BAI BAO KHOA HOC

NGHIEN CUU UNG DUNG MO HINH ANFIS DU BAO LUQNG MUA VU
PHUC VU CHO VIEC LAP KE HOACH TUOI TREN LUU VUC SONG CA

Nguyén Lwong Bing'

Tém tit: Trong nhitng ndm gan day, dién bién vé lwong mua trén cdc luu viee 1 mot trong nhitng
van dé can dwoc quan tam va nghién ciru, ddc biét la nhitng van dé lien quan dén lwong mua vu
(LMV) phuc vu cho viéc viéc lap ké hoach twdi nham ndng cao hiéu qua quan 1y van hanh cdc hé
thong thiy loi. Do sw thay doi LMV c¢6 dnh huéng truec tiép dén ché dé ne6i va nguon nude, do la
tai liéu co ban trong viéc lap ké hoach twdi ciia cdc hé tho”hg thuy loi, cdu hoi dwoc dat ra la liéu
nhitng thay doi vé LMV ¢6 thé dwoc du bdo véi do chinh xdc ¢ mirc ¢6 thé chcfp nhdan duoc hay
khéng. Trong bai viét niy, mé hinh ANFIS (adaptive neuro-fuzzy inference system) da dwoc dé xudt
dé xdy dung mé hinh dw bdo LMV cho lueu vuc séng Cd. So liéu diing cho tinh todn dwoc ldy & 4
tram khi twong dai dién trén luu vuc song Ca twr nam 1975 dén 2014. Cdc mé hinh du bdo LMV
khdc nhau da dwoc xdy dung véi cdc tham sé liwong muwa dau vao khdc nhau, két qud dir bdo ciia
cdc mé hinh naty dwoc so sdnh thong qua cdc thong sé thong ké dé xdc dinh va dé xudt mé hinh cé
két qua dw bdo tot nhdt. Két qud cho thdy mé hinh di bdo véi cdc nhan t6 dw bdo la lvong mwa vu
ciia 5 nam lién tiép trong qud khir cho két qua tot nhat va ddng tin cdy nhdt dé dw bdo liwong mua

vy 3 thdng va 6 thdng cho khu vuc nghién cuu.

T khéa: Lugng mua vy, Luu vuc song Ca, M6 hinh ANFIS.

1. PAT VAN PE

Lugng mua vu la hién tuong ngau nhién trong
tw nhién do hoan luu khi quyén va dai duong gy
ra. Lugng mua vy (LMV) 12 ngudn cung cip nudc
chinh, 12 tai liéu co ban dé xdc dinh ché d0 tudi va
nguén nude phuc vu cho viée lap ké hoach tuoi
cua cac hé théng thay lgi. Hién nay, & Viét Nam
viéc xdc dinh LMV phuc vu cho cong tac 1ap ké
hoach tu6i chu yéu dwa vao phuong phép thng
ké xdc suat dé tinh LMV véi mot mirc dam bao
nhat dinh ndo d6. Vi thé, ké hoach tu6i da duoc
1ap chua phit hop véi dién bién Iuong mua thyc té
ctia vu d6 dan dén hiéu qua quan 1y van hanh cic
hé théng thuy lgi chua cao (PGS. TS. Pham Viét
Hoa, 2007). Do d6, viéc xac dinh (du bdao) LMV
v6i do chinh xdc & muc ¢6 thé chdp nhan duoc 1a
rat hitu ich cho viéc 1ap ké hoach tuéi phit hop dé
g6p phan ning cao hiéu qua quan 1y van hanh cdc
hé théng thuy 1oi.

Du bdo lugng mua néi chung 1a khé khan va
cling 12 mot nhiém vu day théch thirc cho bat cir ai

" Pai hoc Thuy Loti, e-mail: nguyenluongbang77 @ tlu.edu.com

vi qud trinh khi quyén 1a rat phirc tap. Trong k¥
thuat dy bdo, cu thé 1a cdc phuong phdp thong
ké nhu ARIMA (autoregressive integrated
moving average), md hinh hdi quy, ...
phuong phdp tri tu¢ nhén tao khic nhu ANN
(artificial neural network), ANFIS (adaptive
neuro fuzzy inference system), FIS (fuzzy
inference system), GA (genetic algorithm)...
da duoc dé xuét va ung dung. Banik, S. et al
(2008) da st dung phuong phiap ANN, ANFIS
va GA dé xdy duyng mo hinh dy bdo lugng
mua, két qua thu duoc tir cic md hinh nay da
dugc so sdnh véi cc s6 liéu thong ké, cic md
hinh du bao ANFIS va GA ¢6 thé duogc su
dung d¢ dy bdo lugng mua thing chinh xdc
hon so v6i md hinh ANN va md hinh hdi quy
tuyén tinh khic. Nayak, D. R. et al (2013)
cling da st dung cédc cau tric mang than kinh
khéc nhau dé dy bdo lwong mua, két qua lugng
mua dy bdo la dang tin cay. El-Shafie, A. et al
(2011) da phét trién mo hinh ANFIS va ANN
dé du bdo lugng mua thang cho luu vuc song
Klang & Malaysia, két qua cho thdy két qua cia

va cac
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phuong phéap ANFIS 1a tét hon so voi phuong
phip ANN va két luan ring phuong phap
ANFIS 14 vuot trdi so v4i phuong phip ANN
trong du bao lwgng mua thang.
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Hinh 1. Ban dé luu vuc song Ca

Trong nhitng nim gan diy phuong phdp
ANFIS da tro nén rat pho bién cho viéc du bdo
trong nhiéu linh vuc khdc nhau. Phuong phap
ANFIS da duoc Chép nhan nhu 132 mot cdng cu
thay thé hiéu qua cho céc phuong phép truyén
thdng va dugc sir dung rong rii dé du béo trong
hé thdng thity vin phtc tap. Dit liéu lugng mua
1a da chiéu, bién dong va phi tuyén tinh, do d6
trong bai bao nay tic gia da lua chon phuong
phap ANFIS dé thiét 1ap mot md hinh dy bdo
LMYV thich hop cho vung nghién ctu.

2. VUNG NGHIEN CUU VA SO LIEU

Luu vyc song Ca nim & ving Bic Trung
B0, vung ha luu cua séng Ca gidi han béi céc
huyén D6 Luong, Yén Thanh, Dién Chau,
Thanh Chuong, Anh Son, Hung Nguyén, Nam
Pan, Nghi Ldc, thi xa Cura Lo, thanh phé Vinh
(Tinh Nghé An). Huyén Dtrc Tho, Nghi Xuan,
Can Loc, Loc Ha, thi xd Hong Linh (Tinh Ha
Tinh). C6 toa d6 dia ly: 18°15° dén 19°3” vi
d6 Bic, 104°55°20” dén 105°58° 30” kinh d6
Pong.

Luu vyc séng Ca nam trong khu vuc khi
hau nhi¢t d6i gié mua tuy nhi€n khi hau cé
nhirng dic diém khd doc ddo, lugng mua trung
binh hang ndm tr 1.100+2.500 (mm), c6 2
mua ro rét 1a mua mua va mua kho, mua mua
tap trung tu thdng 5+10, mua kho twr thang 11
dén thang 4 nam sau, dit biét 1a lugng mua
chu yéu tap trung vao cic thang 8, 9, 10. Nhiét
dd c6 su chénh 1éch 16n gilta cic thang cua
mua dong va mua he, nhi¢t do trung binh
nhiéu nam 1a 23.5°C, nhiét do thap nhit vio
mua dong c6 noi 1a 0,5°C, vao mua he c6 noi
1én dén 42,7°C.

Bon tram khi tugng, cu thé 1a Vinh, D6
Luong, Quy Chau va Tuong Duong da duoc
chon dé dai dién cho khi hiu cua luu vuc
nghién ciru. Cdc thong s6 vé luong mua cia 4
tram khi tugng dugc thé hién trong béang 1.
Cic sb liéu mua nay dugc sy quan 1y cua
Trung tim Khi tuong Thuy vin Qudc gia
Viét Nam, chét luong cua sb liéu da sy bam
bdo va tin cay dé tinh todn. Pham vi thoi gian
khai théc s liéu dé st dung trong nghién ciru
duoc ldy tir thing 1 nam 1975 dén thang 12
nam 2014.

Bing 1. Cac thong sb vé lwgng ciia 4 tram khi twong ¢ luu vire séng Ca (don vi: mm)

TB nam tir | Nam 16n nhat |[Nam nho nhit| Do léch
Tén tram Kinh d6 Vi do ]
1975-2014 1975-2014 1985-2014 chuan
Vinh 105°40 E 18°40 N 2041.6 3521,3 (1989) |1185,8 (1977)| 483,9,4
Quy Chau 105°06 E 19°34 N 1646,5 2492 (1978) |1101,7 (1976) 292.4
Tuong Duong 104°28 E 19°16 N 1268,2 1887,8 (2005) | 734,6 (1998) 2432
b6 Luong 104°53E | 19°03 N 1811,4 3529,4 (1978) |1083,8 (1998) 4255
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3. PHUONG PHAP NGHIEN CUU

3.1. Yéu té dy bao (bién déu ra)

V6i muc tiéu ciia dé tai 1a nghién ctu va dé
xuit mo hinh du bdo LMV phuc vu cho viéc 1ap
ké hoach tuéi, thoi doan d¢ tinh todn LMV cén
clr vao thoi vu san xuit nong nghiép cua ting
viing, thoi vu san xuat ndng nghiép c6 thé 1a 1,
2, ..., 6 thang ... hay 1 nim. Trong bai viét nay
s& lya chon 3 vu dién hinh c6 thoi doan tinh
todn 1a 1 thdng, 3 thang va 6 thang dé tinh toan.
Vi thé, yéu t6 du bdo 1a tong LMV 1, 3 va 6
thang trong tuong lai tai thoi diém t, cic yéu t6
du bdo dugc ky hiéu 1a Pj(t), trong d6 i 1a bién
LMV (LMV 1 thang thi i=1, LMV 3 thang i=3,
LMYV 6 thang i=6); LMV 1 thang du bdo tai thoi
diém t ky hiu la Pi(t); LMV 3 thiang du bdo tai
thoi diém t ky hiéu 1a Ps(t); va LMV 6 thang du
béo tai thoi diém t ky hiéu 1a Pg(t).

3.2. Nhan t6 dy bdo (bién dau vao)

Mot trong nhing budc quan trong nhat trong
viéc phét trién mot mé hinh du bdo dat yéu cau
Ia Iya chon nhén td du bao (cac bién dau vao0),
bdi vi cdc bién nay xdc dinh cdu tric ctia cic md
hinh dy bdo va anh huéng dén céc hé sb trong
sO va két qua cia cdc mo hinh. Trong nghién
cuu nay, cdc mo hinh du bdo dua trén cac nhan
t6 dy bdo 1a lwong mua trong lich st (qua khr)
dugc ky hiéu 1a Pi(t-j), trong d6 j la bién thoi
gian (so nam trudc thoi diém du béo, j=1, 2,

.n), néu yeu t6 dy bdo 1a LMV 1 thang tai thoi
diém t ma st dyng nhan t du bdo 1a lugng mua
cua thang do6 truéc 1 nam thi j=1, truéc 2 nam
thi j=2, trudc 3 nam thi j=3 ..., vi du nhu yéu t6
du bédo la lugng mua thing 1 ndm 2016 thi cac
nhan t6 dy bdo 12 lugng mua thang 1 nim 2015
thi j=1, luong mua thing 1 ndm 2014 thi j=2...,
d6i voi yéu t6 du bdo 1a LMV 3 thang hay vu 6
thang thi bién thoi gian j ciing twong ty nhu
LMYV 1 théang.

3.3. Céu tritic mé hinh dy bao

Pé thiét 1ap cic phuwong phdp du bdo lugng
mua tai thoi diém t Pi(t) tac gia s€ su dung nhan
t6 du bdo 1a cic lugng mua trong qud khir Pi(t-
1), Pi(t-2),... Pi(t-j), nhu da phéan tich & trén thi
s6 bién dau vao khac nhau thi két qua dy béo sé
khac nhau, vi thé trong nghién ctru nay tic gia
da thiét 1ap 5 md hinh khac nhau (dugc ky hi¢u
1a M1, M2, ..., M5) véi s bién ddu vao ting

dan tir 2 bién dén 6 bién dau vao, cu thé cau tric
cua cac mo hinh dugc thé hién nhu bang 2.
Bang 2. Cac tham so ciia mé hinh du bao

Mé | Tham s diu vao (nhén té du Piu ra (yéu tb
hinh bao) du bao)
M1 Pi(t-1), Py(t-2) Pi(t)

M2 Pi(t-1), Pi(t-2), Pi(t-3) Pi(t)

M3 Pi(t-1), Pi(t-2), Pi(t-3), Pi(t-4)
Pi(t-1), P(t-2), Pi(t-3), Pi(t-4),
Pi(t-5)

Pi(t-1), Py(t-2), Pi(t-3), Pi(t-4),
Pi(t-5), Pi(t-6)

Pi(t)

M4 Pi(t)

M5 Pi(t)

3.4. M6 hinh mang noron thich nghi mo
(Adaptive Neuro-Fuzzy Inference System —
ANFIS)

Mo hinh ANFIS duoc dé xuat bai Jang, J. -S.
R. (1993); Jang, J.-S.R. et al (1997) da dugc ap
dung d¢ nghién ctru nhiéu van dé. M6 hinh
ANFIS duoc dua trén mot hé théng giao dién
mo, duoc dao tao béi mot thudt todn bét nguén
tir Iy thuyét mang noron. Mot xir 1y chi tiét ciia
ANFIS dugc cung cép boi Ying, H. (2000). Cac
hé théng Sugeno-type cua ANFIS voi ba yéu tb
dau vao va hai quy tic, dugc st dung trong
nghién ctru nay, dwoc thé hién trong Hinh 2.

Lépl  Lép2 Lép3  Lép4 Léps

Nhan t6 DB
P(t-1); (x)

Nhan t6 DB
P(t-2); (3

Hinh 2. Cau triic mo hinh ANFIS

Céc ndt hinh vudng va hinh tron dugc st
dung dé phan anh dac tinh khic nhau cuia viéc
hoc thich nghi. Cac nut vudng (céc nit thich
nghi) c¢6 cdc thong sd, trong khi cic niit tron
(nit c6 dinh) thi khéng. Mdi niit ¢é chirc ning
nit riéng. Cac chic nang nut khic nhau tr nit
t6i nit. Su két ndi giita hai nit cho biét hudng
cuda tin hiéu.

Trong hinh 2, md hinh ANFIS c6 3 bién dau
vao la: Nhén t6 dy bdo 1 (dugc ky hiéu Ia bién
x), Nhéan t6 du bdo 2 (dugc ky hiéu 1a bién ¥)s
Nhan té du bdo 3 (duoc ky hi¢u la bién z); bién
dau ra 1a yeu t6 du bdo (LMV). Mbi bién dau
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vao c6 3 ham thudc 1a (A;, Az), (By, By), (Cy,
C,) tuong ung.

Quy tdc md Néu-Thi (if-then) kiéu Sugeno-
type cho bién dau ra tuyén tinh duoc thict lap
nhu sau:

Quy tic 1: Néu x bang A,, y bang B, , z bang
C, thi:

fi=px+qy+nz+s (1)
Quy tic 2: Néu x bang A,, y bang B thi:

fo=pyxt+q,y+nzts, ()

Trong cong thuce trén thi A;, By, G 1a tap mo
(mot tdp mo dugc xac dinh duy nhét boi ham
thudc cua nd); f; 1a ham dau ra cua ving mdi; va
Di» i, Ti, §; 1a cac hé s két qua duogc xac dinh
trong qud trinh d2o tao, i 12 bién chay tir 1 dén 2.

Mot ham thudc (membership function, MF)
la mot duong cong xac dinh d6 manh cuia mot
diém xe X thudc vé mot tap hop, bﬁng cach
chi dinh mic d6 thudc gitta 0 va 1,
(.(x'): X - {0,1}. C6 thé c6 mot dang hinh
MF, chfmg han nhu hinh chudéng MF, Gaussian
MF, hai mat Gaussian MF, hinh tam gidac MF,
hinh thang MF, va hinh dang pi MF. Trong luén
an nay su dung ham thudc la Gaussian MF.
Ham thudc Gaussian MF c6 dang:

M (x') = f(x',0)=exp (— (x'—C/O')Z) 3)

Trong d6, x' la gia tri ctia dau vao dén nit ith;

¢ va o la chiéu rong trung tdm dudng cong

Gaussian cua tdp mo Z' tuong Ung. ¢ va o
duogc goi 1a céc tham s6 tién de.

Céc nit trong cung mot 16p cé chliic nang
nhu nhau, nhu mo ta dudi day:

Lop dau tién coa hinh 2 chira cdc nit thich
nghi dugc dai dién bdi i, ma cac két qua dau ra
duoc tinh v&i ham cua nit 1a:

O, =p,x).i=1,2 @
O, =p, (y)i=34 ®)
O, =l (z),i = 5.6 (©6)

Trong d6 4, B, , 1a céc nhan ngdn

nglt (vi du nhu “nhd”, trung binh”, hodc “cao”)

gan v6i nit d6, u 13 ham thudc. Nhu vay, O,; dai
dién cho cép thugoc cta mét tdp mo
Z'(=A.,A,.B,,B,,C,,0orC,), va xic dinh mic
d6 cho mdi dau vao x, v,z thdo man tdp mo A.

L6p thar hai 12 16p quy tic. MGi ndt trong 16p
nay c6 hinh tron, ¢6 nhan 1a IT, duogc goi la cac nut
quy tic. Mot dau ra tir cc niit quy tic dai dién cho
mdt san pham cua cdc tin hiéu dau vao. Nghia 13,
niit ¢6 dinh nhan cic dau vao tir cdc nit thich nghi
twong Ung, va mdi gid tri dau ra cta nut biéu dién
cuong do ciia mot quy tic da cho:

0,;,=w, = Hy, (x),ugf (y ),uq (Z), @)

Trong 16p thir ba, mdi nit 1a mot nit ¢d dinh
hinh tron ¢6 nhan 1a N. S6 lugng cdc nit trong
16p nay la cdc nit s6 gidng nhau trong 16p quy
téc. Niit thir i trong 16p nay duoc tinh Ia ty 18
cua cuong do quy tac cua nit thtr T so véi tong
tat ca cdc cuong do clia cic quy tac:

e
03,i w; ZWI» . L 1 ? 2 (8)
Trong 16p thir tw, mdi nit 13 mot nit thich
nghi hinh vu6ng, ¢6 nhan la Z. S6 luong céc niit
trong 16p nay giong nhu sO niit trong 16p thur ba.
Dau ra tur moi nut la gia tri két qua trong sb cua
mdt quy tic nhat dinh:

w.,
O, =w,f,=—(px+q.+rz+s.),
4,i zfz Zwi (pl QI i z) (9)

1,2

Lop tht ndm chi chtra mot nit dau ra, va
duogc goi 1a 16p tong két. Nit don nay 12 mot ndt
hinh trdon va dugc biéu thi 1a Y. Nt nay tinh
téng san lugng ciia ANFIS, 1a tong ciia cdc dau
ra clia tat ca céc niit thich nghi trong 16p thir tu:

Os, = 21'2:104,1‘ - z,zzlwzfz -
21‘2—1 Wifi

w i +w.f, = >
w.

i=1 i

i =

(10)

Gia trj dau ra ctia P(t) duoc tinh nhu sau:

wifi+tw f, _
w, + w,

P(t)= f(x,y,2)=
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w6 3,2 fi(06 3.2+ w, (3,2 f (3, 3, 2) (1)
wy (2,5, 2w, (x, 3, 2)

ANFIS st dung mot thuat todn hoc lai dé
hiéu chinh mang. Viéc két hop thudt todn hdi
phuc lai véi thudt todn xép xi hodc thuit toan
truyén lai dugc st dung trong thuat toan hoc lai
ghép dé tdi wu héa cédc tham sb trong cic 16p 1
va 4. Céc chi tiét todn hoc cia cdc thuét todn
dugc dua ra trong nghién cttu ctua Jang, J.-S.R.
et al (1997), Nayak, P. C. et al (2004) va
Bacanli, Ulker Guner et al (2009).

3.5. Kiém dinh cic mé hinh dy bio

Trong md&i md hinh, mdi bién ddu vao phai
dugc nhém vao mot sd gia tri trong 16p 16p 1,
xdy dyng céc quy tic mo; ngoai ra, mdi quy tic
mo s€ duogc xay dung thong qua méot s6 thong s6
cua cdc ham thanh vién trong 16p 2 (hinh 2). Vi
sO luwgng céc thong sb tang 1én cling véi quy luat
thang du md, cau tric md hinh tré nén phic tap
hon. Trong nghién ctru nay, cic chltc nang phan
nhém phép trir mo duoc sir dung dé thiét 1ap cic
quy tic mo, dya trén cdc mdi quan hé gitra cic
bién s6 dau vao-ra. Pé xdc dinh cdc thong sb
dau vao va dau ra tuyén tinh phi tuyén, mot
thudt toan lai dugc st dung, thu tuc dao tao va
xdy dung cdc quy tic duoc cung cip boi cic

thuét todn nay. Viéc thuc hi€n cdc md hinh
ANFIS cho qua trinh dao tao va thtr nghiém céac
tap dit liéu duoc dénh gid thong qua 3 thong sb
thdng ké 1a: Sai s6 cin quan phuong (Root mean
square error, RMSE); Hé sd tuong quan
(Correlation Coefficient, CORR); Ty 1€ chénh
Iéch (Discrepancy ratio, D). Pé kiém dinh két
qua du bdo cua mot md hinh ta dua vao gia tri
cia 3 hé s6 thong ké 1a RMSE, CORR va D.
Mot md hinh dy bdo ¢6 két qua dy bdo t6t khi
gid tri cia CORR va D gan gid tri 1.0, va RMSE
gan gi4 tri 0. Tap dit liéu ding cho qua trinh dao
tao 12 s6 liéu LMV tir ndm 1975 dén 2012. Dé
dat dugc mot sy danh gia, so sanh va kiém dinh
dang tin cdy hon, tap dir liéu dung cho qua trinh
thir nghiém khong trung véi qué trinh dao tao,
tap dir liéu ding cho qud trinh thir nghiém 12 s6
liéu LMV tir naim 2013 dén 2015.

4. KET QUA VA THAO LUAN

Dua vao cdu trdc cua cdc md hinh du bao
va thuat todn cia mang noron thich nghi mo
(ANFIS) tic gia tién hanh 1ap trinh trén
phan mém Matlab. Két qua kiém dinh két
qud cua cdc mo6 hinh dy bdo cho cic tram
théng qua 3 thong sd théng ké RMSE,
CORR va D nhu sau:

Bang 3. Két qua dy bao lwgng mwa vu 1 thang ciia cac tram

Tram Quy Chau Tram Tuong Duong
Mb Dao tao Thtr nghiém Mo Dao tao Thtr nghiém
hinh | CORR D | RMSE| CORR| D | RMSE | hinh | CORR| D | RMSE| CORR| D | RMSE
M1 0.74 1.00 | 94.20 0.83 | 097| 69.90 | M1 0.71 1.00| 7470 | 0.89 | 1.15| 66.00
M2 0.78 1.00 | 87.30 0.89 | 097 59.00 | M2 | 0.85 1.00 | 7040 | 0.85 | 1.13] 68.50
M3 0.83 1.00 | 78.40 0.86 | 095| 64.40 | M3 0.83 1.00| 59.50 | 0.83 | 1.12| 71.60
M4 0.93 1.00 | 53.30 0.85 [ 093] 67.00 | M4 | 094 | 1.00| 37.10 | 0.83 | 1.09| 68.86
M5 0.99 1.00 | 17.00 045 | 0.89| 230.00 | M5 0.99 1.00| 11.60 | 0.39 | 1.31] 144.90
Tram D6 Luong Tram Vinh
Mo bao tao Thitr nghiém Mo Pao tao Thtr nghiém
hinh | CORR D |RMSE| CORR| D | RMSE | hinh | CORR| D | RMSE| CORR| D | RMSE
Ml 0.61 1.00 | 14390 0.70 | 0.96| 121.70 | M1 0.68 1.00 | 167.90| 0.64 | 0.95| 148.70
M2 0.65 1.00 | 137.50| 0.80 | 0.96| 102.70 | M2 | 0.78 1.00 | 144.60| 0.53 | 0.89| 170.60
M3 0.76 1.00 | 117.60| 0.73 | 0.97| 116.20 | M3 0.86 | 1.00 | 117.40| 0.50 | 0.91| 175.00
M4 0.92 1.00 | 70.80 0.79 | 1.07| 103.60 | M4 | 0.95 1.00 | 70.60 | 0.57 | 0.90] 170.00
M5 0.97 1.00 | 46.70 0.19 | 1.02] 250.00 | M5 0.99 1.01 ] 39.10 | 046 | 0.90| 187.50
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Bang 4. Két qua dy bao lwgng mwa vu 3 thang ciia cic tram

Tram Quy Chau Tram Tuong Duong
Mb Pao tao Thtr nghiém Mb Pao tao Thtr nghiém
hinh | CORR| D |RMSE|CORR | D | RMSE | hinh | CORR| D |RMSE | CORR | D | RMSE
MI | 085 | 1.00 | 54.60 | 095 [0.97| 33.10 | M1 | 0.82 | 1.00 | 44.60 | 0.95 |1.03| 35.10
M2 | 0.88 | 1.00 | 50.00 | 096 [0.95| 29.30 | M2 | 0.85 | 1.00 | 41.20 | 0.94 |1.07| 38.10
M3 | 090 | 1.00 | 44.60 | 0.96 [0.95| 29.00 | M3 | 090 | 1.00 | 3540 | 095 |1.05| 35.60
M4 | 095 | 1.00 | 31.00 | 096 [092| 31.70 | M4 | 0.95 | 1.00 | 23.40 | 0.95 |1.10| 39.40
M5 | 1.00 | 1.00 | 580 | 095 [093| 3410 | M5 | 1.00 | 1.00 | 490 | 094 |1.09| 40.20

Tram D6 Luong Tram Vinh
Mo Pao tao Thtr nghiém Mb Pao tao Thtr nghiém
hinh | CORR| D |RMSE|CORR | D | RMSE | hinh | CORR| D |RMSE|CORR| D | RMSE
MI | 072 | 1.00 | 8620 | 091 [0.95| 50.90 | M1 | 0.81 | 0.82| 94.00 | 0.80 |0.89| 84.10
M2 | 075 | 1.00 | 81.70 | 0.94 |097| 42.10 | M2 | 0.83 | 1.00 | 84.70 | 0.86 |0.91| 70.70
M3 | 0.80 | 1.00 | 74.10 | 091 [098| 51.30 | M3 | 0.89 | 1.00 | 69.90 | 0.88 |0.91| 66.80
M4 | 096 | 1.00 | 3520 | 094 |096| 4890 | M4 | 0.97 | 1.00 | 36.70 | 0.89 |0.95| 60.00
M5 | 099 | 1.00 | 1520 | 0.90 [091| 56.00 | M5 | 1.00 | 1.00 | 1470 | 0.86 |0.98| 65.70

Bing 5. Két qua du bao lwong mwa vu 6 thiang ciia cic tram
Tram Quy Chau Tram Tuong Duong

Mb Pao tao Thtr nghiém Mb Pao tao Thtr nghiém
hinh | CORR| D |RMSE|CORR | D | RMSE | hinh | CORR| D |[RMSE|CORR| D | RMSE
MI | 084 | 1.00 | 39.60 | 098 |097| 16.10 | M1 | 0.79 | 1.00 | 33.60 | 0.95 |1.05| 24.20
M2 | 0.87 | 1.00 | 36.04 | 0.98 [095| 1580 | M2 | 0.84 | 1.00 | 29.90 | 096 |1.08| 24.60
M3 | 0.89 | 1.00 | 32.80 | 0.98 [0.95| 17.20 | M3 | 0.86 | 1.00 | 27.80 | 0.94 |1.06| 25.50
M4 | 095 | 1.00 | 23.10 | 098 |095| 16.80 | M4 | 094 | 1.00 | 18.90 | 0.94 |1.10| 28.60
M5 | 1.00 | 1.00 | 630 | 098 |095| 1540 | M5 | 099 | 1.00 | 5.54 | 096 |1.11| 27.30

Tram D6 Luong Tram Vinh
Mo Pao tao Thtr nghiém Mo Pao tao Thtr nghiém
hinh | CORR| D |RMSE|CORR | D | RMSE | hinh | CORR| D |[RMSE|CORR| D | RMSE
M1 | 071 | 1.00 | 70.54 | 0.93 [0.99| 329 | M1 | 0.77 | 1.00 | 64.50 | 0.81 |0.93| 54.40
M2 | 076 | 1.00 | 64.34 | 092 |098| 33.8 | M2 | 0.81 | 1.00| 58.60 | 0.86 |0.94| 48.10
M3 | 080 | 1.00 | 4930 | 091 |095| 355 | M3 | 0.88 | 1.00 | 48.00 | 0.87 |0.96| 45.20
M4 | 094 | 1.00 | 29.10 | 095 |094| 304 | M4 | 097 | 1.00 | 2550 | 0.87 |0.96| 45.70
M5 | 1.00 | 1.00 | 460 | 092 [093| 368 | M5 | 1.00 | 1.00| 730 | 0.83 |0.94| 54.60

Theo céc chi tiéu danh gia RMSE, CORR va
D cho thay két qua dy bdo cta qua trinh dao tao
cia tat ca cdc mo hinh tai cdc tram déu cao hon
qud trinh thir nghiém, két qua ciia qué trinh dao
tao cta cdc mo hinh tai tit ca cdc tram déu cé
xu thé ting dan tir md hinh M1 dén md hinh
M5, md hinh M5 ¢6 két qua tot nhat. Nhung,
két qua cua qua trinh thir nghiém lai c6 xu thé
tang dan tr M1 dén mo hinh M4, dén m6 hinh
M5 thi lai giam va md hinh M4 c6 két qua tot

nhat. Két qua dy bdo ctia cdc mo hinh dy bdo
LMV 1 thang tai tram Quy Chau va Tuong
Duong 1a tot nhat va twong dwong nhu nhau,
sau d6 dén D6 Luong va thdp nhét 13 tram
Vinh. Két qua dy bdo cta cdc md hinh dy bio
LMV 3 thing va 6 thang tai cic tram lai cé su
khac biét tvong dbi 10n, két qua dy bdo cua cic
md hinh tai tram Quy Chau 12 t&t nhat sau d6 1a
tram Twong Duong, tiép theo 1a tram D6 Luong
va thap nhat 1a tram Vinh.
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Hinh 3. Két quda dy bdo lwong mwa vu 1, 3 va 6 thdng cua moé hinh M4 tai cdc tram

Tu s6 liéu phéan tich ¢ trén cho thiy mo
hinh du bdo M4 tai cdc tram déu c6 két qua du
bdo 1a tot hon cdc mo hinh khic. Két qua du
bdo LMV 1, 3 va 6 thang cua m6 hinh M4
duoc thé hién & hinh sau:

Tir két qua cua hinh 3 cho thdy két qua du bdo
cia md hinh M4 d6i voi LMV 1 thang tai tat ca
céc tram déu thap nhat con két qua du bao dbi véi
LMV 3 va 6 thang 1a tuong duong nhau. Két qua
du béo ctia md hinh M4 dbi véi tram Quy Chau 1a
tot nhat sau d6 dén tram Tuong Duong sau d6
dén tram D6 Luong va thip nhat Ia tram Vinh.

TU nhitng phéan tich ¢ trén vé két qua dy
bao cua cdc mo6 hinh du bdo LMYV tai cac
tram cua khu vuc nghién ctru, tic gia dé xuat
md hinh dy bdo M4 véi 5 bién dau vao 1a
LMYV 3 thang, 6 thang (P(t-1), P(t-2), ..., P(t-
5)) trong lich dé du bio lugng mua 3 thang, 6
thang ctia nam tiép theo so voi lugng mua da
c6 trong lich st 1a md hinh tot nhét va cé do
tin cdy cao dé dp dung cho khu vuc nghién
ciru. Két qua du bdo LMV 3 va 6 thing cua
cidc tram Quy Chau véi mo hinh c6 két qua
cao nhat (M4) duoc thé hién ¢ cdc hinh sau:
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Hinh 4. Két qua dy bdo luong mua vu 3 thdang tram Quy Chdu (M4)
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Hinh 5. Két qua dy bdo luwong mwa vu 6 thdang tram Quy Chdu (M4)

5. KET LUAN

Trong bai bao nay, phuong phdp ANFIS da
duoc dé xuit nhu mot cong cu du bio LMV
thay thé cho cic phuong phap thong ké truyén
thong khic. Pé minh hoa tinh kha thi cua
phuong phdp ANFIS trong du bio LMV, cic
nhan t6 du bdo 12 LMV trong lich sir da duoc
chon lam cdc bién dau vao dé du bio LMV
trong tuong lai tai 4 tram khi tugng cta vung
nghién ctru.

Céac mo6 hinh ANFIS du bdo LMV (1,3 va 6
thang) di dugc dao tao va thir nghiém. Két qua
kiém dinh cdc mé hinh théng qua 3 théng sb

TAI LIEU THAM KHAO

thong ké CORR, RMSE va D cho thay: md hinh
du bdo M4 véi 5 bién dau vao 1a P(t-1), P(t-2),
..., P(t-5) ¢6 két qua du bdo 1a cao nhat; mod
hinh dg bdo LMV 3 va 6 thang c6 két qua cao
hon mé hinh dy bdo LMV 1 thing; va két qua
du bdo LMV cho tram Tuong Duong la cao
nhat va tram Vinh la thap nhat. Két qua cua
nghién ctru nay cho thdy md hinh du bdo
ANFIS v6i cdc nhan té du bdo 1a LMV trong
lich st da dugc dp dung thanh cong va cé do tin
cly cao dé du bdo LMV (3 va 6 thdng) cia nam
tiép theo so véi LMV da c6 trong lich sir cho
khu vuc nghién ctu.
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Abstract:

RESEARCH PROPOSAL FOR SEASONAL RAINFALL FORECASTING METHOD IN
ORDER TO MAKE IRRIGATION PLAN S FOR CA RIVER BASIN

In recent years, the climate change has been one of the hot issues that need a lot of attention of
researchers, particularly those related to rainfall for planning for irrigation in order to raise the
management efficiency of the irrigation systems’ operation. The change in seasonal rainfall which
directly affects the irrigation regime and the water source is the basic data for planning of
irrigation systems. The question is whether the changes in the amount of seasonal rainfall can be
predicted with accuracy at acceptable levels. In this article, the Adaptive Neuro-fuzzy Inference
System (ANFIS) model has been proposed to develop a precipitation model for the Ca river basin.
Data for calculations were obtained at four representative meteorological stations in the Ca river
basin from 1975 to 2014. Different seasonal rainfall forecast models were constructed with
different input rainfall parameters, the predictive performance of these models is compared through
statistical parameters to identify and propose models with the best prediction. The results show that
the M4 model gives the best and most reliable results for 3-month and 6-month seasonal rainfall
forecasts for the study area.

Keywords: Seasonal rainfall, ANFIS model, Ca river basin.
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