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TOM TAT:

Du bao nhiét dd va lugng mua 1a van dé quan trong trong linh vue nong nghiép nham
hd tro ngudi dan co ké hoach gieo trong phu hop. Mot sé ky thuat trude day di duoc
dé xuat dya trén phan tich théng ké, may hoc va k¥ thuat hoc sau. Bai viét nay dé xuat
phu:ong phap xay dung mo hinh du bao nhiét d6 va luong mua hang thang bang mé hinh
da bién bo nho ngan han dai han (Mult1var1ate Long Short-Term Memmory- MLSTM).
Céc tham sb ctia md hinh duoc diéu chinh sao cho phii hop véi bai toan dat ra. M6 hinh
duoc danh gia thong qua do do 16i RMSE va MAE. Bén canh d6, cac mo hinh du bao
khac (nhu LSTM, MLP, SVR) ciing dugc sir dung nham so sanh hiéu quéa ctia mé hinh dé
xuét. Két qua thyc nghi¢m trén tap dir li¢u nhi¢t do va luong mua trung binh hang thang
tai Viét Nam tr 1901 dén 2015 cho thiy m6 hinh MLSTM dat hiéu qua kha tét véi do 15i
RMSE trén tap nhiét d¢ 1a 1.311 va MAE 1a 1.051, twong ng trén tap dir li¢u lugng mua
la 2.299 va 2.450.

Twrkhoéa: Dubao nhiétdg, Dy bao luong mua, Méy hoc, hoc sau, M6 hinh Multivariate
LSTM, LSTM.

ABSTRACT:

Forecasting temperature and rainfall is an important issue in the agricultural sector to
assist farmers in planning appropriate planting. Several techniques have previously been
proposed based on statistical analysis, learning machine and deep learning techniques.
This paper proposes a method to build a model to forecast monthly temperature and rainfall
using the Multivariate Long Short-Term Memory (MLSTM) model. The parameters of the
model are adjusted to suit the proposed problem. The model is evaluated using RMSE and
MAE measurements. Besides, other forecasting models (such as LSTM, MLP, and SVR)
are also used to compare the effectiveness of the proposed model. Experimental results on
the data set of monthly average temperature and rainfall in Vietnam from 1901 to 2015
show that the MLSTM model is quite effective with the RMSE on the temperature set of
1.311 and the MAE of 1.051, respectively on the rainfall data set of 2.299 and 2.450.

Keywords: Temperature forecasting, rainfall forecasting, learning machine, deep
learning, Multivariate LSTM, LSTM model.
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1. GIOI THIEU

Bién d6i khi hau anh huéng dén moi
mat doi séng kinh té - xa hoi ctia con ngudi.
Vi vay viée du bao cac yéu td kh1 hau dang
ngay cang quan trong va can thiét, tro
thanh mbi quan tam 16n ciia tat ca cac quoc
gia trén thé giéi. Do anh hudng cua bién
d6i khi hau ngay cang siu sic dén hau hét
cac nudc trén thé gidi trong d6 Viét Nam
cling 14 mot trong nhimg qudc gia chiu
anh huong ning né cta bién doi khi hau.
Nhiét d6 va luong mua 1a hai yéu t6 chiu
tac dong 16n trong hé théng khi hau. N6 ¢o
anh huong tryc tiép dén hé sinh thai, nuéc,
tai nguyén, cac hoat dong nong nghiép va
nudi trong thity san 1a nhitng yéu to chinh
dan dén sy phat trién cua ving dong bang
Séng Ctru Long noi riéng va cac tinh mién
trung ndi chung. Theo thong ké Bao dién
tur, 'cac trdn mua bdo 10 nam 2020-2021 da
gdy ra nhiéu hiu qua ning né cho ngudi
dan mién trung véi lugng mua 3000 mm,
¢6 noi 1én dén 4526 mm, nhiéu ngdi nha bi
sap, hu hong nang, vé nong nghiép, nhiéu
héc-ta l1a, hoa mau bi thiét hai ndng né, vé
ha tang dé diéu, thuy loi, giao thong nhiéu
ki-16-mét duong bo, song, bi hu hong nang.
Vé gido duc, y té nhiéu truong hoc bi thiét
hai nang né. Téng thiét hai kinh té khoang
30000 ty dong. Tir nhitng nguyén nhén
trén, viéc du bdo nhiét do va luong mua la
van dé can thiét nham ho tro nguoi dan ting
pho bién do6i khi hau kip thoi.

Bai viét nay dé xuat k¥ thuat hoc sau
véi md hinh MLSTM dé du béo cac chi s
vé nhiét do va lugng mua trung binh hang
thang & Viét Nam. Nghién ciru da dé xuat
st dung md hinh du bao dya trén mang bo
nho ngén han dai han LSTM.

Céc cong trinh trude day cho thay hoc
sau véi LSTM c6 thé 1a mot phuong phap

1. https://baochinhphu.vn/thiet-hai-30000-ty-dong-do-
thien-tai-di-thuong-o-mien-trung-102283633.htm
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thich hop cho dit liéu chudi thoi gian, Lim
and Zohren (2020) da nghién ctru m6 hinh
hoc sau két hop mé hinh théng ké va céac
thanh phan mang no-ron dé cai thién cac
phuong phap du bao chudi thoi gian. Tkram
et al. (2019) da trinh bay mot nghién cuu
str dung mang no-ron tudn hoan (RNN) véi
kién tric LSTM dé du do4n nhiét do moi
truong xung quanh (TA). Nghién clru ctua
Poornima et al. (2019) st dung mang ludi
than kinh nhan tao dya trén bd nhé ngén
han ting cuong (LSTM ting cudng) dé
du doan lugng mua cho két qua danh gia
theo phuong phap so sanh c6 do chinh xéc
87,99%. Mot nghién ctru khéc cua Xingjian
et al. (2015) da dé xuat LSTM tich hop
(ConvLSTM) va st dung n6 dé xdy dung
mo hinh ¢6 thé huin luyén cho bai toan
du bao lugng mua bang tiép can may hoc.
Ngoai ra, con c6 cac nghién ctru khac nhu
Kratzert et al. (2018), tac gia dd dung nhiéu
luu vue ctia bo dir lieu CAMELS dé xuat
mo hinh du bdo lugng mua theo phuong
phap LSTM dat do chinh xac tuong tu nhu
md hinh SAC-SMA. Zhang et al. (2017)
st dung mang ludi than kinh 1ap lai va bd
nh¢ dai - ngén han du doan nhiét do bé mat
nudce bién cho két qua mang lai d¢ chinh
xac kha cao.

2. PHUONG PHAP DE XUAT

Trong bai bao nay s€ nghién ctru trinh
bay phuong phap huéng tiép can dya trén
cac mo hinh may hoc nhu: Mang no-ron da
tang (MLP), hoi quy vecto hd trg (SVR),
bo nhé dai-ngan han (LSTM). Ngoai ra, bai
viét & xudt md hinh da bién bd nhé dai-
ngan han (MLSTM) véi chudi thoi gian c6
nhiéu hon mot bién 1am dit liéu dau vao cho
mang LSTM nham giai quyét duoc van dé
cua cac phuong phap du béo cii (phu thude
xa cua dir liéu chudi thoi gian trong mang
no-ron thong thuong, nang cao dé chinh
xac du bdo). Pé du bao nhiét do va luong
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mua trong thang v6i cac phuong phap dé
xuét duge danh gia trén hai tap dir liéu, tap
dit liéu du bao theo tudn, theo thang cua
ICRISAT Weather.csv? tir nam 1978 dén
nam 2018 va tap dir liéu Temper Rainfall.
csv? thé hién dir li¢u lich st vé nhiét do va
lwong mua hang thang tai Viét Nam tir nam
1901 dén nam 2015. Hinhl mé hinh tong
quan phuong phap dé xuat.

Téng quan cac budc tir phuong phap
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dé xuét

Budc 1: Tién xir Iy dit liéu

) Buoc 2: Chia tépv dir liéu ra (dir liéu

huan luyén, dir liéu kiém tra)

Budc 3: Biég dbi dir liéu (dir liéu huan
luyén, dir liéu kiém tra).

Budc 4: Huan luyén mé hinh.

Budc 5: Kiém tra mo hinh

Budc 6: Pua ra do 16

i B dit li
hugn luy:nu
4

Tién xur Iy dit lidu
CSDL thoi tiét, BO dik liéu
nhiét Ao chudn hoa

Bo dir ligu
kiém tra

Bién déi dir liéu hudn luyén

B6 dit ligu
huén luyén bién déi

—

Chia tap dix ligu hufin luyén

Chia tap dir liéu kiém tra

Bién dbi dir liéu kiém tra

Bo dir ligu
kiém tra bién doi

Hinh 1. Mé hinh téng quan phuong phdp dé xudt

* Dir liéu: Bao gom céc tap dir liéu vé
nhi¢t dJ va lugng mua va mot s6 thudc tinh
lién quan khac, dugc chia thanh 2 tap: tap
huan luyén (training set) va tip kiém tra
(testing set).

* Dir liéu huén luyén: 13 dir liéu dé
huén luyén cac mé hinh may hoc

* Dir liéu kiém tra: Dung dé danh gia
su hiéu qua cua cac mo hinh véi nhau. Tu
do6 xac dinh moé hinh nao hi¢u qua.

* Huén luyén cic mé hinh MLSTM,
LSTM, MLP, SVR.

* Két qua: Pé so sanh két qua cac mo
hinh véi nhau, bai bdo st dung hai d¢ do
phd bién 1a RMSE (Root Mean Square
Error) va MAE (Mean Absolute Error).

2. http://data.icrisat.org/icrisatweather/
3.https://data.opendevelopmentmekong.net/vi/dataset/
nhi-t-d-va-lu-ng-mua-trung-binh-hang-thang-t-i-vi-t-
nam-t-1901-2015?type=dataset
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2.1. Xay dung ciac mo hinh du bao

2.1.1. Xay dung mo hinh dw bao
LSTM

Mang bo nhé dai - ngin han (Long
Short Term Memory networks)?, thuong
dugc goi tat 1a LSTM - 1a mot dang dic
biét cua RNN, n6 c6 kha nidng hoc duogc
cac phu thudc xa. LSTM duogc gidi thiéu
boi Hochreiter and Schmidhuber (1997.
Piém khac biét khi xdy dung mo hinh
LSTM véi MLSTM 1a ¢ dir liéu dau vao
ciia mang. O day, da str dung gid trj ¢ thoi
gian (t-1) trudc d6 dé du bao cho gia tri &
thoi gian t. Dir lidu don bién déu vao mang
LSTM dugc mo ta trong vi du ¢ Hinh 2.
Trong d6 varl(t) 1a thudc tinh can du bao
va varl(t-1) 1a gié tri ctia thudc tinh varl &
thoi diém t-1 trude d6 dung dé lam thude
tinh ddu vao cho mé hinh.

4. https.//dominhhai.github.io/vi/2017/10/what-is-lstm/
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varl(t-1 varl(t)
2.0 1
1.0 2
2.0 3
3.0 4
4.0 5
5.0 6
6.0 7
7.0 8
8.0 9

Hinh 2. Dit liéu don bién

Kién traic mang LSTM don bién st
dung dir liéu dau vao 1a luéng dir liéu
budc thoi gian ¢o trinh ty, ting LSTM ¢6
50 nat va mot 16p an c6 1 nat. Két qua cua
du bdo su dung ky thuat Early Stopping
cho 5 epoch lién tuc va huin luyén téi da
100 epochs.

2.1.2. Xay dung moé hinh du bio
MLSTM

M6 hinh da bién dau vao LSTM
(Multivariate LSTM) str dung chudi thoi
gian ¢6 nhiéu hon mot bién lam dir liéu
dau vao cho mang LSTM. Phuong phap
trong du bao chudi thoi gian 1a sir dung céac
quan sat c6 do tré (t-1) 1am bién dau vao
dé du bao budc thoi gian hién tai (t). Véi

AveT RH1 RHZ wina
o 22 528571 S82.000000 40.857143 8.5714290
1 20.457143 90.714286 42.857143 8.900000
2 21.271429 79.714a286 25285714 8 242857
3 22.550000 8£5.857143 37.428571 9.500000
a 23.521429 79.428571 37.714286 11.085714
2117 27.850000 82.142857 54.714286 11.800000
2118 27 314286 181 714286 59 714286 11 071429
2119 24.907143 87.000000 79.714286 11.957143
2120 25.500000 88.428571 74.571429 12.128571
2121 26.325000 89.666667 63.166667 8.600000

2122 rows x 9 columns
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cac quan sat co nhiéu hon mét thudc tinh,
ta sir dung tat ca cac gia tri thudc tinh co
do tré (t-1) dé 1am déau vao. Vi du dudi day
str dung gié tri varl(t-1) va var2(t-1) dé du
bao cho gia tri varl(t), vdi t 1a budc thoi
gian. Hinh 3 mé ta vi du véi 2 bién dau
vao cho mang LSTM, c¢ot can du bao duge
dong khung mau dé.

varl(t-1 var2(t-1)
.0 50.
51.
52.
53.
54 .
55.
56.
57.
58.

varl(t)

ONOWNAWNRS

[SESRSESESES IS
[SESESESESESESESEN
CRNOWNAWNE

Hinh 3. Da bién dau vao cho mang LSTM

Trong bai toan du bdo luong mua va
nhiét do, dir liéu trudce khi dua vao mo hinh
s& dugc chuan héa tir dir liéu dau vao. Viéc
chuan hoéa dir liéu ddu vao duoc minh hoa
trong cac Hinh 4 va 5.

Buée 1: Chuyén déi dir liéu vé dang
dir liéu theo tuan.

Rain sSSH Evap Radlation FAOSG6_ET

o.000000 8.828571 A4.571420 15.671420 3.842857

2.457143 6.942857 3.557143 15.500000 3.485714

0.000000 10.128571 5.128571 18.0a4a2857 4.528571

©0.0c00000 9.542857 5.085714 17.771429 4.371429

0.400000 8.385714 5.985714 18.171429 4.900000

o.75714a3 5.000000 6.985714 16.428571 a9s57143

5128571 R} 057143 S a85714 11 542857 = 914286

5.385714 0.228571 2.542857 8.028571 2.414286

3.157143 3.071429 4.157143 12.428571 3.271429

5.283333 1.933333 4.200000 15.933333  4.000000

Hinh 4. Dit liéu theo tudn

Bude 2: Dit liéu sau khi chudn hoa s&
duoc chuyén thanh dit liéu da bién dau vao,
st dung 3 budc thoi gian (viée lva chon dua
trén phuong phap tim kiém siéu tham s6 cho
tung tap dir liéu). Nghia la cac gia tri ¢ thoi

var1(®-  varz(e-  var3(®-  vara(T-  vars(e-  var6(T-
3 3> ESY 3. 3 3>

3 22528571 82000000 <0.857143 8.571429 0.000000 8.828571 -
4 20457143 90.714286 42857143 8900000 2457143 6942857
S 21271229 79.714286 25285712 8232857 0000000 10.128571 @
6 22550000 85857143 37.428571 9.S00000 0.000000 9.542857 !
7 23521429 79.428571 37.714286 11.085714 0.400000 8385715 !
2117 243157143 86428571 82.000000 12357143 7.657143 0.157143 .
2112 25285712 82571229 73712286 12.200000 2.128571  1.957123 .
2119 27.357143 82714286 60.571429 12228571 0000000 3671429 !
2120 27.850000 82.142857 S54.714286 11.800000 0.757143 S5.000000
2121 27.314286 £1.714286 $9.714286 11.071429 S5.128571 3.057143 !

2119 rows = 36 columns.

....... varact) varS(t)  var6(t) var7(t)  vars(e) [ varsce)
9.500000 O 000000 9.542857 S O085714 17771429 | 4371429
11.085714 0400000 8385714 5985714 18.171429 | 4500000
12128571 1457143 7.228571 4357143 16314286 | 4371429
10828571 0000000 10.532857 7.885712 20842857 | 6028571
10.171429 1.842857 7.385714 5000000 17.400000 | 4414286
11.800000 0.757143 S000000 6985714 16428571 | 4957143
11.071429 S.13128571 3.057143 5485714 11.542857 | 3.914286
11957123 S38S7124 0228571 2532857 8028571 | 2411286
123128571 3.1571383 3.071429 <.157143 1242285771 | 3.271429
2600000 5283333 4.933333 4.200000 15.933333 | 4.000000

gian (t-1, t-2, t-3) két hop vdi cac thudc tinh
khac ¢ bude thoi gian t s& duoc sir dung dé
du bao thudc tinh dich (target/class attribute)
& thoi gian t. Trong vi du nay cot dit liéu can
du bao 1a var9(t) nhu trong Hinh 5.

Hinh 5. Dir liéu da duoc chudn héa

TRUGONG BAIHOC SU PHAM KY THUAT VINH LONG

79




JOUPI’]GI ol( Science - \/ L U T E

Sau cac budc chuin hoa dit liéu,
bai viét dd xay dung mé hinh MLSTM
voi su hd trg cua thu vién Keras. Kién
trac mang MLSTM gdm c¢6 dir liéu dau
vao (Input data) 1a ludng dit liéu budc

ISSN 2681 5-9945

thoi gian c6 trinh tu (Sequences of time
steps), ting LSTM (LSTM layer) ¢6 50
nut (node) va mot ting an (Dense layer)
c6 1 nat cho két qua cua du bao nhu mod
ta trong Hinh 6.

Input data LSTM layer

Y

Dense layer Forecast value

(Sequences of
time steps)

(50 nodes)

Y

(1 node)

Hinh 6. Kién tric mang MLSTM

Pé dam bao mo hinh khong hoc vet
overfiting), m6 hinh da st dung k¥ thuét
early stopping khi hudn luyén. K§ thuat
nay st dung mdt ham goi lai (callback)
sau khi xem xét 5 ky huén luyén (epochs).
Trong 5 epochs lién tiép néu do6 15i loss
va val_loss khong bién dong (theo chiéu
huéng giam dan) qua 0.01 thi mé hinh
s& dung viéc huin luyén. Néu overfitting
khong xay ra, qué trinh huin luyén s& chay
tdi da 100 epoch. Ngoai ra, k¥ thudt nay
cling giup giam dang ké thoi gian huin
luyén ctia mo hinh.

2.1.3. Xay dung mo hinh du bao MLP

MLP 12 mét phién ban cai tién cia
Perceptron dé lam viéc hiéu qua hon véi
dir liéu phi tuyén tinh trong thé giéi thuc,

nhiéu no-ron va nhiéu 16p an duoc thém
vao. Ciing sir dung thu vién Keras, chiing
t6i xay dung mo hinh MLP kién trac chi
tiét gdom dir lidu dau vao va 5 tang an. Tang
an dau tién c6 18 node sir dung ham kich
hoat 12 ReLU (rectified linear unit). Tang
an thir 2 va 3 ¢6 54 node, st dung ham kich
hoat 1a Sigmoid. Tang an thir 4 c¢6 18 node,
str dung ham kich hoat 1a ReLU. Tang tht
514 tang output ¢6 1 node cho gié tri dau ra.
Do khong c6 quy dinh chudn nao vé viéc
chon s6 ting 4n, t6i bat du voi 2 tang 4n
va chay thir nghiém thay két qua thich hop
nhit ¢ 5 tang 4n. Ciing giéng nhu phuong
phédp MLSTM, t6i su dung k¥ thuat Early
Stopping trong huan luyén. Kién trac mang
MLP duoc mo ta trong Hinh 8.

—> —>

Dense layer Dense layer
Input data (18node) [ (S4node) [
—> —>]

Dense layer

(54 node)

!

>
Dense layer Dense layer Forecast value

—> (18node) |—> (1 node)

H _)

Hinh 7: Kién tric mang MLP

2.1.4. Xay dung mo hinh du bao SVR
SVR 1a mét dang may hoc véc to hd
trg nhung danh cho vi¢c du doan céac gia
tri lién tuc. Voi su hd tro cua thu vién hoc
may Scikit-learn [5], xdy dung model SVR
st dung ham nhan Radial Basis Function

(RBF), do khong truyén cac tham sd truc
tiép vao mo hinh nén cac tham sb s& lay
mic dinh tir thu vién, thong s (kernel) chi
dinh kiéu hat nhan s& dugc sir dung trong
thuat toan, tiép theo 1a hé sb (gamma),
tham sb (C) diéu chinh d6 manh yéu cua

TAP CHi KHOA HOC | %%
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mo hinh, mot tham sb (epsilon) kiém soat
chtrc nang mat tap luyén dé so sanh voi gia
tri thuc, tham s6 (cache_size) chi dinh kich
thude cua bd nhd dém hat nhan.cuing mdt
s6 tham s6 khac.... Haim nay phu hop véi
dir liéu da bién va phi tuyén tinh nhu di
li¢u dang thyc nghi¢m.

2.2 Phwong phap danh gii két qua

Pé danh gia két qua ciia cac phuong
phép, nghién ctru nay st dung hai do do 16i
1a RMSE va MAE. D4y 12 hai trong s6 cac
s6 lidu phé bién nhit dugc st dung dé do
d6 chinh xac cho céc bién lién tuc.

1 n A
RMSE = \/; Rk

MAE==3"1]y; - ;|

Trong do: Y, 1a gia tri thuc mau ’thlrl’ iE
¥jla gia tri du doan mau thir j; n la s6 mau
dung dé danh gia.

D¢ tién hanh danh gia cac mo hinh dy
bdo nhi¢t d§ va lugng mua, to61 st dung
ngon ngir 13p trinh Python chay trén Google
Colab va st dung cac goi thu vién ma
ngudn mo Keras va Sklearn. Chuong trinh
bao gém cac mo hinh: Pa bién bd nhé dai -
ngan han (MLSTM). bo nhé dai - ngan han
(LSTM), Mang no-ron da ting (MLP). Ho6i

ISSN 261 5-9945

quy vecto hd trg (SVR) du bao nhiét d6 va
luong mua. Dé danh gia mé hinh, nghién
ctru ndy st dung phuong phap tinh do 16i
pho bién 1a RMSE va MAE dugc minh hoa
nhu hai cong thirc bén trén.

3. KET QUA THU NGHIEM

3.1 Dix liéu thuc nghiém

Hai tap dir liéu da duoc su dung trong
thuc nghiém nay. Tap dit liéu thir nhat cua
ICRISA 1a tap dir li€u nhiét do va lugng
mua tai An Do (gém 41 nam tir nam 1978
dén 2018, tap dir liéu gdc theo ngay véi
14852 dong. Mdi dong c6 9 thuodc tinh
la nhiét d6 (MaxT, MinT), lugng mua
(rainfall), do am cao, thép (RH1, RH2),
huéng gié (wind), bdc hoi (Evaporation),
chi s tinh lwong mua (SSH), blric xa mat
troi (radiation), lwong hoi nudc bbc 1én
(FAO56_ET). Tap dit li¢u thtr hai Temper
Rainfall 1a tap dir liéu nhiét do va luong
mua trung binh hang thang tai Viét Nam,
gdém 115 ndm tir ndm 1901 dén 2015, duoc
trich tir tap dir liéu chuan cong khai trén
trang OpenDevelopment Mé Kong bao
gdém 1380 dong c6 2 thudc tinh 14 nhiét do
(temperature) va lugng mua (Rainfall). Chi
tiét vé hai tap dir liéu nay duoc md ta trong
Bang 1.

Bang 1. Mo ta dir liéu

Tap dit ligu gbe | D0 Mau Tap dirli¢u 50 mau Mo ta
tin goc da xwr ly tin
ICRISAT Weather Week | 2122 Cht‘;ly;“ ?;liiigfuiﬁum
ICRISAT Weather | 14852 o gd~ e
ICRISAT Weather Month | 488 | > Ot 16U Ve CAUOL
- - thoi gian theo thang
. . Dir liéu chi ¢6 2 cot
Temper Rainfall 1380 | Temperature Rain Month | 1380 YA
nhi¢t o va luong mua

Tap dir licu ICRISAT Weather dang
chudi thoi gian theo ngay, ¢6 nhiéu thudc
tinh anh hudng dén du bao va phu hop
v6i mo hinh MLSTM da bién. Dit liéu

duoc tién xu 1y bang cach tinh nhu sao:
1 tuan c6 7 ngay, ta liy trung binh mdi 7
ngay dé chuyén vé dang chudi thoi gian
theo tuan, twong tu nhu viy ta ldy tat ca
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dir li¢u ciia mot thang nao do6 trong ndm
chia trung binh ra dir liéu theo thang,
(vi du lay tat ca dir liéu cua thang 1 nam
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2018 chia trung binh ra dir liéu cua 1
thang) dir liéu sau khi xtr Iy mo ta trong
Bang 2.

Buwéc 2. Div liéu sau khi tién xir 1y

Weather Week

ICRISAT

Tép dit li¢u S0 |50 Mb té Muc dich
mau tin | cot
ICRISAT 120 1.Nhiét d6 tdi da, t6i thiéu - Cac thudc tinh

(MaxT, MinT)

2. Luong mua (rainfall) quan du bdo,
3. Do Am cao (RH1) gitlp ting do
2 B chinh xac
4. b6 am thap (RH2) . .
- Banh gia su
Danh g

9 |5. Hudng gi6 (wind)

ngtt canh lién

anh hudng cua

Weather Month 488 6. Bc hfyi (Evaporation) cac thude tinh
- 7. Chi SO tinh lugng mua (SSH) | moi truong
8. Burc xa mat troi (radiation) | Xung quanh dén
9. Lugng hoi nudc boc 1én ket qua dy bao.
(FAO56_ET)
Temperature 1. Nhi¢t do (temperature)
) - 1380 2 ,
Rain_Month 2. Luong mua (rainfall)

Riéng tap dir liéu Temperature Rain
Month nhiét d§ va lugng mua trung binh
hang thang tir thang 1 nam 1901 dén thang
12 nam 2015. Vi du: Téng dir liéu nhiét
do va luong mua trung binh hang thang

cho nam 1901 lan luot 1a 2883872°C va
17237291 mm, day 13 biéu d6 thé hién nhiét
do va lugng mua trung binh hang thang
nam 1901 tai Viét Nam dugc thé hién nhu
Hinh 8.

30

Temperature (°C)
Boe NN
G © &

°

Rainfall (mm)

S DA
F &
SRR EUEN

« & Y'&Q& N &

Hinh 8. Bi€u dé thé hién nhiét dé va luong mua trung binh hang thdng

3.2. Két qua thuce nghiém

Bang 3 so sanh két qua du bao qua céac
mod hinh MLP, SVR, LSTM va MLSTM,
két qua tot nhat cho timg tap dit lidu duoc
in ¢am. Dit liéu duoc 1ay ngiu nhién 80%
cac mau tin dau cho huin luyén va 20%
mau tin cubi cho kiém tra (theo trinh ty

82

thoi gian). Muc dich cua viéc chia dir liéu
trén nham bam sat theo thuc té, dua trén
cac thudc tinh da hoc dé du bao cho cac
thudc tinh tiép theo. Vi tinh ngau nhién cua
giai thuat, phuong phap MLP khong can
trinh tu thoi gian nén duoc huin luyén mot
1an trén moi tap dir licu.

TAP CHi KHOA HOC | %%
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Bing 3. Két qud dw bdo ciia cdc mé hinh

Tong 50 RMSE MAE
Tap dirligu | dong/cgt

Dong|Cot| MLP | SVR |LSTM [MLSTM| MLP | SVR |LSTM |[MLSTM
Nhiét do
ICRISAT_ 2122| 9 | 1.566 | 1.544 | 1.506 | 1.335 | 1.215 | 1.143 | 1.143 | 1.012
weather week
ICRISAT_ 488 | 9 3386 |1.907 | 1.731 | 1.311 | 2.645 | 1.493 | 1.446 | 1.051
weather month
Temperature_ |\ 201 5 | 1696 | 1.634 | 1.634 | 1.133 | 1.207| 1235 | 1275 | 0.863
rain_month
Luong mua
ICRISAT_ 2122| 9 | 4371 | 4.546 | 4.418 | 4.190 | 2.002 | 2.080 | 2.688 | 2.493
weather week
ICRISAT_ 488 | 9 |2.475 | 2.496 | 2.504 | 2.299 | 1.359 | 1.417 | 1.786 | 1.450
weather month
Temperature_ || 300 5 |67.023(70.427|76.922| 54.201 |47.011|55.324/59.296| 40.495
rain_month

Tu tap dir licu ICRISAT weather
week gom chin thudc tinh lién quan dén
nhiét do va luong mua cho thiy mé hinh
MLSTM dat hiéu qua véi do 16i RMSE la
1.335 va MAE la 1.012, tuong Ung trén tap
dr liéu lugng mua 12 4.190 va 2.493. Trén
tap dir ligu ICRISAT weather month cho
thdy moé hinh MLSTM dat hiéu qua kha
t6t voi do 16 RMSE trén tap nhiét do 1a
1.311 va MAE Ia 1.051, tuong Gng trén
tap dir liéu luong mua la 2.299 va 1.450.
Vi két qua thu dugce tir tap dir liéu du bao
budc thoi gian theo tuan, theo thang tir nim
(1978-2018) thi m6 hinh dg bdo MLSTM
ludn cho két qua tét hon. Tuy nhién d6 16i
MAE cua lugng mua lai chua tdt hon mo
hinh MLP. Ttr @6 cho thiy lwong mua phan
bd khong ddng déu, bién dong lién tuc
trong nam ciing anh huong dén két qua du
bao. Bén canh do6 khi str dung mo hinh da
bién véi cac thude tinh ngit canh ciing c6

su anh huong dén két qua du bao. Vi vay
viéc xac dinh céc thudc tinh, ngir canh, céac
dir lidu lién quan dua vao hudn luyén rat
quan trong trong bai todn du bao thoi gian
v61 mo hinh MLSTM.

Tu tap dir liéu TEMPER Rain_Month
g6m hai thudc tinh. Nhiét do trung binh cta
thang va luong mua, nam 1901 lan luot 1a
2883872°C va 17237291mm, duogc trinh
bay trong Hinh 8, cho thdy nhiét d cao hon
va luong mua pho bién trong thoi gian giita
nam. Vao thang Giéng va thang Hai, luong
mua dugc quan sat thay rat thap. Mit khac,
nhiét do trung binh thang dao dong quanh
nam it hon 38 °C. Chung t6i da su dung
dir lidu thoi tiét trong 115 nam va lay ngiu
nhién 80% cac mau tin dau cho huan luyén
va 20% mau tin cudi cho kiém tra (theo
trinh tu thoi gian). Do do chénh 1éch gitra
nhiét d6 va lugng mua qua 16n nén dan
dén d6 151 dy bao ciia lugng mua qua mo
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hinh MLSTM kha cao RMSE 1a 54.2909
va MAE la 40.4946 so voi nhiét do chi co
RMSE la 1.133 va MAE la 0.863. V&i két
qua thu dugc tu tap dir liéu du bao bude
thoi gian theo thang tr nam (1901-2015)
thi md hinh du bso MLSTM vén chiém d6
16i thap nhit so v6i cac mod hinh LSTM,
SVR, MLP. Tir d6 cho thdy mé hinh da
bién dau vao mang LSTM (Multivariate
LSTM-MLSTM) str dung chudi thoi gian
c6 nhiéu hon mot bién 1am dit lidu dau vao
cho két qua duy bao tot hon. Tuy nhién qua
thir nghiém ta thdy rang d6 léch chuan cua
dir liéu qua 16n va thudc tinh dy béo it cling
anh huong dén do6 18i du bao.

Két qua so sanh do 15i tap dir lidu
ICRISAT Weather Month cho thiy, mo

Tham sb Gia tri
Epochs du kién 200
min_delta 0.00006
patience 10
Bactch_size 80
Epochs thuc 200
loss 0.0046
val loss 0.0070
RMSE 1.311
MAE 1.051

ISSN 2681 5-9945

hinh LSTM va MLSTM dat két qua tét
hon cac mo6 hinh khéc trén cung tung tap
dit liéu. C6 thé thdy rang mang LSTM hoat
dong kha tot trén ludng dir liéu bude thoi
gian co trinh tu. Pé kiém tra hiéu suat du
bao, 1ap dd thi véi truc trung 1a loss, truc
hoanh epoch, xem xét sy ton that do huin
luyén va sb ky nguyén trong mdi mé hinh
dé danh gia hiéu sudt cia mo hinh trong
du bao. Ton that do huan luyén ddi voi mo
hinh dy bao nhiét d6 va luong mua duogc
trinh bay trong Hinh 4.1 va 4.2. Ton thét
d6i v6i du bao nhiét do hoi tu sau 10 ky
nguyén. Tuong Ung véi luong mua hoi tu
sau 25 ky nguyén.

Pay 1a cac tham s duoc str dung cho
mo hinh trong két qua thuc nghiém,

Tham s Gia tri
Epochs dy kién 200
min_delta 0.00006
patience 10
Bactch_size 80
Epochs thuc 17
loss 0.0104
val_loss 0.0123
RMSE 2.353
MAE 1.511

Bdng 4: Tham s6 hudn luyén nhiét dp va lwong muwa
Vi Epochs du bao nhiét d¢ 1a 200, Epochs du bao Iwgng mua 1a 17 thi dd thi duoc

hién thi nhu sao?
Epochs =200

— ftrain
0.20 —— test

015

010

0.05

0.00

100 125 150 175 200
Fnach

o = s 75

Epochs =17

0018

0.016

Loss

0.014

0012

0.010

00 25 50 75 100 125 150 15
Epoch

Hinh 9: Train loss véi epoch du bdo nhiét dé va luong mua
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Day la cac tham s6 duoc str dung cho mé hinh trong két qua thuc nghiém,

Tham s6 Gia tri Tham sb Gia tri
Epochs dy kién 230 Epochs duy kién 230
min_delta 0.00006 min_delta 0.00006
patience 10 patience 10
Bactch_size 80 Bactch_size 80
Epochs thuc 230 Epochs thuc 18
loss 0.0047 loss 0.0103
val _loss 0.0073 val_loss 0.0123
RMSE 1.306 RMSE 2.355
MAE 1.038 MAE 1.505

Bing 5: Tham s6 hudn luyén nhiét d va lwong muwa

Véi Epochs du bao nhiét d6 1a 230, Epochs du bao luong mua 1 18 thi d6 thi dugc

hién thi nhu sao?

Epochs =230

0.4 1

031

021

01

— ftrain
— test

0.0 1

100 150 200
Epoch

w

Los:

Epochs =18

0.016

0.015

0.014 A

0.013 1

0.012 1

0.011 1

Epoch

Hinh 10: Train loss véi epoch du bdo nhiét dé va luong mua

Pay 1a cac tham sb duogc stir dung cho mé hinh trong két qua thyc nghiém,

Tham s Gia tri Tham sb Gia tri
Epochs du kién 250 Epochs du kién 250
min_delta 0.00006 min_delta 0.00006
patience 10 patience 10
Bactch_size 80 Bactch_size 80
Epochs thuc 250 Epochs thuc 24
loss 0.0044 loss 0.0105
val loss 0.0061 val loss 0.0119
RMSE 1.189 RMSE 2.327
MAE 0.943 MAE 1.487

Vi1 Epochs du bdo nhiét d¢ 1a 230, Epochs du bao lugng mua 1a 18 thi dd thi duoc

hién thi nhu sao?

Bang 6: Tham $6 hudn luyén nhiét do va lwong mua

TRUGONG BAI HOC SU PHAM KY THUAT VINH LONG




JOUPI’]GI ol( Science - \/ L U T E

Epochs =250

= frain
= test

Loss

o 50 100 150 200 250
Epoch

ISSN 2681 5-9945

Epochs =24

0.06 —— frain
— test

0.05 A

0.04 4

Loss

0.03 1

0.02

0.01

T T T T T
0 5 10 15 20
Epoch

Hinh 11: Train loss véi epoch du bdo nhiét dé va luong mua

Pé so sanh két qua du bao trén cac tap
du liéu tur cac mo6 hinh MLP, SVR, LSTM
va MLSTM, két qua t6t nhit cho ting tap
dir liéu duoc in dam. D lidu duogc lay
ngau nhién 80% cic mau tin dau cho huan
luyén va 20% mau tin cudi cho kiém tra
(theo trinh ty thoi gian). Muc dich cua
viéc chia dir liéu trén nhdm bam sat theo
thuc té, dua trén cac yéu t6 da hoc dé du
bao cho céac yéu t6 tiép theo. Vi tinh ngau
nhién cua giai thuat, phuong phap MLP

khong can trinh ty thoi gian nén duoc
train/test 10 1an va ldy trung binh d6 15i,
cac phuwong phap con lai hudn luyén mot
lan trén moi tap dir liéu.

Két qud du bdo nhiét d§ va lugng
mua theo thang voi tap dir liéu ICRISAT
Weather Month cia mé hinh MLSTM
dugc trinh bay trong Hinh 10. Quan sat
biéu dd nay, ta c6 thé thay rang mé hinh
MLSTM du béo kha tét theo tiéu chi RMSE
s0 voi cac mo hinh khac

KET QUA DU BAO NHIET PO

s
Phuong phip

MLP SVR MLSTM

KET QUA DU BAO LUONG MUA
3.000
2500
W 2000
g 1500 1 RMSE
1000 1  mMAE
500 -
0 . . .
ML SWR LST™ MLSTM
Phuong phap

Hinh 12. So sdnh két qua du bdo nhiét dé va luong mua

PHAN KET LUAN VA HUONG
PHAT TRIEN

1.1. KET LUAN

Bai viét nay da dé xuat phuong phap
du bao nhiét d6 va luong mua bing k¥
thuat hoc sdu nham hd tro ngudi dan cé
ké hoach gieo trong phu hop, gop phan
thuc ddy nganh nong nghiép tai Viét Nam
n6i chung ciing nhu khu vuc BPBSCL néi
riéng. Dit liéu sau khi thu thap, xu 1y, tién
hanh huan luyén va kiém tra véi mo hinh

da bién bo nhé dai - ngdn han MLSTM.
Két qua thuc nghiém duoc so sanh vai cac
mo hinh du bdo khac nhu (LSTM, MLP,
SVR) va cho thiy phuong phap tiép can
dugc dé xuit co thé tao ra cac du bao kha
chinh xéc, c6 thé ap dung vao hé thong
thuc té.

1.2. HAN CHE

Tap dir lidu thu thap chua du 16n dé
huan luyén din dén do chinh xac cua mo
hinh du bao chua cao.

TAP CHi KHOA HOC | %%
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1.3. HUONG PHAT TRIEN gian dau vao, du ra va hinh thanh cong cu

Nghién ctru nay sé tiép tuc duoc cai dé thuan tién cho nguoi dung cudi sir dung.
tién nhim nang cao do chinh x4c cia mo Beén canh do, viéc so sanh véi cac nghién
hinh du béo ciing nhu phat trién mo hinh dé¢ ~ c¢tru lién quan ciing s€ duoc thyc hién trong
c6 thé du béo cho nhiéu hon mot budc thoi  twong lai.
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