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Trong bdi bdo, ching t6i sir dung hai thudt todn trong hoc mdy: thudt todn lan truyén nguoc va
Bayes dé ciing dir bdo thoi tiét tinh Hai Dwong. Dit liéu cho bai todn thu thip dwoc theo timg ngay tir Trung
tam Khi twong Thity van tie nam 2013 — 2015 ding cho pha hoc (70% tong di liéu) va pha chay (30%). Mot
6 két qua thir nghiém ban dau dwoc trinh bay va doi sanh hai phirong phdp khéc nhau; nhitng nghién ciu,

dinh hudng phdt trién trong twong lai dwge dé xudt.

Tir khoa: Mang no ron nhan tgo, du bao thoi tiét, thudt toan lan truyén nguoc, thudt toan Bayes.

1. Gié6i thiéu

Du béo la st dung thong tin hién cd6 mot
cach hiéu qua dé dinh huéng cac hoat dong twong
lai nhdm dat dwgc muc dich, yéu cau ciia mot to
chure nao do.

Du béo thoi tiét 1a tién doan, ude luong, co
danh gia sai 1éch cac sy kién xay ra trong tuong lai
1a vin dé duoc quan tdm do két qua du bao tac dong
dén doi song hang ngay cua moi chung ta. Trong du
béo thoi tiét, nhiéu yéu té bién ddi kho luong cua
thién nhién nén c6 dd phirc tap 16n do d6 @6 chinh
xéc han ché nén cc phuong phap méi dé giai quyét
n6 rat duge cha trong.

Mang no ron nhan tao 1a mé hinh phong hoat
ddng cua ndo nguoi, 1a phuong phap tinh toan mém,
chdp nhan thong tin khong day du, chinh xéac, dé
thich nghi; kha nang hoc tot; kha nang chiu 13i cao.
Nhiéu ung dung duoc st dung mang no ron nhan
tao trong nhiéu bai toan cia khoa hoc. Ung dung
mang noron dé trong bai toan du bao thoi tiét s& lam
giam di d6 tinh toan phtc tap [1, 3, 4, 5, 6, 7] va co
nhiéu hira hen cho d6 chinh x4c cao.

Trén thé giéi [7, 8] ciing nhu & Viét Nam
nhiéu nghién ctru, ung dung mang no ron nhan tao
trong du bao mot sb tham sé khi twong thuy vén [3,
5, 7]; du bao nhu cau dich vy vién thong [1]; du bao
buc xa [2, 6]; du bao gia ching khoan [4] da duogc
tién hanh. Piéu d6 khang dinh kha ning ctia mang
no ron trong bai toan du bao 1a kha thi va con phai
tiép tuc nghién ctru, phat trién va ing dung.

Hién nay, nhiéu phuong phap du bao dugc
g dung cho nhiéu ving khac nhau nhung mang
no ron va thuat toan Bayes cho du bao thoi tiét cho
Hai Duong (mdt tinh ddng bang, vua thoc cua dong
bang song Hong, gin bién, chiu tic dong, anh hudng
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nhiéu cua thoi tiét: mua, bao, Iut...) chua duoc thir
nghiém. Do 1a muc dich co ban cua bai bao nay.

2. Mang noron nhén tao
2.1. Céu triic mang lan truyén nguoc

Mang no ron c6 nhiéu ciu truc, luat hoc khac
nhau [4]. Trong bai bao, ching t6i chon mang no
ron lan truyén nguge do kha ning higu chinh sai s6
dau ra nhanh (BackPropagation Neural Networks)
so véi mot vai luat hoc khac. Mang duoc chon ba
16p truyén thing (Hinh 1): 16p vao, 16p 4n (¢ giita),
16p ra: du kha niang nhan biét cic mau hoc (dau
va0); ham tuong tac dau ra lién tuc, kha vi, bi chan
(cong thie(3))[7].

Lop 4n

Lép vao Lop ra
Hinh 1. So' d6 cdu triic mang noron ba I6p lan
truyeén nguoc

a. Lop vao (Input Layer)

Piu vio: x, (j = 1,.., 4 cho thyc nghiém, x,:
nhi€t do; x,: do 4 arn X, may,x mua).

Lop vao: chon s0 no ron (¢ = 1,..,m trong
thuc nghiém chon 3 no ron) trong dogla no ron tha
q cua lép vao; v, la trong s6 dau vao thir j ndi VO’I no
ron tht ¢ (tong 56 ¢6 q,= 3 x 4 =12 trong sb trong
thuc nghiém).

Journal of Science and Technology 39



ISSN 2354-0575

net; = in: Vi X5 (1)
j=1

b. Lop tfn (Hidden Layer)

Piura sb (Digital Output) cua lop vao chinh
1a dau vao cuia 16p 4n, 1a mot ham cua dau vao tuong
tu (Analog Output)

2= fi(nety) = £ 2 vix;) @)

Ham twong tac dau ra ctia mdi no ron cua tat
ca cac 16p: chon ham Sigmoid fq(.):

Fnet) = 1= ()

Chon /= 18 no ron cho 16p an. S6 nay dugc
chon theo thyc nghiém tir nhitng két qua téi uu va
gié tri 18i trong qua trinh huén luyén.

c. Lop ra (Output Layer): Tong dau ra cua
noron thir i(net) va dau ra (bi chén) y, co thé xac
dinh theo

net; = szqzq sz <§: ) 4

m.
yi = flnet;) = me) = Z Wi wa))
q=1 q=1 Jj=1 (5)
trong d6 i 1a no ron thi  trong n no ron dau ra dugc
chon tuy thudc vao cach ma hoa dic trung dau ra.

Trong boi canh bai toan da néu, so no ron lop ran =3.

2.2. Pha hoc: dung thuit hoc lan truyén nguge
st dung phwong phap ha Gradient

Hoat dong ctia mang no ron gom hai giai
doan goi la hai pha: pha hoc: pha xac dinh cac tham
50 w, cia mang. Sau pha hoc mang chuyén sang pha
hai: (pha mang du didu kién dé chay) pha chay thir
dé kiém tra va thé hién kha ning suy dién ctia mang
d6i v6i nhitng mau la (chua dugc hoc).

Muc 2.1 cho ta ciu triic mang no ron 3 16p.
Dé mang hoat dong dugce, can xac dinh gié tri tt ca
cac tham s w, cua cac 16p. Phuorng phap chung dé
xac dinh chung 1a phuong phap THU- SAI CHINH.
“THU” ¢ day co nghla la: thir cho ngau nhién cac
gié tri trong ban dau w, (ngoal ra can thém gia tri toc
do hoc “n” cung voi do sai s6 dau ra E (trong cong
thirc (7)) tbi thiéu dé chay dwoc thuét toan hoc).
“SAI” c6 nghia la theo hoc c6 giam sat: 1a hiéu cua
dau ra mong mudn d voi dau ra thyc té », cla tung
no ron 0 moi 16p. “CHINH” ¢6 nghia 1a: diéu chinh
trong s voi gla tri THU ban dau mot luong Aw, (7)

C6 nhiéu k¥ thuat xac dinh Aw,. Chung toi
st dung ky thudt ha Gradient cho truong hop nay
(dao ham riéng bac 1 cia mot ham sb bac 2 nhiéu
bién (6) tirc 12 ham c6 dang parabol c6 diém day:
diém cuc tiéu) la:

E=73 E(d—y) ©
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Hinh 2. Minh hoa vé phwong phdp gradient

Theo phuong phap ha Gradient: tic 1a tién
trinh cap nhat trong s0 theo hudng giam gradlent
trong sb lién két gitra cac 16p (vi du gita 16p an va
16p ra) dugc cap nhat bai:

i
Awig ==1] aww =1 [ayz ][ anyetz- )
trong dé: # 14 hang s6 hoc. N6 chi tdc do cap nhat
trong s6 timg budc 1ap cua thuat toan.

Ky thuat ha Gradient c6 thé dugc ap dung dé
tinh trong w, tir lop dau vao dén 16p dau ra goi la tinh
trong so theo kiéu truyén thang Nguoc lai, c6 thé
tinh trong s6 tir 10p ra nguoc vé 16p dau (lam cho sai
s6 ¢o xu hudng giam dan, chong hoi tu nén wa dugce
st dung). Thuat toan tinh nguoc tu ra téi vao goi
1a thuat toan lan truyén nguoc (Backpropagation
Algorithm: BP).

Tuy nhién, phuong phap ha Gradient c6 han
ché 13 c6 thé t6i uu cuc bo (tc 1a 6 thé hoi tu vé
mot day. Pay do, néi chung chua han c6 gia tri sai
sd nho nhat goi 1a tdi wu cuc bo (Hinh 2). Dé khic
phuc tdi wu cuc bd noi trén co thé dung giai thuét
di truyén dé x4c dinh gia tri t1 wu toan cuc. Gia s,
chung ta da thuc hién duoc viéc d6 (ching t6i da
tién hanh trong bai bao khoa hoc khac) véi tap gia
tri trong co thé dua vé tdi uu toan cuc.

Thuét toan BP ¢6 thé tom tit nhu sau:

Xét mang voi g lorp truyén théng, =1,2,

., @ ky higu ‘net, va 9y, lan luot 14 tong dau vao va
dau ra ciia noron thi i trong l6p g.

Mang c6 m nut dau vao va n niit dau ra. w,
biéu thi trong s lien két tir «! y, toi .

- Pau vao: Mot tap cac cap huin luyén
{(x(k), d(R)| k=1,2, ..., p)}. )

- Buée 0 (khéi tao) Chon toc d§ hoc n=0.5
vak =0 (lagia tri 101 cuc dai chap nhén dugc).
Khoi tao cac trong sd v6i gia tri ngdu nhién nho;
cho budc lap khoi dau: k= 1.

- Bwéc 1 (Iip huin luyén): Pua miu dau
vao thir & toi 16p dau vao:

y, =x® Vi ®)

- Buéc 2 (lan truyen tién): Lan truyén tién
tinh tin hiéu qua mang su dung:

onet; ]
Bwiq
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V6i mbi i va g t6i khi moi dau ra cia 16p ra
%. déu duoc ap dung.

- Buée 3 (tinh toan 18i): Tinh gié tri 16i £ va
tin hiéu 18i 96, cho 16p déu ra:

E(k+1)=52(d"-%f+E®)  (10)
s, :(d(_k)_cz ,)f/ ©net;) (11)

- Bude 4 (lan truyen ngugc 101) Lan truyen
nguoc tré lai dé cap nhat cac trong sb va tinh toan
tin hiéu 16i *~'8; cho cac 16p trudce:

Awl=n*8:*7 Yy, (12)

va "wh =Ml + A w 13)

I8 =1( et 2wy 'S (14)
J

q=0 0-1,...,2 )

- Buée S (Iap 1 chu ky): Kiém tra toan bo
tap dir liéu luyén da dugc duyét. Néu k < pthik=
k+1 (quay lai budc 1 cho lan lip méi), néu khong
thi thuc hién budc 6.

- Buéc 6 (klém tra 18i toan thé): Kiém
tra 18i toan thé, néu E < E . thi két thuc qua trinh
huan luyén, hoic kiém tra xem da dat dén s6 chu ky
(vong lap) gi6i han chua, néu khong E=0, k=1 va
bét dau mot chu ky méi bang viéc quay lai bude 1.

2.3. Pha thir nghiém

Pha thir (Test) thuc chat la pha chay. Pha
chay hoan toan st dung lai cung mot cAu trac mang
no ron nhu Hinh 1 dé kiém tra kha ning suy dién
clia mang no ron.

Quy trinh thuc hién trong pha chay nhu sau:

Buée 1: Chudn, mé héa va cho div lieu dau vao;

Budéc 2: Tinh dau ra;

Bude 3: Gidgi md dau ra @é nhén cac tham s6
(dir bdo) thoi tiét.

3. Thuét toan Naive Bayes[9]

Cho trudc tap dit liéu huan luyén D v6i mo
ta (nhan) cua cac l6p C, i = 1..m, qua trinh phén loai
mot déi tuong X = (x,, x .., X ) v6i mang Bayes
nhu sau:

- X dugc phan loai theo C, néu va chi néu:

P(Ci|X)>P(Cj|X) v6il <j<m;

J#iP(ClX) = 7P(X|p(é’))§(c’) (15)

+Téi da héa P(C.| X) (Chon C, néu P(C | X)
1a gia tri 16n nhat)

+ T6i da hoa P(C, | X)P(C)

P(C)=P(C)=..=PC)

hogc P(C) =

17 2’
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P(C10 = T1PG3 €)= P | C) % 16)

X P(x,| C) X ... X P(x, | C)

- P(X|C) dugc tinh v6i gia dinh x, dc 1ap c6
diédu kién; k= 1..n:
- P(x |C) dugc tinh nhu sau:

+Néu A, 1a thugc tinh roi rac

X | X, =x.AX €C;
Px, | C) = k| k|

(17

+Néu 4, 1a thuge tinh lién tuc

P(x,|C) duoc udc lugng thong qua ham mat do:
(2~ H 1)

1
P(x| C) = glxp Mo, O 1) = J2no., e 2o (18)
Trong do, u: gia tri trung binh
Zxk (19)
o: do léch chuén, va :
o=t Y ()’ (20)
n k=1

Toém lai, dé phan 16p mau chua biét X, ta tinh
P(X]C)P(C) cho ting C, gan X vao 16p C, sao cho
PX|C)P(C) la lon nhét.

max (P(C; HP(xk | C))) 1)
el k=1

4. Xay dung hé thong du bao thoi tiét

4.1. Phin tich bai toan

Trong bai bao, chiing t6i gii han 4 tham s
chinh anh huéng dén thoi tiét 1a: nhiét do, do am,
may va mua. Mdi yéu t6 c6 nhimng thudc tinh va
d6 phu thudc khac nhau. Vi du tuy thudc vao ting
thang ma nhiét d6 sé c6 nhiing gié tri khac nhau.
Néu thang d6 roi vao muia mua thi nhiét do c6 thé
thip (<25.5°C); trung binh (25.5°C-27.0°C), nguoc
lai nhié€t do cao (>27.0°C)... Duya trén céac dac diém
do6 ta xay dung bai toan:

Vi bén yéu t6 chinh anh huéng dén thoi tiét
trén, ta c6 thé phan chia mdi yéu t6 thanh cac truong
hop cu thé nhu sau:

a. Bién nhiét do (ki hiéu ND), c6 cac khoang
gid tri: thap néu ND tir 0 dén 25.5; trung binh ND tir
25.5 dén 27.0; cao ND tir 27.0 dén 45;

b. Bién d¢ am (ki hiéu PA):Thap néu DA tir
0 — 80; Cao néu PA tir 80 - 100.

c. Bién lwong mua (ki hiéu M): Khong mua
(0); Rai rac: M tir 1 dén 2; Nho: M tir 3 dén 50; 16n:
M tir 51 dén 1000.

d. Bién leong may (MA). it néu MA tir 0 dén
20; Nhiu: MA tir 20 dén 30; Rt nhidu néu lugng
may 16n hon 30.

4.2. Dir liéu cho thir nghiém
Dtr liéu duoc tir nam 2013 dén nam 2015,
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thu thap dugc theo ting ngay tu Trung tdm Khi
tuong Thuy van cia tinh Hai duong voi 4 tham sb
chinh: nhiét d9, 46 4m, may va mua véi s6 ban ghi
12 1095. Tét ca dit liéu duoc chia thanh hai phén:
70% dir liéu dung dé hoc (800 ban ghi) va 30% di
lidu dé thir (295 ban ghi).

4.3. Két qua dat dwoc

Sau khi phan tich hé thong va tim hiéu giai
thudt, chiing t61 da xay dung dugc chuong trinh du
béo thoi tiét chay trén méy tinh ca nhan trén hé diéu
hanhWindow 7, vi xir 1y Intel Core i3 - 4170 v&i toc
d6 2.7 GHz, b0 nhé dém 2MB Cache, RAM 2GB.
Chuong trinh dugc viét trén ngon ngir C#. Ching
toi thir nghiém hai phuong phép: dung thuat toan
Bayes (thé hién két qua trén Hinh 3) mang noron lan
truyén ngugc (két qua hién thi trén Hinh 4).

DU BAVESNAVE  NELRALWETWORK  UNGOUNG.

‘Chon thult todn
© ThultlosnBoyes Novi © Thuit ioin mong Nokon
Thing fin thil 63t Thi bl hém ey
Chonng 9 e =
waarn ¥ 3
BaEm%) M < -
e Swe
Wiy & hndy O Mamly O Rlteity ‘]
i . d
— AR
J
Kt qud dy dodn
Nhiét 66 trung binh: 1l 26 dén 32 d6 C , méy Rét nhidu, mua Nhidu

Hinh 3. Dur bdo thoi tiét véi thudt toan Bayes

OVLEV BAYESNAME  NEURALNETWORK (NG DWMG

Chon st ke
e .
Thieg tie thal bt “This it hdn ey
Chonhéng §
waso 3 [one ]
Bodnl) B
Luog min{om) 7
Wy @ kmdy O Ndamdy © REnhRu
ada J e
[ s
Kt qus dy dode
Nhiét dd: Nhit 64 Tung binh o 25 dén 35 d4 C, méy rit nhiu, mua nhé

Hinh 4. D béo thoi tiét véi mang no ron Lan truyén
nguoc

4.4. Panh gia két qua
Két qua dy bao nhiét do béng mang no ron
lan truyén nguoc va thudt toan Naive Bayes thu
dugc tir thir nghiém mot sé ngay trong nam 2016.
Trong pham vi bai bao chung téi danh gia
Kkét qua cho nhiét do (Vé luong may, mua cling cho
nhiing gia tri tuong tu).
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Trong Hinh 5: ving nhiét dg, ving nhlet do
cao 0 trén va vung nhiét do thap & dudi. O mdi ving
¢6 3 duong 1a nhiét do thuc té, nhiét do du bao cua
mang noron, nhiét do du bao cua mang noron nhan
tao. Trong chuong trinh nhung ngay khac cling co
thé duoc du bao tuy theo nhu cau nguoi dung.
Bang 1. So sanh két qua dir bdo ciia mang noron lan

truyén ngwoc va va thudt todn Naive Bayes

TT| Thang Két | Phuwong | Thuit
qua ) phap toan

thuc te | ANN Naive

Bayes

1 |02/01/2016 | 16-23 14-20 12-22
2 | 02/02/2016 | 9-16 8-18 10-16
3 | 05/03/2016 | 17-24 15-25 17-23
4 | 06/04/2016 | 23-28 20-30 22-28
5 | 06/05/2016 | 26-35 24-34 26-32
6 | 06/06/2016 | 27-36 26-36 28-34
7 106/07/2016 | 26-30 | 23-33 25-31
8 | 16/08/2016 | 24-33 24-34 26-32
9 |16/09/2016 | 26-35 26-32 26-32

Biéu db so sanh nhiét d6 thyc t& véi PP dy bao
mang noron nhén tao va thuét toan Naive Bayes

1 2 3 4 5 6 7 8 9

=&—T thyc té thip —8—T thyc té cao —8—T ANN thip

~@—TANNcao  =@=TBayesthip =—@=T Bayescao

Hinh 5. So sdnh két qua dw bdo ciia mang noron lan
truyén nguoc va va thudt toan Bayes

5. Két luan

Pong gop cua bai bao 1a thu nghiém du bao
nhi¢t do tinh Hai Duong st dung thuat toan lan
truyén nguoc sai sd va thuat toan Bayes cho mot vai
két qua kha quan, nhung d6 phtc tap kha 16n. Tuy
nhién, néu thu thap dwoc thém dit liéu diy da nhu
hudng gio, tde do giob, ap sudt... thi muc do du bao
s& phong phii hon. Cac tham s6 nhu may, mua ciing
hoan toan co thé s6 hoa va cho két qua nhu nhiét do
(trong pham vi gii han ctia khuén kho bai bao va
tap chi, chung t6i chi minh hoa mdt tham sé)

Heé théng co thé d& dang cai dat va s dung
dua trén may tinh ca nhan, c6 téc du bao nhanh.
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Huwéng nghién ciru tiép theo: Cac phuong
phap lai khac cho bai toan du bao thoi tiét khong
chi cho tinh Hai Duong ma cho céc ving mién khac
nhu: lai giai thuat di truyén-Noron-Mo, hoc siu

Tai liéu tham khao
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(Deep Learning) ...s& 1a huéng nghién ciru tiép theo.
Mat khéc, nhidu tham sé du bao chua dwoc dé cap
trong bai bao voi khdi lwong tinh toan 16n ciing s&
du kién thir nghiém trén cac may tinh 16n.
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WEATHER FORECASTING USING ARTIFICIAL NEURAL NETWORK
AND BAYES ALGORITHM

Abstract:

In this paper, we use two algorithms in machine learning: Back Propagation Neural Networks and
Bayes algorithm for weather forecasting in the Hai Duong province. Data for the forecasting are acquired
from the AccWeather on the period time 2013-2015 years (in every day) in which for the learing (include
70% total data) and for the testing (include 30% total data). We received some positive results in the
temperature forecasting. The comparison of two forecasting results between Back Propagation and Bayes

algorithm is proposed.

Keywords: Artificial Neural Network, Forecast, Back Propagation algorithm, Bayes algorithm.
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