > Q951" i

v itHlchccacdliu f''. v o kh&8c nhau cing nh€® h"m nho
SVR. Trongbachyid lifu fl'’ v~ o Vv~ ¢ § cth mghnm thikh@ind I e

HmaCL cho saislatfi €Ml KM dul nghién cunay la tai fiu tham kifo t t cho vic

xay d ng moé hinh may'rcphcy d baomc €t €hng thithy vhwo C€ao
Lanh, tn h™ ng Thap.

T. k I8VRaRBF; Tuy/h tinh; Sigmoid ML ; Cao Lanh

.M Lfu

Ng"y nay, c¢c8c nghi°n ¢c.u vQ dd_,hig i «h&hqguir
tr ng, L[m bl[o t2nh th ¢ tJ] cao trong c8c | ¢
c§c hi n t€ ng thi°n tai,é M t s’ trong L.
d ng c8c d. Th®dmngt kt28xch nlghp S nl €u ul €0Ong, d. bs§
L Qu s d. ng ¢c8c m* h3nh th_,y vin ph®©n b" ha
L€ ¢ x©y d ng LW m? phdonghfugtong3 mh phahgh nx
cao c8c qus§ trt2wol tdtnlblgyhcrpiﬂll@gmaﬂracaomo[
h3nh n"y rblt t°t cho c¢c8c nh” khoa h ¢ trong
saupPl.Ch2nh v3 vdy c8c m! h3nh n"y L€ ¢ &§p d_, n
t hJ] Tgyinhignyi ¢ s d. ng c8c m* h3nh n"y cfn m
me€a, d,ng chlyé B°n cYch L- wvi ¢ hi u ch’™nh
h, | phrli C nhi Qu th” i gi an, kinh nghi m v~
t h@®&u v,  c. Ch2nh v3 vdy vi ¢ s d,ng lo4i m
tog&§n d b&o th' i Lo¥nr.nogdn nwXrhUYen, rc hj ch %n ccgh
th"  ng L« khuyJ/Jln kh2ch s, ph8t tritWntrci Wncrilb

Tup ch?z Kh?2 2022i740@) 879, doj:10:36336/VNIHM.2022(740(187-97 http://tapchikttv.vn/
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L. p h €h n dMaphing Llparnin§ MiL)h™ €8c m* h3nh ML |~ m,
ctng ¢, rblt tiQm ntng trong vi ¢ d,. g8 o d, n¢
m t c¢c8ch nhanh ch-ng, d, d"'ngc®tc kKhiS8ngréfnm I
)gn L JuMggosau r a, | € ng d. li u y°u cfu t i t
ch"nh v kiWm L nh nhanh hhn so v,i c¢8c¢c m?
ph ¢ tY4Yp hhn | " nh_ng <€u LiWm | 40 m c8c mt?
Trongcac itoanv Q m: ph, ng, d. cB8omd, hgnbhFy2 tu
Artificial Neur al Net wor k ( ANDNGY] Nhle@ gec nhn
ntm tr° | 4i LO©Yy, v,i tiJln b, v€ t bdc c_, a c¢
c. a " mg khoa h ¢ t.i c8c vblin LQ l'i°n quan |
t u nhon tYo, m8y h ¢c ng"y ¢ " ngCB¢€ thedtdf o
ANN, Random Forest (RF) va Support Vector Machine (SVM) I& lbau diMLt d &n c s’
d.ng kh§& r, ng r«i trong cgc nghi®°n c u vQ d,
SVM, m t t hmnsdt ct-o8gni 8hm cs §t L61®6BQ,X U BbIt mb't
h3anh L€ ¢ bsi Jnd_ tnrgompgh d., b8&o d trdglychiyQm ML nigs
trong d b§gomBpnyg cSTy KHn fopb€hhgvph8§ps8kh
m: h3nh SVMtwWSV®KS§ halyi FWR cho kflhblguKhF tth
d. b8o d, ng chﬁ'yQthnHixé.lﬁl'lB]j.giWidlihm§gc§|mnlhahu3 n[ h
SVM/ SVR kx&ho d, rdg nagh Xy, T ¢, a h” chngQuehceunc
V. C Trung Qu c WP[dQ dhe€b8ghd®ngh™ [t h hy i
Li " n Manwan, hay vampkii4gvmQ o u bc&oa dGwmag chl[y t.
Tam Hi spngr DENmgnd nghi°n ¢c.u n"y LQu L+€a r
m: h3nh SVR cho kh[ nktng d, b8o d,ng chly clt
n“ng Thgp |~ m t t " nh ¢- nhiQu h" th ng st
th€ ng | €©u [nh h€ ng bhiadcpg bH[V€u._tb®nle
tri Qu, v3 wdy wiBoc td nhb&8d ng Thgp n-i chung,
gHp rblit nhi @blt khblt kihWbnlQu dt? i hTgx San _cnhg€ak hc-a ok. |
L- vi ¢ x©y d, ng W, gh_md w3 nh mBFo hmcec Lne c |
c8§c d b&o vi°n. Ch2nh v3 ve§ccBt h&ohghTi
tr° v®c th d b8o m c n€.c trUm Cao L«nh, t°

2. Ph€ehng phg&p Bghil?Pnucsu d_ng

21LKhu vyxc nghi°n cou

n“ng Th§gp I" m t trong 13 t"nh ¢, a v¥%ng L~
stng TiQn, l«nh th” c¢_,a t"nh nf1od58B8ponBm |
v 10’5@52566 ki nhbdig i §p! wg.i Rh2nah Long An, ph
Preyveng thu, ¢ Campuchia, ph2a nam gi8p An C
bi °n gi, i qu ¢ gia gi 8p v, i Campuchla vV, o c
H  ng, v.i 4 ¢ a khBXu IM: Thenn gv ‘B3Tnhh€ nDpi nPhh €, ¢
gu ¢ |, 30, 80, 54 c%ng Vv,i qu ' c¢c |, N1, N2
v’ c¢c8c t nhHnhlidng TkBlm ¥ hcy(vkin Cao L«nh L€
ph”° Cao L«nh,,ct "IhhahdbMy5THEp B LEB8.YHK i InOh5 A’3 8
ntngh2?a bdc gi8p v, i khu don c-€, ph2a nam h
Lang holBtc ht tmrgimphiafay “1 G i (Hingll).

2.2. Thuost to8n SVR

T h u d t Support8vector Regression (SVR)tlah udt v oBnch chJ] h i q
mo hinh Support Vector Machine (SVMm, t t hudt t o8n h ¢ m8y c-
|l Fn LFulsti¢vh Beic[s d,ng r,ng r«i trong Vi
thth. Thudt to&n SVM bao g m hai b€ coxW®h2nh.
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khing gian nhi Qu hankieQuweHhn Sau d_, ngnt di®&edt t o8
p h 3(hyperplangL W ph©n t8&ch d. | i u tch8oclg8tgulai W' ¢
d. i " u &8nh x99 LJn si°u ph3ng n"vy.
A .-:_:_, i) 2o = ) .
ST A N A
B M \\ R "Caornlf ,.~( B
:iz:-m-.. &5 ¥ /M -
o :—3"3“""—'“-"‘ 3 ”‘ wa— e Phudng 6, TP Cao Lanh, Tinh Béng Thép
&l o
Hinh1.B[ n hdbhchinh " nh n”w'g KThhpv., ¢ nghi °n c¢_ u
V2 d, v, i tdp d_i Yt ruorhgubtn: lluyl' ™ n s {&&X ng
H' m € ¢ | € ng SVR c¢c- dUng
f)=(wxi ( x)) + b (1)

Trong L. G(x) |I'" h m 8&8nh x99 d., i " u LFu v’
s, v’ b | 18. sNh<& hvidyn IUW ht 3[m ria W€ °fw ap h 3
kho[ng c8ch gi_a vect otrhegd nw nh'bltb ,v3mmheéHL Bh <
L Oy :

i ET--0°~ 6B , ) (2)

V.i LifQ&nigibo, c N

w x 30 w R ,
x 3@ A R ,~ (3)
., mhQ pM HO

Trong LI Ch®n@®,s thdylQugechanihgi § trvasac, a h " r
s° Liovatdo" c8c biJjn b¥%, x8c L nh khol[ng c§
sai . Cp d,. ng nho®n t Lagrange v"o ph€hng

Qo B O FOadw (4)

V., Q00 I~ c8&8c nhon thamkeraegr Kmaie , t Ki Wi dUng t
c.a ph€ehng tr3nh (3) nh€e sau:

o OGS B wo & B & & -B B H & @
S 0w (5)

V. i LiQu ki n:

B & & =0 (6)
0 & o6hQ pMBHO
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0 & O6RQ pMB HO

Cacham kernelp h™  bi Jjnt uly/JnRBR,n h,«v "L €icgmohid nghi’
nghi®°n c¢c_u n"y c¢c- phifing tr3nh | fn |l €t nhe
Ham RBFO oo = e xghp$)b (7)

Hamtuy/h tinh 0 Sdm = (B
Ham Sigmoido atvo  OA |l EaBb i

23Lxa chZn sX | i Mu Ltu v~™o
L., a ch n s’ Ilphlfl’nal_tfuquvancnmlg Vlr'[\]XtC Xx©y. d ng
M., ¢c ti°u ch2nh c¢c_, a vi c | . a ch n kd]&8c qlil] L
b8o c¢c,a m: h3nh, ttng t ¢ L, t2znh [t808&n, vl
V,i m,c ti°u x©y d ng v~ L§8nhcagha8lerkeh [ n &t nc

n

L€ ¢ th ngh¥ nnSofFme ttr€heogll ag” "y cho tr Um
Lanh.

C8&c s | i u mgay, nné rmgay h Bihr mmgltb3 nh ng” "y ¢, a

Cao L«nh t_. thg&8ng 1/2000 t,i th8ng 12/ 2020 I

24Ph_ _ng ph8p L8nh gi 8§ m! h3nh
nw rsikhgi & qul d b8o c, a c_a c8c m! h3n

ch” s° L&nh gi NashiButcliffe Efficrency (NSH)L%" ch™ s’ sai
guon pRMSE Ropt Mean Square Erry)[ZO]
NSE |~ c¢ch"™ s th"ng k° th€ ng L€ ¢ s d,n
th,yChkns n"y L€ ¢ t2nh to&n theo ctng th_
6 "YO p BB : @®)
Trong U gi§ tr'c thoct8®V® hth gtiiswm rh m ¢ n
to8n/ m? ph,mg)ltl-lglﬁhtr’lithng b3 nh, cdai m c
chu, i gi § tr’ th ¢ Lo
NSE ¢ gi 8§ tiD  LOndNBE whid[hg gi 8§ st.r t @hnig €L
" nagwy t L i gi_.a gi Sieuchiic WEhhcgl® ehblt2h® bhog
NSE c thw chia ra nh€ sau: NSE O 0,5 | " x/J
LYt y°u cfu; 0,65 O NSE O "0,x7/pp |I7a1kif pr Hito Gti " tt
Ch” s’ NSE cRMAEIQUN c. u vQ §p§Sp, dRMSEI h3 nh
clng |~ L€ ¢ s d_tnig® m hleW It°" im, @®u hhH -ma nmg &c mt
to§n ch® s RMSE nhe€ sau:
2. 3 %- ©)
Trong 9d-1 L-gi 8 tr° m ¢ n@ 9% Ith gi ot nt'Uimta
t2nh to&n/ m! iph, ng t4i th” i Li Wm

Cg&§c ch”™ s° n"y L€ c¢ amkdmetropg nidbWnH'SYR.h gi § g

25 Thi At T a9p m* h3nh SVR

nw §p d, ngVRnit rhomngh d, b&8o m ¢ n<€ ¢ trYm th
Th§p, gh|°n C. uSclkit&'(Ieambh'élyngr‘tﬂnEEn@si;’Iﬁyt‘huanu
c. a mt? h3nh L€ ¢ c hitraning) ", m t3h Xpatid@tion)n hir u(blk i Wmy t r
(testng . S°~ i u t. 01/01/2000 t, i 12/9/ 2014 L
13/9/ 2014 t i ng"y 5/11/2017 d¥ng LW thXm
31/ 12/ 2020 d¥ng LW ki Wm tra.
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Do s° |1i u phfn hubln | uy Ym gc krh pkeritiogsh M hv "Qu
vV, d. i u L0 tYo ¢, a m* h3nh, nghi °n c¢_u
| . kifold crossvalidation[22] . nfu ti°n, s’ i " u hubln luy
Sau L-, m t phfmic. 4 Ub L&) klpiWfwnt c@nc ( Ki s¢€
LW hubln luy n. Qug§ tr3nh n"y di.n ra |i°n t,
d,ng | "m s NAu kjtkigum[ td.a.b§o ° m i phfn |~
h3nh sSVVpFﬁ]ﬁhﬂpnchho d. i u kiWm tra n°u t
thay L i gi§ tr’ Kk kh?*ng mang | 9i kA10 qul Kkt
th€ ng L€ ¢ d%ng ph bi /Jn LW 8p d, ng cho ngl

nW L&8nh gi 8 hnhuyu 8¢ thanmish3ch2nh c.a m
ctng c, GridSear chCV ikdwmGrci-d Steraorncgh GVvh 88 €v i§ pn d
thing s kh8c nhavhtjjaua 8lb- mt?t m® he @BBE | €
c . a hamSkernetrongmé hinh T _ c8c thilJJjt | dpantkernet c h¥%myg t a
hinhL W t Ramkernat “~ i <€©u n h blt .
3.KJt Multhlo | udn

Saukhic h Wy * u GridSeanchCY c¢c &§c t hirig csB'c tc’hiton®u L 8nh
qua tr3nh hublnc)@a§c nmiv’ h3trhh>§m_~€E cnht hW hi ' n °
Bfng 1 cho thbly chu, i s li u cho m8y h ¢
hm kernel LQu cho h' s° t€hng quan U, m khn
n€ ¢ thblp nhblt v cao nhblt I ° 0,976 °~ chu, i
h> ¢ LYt kJt qulf cao. C,n ° chu,i thXm L nh
(R°> 0, 95). T€hng quan thblp nhblit 0"  mO¢c9B® c_ |
nhblt v° t+<€hng quan cao nhblt |~ chu, i d_ i
B ngGilg&c &¢ t h!l ng s hamtkérrietro@umd binh:8VR § ¢
HmaxCL HminCL HtbCL
RBF Linear Sigmoid RBF Linear  Sigmoid RBF Linear  Sigmoid
c 10000 501,18 10000 10000 3,98107 501,187 501187 3,98107 251188
Gamma 0002 0004 0004 0002 0001 0008 0004 0001 00158
Epsilon 01 01 01 01 01 01 01 01 01

R2(m&y )h 0976 0,976 0,976 0,974 0,975 0,976 0,975 0,975 0,975
Rt h Xm) L 0,962 0,958 0,960 0,952 0,954 0,955 0,958 0,958 0,958

Sau khi c¢c- L€ ¢ b, thitng s  thimketet nday, t a
m: h3nh trong oOheuU, 1il/d 01D tudivndgk ilWd/ 020N " vy

h3nh sch+@g@nagungc hu, i n~y LhadmkeSeth ognig8 mt8 ch3 nh «c,
chu, i d., | KJu kKo§clLehaut hW hi n trong blng
B[ ngS a2 s’ c.a c8c h"m .kernel trong mt h?3n
HmaxCL HminCL HtbCL
RBF Linear  Sigmoid RBF Linear Sigmoid RBF Linear Sigmoid
NSE 0,959 0,957 0,958 0,950 0,952 0,953 0,958 0,959 0,959
RMSE 7,37 7,71 7,45 1243 12,16 12,03 8,17 8,16 8,15

3.1.KAt gqud hi Mu chZ=ZnSRwd'i kcih@ng il Mnuvh ImiMuh 3myhc n_
trum thvy vin Cao L«nh

KJt bgulgho t hbly ¢ h hamskerndf@§maochini Qe gt . 95 hhn 0
ktgul n"vy,vl"" trhtyt @0 ¢ lginga cgaio§ tr° m ¢ e c
t h c tibhaodnT. kJ/Jt qul NSEwWaRMSESm hoh 't snkembly L € ¢
RBF cho sait si’” ‘@ui bhehhboth bIteh n o i g wham Kmatongn h bit
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méhinhc ho chu, i d. |l i " u.Mntc sn<€.heé nlh m nrhh Hto g nyh
Lo v~ t2nhhambaegatrongmdtnic& cc tr3nh b2 trong c§

—— May hoc
250 4 —.~ Thadm dinh
=== Kiém tra .
E 200 ‘ h
L
8 |
S 150 1 W
c
5
=
100 -
50
w0 w05 200
Thai gian
Hinh2.Chu_, i d_. i u m c¢c n€ ¢ cao nhigigd ng"y tU4i tr¢
] s
=== Quan tréc b \
i, ‘::
AN .
SRR . A
§ i 7 ! A |I| I‘;‘l
€ 150 g | i ! b i
S N :mx T |
1254 v": ?I '::n ! WAl ‘nn
Il K i
) . \ ! ill ' 'f‘ !
1@ L (b)

O T R S . S
o » » o » ﬁl o
Thoi gian

Hinh3.KJJt qul d. b8o c,a h"m kernel cRBF nthrbbtn g gmly Hh3hn h
Lo trong gi ai LoYn ki Wm tra t. 06/ 11/ 2017 ¢t i 31/ 1
kernelt uy JJjn t 2 nh.

Hinh4.KJ/Jt qul Hdamké&m®e®i gma@i d trong mt h3n

h v.i s° i u
th, ¢ Lo trong ®i6dillll @9 7k itWm t3rld 12/ 2020 .



