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TOM TAT
Trong thoi gian gan day, cdc thudt toan mdy hoc dwoc g dung rong rdi cho viéc giai
quyét cdc bai todn dir dodn phire tap trong do c6 dw bdo thoi tiét. Véi nhitng wu diém vuot
troi nhuw tinh linh hoat, do chinh xac cao, da dang vé ung dung, xu Iy dir liéu co tinh bién
dong theo thoi gian, cdc thudt todn mdy hoc mang tinh khdch quan va dap iing dwoc nhiéu
yéu cau cia thuec tién hon so véi cdc phwong phép triede day. Muc dich nghién ciru ma tac gia
muon hwong dén la thiét ké hé tho”hg dw bdo mwa dwa trén mang norvon nhan tao két hop voi
mang cam bién khéng ddy. Mang noron nhdn tao sé xir Iy cdc thong s6 méi truong dwoc thu
thap tw mang cam bién dé dwa ra du bdo vé su kién mua. M6 hinh mang novon sé€ dwoc xay
dung va lwa chon cac thong 56 phu hop bc%ng cac sai s6 dy dodn. Hiéu sudt cia hé thdng du
bdo thoi tiét véi mé hinh mang novon da xdy dung sé dugc kiém chbi"ng thong qua qua trinh
thwe nghiém voi lwong dir liéu dwoc thu thap tir thuc té. Hé thong cé thé cdp nhdt lién tuc cdc
thong so moi truong tai nhiéu dia diém. Co s¢ dir liéu sé luén dwoc cdp nhdt lién tuc véi cdc
thong s6 dwoc thu thap theo thoi gian thuc va da dang vi dir liéu sé dwoc thu thdp tai nhiéu
dia diém ldp dat cac mit cam bién trong mot khu vue 16m trién khai mang cam bién khéng ddy
dé tang thém do tin cdy cho két qua dir bdo. Pong thoi, co sé div liéu ciing sé duea trén nhing
théng sé dwoc ldy tir cac website lwu triv lich sir thoi tiét lam co s6 cho tap hudn luyén cua mo
hinh hé théng. Ngodi ra, két qua dy bdo ciia hé thong sé su kién thoi tiét sdp tGi theo mé hinh
phan loai (mwa hay khong muwa) thay vi cac thong s6 thoi tiét, nhr vy sé de dang hon cho
nguoi dung hodc cac hé thong tw déng vi néu két qua dw bdo la cdc théng sé thoi tiét thi ta
phdi phdn tich cdac théng s6 dy dodn ndy sau d6 méi cé thé giri dén ngwoi ding. Véi két qua
dir bdo 1a sy kién mwa ma tac gia dang hidng dén, tir phia ngueoi dimg hay cdc hé thong tw
dong cé thé dwa ra quyét dinh thiee thi hay khéng cdc tac vu nhw tudi tiéu, phun swong, ... dé
dam bao nong san trong cac ung dung nong nghiép chinh.

Tir khéa: Mang than kinh nhdn tao; Mang cam bién khéng ddy; Mdy hoc; Dy bdo thoi tiét;
nong nghiép thong minh.

ABSTRACT

In recent times, machine learning algorithms are widely applied to solve complex
nonlinear problems including weather forecasting. With outstanding advantages such as
flexibility, high accuracy, variety of applications, data processing with time fluctuations,
machine learning algorithms are objective and meet many practical requirements than the
previous methods. The research aims to design a rain forecasting system based on artificial
neural networks combined with wireless sensor networks. The neural network processes the
environmental parameters collected from the sensor network to make the rain event forecast. A
neural network model will be built and selected suitable parameters based on prediction errors.
Predictive error is the difference between the real value and the forecasted value to assess the
quality or suitability of the forecasting model. The performance of the weather forecasting
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system with the built neural network model will be verified through an experimental process
with the amount of data collected from reality. The system can continuously update the
environmental parameters in many locations. The database will always be constantly updated
with various real-time and diverse parameters as data will be collected at multiple sensor
nodes installed in a large network deployment area to added reliability for forecast results. At
the same time, the database will also be based on parameters taken from weather history
storage websites as the basis for the training set of the system model. In addition, the forecast
results of the system will be of upcoming weather events according to the classification model
(rain or no rain) instead of weather parameters, so it will be easier for users or systems to
make a decision because if the forecast results are weather parameters, we have to analyze
these predictive parameters before sending them to the user. From the user side, the automated
systems can make decisions based on forecasting the rain event whether to execute tasks such

as irrigation or misting and assurance of agro-products in agricultural applications.

Keywords:
Forecasting, smart agriculture.

1. TONG QUAN

Ngay nay, san xuat ndéng nghiép ¢ Viét
Nam van phu thugc rat nhiéu vao thoi tiét. Sy
thay d6i that thudng ctia cac yéu t6 thoi tiét
s€ anh huodng truc tiép dén hoat dong san
xuat nong nghiép, nhat 1a tréng trot. Vay nén
néu nhiing thay doi thoi tiét c6 thé duoc du
doan v61 do chinh xac dang tin cdy thi ching
ta co thé sir dung nhitng dy doan nay dé giup
ngudi néng dan cling nhu cac hé thong nong
nghiép tu dong dua ra quyét dinh diéu chinh
phu hop gitp cho san phe;lm’ noéng nghiép

ludn & trong mdi truong tot nhat dé phat trién,

cling nhu tranh dugc anh hudéng hoac giam
thiéu thiét hai tir thoi tiét xau [1].

Mic du khoa hoc du bao thoi tiét ra doi
dd ra doi tir rit lau nhung hién nay chat
lugng cong tic du bao thoi tiét van dang
khong ngirng dugc cac nha khoa hoc nghién
clru va cai thién. C6 rat nhiéu phuong phap
dang dugc trién khai hién nay. Céac thuat toan
may hoc dang dugc sir dung rong rai dé giai
quyét cac bai toan dy doan & khip noi trén
thé giéi. Puoc biét dén va ung dung nhiéu
phai ké dén nhimg thuat toan nhu Neural
Network, Support Vector Machine (SVM),
Naive Bayes, Linear Regression v.v. [2].
Trong d6 thuat toan Neural Network dang
duoc sir dung rat phd bién trong du doan 6
nhiém méi truong, du doan thoi tiét, du doan
mdi truong gay hai cho ciy trong, v.v. [3-7].

Neural Network;, Wireless Sensor Network;, Machine Learning; Weather

C6 réat nhiéu nghién ctru dd khai thac vé van
de nay va cho chung ta thiy duoc su da dang
vé tung dung cua cac thuat toan dé giai quyét
cac bai toan trong thuc té.

Ref. [8] cho chung ta thiy duoc sy hiéu
qua ciia mang cam bién va méay hoc dé xir 1y
nhirng thong tin, thyc hién du dodn. Ngoai ra,
nhimg nghién ctru sau day cling da dé cap rat
nhiéu dén sy két hop cia mang cam bién
khong day va cac mo hinh may hoc [9-12].

Bén canh d6, nhitng nghién ctu vé dy
doan dugc st dung rat nhiéu trong van dé
thién tai, 1{i lut. C6 thé ké dén mot vai dé tai
da sir dung mang cam bién két hop véi mo
hinh Neural Network dé giai quyét bai toan
du béo 1 lut, thién tai [13-17]. Ngoai nhiing
ung dung vé dyu bao 1d lut, du bao nhitng
thong s6 thoi tiét hang ngay trong thoi gian
gan v&i md hinh mang Neural Network ciing
da duoc ap dung tir rat lau nhu Ref [18-19].
Ngoai nhimng tmg dung vé dy béo, cac thuét
todn may hoc con co thé su dung dé loc dir
lidu va giam thiéu dir liéu luu trir khong can
thiét [20].

Thuét toan may hoc dang dugc img dung
dé xir 1y rat nhiéu van dé trong thyc té véi
nhiéu linh vuc khac nhau. Bén canh do, céc
nghién ctru trén vé du bao da phan déu su
dung co s¢ dir liéu dugc léy tir cac website
luu trit lich sir thoi tiét tir nhiéu nam vé trude
va két qua du bao tir hé thdng ma cac nghién
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ciru nay xay dung la cac thong 5O thoi tiét
(nhiét d6, d6 4m, téc do gio, s gio ning ...).
Xay dung he thong co thé cap nhat lién tuc
cac thong s6 moi truong tai nhiéu dia diém 1a
can thiét. Co s¢ dit lidu s& ludén duoge cap
nhat lién tuc véi cac thong sé duoc thu thap
theo thoi gian thuc va da dang vi dir li¢u s€
dugc thu thap tai nhiéu dia diém lép dat cac
nGt cam bién trong mdt khu vuc 16n trién
khai mang cam bién khong day. Ngoai ra, két
qua dyu bao cua hé théng sé& su kién thoi tiét
sap t61 theo m6 hinh phén loai (mua hay
khong mua) thay vi cac thong s6 thoi tiét.
Nhu vay s& dé dang hon cho nguoi dung
hodc cac h¢ thong tur dong vi néu két qua dy
béo 1a cac thong so thoi tiét thi hé thong phai
phan tich cac thong s6 du doan nay sau dé
méi c6 thé giri dén ngudi dung. Véi két qua
du bédo 1a sy kién mua ma nghién ctru dang
hudng dén, tir phia nguoi dung hay cac hé
thong tu dong co thé dua ra quyét dinh thuc
thi hay khong cac tdc vu nhu tudi tiéu, phun
suong, ... dé dam bao ndéng san trong cac ng
dung ndng nghi¢p.

He¢ thdng du bao mua ma tac gia dé xuat
bao gdbm mat thiét bi c6 thé cap nhat dir liéu
moi truong theo thoi gian thyc va mot thuat
todn may hoc dé du doan su kién mua trong
tuong lai. Cac dit liéu méi truong bao gom
nhiét do, do 4m s& duoc thu thap tr xa sau do
xtr 1y trén may tinh. M6 hinh may hoc Neural
Network cung vo1  thuat toan Back
Propagation s& duoc trién khai dé xu 1y dir
liéu moi truong, tir d6 s€ dua ra du doadn sy
kién mura vao ngay tiép theo. Vi su kién da
duoc du doan s& 1a co s& dé dua ra nhiing
quyét dinh tirc tho1 mdt cach thuan tién trong
nhiéu linh vyc nhu nong nghiép (diéu khién
tudi tiéu, bon phéan, didu chinh nhiét do),
cong nghiép (diéu khién dong co, van hanh
hé théng 1am mat), v.v. Bén canh d6, nhiing
danh gia vé hiéu qua khi 4p dung mé hinh
Neural Network vao hé théng du bao va hiéu
nang cua mo hinh nay so voi cdc md hinh
thuét toan du doan pho bién khac nhu: SVM,
Logistic Regression, Naive Bayes, v.v. cling
s& duoc thé hién.

Nghién ctru thuc hién mot he théng du
béo thoi tiét véi do chinh xac cao, cung cp
mot cong cu hiru hi€u cho nong dan va céc
hé théng nong nghiép ty dong dé giam thiéu
cac tac dong ti€u cuc tu thoi tiét voi méi
truong phat trién san phim nong nghiép.

2. COSOLY  THUYET

Hé théng thu thap va phan tich dir lidu
bao gdbm mang cam bién khong day ding dé
thu thap dir liéu sir dung chuén truyén di liéu
khong day Zigbee duoc dé cap muc 2.1 va 2.2.
Mang than kinh nhan tao xir 1y dit liéu va dua
ra quyét dinh dy bao dugc phan tich muc 2.3.

2.1 Mang cim bién khong day

Mang cam bién khoéng diy 1a hé thong
cac nut cam bién két ndi voi nhau bang song
vO tuyén va tir ¢6 hinh thanh mot mang luéi
lién két, trong d6 cac nat nay thuong 1a cac
thiét bi nho gon, gia thanh thip va co kha
nang thu thap cac thong sé moi truong xung
quanh khu vyc lap dit. Cac diém cam bién
nay dugc lip dit s6 luong 16n va phan bd
mot cach khong c6 hé théng trén mot dién
tich rong, co thoi gian hoat dong lau dai va
sir dung ngudn nang lugng han ché [21].

Mot nat cam bién duge cdu tao boi 4
thanh phan co ban sau : bo xu 1y, bo cam
blen bd thu phat khong ddy va ngudn cung
cap. Tuy theo muc dich ing dung, nit cam
bién con co6 thé co cac thanh phan bo sung
nhu hé théng dinh vi va thiét bi di dong [22].

2.2 Cong nghé¢ truyén thong khong day
Zigbee

Cong nghé¢ ZigBee duoc xdy dung dua
trén tiéu chuan 802.15.4 cua t6 chuc IEEE.
Tiéu chuén 802.15.4 nay st dung tin hiu
radio ¢ tin song ngan [23]. Muyc ti€u cua
cong nghé ZigBee 1a nhiam t&i viée truyén tin
vo1 muce tiéu hao nidng luogng nhd va cong
suat thip cho nhitng thiét bi chi c6 thoi gian
hoat dong tir vai thang dén vali nam ma
khong yéu cau cao vé toc do truyén tin [24].

2.3 Mang than kinh nhan tao

Mang than kinh nhan tao (Artificial
Neural Network) 1& m6 hinh xtr 1y thong tin
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dugc mé phong dua trén hoat dong cua hé
théng than kinh cua sinh vat, bao gém $6
luong 16n cac Neuron duoc gin két dé xu 1y
thong tin va két ndi voi nhau théng qua cac
lién két (goi 1a trong sb lién két), lam viéc
nhu mot thé thdng nhat dé giai quyét mot vin
dé cu thé nao do6 [25-26].

Mang noron nhan tao 1a hé théng bao
gdm nhiéu noron nhén tao két hop vé6i nhau.
M3i noron ¢6 céc dic tinh dau vao, dau ra va
thuc hién mét sd chirc nang tinh todn cuc bd.
Mang noron c6 kha nang hoc, khai quat hoa
tap dir liéu hoc thong qua viéc gan va hiéu
chinh céc trong s lién két [27-29].

3. THIET KE HE THONG
3.1 Tong quan hé thong

Céc dir liéu thoi tiét dé cap nhat cho tap
dir liéu dau vao cta mo hinh dugc do ludong
truc tiép béng cic cam bién nhiét do, do Am.
Tuy nhién, & cac vi tri khac nhau thi thong sb
thoi tiét s& c6 su thay ddi nhat dinh, vi vay
nhiéu nat cam bién

Weather forecasting system Thiét b diéu khién

Server Maybom [ oo

Suong

é’j._’

Quat Hut

17 n

Sensor Processin Controller
n nhié .

node gunit
3 4
&

Enviroment Reality

Hinh 1. So do hogt dong cua hé théng duoc
dat o nhiéu vi tri khdac nhau .

Hinh 1 trinh bay so d hoat dong ciia hé
thong thu thap va xur 1y dit diéu. Cac thong sb
nhiét d6, d6 4m coa ting nut cam bién s€
dugc gii dén bo xir 1y trung tm, viéc truyén
nhan dir liéu s€ théng qua thiét bj phan clng
c6 thé giao tiép theo chuan khong day véi
khoang céach phu hop. B xur 1y trung tam s&
dua dir liéu dén may chil — noi thuc hién quéa
trinh huén luyén ciia thuat toan lan truyén
nguoc. Dit liéu trén may chu sé& 14 dau vao cua

mo hinh mang noron truyén thiang nhiéu 16p.
Sau khi huan luyén, két qua dau ra cua mod
hinh chinh la két qua du bao su kién mua.

3.2 So' d6 phan cing hé théng va luu dd
hoat dong
~ So dd chi tiét h¢ thong phin cimg s&
gom cac khoi dugc thé hién & hinh sau:

MAY CHU

ZIGBEE UART WIFI
KHOI CAM ‘

BIEN KHOI KHOI XU LY
TRUYEN TRUNG TAM
NGt CB 1 NHAN DU
chs 2 LIEL T
KHOI NGUON Q

Hinh 2. So do phd‘n citng hé thong

KHIEN

KHOI BIEU

Chtc ning thanh phan cia hé théng
duogc trinh bay trong hinh 2:

Khoi nguon c6 chlic nang cung cap
nguodn cho tat ca cdc mach trong h¢ thong.

Khéi xur ly trung tam s€ lién lac gilra
kh01 truyén nhan dir liéu théng qua chuan
truyén thong UART va véi may chil thong
qua WiFi. Tép hop cac gia tri thu thap dugc
tir cam bién sau d6 1an luot gui vé may chi.
Dong thoi, khdi trung tim ciing s& giri tin
hiéu dén khéi diéu khién sau khi may chu
dua ra du doan.

Khéi truyén nhdn nhdan dir liéu 13 mot
tram trung gian dé nhan dir lidu tir cac nut
cam bién ciling nhu truyén dit liéu dén khoi
xur ly trung tam.

Nuit cam bién c6 chitc nang thu thap cac
gi tri nhiét d6, 6 4m khong khi & nhiéu khu
vuc khac nhau.

May chu xtt 1y cac dit liéu nhan tir khéi
xur 1y trung tim va dua téi dau vao ctia mo
hinh thuat toan du doan va huan luyén mé
hinh duya trén nhing dir liéu duoc cung cap.
Pong thoi dua ra két qua du doan sau khi
hoan thanh huin luyén mé hinh.

Khoi diéu khién s& nhan tin hiéu tir khoi
xtr 1y trung tAm dé thuc thi dong ma cac thiét
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bi sau khi thuét toan dua ra két qua du bao vé
su kién mua sap toi.

Luu dd cua hé thdng s& gdbm cac budc
dugc thé hién nhu hinh 3.

Hinh 3. Luu d6 hé thong

3.3 Xay dung mo hinh du bao

Céac budc xdy dung modt mang Neuron
bao gom:
Budc 1: Chuan héa dit liéu dau vao va phan
chia tap dir ligu.
Budc 2: Thiét ké cu triic mang
Budc 3: Khoi tao gia tri ngau nhién cho trong
sO.
Budc 4: Thuc hién giai doan lan truyén tién
di qua toan bd cac 16p cua mang.
Budc 5: Tinh sai s trén bd hoc & dau ra va
quyet dinh xem c6 hoc tiép hay khong, néu
hoc tiép thi chuyén dén budc 5 néu khong thi
dung vong lap.
Budc 6: Tinh sai so trén timg nit ctia mdi 16p
dé cap nhat trong so va ti€p tuc 1ap lai bude 3.

Hinh 4 duéi day la cdu tric ciia mang
noron truyén thang véi 3 16p (1 16p vao, 1
16p an, 1 16p ra) sau khi da lya chon:

LGP DAU VAO LGP DAU RA

LOP AN

Noron
1: Nhigt
4 TL

Noron 2

Hinh 4. M6 hinh Neural Network thyc nghiém
3.4 Huén luyén mé hinh mang

Luu d6 hudn luyén mo hinh mang
neuron dugc trinh bay trong hinh 5.

Hinh 5. Luu d6 hudn luyén Neural Network

Tap dir li¢u ban dau dugce chia thanh 2 tap
dir liéu thanh phan, bd dir liéu thir nhat ding
lam dix liéu dau vao cho bai toan du bao, bd
dit liéu tht hai dung dé kiém tra két qua cua
phuong phap dy bdo. Trong bai toan du bao
su dung mang noron nhan tao, bg s6 liéu thir
nhét s& duge dua vao mang dé huan luyén.
Sau mdi lan lap cua qua trinh huén luyén,
mang s& luu lai ma trén trong sé va dbi chiéu
sai sO clia mang véi sai sb cho phép ban dau.
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Két qua cua qua trinh huén luyén 1a mé hinh
mang di dugc huén luyén voi tap dir liéu
chinh 13 ma trin trong s6 c6 sai s6 nho nhat.

4. THUC NGHIEM VA PANH GIA
4.1 Tién xir Iy di liéu

Dit liéu can thiét dé lam dau vao cho mo
hinh du doan la nhiét d6: don vi l1a °C va do
4m khong khi: don vi 1a %. Dé két qua du
doan c6 do tin cdy cao tac gia s€ su dung hai
ngudn dir lidu dé xdy dung co sé dit liéu cho
mod hinh mang huén luyén. Bén canh dir li¢u
tr cac website luu trit lich st thoi tiét. Co s&
dir liéu cling s€ dugc cdp nhat lién tuc vdi cac
di liéu dugc thu thap theo thoi gian thuc tir
cic nat cam bién duoc trién khai md hinh
mang cam bién khong day.

Hai nit cam bién s& duogc dit & 2 khu
vuc cach xa nhau khoang 500m va thu thap
dir liéu lién tuc voi thoi gian cach nhau 1a 5
phut giita cac lan do, sau d6 giri dén khoi xir
1y trung tam, dir lidu tai day sé dugc luu triv
Ién mdy chu dudi dang file json nhu dugc
trinh bay trong hinh 6 va sin sang dé dua dén
dau vao ctia mo hinh huan luyén dy bo.

"SMART-82828327F5_humi”, "Humi": o {TTime": "18:44: 8", "Hame"

Hinh 6. Thong s6 thoi tletjsonfle
Ngoai ra, dit liéu nhiét d6 va do am
khong khi trén website du bao thoi tiét tai
thanh phé H6 Chi Minh ciing s& 1a dau vao
ctia md hinh huén luyén du bdo. Cac dir li€u
nay duoc thu thap véi thot gian cach nhau la

1 tiéng va duoc luu dudi dang file csv trong
hinh 7.

A B C
Ho Chi Minh City Ho Chi Minh City
Nhigt dé (°C) D am khdng khi (%)
28.453207°C 76%

27.983208°C 8%

27.563208 °C 80%

27.183207°C 8%

26.893208 °C 82%

26.793207°C 83%

27.013206 °C 82%

28.593206 °C 5%

30.423206 °C 67%

31.723207°C 62%

31013206 °C 64%

30.993208 °C 63%

31.043207°C 62%

31.013206 °C 63%

30.963207 °C 63%

30.803207°C 64%

1 |Piadiém

2 |Thivi gian I3y mu (mm/dd/yy hour)
3 5/24/200:00
4 [5/24/201:00
5 5/24/202:00
6 5/24/203:00
7 |s/24/204:00
8 [5/24/205:00
9 5/24/206:00
10 5/24/20 7:00
11/5/24/208:00
12 |5/24/209:00
13 5/24/2010:00
14 |5/24/2011:00
15 |5/24/20 12:00
16 5/24/2013:00
17 |5/24/20 14:00
18 |5/24/2015:00

Hinh 7. Théng so thoi tiét csv file

Céc gia tri ctia hai thong s ndy twong
ddi chénh 1éch nhau. Su chénh léch nay yéu
cau phai chuan hoa dir liéu dau vao dé céac
thong sb dau vao cta mang c6 vai trd nhu
nhau va ching anh hudng dén két qua dau ra
& mirc d6 nhat dinh.

4.2 Luwa chon dir liéu

Céac dir liéu nhiét do, d6 am sé& duogc chia
thanh 2 tap dit liéu bao gdm Training dataset
va Testing dataset nhu duoc biéu dién trong
Bang 1. Training dataset dung dé lam dau
vao dé thyc thi thuat toan huan luyén md
hinh mang. Testing dataset ding dé danh gia
d6 chinh x4c cia mo hinh mang sau khi huan
luyén

Bdng 1. Bang phan chia da ligu huan luyén
va kiem the

Dataset Training Testing dataset
dataset

Website 5000 data 2000 data
(70%) (30%)

Sensor 65000 data 28000 data
(70%) (30%)

Hai tap dir liéu nay s€ tap hop cac dir
liéu duoc 1ay tir 2 ngudn sau:

Dt liéu nhiét 3o, do ﬁm tr co' SO dfl”liél‘l
trén website du bao thoi tiét tai thanh pho H6
Chi Minh (tr Oh 1/4/2020 dén Oh 1/9/2020)
va luu trit @ may chu dudi dang file csv.

) Dt liéu nhiét 3o, dd Am tUr cAc nat cam
bién dugc thu thap tai cac khu vuc dat nat
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cam bién (tir Oh 20/4/2020 dén Oh 25/7/2020)
va luu trir trén may chu dudi dang file json.

4.3 Thuwe nghiém thuat toan

Tap du liéu training dataset & bang 1 s€
duoc chia thanh cac mang dir liéu. Mi tap sé&
¢6 1000 dit liéu nhiét do, d6 4m & 500 thoi
diém khac nhau va s& duoc phan chia vao 2
nhom trén. Céc tap dir li€u nady s€ lan luot
dugc dua vao dé huén luyén cho mang bao
gdm 70 tap dit lidu dé ting kha ning hoc cua
mang v6i nhiéu trudng hop thoi tiét khac
nhau.

Dau ra mong mudn ciia mé hinh nay 13 0
(khong mua) va 1 (c6 mua) s€ duge so sanh
v6i dau ra huén luyén cua ‘mo hinh sau m01
vong lap dé tinh toan sai s6 ctia mang & mdi
lan lap. Sai sb ham 15i va dau ra huan luyén
s& dugc cap nhat sau mdi vong lip huin
luyén khi ma tran trong sb da duoc thay ddi &
lan 1ap trude. Ma tran trong sb s& dugc khoi
tao ngﬁu nhién & lan lap dAu tién.

Bdng 2. Hudn luyén mo hinh mang véi so
noron l6p an khac nhau

S6 liéu ciia S6 liéu du bao tng véi s6 lwgng noron 16p 4n
mo hinh

mang 10 50 100 200 500
Diauramé |0.988663 |0.988876 | 0.988851 | 0.988048 | 0.987697
hinh (rain 09 55 99 23 83
node)

Dauramé [0.013191]0.012658 [ 0.012153 | 0.012960 | 0.013509
hinh (no rain 32 71 56 3 66
node)

Sai 50 ham 0.048 0.047 0.046 0.049 0.05
mat mdt

Sai s6 MSE | 0.000102 | 0.000096 | 0.000093 | 0.000105 | 0.000112
Sai s6 MAE | 0.0101 | 0.0098 | 0.0096 | 0.0102 | 0.0106
Sai s6 RMSE | 0.0101 | 0.0098 | 0.0097 | 0.0103 | 0.0106

Thuc nghiém trong bang 2 cho thay, s6
noron 16p an la 100 noron dy bao t6t nhat voi
sai s6 thap nhét trén ca 3 phuong phap danh
gia sai s6 MSE, RMSE va MAE. Trong 3
phuong phap trén thi phuong phép tinh sai s6
MSE cho sai s6 thip nhét. Tir bang 2, ta thy
néu sé lugng noron 16p 4n qua it hodc qua
nhiéu thi mang s& cho d¢ chinh xac khong
cao. Pic biét sd lugng noron 16p an qua l6n
thi sai s6 giam khong dang ké va qua trinh

hoc s€ dién ra 1au hon dan dén viéc ti€u ton
tai nguyén phan cung.

Vi két qua trén, ta thuc hién huén luyén
mo hinh 100 noron 4n véi 100 vong lap dé
quan sat dugc qua trinh hudn luyén ciia mang.
Dong thoi theo ddi két qua & ting lan lap dé
danh gia qua trinh hoc.

Cross Entropy Loss Training

—— Lloss

2.5

1.0 4

0.5 4

0.0 4

Hinh 8. Ham mdt méat Cross Entropy véi 100
vong lap

Véi két qua & hinh 8, ta c6 thé thy ham
mit mat giam tr 2.77287201 xudng
0.05124195 sau 100 lan lip cta qué trinh
huén luyén. Him mat mat ctia mo hinh dang
dan tién dén cuc tiéu 1y tuong 1a 0 qua céac
1an 1ap huén luyén.

Véi dau ra dy doan 1y tuong cia nat ra
dy doédn mua la 1 va nat ra du doan khong
mua 13 0. Sau 100 1an 13p cia qué trinh hudn
luyén, ta thiy dau ra ciia mang giam tir 0.518
xubng 0.013 véi nit dau ra du doan khong
mua va tang tir 0.519 1én 0.987 véi nut dau ra
du doan c6 mua. Voi két qua ¢ hinh 9, ta co
thé thdy cac nut ddu ra ciia mang dang tién
dan dén du doan 1y tuong sau mdi vong lap
huén luyén.

Qutput Node Training

109 — Raining output

—— No Rainning output

0.8

Output Value

0.2

0.0 4

Epoch
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Hinh 9. Bau ra mé hinh véi 100 vong lip
4.4 Kiém thir thuit toan

Tap dir liéu testing dataset s€¢ dugc chia
thanh 30 tip test vi mdi tap test 1a 1000 dit
liéu nhiét do va d6 am & 500 thoi diém khac
nhau. Ta s& thuc hién 30 1an kiém thu tuong
mg v6i 30 tap test ndy bang moé hinh mang
d3 duoc huin luyén dé danh gia kha nang du
doan ctia mang sau khi da huén luyén.

Bdng 3. Kiém thir véi tap dir lidu testing

dataset
Confusion Predict: Predict:
matrix No Yes
Actual: No 13 0
Actual: Yes 3 14

Véi bang 3, ta ¢6 27 lan du doan ding
trén tong s6 30 lan kiém thir. Trong d6, 13
dai dién cho sb 1an dy doéan ding rﬁng mua
s& khong xay ra va 14 1a s6 du doan dung
rr:ing mua s€ xay ra. Nguoc lai, ta c6 3 du
doan sai trén tong s6 30 lan kiém thir. Trong
d6, 3 1a s6 lan dy doan khong mua nhung
thuc t& 1a mua da xay ra va 0 1a sd lan dy
doan c6 mua nhung thuc té 13 mua da khong
Xay ra.

4.5 So sanh thuat toan

Dé chimg minh tinh hiéu qua cta thuat
toan lan truyén nguoc voi mo hinh mang
noron nhiéu 16p, tac gia tién hanh huan luyén
va kiém thir so sanh vé&i cc thuét toan khac
nhu Naive Bayes, Support Vector Machine,
K — Nearest Neighbor, Decision Tree,
Random Forest, Loglstlc Regressmn [2] voi
cung tap dir liéu huan luyén. Két qua danh
gia so sanh dugc trinh bay trong Bang 4 vdi
so sanh thoi gian hudn luyén va Bang 5 véi
phan trim do chinh xac.

Bing 4. Thoi gian hudn luyén cia cdc thudt

tfodn
Algorithm Training time
(s)
Neural Network 0.57
Naive Bayes 0.007

Support Vector Machine 0.005
K — Nearest Neighbor 0.003
Decision Tree 0.008
Random Forest 0.028
Logistic Regression 0.048

So sanh két qua do chinh xac cua céc
thudt toan & bang 5 v6i thoi gian huén luyén
& bang 4, ta c6 thé thdy rang cac thuat toan
c6 thoi gian huén luyén dai s& cho két qua du
doén tot hon so v&i cac md hinh thuét toan cd
thoi gian huan luyén ngin. Mo hinh thuat
toan Neural Network voi thoi gian huén
luyén la 0.57 gidy tuong Umg v6i do chinh
xac 1a 90%. Ké tiép 1a Logistic Regression
véi 0.048 tuong ung véi 86.6%. Céc thuat
toan Naive Bayes, SVM, KNN, Decision
Tree co ti 1& thip hon, dao dong tir 76.6%
dén 83.3% nhung c6 thoi gian huan luyén
ngan hon so v6i 2 mo hinh thuat toan trudc,
dao dong tir 0.003 — 0.008 gidy. Piéu nay cho
ta thdy rang thoi gian huan luyén mo hinh s&
ty 1€ nghich véi d§ chinh xac ctia md hinh
thuat toan.

Bdng 5. Phdn tram duw dodn ciia cac thudt toan

Algorithm Accuracy (%)
Neural Network 90
Naive Bayes 76.6

Support Vector Machine 80

K — Nearest Neighbor 76.6

Decision Tree 83.3
Random Forest 60

Logistic Regression 86.6

Tuy nhién, m6 hinh thudt todn Random
Forest c6 thoi gian huin luyén lau hon cic
thuadt toan Naive Bayes, SVM, KNN,
Decision Tree nhung do chinh xac du doan
lai kha thip véi 60%. Didu nay chimg to
Random Forest chua huan luyén hiéu qua véi
cac thong s6 da chon hodc mo hinh nay chua
thich hop dé xt 1y cac thong sb dir liéu vé
thoi tiét.
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5. KET LUAN

Trong bai bdo nay, tic gia da xay dung
mo6t mo hinh thu thip dir liéu 6n dinh, tiéu
tén it nang lugng, cac diém thu thap hoat
dong o nhiéu khu vuc khac nhau. Céc thuc
nghiém cho théy, néu nhu duge huin luyén
tdt trén tap cac dir li¢u déy du va hoan thién
v6i cac tham s duogc lua chon cén than thi
két qua du bao dat do chinh xac cao t&d1 90%
v61 mo hinh str dung mang neuron so véi cac
mo hinh khac nhu Logistic Regression voéi

86.6%. Cac thuat toan Naive Bgyes, SVM,
KNN, Decision Tree c6 ti 1¢ thap hon, dao
dong tir 76.6% dén 83.3%.
LOI CAM ON

Bii bdo dugc thuc hign voi su hd tro
kinh phi tor du an s6: T2020-48TD, bdi
Truong Pai hoc Su pham Ky thuat TP.HCM,
Viét Nam.
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