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ABSTRACT

Forecasting temperature and rainfall are issues of concern in the
agricultural sector, which could assist farmers in appropriate cropping.
Several techniques have previously been proposed for forecasting
temperature and precipitation based on statistical analysis, machine
learning and deep learning techniques. This work proposed a method of
building a model to forecast monthly temperature and precipitation using
multivariate long short-term memory (MLSTM) model. The parameters of
the model were adjusted to suit the proposed problem. The model was
evaluated using RMSE and MAE error measures. Besides, other
forecasting models (such as LSTM, MLP, and SVR) were also used to
compare the effectiveness of the proposed model. Experimental results on
the data set of average monthly temperature and rainfall in Vietnam from
1901 to 2015 showed that the MLSTM model was quite effective with the
error RMSE on the temperature set was 1.311 and the MAE was 1.051,
respectively on the rainfall data set were 2.299 and 2.450.

TOM TAT

Du bao nhiét do va lwong mura la mot trong nhitng chi $6 dwoc quan tam
trong linh viee néng nghiép nham hé tro nguoi dan c6 ké hoach gieo trong
phit hop. Mét s6 k§ thudt trieée day da dwoe dé xudt dé duw bdo vé nhiét do
va lwong mua dya trén phdn tich thong ké, hoc mdy va ky thudt hoc sdu.

Trong bdi viét nay, phwong phap xay dung mé hinh du bdo nhlet do va
lwong mua hang thing bang mé hinh da bién bg nhé dai-ngdn han
(Multivariate long short-term memory - MLSTM) duoc dé xudt. Céc tham
$6 ctia mé hinh dwoc diéu chinh sao cho phu hop voi bai toan dat ra. Mo
hinh dwoc danh gid thong qua dé do 16i RMSE va MAE. Bén canh, cdc
mo hinh dy bao khac nhw LSTM, MLP va SVR ciing dwroc sw dung nham
so sanh hiéu qua ciia mé hinh d@é xudt. Két qua thwe nghiém trén tip dir
liéu nhiét do va lwong mwa trung binh hang thang tai Viét Nam tur 1901
dén 2015 cho thay mé hinh MLSTM dat hiéu qua khd tot véi d¢ 16i RMSE
trén tdp nhiét do la 1.311 va MAE la 1.051, twong wng trén tdp dir liéu
luwong mua la 2.299 va 2.450.
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1. GIOI THIEU

Bién d6i khi hau anh huéng dén moi mat doi
séng kinh té - x4 hoi cua con ngudi. Dy béo céc yéu
t6 khi hau ngay cang quan trong va can thiét, tro
thanh mdi quan tam 16n cua tat ca cac qudc gia trén
thé gisi. trong d6 c6 Viét Nam. Nhiét d6 va luong
mua 13 hai yéu té chiu tac dong 16n trong hé thong
khi hau, chung anh huong truc tiép dén hé sinh thai,
nudc, tai nguyén, cac hoat dong ndng nghié¢p va nudi
tréng thily san & dong bang séng Ctru Long noi riéng
va cd nudc ndi chung. Theo Chinh (2020), mién
Trung nudc ta bi thiét hai khoang 30.000 ty déng do
thién tai di thuong. Cac tran mua bao 1ii nam 2020-
2021 gay ra nhiéu hau qua nang né cho ngudi dan
mién Trung voi lugng mua 3.000 mm, c6 noi 1én
dén 4.526 mm, nhiéu ngdi nha bi sap, hu hong nang;
vé nong nghiép, nhiéu héc-ta lua, hoa mau bj thiét
hai nang né; vé ha tang dé diéu, thuy loi, giao thong
nhiéu ki-16-mét duong b, song, bi hu hong nang;
Vé gido duc, y té nhiéu truong hoc bi thiét hai nang
né. Téng thiét hai kinh té khoang 30.000 ty ddng. Tir
nhitng nguyén nhéan trén, viéc du bdo nhiét do va
lwong mura 14 van dé can thiét nham hd tro ngudi dan
(g pho bién dbi khi hau kip thoi.

Trong bai viét nay, ky thuat hoc sdu véi mé hinh
da bién bo nho dai-ngan han (Multivariate long
short-term memory- MLSTM) duoc dé xuit dé du
bao céc chi s6 vé nhiét o va lugng mua trung binh
hang thang ¢ Viét Nam. M6 hinh dy bao dya trén
mang bd nhé dai-ngan han (long - short term
memory- LSTM). Mb hinh nay cai tién tir mang no-
ron thong thuong véi nhiéu thudce tinh 1am dau vao
mang khi huén luyén. Bau tién dir liéu dwoc sip xép
thir tu theo thoi gian, ching c6 thé dwoc xem la
chudi thoi gian hoac dit liéu tuan ty. Ké dén 1a buse
bién ddi dit lidu tir chudi tuan tu thanh da bién dau
vao cho mé hinh. Sau ciing, mé hinh s& dwoc huin
luyén va kiém thir nham danh gia do tin cay.

Nhimg nam gan day thi bai toan du bao khi hau
1a bai toan nhan dugc nhiéu sy chii y trong cong
dong nghién ctiru khoa hoc trong va ngoai nuéc.
Nghién ctru nay thi cic tai lidu lién quan dén cac
phuong phap du bao dugc tap trung xem xét.

Céc cong trinh trude day cho thdy hoc sau véi
LSTM c6 thé 1a mot phuong phap thich hop cho dir
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liéu chudi thoi gian, Lim and Zohren (2020) di
nghién ctru mé hinh hoc sau két hop mé hinh thng
ké va cac thanh phan mang no-ron dé cai thién cac
phuong phap du bao chudi thoi gian. lkram et al.
(2019) da trinh bay mdt nghién cuu st dung mang
no-ron tuan hoan (RNN) véi kién tric LSTM dé du
doan nhiét d6 moi trrong xung quanh (TA). Nghién
ctru cua Poornima et al. (2019) s dung mang ludi
than kinh nhan tao duya trén bo nhé ngin han ting
cuong (LSTM ting cudng) dé du doan lwong mua
cho két qua danh gia theo phuong phép So sanh co
dd chinh xac 87,99%. Mot nghién ctru khac cua
Xingjian et al. (2015) di d& xuat LSTM tich hop
(ConvLSTM) va sir dung né dé xay dung mé hinh
¢6 thé huan 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 da dung
nhiéu luu vuc caa bd dit lisu CAMELS dé xuit mo
hinh dy bao lugng mua theo phuong phap LSTM
dat d¢ chinh xac trong tu nhu mé hinh SAC-SMA.
Zhang et al. (2017) sir dung mang ludi than kinh lap
lai va bd nh¢ dai - ngan han du doan nhiét do bé mat
nuéc bién cho két qua mang lai d6 chinh xéac kha
cao.

2. PHUONG PHAP DE XUAT

Trong nghién ciru nay, phuong phap tiép can dua
trén cac mo hinh may hoc nhu: mang no-ron da tang
(MLP), hdi quy vector hd tro (SVR), bd nhé dai-ngén
han. Ngoai ra, mé hinh da bién bo nhé dai - ngén han
cling dugc d& xuat véi chudi thoi gian c6 nhidu hon
mot bién 1am dit liéu ddu vao cho mang LSTM nham
giai quyét duoc van dé cua cac phuong phap du bao
cii (phu thugdc xa cua dir liéu chudi thoi gian trong
mang no-ron thong thudng, nang cao d chinh xéc
du bao). Vi nghién ciru nay, bo nhé dai - ngan han
dugc sir dung 1am mang dé du béo nhiét d6 va luong
mua trong thang v&i cac phuong phap dé xuét dugc
danh gia trén hai tap dir liéu, tap dix liéu du bao theo
tuan, theo thang cuia ICRISAT Weather.csv tir nim
1978 dén nam 2018 va tap dir liéu
Temper_Rainfall.csv thé hién dir liéu lich sir vé
nhiét d6 va luong mua hang thang tai Viét Nam tu
niam 1901 dén ndm 2015. Hinh 1 trinh bay mo hinh
tong quan phuong phap dé xuat.


https://www.researchgate.net/profile/Xingjian-Shi-2
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Hinh 1. Mé hinh téng quan phwong phap dé xuit

— Dirligu: Bao gom céc tap dir li¢u vé nhiét do
va lugng mua va mot SO thudc tin,h lién quan khac,
dugc chia thanh 2 tap gom tap huan luyén (training
set) va tap kiém tra (testing set).

— Dirligu huan luyén: 1a dix liéu dé huan luyén
cac mod hinh may hoc

— Dir liéu kiém tra: dung dé danh gia sy hiéu
qua ctia cac mo6 hinh vai nhau; tr d6 xac dinh mo
hinh nao hi¢u qua.

— Huén luyén ciac mé hinh MLSTM, LSTM,
MLP, SVR.

— Kétqua: bé so sanh két qua cac mo hinh vai
nhau, hai d6 do pho bién la RMSE (Root Mean
Square Error) vd MAE (Mean Absolute Error) dugc
sur dung.

2.1. Xay dung cac mé hinh du bao

2.1.1. Xdy dung mé hinh du bao LSTM

Trong ky thuat hoc sau (deep learning - DL).
Mang no-ron hdi quy (Recurrent Neural Network -
RNN), mé rong hon LSTM, la mot thuat toan dugc
chu ¥ rat nhiéu trong thoi gian gan day boi ching
cho céc két qua kha tot.

Mang b nhé dai - ngan han 1a mot dang dic biét
cua RNN, né c6 kha nang hoc dugce cac phu thugc
xa. LSTM dugc gi6i thiéu boi Hochreiter and
Schmidhuber (1997) va sau d6 da duoc cai tién va
phd bién bai rit nhiéu ngudi trong nganh cong nghé
théng tin. LSTM hoat déng cuc ki hiéu qua trén
nhiéu bai toan khac nhau nén né dan di tré nén phd
bién nhu hién nay. LSTM dugc thiét ké dé tranh
duogc van dé phy thudc xa (long-term dependency).
Viéc nh¢ thong tin trong subt thoi gian dai 1a dac
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tinh mac dinh caa chung, nén khong can phai huan
luyén ma né c6 thé nhd dugc; tire 1a ngay noi tai cua
n6 di c6 thé ghi nhé dwoc ma khong can bét ki can
thiép nao.

Diém khac biét khi xay dung mo hinh LSTM véi
MLSTM la & dit ligu dau vao ciia mang. O day, gia
tri & thoi gian (t-1) trude d6 duoc sir dung dé du bao
cho gi tri ¢ thoi gian t. Di liéu don bién dau vao
mang LSTM dugc mo ta trong vi du 6 Hinh 2. Trong
d6, varl(t) 1a thudc tinh can dy bao va varl(t-1) la
gi4 tri cua thudc tinh varl & thoi diém t-1 trude do
dung dé 1am thudc tinh dau vao cho mé hinh.

varl{t-1 varl(t)
0.0 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. Dix li¢u don bién

Kién trac mang LSTM don bién sir dung dir liéu
déu vao 13 ludng dir liéu budc thoi gian co trinh tu,
tang LSTM c6 50 nat va mét 16p 4n c¢6 1 nat. Két
qua ctia du bao st dung k¥ thuat Early Stopping cho
5 epoch lién tuc va huan luyén tdi da 100 epochs.

2.1.2. Xdy dung mé hinh du bao MLSTM

Viéc xay dung mo hinh s€ thyc hién sau khi
chuan hoa dir liéu dau vao. Chudn hoa dir ligu
dauvao duoc thuc hién qua cac bude nhu mé ta dudi
day.

Mb hinh da bién dau vao LSTM sir dung chudi
thoi gian ¢6 nhiéu hon mot bién lam dit liéu dau vao
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cho mang LSTM. Phuong phép trong du bao chudi
thoi gian 1a sir dung cac quan sat c6 d6 tré (t-1) lam
bién dau vao dé du bao budc thoi gian hién tai (t).
Vi cac quan sat co nhiéu hon mot thudc tinh, ta st
dung tat ca cac gia tri thudc tinh c6 do tré (t-1) dé
lam dau vao. Vi du dudi day st dung gié tri vard(t-
1) va var2(t-1) dé du bao cho gia trj varl(t), voi t 1a
budc thoi gian. Hinh 3 mo ta vi du véi 2 bién dau
vao cho mang LSTM (cot can du bao dugc dong
khung).

Trong bai toan dy bao lugng mua va nhiét do, dir
liéu trude khi dua vao mo hinh s& duoc chuan hoa

AvegT RH1 RHZ Wind

o 22.528571 82.000000 40.857143 8.571429

1 20.457143 90.714286 42.857143 8.900000

2 21.271429 79.714286 25.285714 8.242857

3 22.550000 85.857143 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 81.714286 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

Hinh 4. Dir

Buéc 2: Dir liéu sau khi chuén hoa s& duoc
chuyén thanh dit liéu da bién du vao, sir dung 3
budac thoi gian (viéc lya chon dya trén phuong phap
tim kiém siéu tham s6 cho ting tap dir liéu). Nghia

vari(t- var2(t- var3(t- vard(t- wvarS(t- varé(t-
3) 3) 3) 3) 3) 3)
3 22528571 82000000 40857143 8571429 0000000 88285N
K 20457143 90.714286 42857143 6.942857
S 21271429 79.714286 25285714 8242857 10.12851
6 22550000 85857143 37428571 9.50 9.542857
7 23521429 79428571 37.714286 11085714 0.400000 8385714
2117 24157143 864285771 82000000 12357143 7657143 0.157143
2118 25485714 84571429 73714286 12400000 212857 1957143
2119 27357143 82714286 60571429 12228571 0000000 3671429
2120 27 82142857 54714286 118
2121 27314286 81.714286 59.714286 11.071429 51285
2119 rows x 36 columns
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tir dir liéu dau vao. Viéc chuan hoa dir liéu dau vao
dugc minh hoa trong cac Hinh 4 va 5.

varl(t-1) wvar2d(t-1) |Jvarlct)
. 50
51.
52.
53.
54.
55.
56.
57.
58.

Hinh 3. Pa bién diu vao cho mang LSTM

BNOUNAWNES
[CECESESEORCR NSRS
[SECESESESESRSESRS]
CoONOUVTAWNRE

_Buéc 1: Chuyén doi dit ligu vé dang di ligu theo
tuan

Rain SSH Evap Radiation FAOS6_ET
0.000000 8.828571 4.571429 15.671429 3.842857
2.457143 ©6.942857 3.557143 15.500000 3.485714
0.000000 10.128571 5.128571 18.042857 4.528571
0.000000 9.542857 5.085714 17.771429 4.371429
0.400000 8.385714 5985714 18.1 71429 4.900000
0.757143 5.000000 6 985714 16.428571 4.957143
5.128571 3.057143 5.485714 11.542857 3.914286
5.385714 0.228571 2.542857 8.028571 2.414286
3.157143 3.071429 4.157143 12.428571 32.271429
5.283333 4.933333 4.200000 15.933333 4.000000

liéu theo tuan

1a cac gia tri & thoi gian (t-1, t-2, t-3) két hop véi cac
thudc tinh khac & budc thoi gian t s& duoc st dung
dé du bao thudc tinh dich (target/class attribute) &
thoi gian t. Trong vi du nay, cot dit liéu can du bao
la var9(t) nhu Hinh 5.

vars(t)

varé(t) var7(t) var8(t) | var9(t)

9.542857 S08

11957143 5385714 22857 2542857 802857 2414286
4157143 1242857 321429
5933333 |4

Hinh 5. Dik li¢u da dwoc chuén hoa

Sau cac budc chuin hoéa dit lidu, mé hinh
MLSTM duoc xay dung véi sy hd tro cia thu vién
Keras. Kién trac mang MLSTM gom c6 dit liéu dau
vao (Input data) 1a ludng dit liéu budc thoi gian co
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trinh tu (Sequences of time steps), ting LSTM
(LSTM layer) c6 50 nut (node) va mét tang 4n
(Dense layer) c6 1 niit cho két qua cua dy bao nhu
mo ta trong Hinh 6.
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Input data

LSTM layer

Forecast value

Dense layer

(Sequences of

time steps) (50 nodes)

(1 node)

Y

Hinh 6. Kién triic mang MLSTM

Dé dam bao mé hinh khong hoc vet (overfiting),
ky thuat early stopping dwoc s dung khi huin
luyén. Ky thuat nay st dung mot ham goi lai
(callback) sau khi xem xét 5 ky huan luyén (epochs).
Trong 5 epochs lién tiép, néu do 15i loss va val_loss
khong bién dong (theo chiéu huéng giam dan) qua
0.01 thi mé hinh s& ding viéc huan luyén. Néu
overfitting khong xay ra thi qua trinh huan luyén s&
chay tbi da 100 epoch. Ngoai ra, k¥ thut nay ciing
gitp giam dang ké thoi gian huin luyén cia mo
hinh.

2.1.3. Xdy dung mé hinh dy bao MLP

MLP 1a mét phién ban cai tién cua Perceptron dé
lam viéc hiéu qua hon véi dit liéu phi tuyén tinh
trong thé gigi thuc, nhiéu no-ron va nhiéu tang an

dugc thém vao. Thu vién Keras dugc st dyng dé xay
dung mé hinh MLP kién truc chi tiét gom dit liéu
dau vao va 5 tang an. Tang 4n déu tién c6 18 node
s dung ham kich hoat 1a ReLU (rectified linear
unit). Tang an thir 2 va 3 c6 54 node, sir dung ham
kich hoat 1 Sigmoid. Tang an thir 4 c6 18 node, sir
dung ham kich hoat 1a ReLU. Tang thir 5 1a tang
output c6 1 node cho gia tri dau ra. Do khong c6 quy
dinh chuén nao vé& viéc chon sé tang 4n, mé hinh
duoc thiét ké bit dau vai 2 ting 4n va chay thu
nghiém dé tim ra sb ting 4n phu hop. Két qua thich
hop nhét ¢ 5 tng an. Ciing giéng nhu phuong phap
MLSTM, k¥ thuat Early Stopping dugc sir dung
trong huan luyén. Kién tric mang MLP dwoc md ta
trong Hinh 7.

|

Dense layer
(18 node)

Dense layer
(54 node)

|

Dense layer
(54 node)

|
}

Dense layer
(18 node)

Dense layer
(1 node)

|

Hinh 7. Kién tric mang MLP

2.1.4. Xdy dung mo hinh dw bao SVR
SVR Il mét dang mdy hoc véc to hé tro

danh cho viéc du doan cac gia tri lién tuc. V6i su
hd tro cua thu vién hoc may Scikit-learn?, xay dung
model SVR su dung ham nhén Radial Basis
Function (RBF), do khong truyén cac tham so truc
tiép vao mé hinh nén cac tham sb s& lay mic dinh tir
thu vién, thong sb (kernel) chi dinh kiéu hat nhan s&
dugc str dung trong thuét toan, tiép theo 1a hé sb
(gamma), tham s6 (C) diéu chinh d6 manh yéu cua
mé hinh, mot tham sé (epsilon) kiém soat chirc
ning mat tap luyén dé so sanh véi gia tri thuc, tham
s6 (cache_size) chi dinh kich thuéc ciia b nhé dém
hat nhan cting mot s6 tham sb khac,. ... Him nay phu
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hop véi dit liéu da bién va phi tuyén tinh nhu dit liéu
dang thuc nghiém.
2.2. Phwong phap danh gia két qua

Dé danh gia két qua ciia cac phuong phap, hai do
do 1561 1a RMSE va MAE dugc str dung trong nghién
clru nay. Day 1 hai trong s cac s liéu phd bién
nhét dugc st dung dé do do chinh xéac cho cac bién
lién tuc.

RMSE =

n
1 =9
. ()’j Yj)
j=1

MAE = 37|y, - 9]
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Trong d6: yjla gia tri thuc mau tha j, y; lagia nam tirnam 1978 déQ.2018, tap dit liéu goc theo ngay

tri du dodn mau thrj, n 1a sé mau ding dé danh gia. véi 14.852 dong. Moi dong cé 9 thudc tinh }é nhiét
. ) ] d6 (MaxT, MinT), lugng mua (rainfall), d6 am cao,

beé tién hanh danh gia cac mo hinh dy bao nhiét thip (RH1, RH2), hudng gi6 (wind), bdc hoi

d6 va lugng mua, ngdn ngit 1ap trinh Python chay (evaporation), chi sb tinh lwong mua (SSH), birc xa
trén Google Colab va cac goi thu vién ma nguén mé mat troi (radiation), lwong hoi nudc béc 1én
Keras va Sklearn dugc sur dung. Chuong trinh bao (FAO56_ET). Tap dir lidu thir hai Temper_Rainfall
gom cdc md hinh: da bien b nhe dai - ngan hf.{n’ bo la tap dir liéu nhiét do va lwong mua trung binh hang
nhé dai - ngan han, mang no-ron da tang. Hoi quy thang tai Viét Nam, gdm 115 nam tir ndm 1901 dén
vector ho tro du bao nhiét do va luong mua. Bé danh 2015, duoc trich tir tap dit liéu chuan cong khai trén

gia mo h?nh, phuong ph»aip tinh df{ 16i pho bién 15} trang OpenDevelopment Mé Kong bao gdom 1.380
RMSE va MAE duoc st dung, minh hoa nhu hai dong c6 2 thue tinh 1a nhigt do (temperature) va
cong thire trén. lwong mua (rainfall). Chi tiét vé hai tap dit liéu nay
3. KET QUA THU NGH'EM duoc mo ta trong Bang 1.
3.1. Dir liéu thuc nghiém
Hai tap dix liéu da duoc sur dung trong thuc
nghiém nay. Tap di liéu thir nhat cua ICRISA la tap
dit liéu nhiét do va luong mua tai An Do (gom 41
Bang 1. Mé ta dir liéu

SO mau ¢ 4 ligu a4 xir Iy S6 miu tin M@ ta
tin goc

ICRISAT_Weather_Week

Tap dir liéu goc

Chuyén dir liéu vé chudi thoi

2122 o theo tud
ICRISAT_Weather 14852 Choin i 118w v chudi thos
ICRISAT Weather_Month 4gg  nuyen dulficu ve chuol thot
gian theo thang
Temper_Rainfall 1380 Temperature_Rain_Month 1380 D licu chi ¢6 2 cot nhiét do va
lurong mua
Tap dir liéu ICRISAT_Weather dang chudi thoi ldy tt ca dir liéu cia mot thang nao d6 trong nam
gian theo ngay, c6 nhiéu thugc tinh anh huong dén chia trung binh ra dir liéu theo thang (vi du ly tat ca
du bao va phi hop cho mo hinh MLSTM da bién. dir liéu cta thang 1 ndm 2018 chia trung binh ra dir
Dir lidu duoc tién xir 1y bang cach tinh nhu sao: 1 liéu ctia 1 thang), dit liéu sau khi xtr 1y dugc mo ta
tuin c6 7 ngay, liy trung binh mdi 7 ngay dé chuyén trong Bang 2.
vé dang chudi thoi gian theo tuan, twong tuy nhu vay
Budc 2. Dir ligu sau khi tién xir 1y
S6
Tap dir liu miu SO cot Mo ta Muc dich
tin
1.Nhiét d6 t6i da, tdi thiéu (MaxT,- Cac thudc tinh ngit
MinT) canh lién quan dén du
ICRISAT_Weather_Week 2122 2. Lugng mua (rainfall) bao, gitp ting do chinh
3. D6 am cao (RHI1) Xac.
g 4Do 4m thap (RH2) - Panh gia sy anh
5. Hudng gio (wind) hudéng cia cac thudc
6. Bdc hoi (Evaporation) tinh moi truong xung
ICRISAT_Weather_Month 488 7.Chi s6 tinh lugng mua (SSH) quanh dén két qua du
8. Blrc xa mat troi (radiation) bao

9.Luong hoi nudc bdc 1én (FAO56_ET)

1. Nhiét d¢ (temperature)

Temperature_Rain_Month 1380 2 2. Lugng mua (rainfall)

13
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Riéng tap dr liéu Temperature Rain_Month thang cho nam 1901 lan luot 1a 2883872°C va
nhiét 6 va luong mua trung binh hang thang tir 17237291 mm, day la biéu do thé hién nhiét do va
thang 1 nam 1901 dén thang 12 nim 2015. Vi du: lugng mua trung binh hang thang nam 1901 tai Viét
tong dir liéu nhiét o va luong mua trung binh hang Nam dugc thé hién nhu Hinh 8.
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Hinh 8. Biéu d6 thé hién nhiét dd va lwong mua trung binh hang thing

Bang 3 so sanh két qua du bao trén cac tap chia dit liéu trén nhim bam sat theo thuc té, da trén
dir liéu tr cac mdé hinh MLP, SVR, LSTM va céc thudc tinh d3 hoc dé dy bao cho céc thudc tinh
MLSTM, két qua tét nhat cho timng tap dit liéu dugc tiép theo. Vi tinh ngdu nhién cta giai thuat nén
in dam. Dit liéu dwoc lay ngau nhién 80% cac mau phuong phap MLP khéng can trinh tu thoi gian,
tin dau cho huan luyén va 20% mau tin cudi cho dugc huan luyén mot lan trén mdi tap dit liéu.
kiém tra (theo trinh tyr thoi gian). Muc dich cia viéc
Bang 3. Két qua dw bao ciia cac md hinh

Tong s6
Tap dit lidu dong/cot RMSE MAE
Dong Cot MLP_SVR LSTM MLSTM _MLP__SVR _LSTM MLSTM

Nhiét 46

ICRISAT weather week 2122 9 1566 1544 1506 1.335 1.215 1.143 1143 1.012
ICRISAT weather_ month 488 9 3.386 1.907 1.731 1.311 2645 1.493 1446 1.051
Temperature_rain_month 1380 2 1.696 1.634 1.634 1.133 1.207 1235 1.275 0.863
Luong mua

ICRISAT weather week 2122 9 4371 4546 4.418 4190 2.002 2.080 2.688 2.493
ICRISAT weather_month 488 9 2475 2496 2504 2299 1359 1417 1786 1.450
Temperature rain month 1380 2 67.023 70.427 76.922 54.291 47.011 55.324 59.296 40.495

Tir tap dix ligu ICRISAT_weather_week gom anh huong dén két qua du bao. Bén canh, khi sir
chin th}l(f)c tinh lién quan dén nhiét d6 va lugng mua dung mo6 hinh da bién v@i cég: thudc tinh nglr canh
cho thay mé hinh MLSTM dat hiéu qua véi do 1oi cling c6 sy anh huong dén két qua du bao. Vi vay,
RMSE la 1.335 va MAE 1a 1.012, twong g trén Viéc xac dinh cac thu(f?c tinh, ngit canh, cac dir liu
tap dir liéu luong mua la 4.190 va 2.493. Trén tap lién quan dua vao huan luyén rat quan trong trong
dir liéu ICRISAT_weather_month cho thay mo6 hinh bai toan du bao thoi gian voi mo hinh MLSTM.
MLSTM dat hiéu qua kha tét véi do 15i RMSE trén e v . A _
tap nhiét do 13 1.311 va MAE la 1.051, twong tng Tap dir licu TEMPER_Rain_Month gom hai
trén tap dit liéu luong mua 12 2.299 va 1450, Vi thude tinh. Nhi¢t dg trung binh clia thang va lrong
Két qua thu duoC tir tap dit liéu ch béo buoe thoi gian ™ nam 1901 lan luot 12 2883872°C va 17237291
theo tudn, theo thang tir nam (1978-2018) thi mo MM duoe trinh bay trong Hinh 8 cho thay nhict do
hinh dy bao MLSTM luén cho két qua t6t hon. Tuy cao hon\va lugng hua pho‘bler] trong 'Fhol glan giua
nhién, do 18i MAE cita luong mua lai chua tothon ~ "am- Vao thing Giéng va thing Hai, lwong mua
mo hinh MLP. Twr 6 cho théy lurong mura phan bd du’qc quan S? tratthap. I\/Jat 1’<hac, nhiét ¢ tNru-nAg bm‘h
khong dong déu, bién dong lién tuc trong nam ciing thang dao dong quanh ndm it hon 38°C. Dit licu tho

14
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tiét trong 115 nam duogc st dung 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 do 15i du bao cua luong mua qua md hinh
MLSTM kha cao RMSE la 54.2909 va MAE la
40.4946 so véi nhiét d@o chi c6 RMSE 1a 1.133 va
MAE 14 0.863. Vi két qua thu dugc tir tap dir liéu
dy bao budc thoi gian theo thang tir nam (1901-
2015), md hinh du bso MLSTM van chiém do 15i
thip nhit so v6i cac mod hinh LSTM, SVR, MLP. Tir
d6 cho thdy mé hinh da bién déu vao mang LSTM
str dung chudi thoi gian c6 nhidu hon mot bién lam
dir liéu dau vao cho két qua dy bao tét hon. Tuy
nhién, thir nghiém cho thay rang do léch chuan cua
dir liéu qua 16n va thude tinh dy bao it cling anh
huong dén do6 18i du bao.

st

0,15

7
3 0,10

0,05

N

0,00

—— ftrain

o 25 50 7S 100 125 150 175 200

Epoch

Hinh 9. Train loss véi epoch dw bao nhiét do

D6 thi vé két qua du bao nhiét do va luong
mua theo thang voi tap  do  liéu
ICRISAT_Weather_Month ciia m6 hinh MLSTM
dugc trinh bay trong Hinh 11. Quan sat biéu d6

Tap 58, So 4A (2022): 8-16

Két qua so sanh do 16i tap dir liéu
ICRISAT Weather Month cho thdy mé hinh
LSTM va MLSTM dat két qua t6t hon cic mé hinh
khac trén cung ting tap dir liu. C6 thé thdy rang
mang LSTM hoat dong khé tdt trén ludng dir liéu
budc thoi gian c6 trinh tw. Dé kiém tra hiéu suat du
béo, do thi dugc thiét 1ap véi tryc tung 14 loss, truc
hoanh epoch, xem xét su ton that do huan luyén va
s6 ky nguyén trong mdi mé hinh dé danh gia hiéu
Suit cua mé hinh trong du bao. Tén that do huén
luyén di véi mé hinh dir bao nhiét do va luong mua
dugc trinh bay trong Hinh 9 va 10. Tén thit ddi voi
du bao nhiét d6 hoi tu sau 10 ky nguyén, tuong (ng
véi lwong mua hoi tu sau 25 Ky nguyén.

train

0,018 st

0,016

Loss

0,014

0.012

—

0,010 T

o0 25 50 75
Epoch

100 128 150 175

Hinh 10. Train loss véi epoch dw bao lwong mwa

ndy, ta ¢6 thé thiy rang mé hinh MLSTM duy béo
kha tot theo tiéu chi RMSE so v6i cac mo hinh
khac.
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Hinh 11. So sanh két qua di bso nhiét dd va lwong mua

4. KET LUAN VA HUONG PHAT TRIEN

Phuong phap du bao nhiét d va lwong mua bang
ky thuat hoc sau dugc d& xuat nham hd trg nguoi
dan c6 ké hoach gieo trong phu hop, gop phan thuc
déay nganh nong nghiép tai Viét Nam noi chung ciing
nhu khu vye ddng bang song Ciru Long ndi riéng.
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Dir liéu sau khi thu thap va xir 1y dwoc tién hanh
huan luyén va kiém tra véi mé hinh da bién b nho
dai - ngan han. Két qua thyc nghiém duoc so sanh
V&i cac mo hinh du bao khac nhu LSTM, MLP, SVR
va cho thiy phuong phap tiép can dwoc dé xuit co
thé tao ra cac du bao kha chinh xac, co thé 4p dung
vao hé thdng thuc té.
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Nghién ciru nay sé& tiép tuc duoc cai tién nham
nang cao do chinh xac ciia mo6 hinh dy bao ciing nhu
phat trién mé hinh dé co6 thé du bao cho nhiéu hon
mot budc thoi gian ddu vao, dau ra va hinh thanh
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