128

Nguyén Hiru Phat, Dwong Van Hoan, Ha Khanh Hop

MO HINH DU POAN CAC THAM SO VA KICH BAN RA QUYET PINH
TRONG NGOI NHA THONG MINH SU DUNG MANG NO-RON KET HQP
THUAT TOAN ACTIVE LEZI

MODELING OF PREDICTION AND CONTEXT OF DECISION IN SMARTHOME USING
NEURAL NETWORK COMBINED WITH ACTIVE LEZI ALGORITHM

Nguyén Hiru Phat!, Dwong Vin Hoan!, Hi Khanh Hop?

YTruong Dai hoc Bach khoa Ha Néi; phat.nguyenhuu@hust.edu.vn, hoan.set.hut@gmail.com
286 Khoa hoc va Cong nghé Qudang Ninh; hakhanhhop311087@gmail.com

Toém tat - Trong céac hé théng nha théng minh, nhu cau ty déng hoa
cho ngwoi str dung ngay cang tang. Bai bao thyc hién md hinh dw
doan cac tham sb can glam sat tir ng6i nha dwa trén co s& mang
no-ron nhén tao trong ca ngan han va dai han. Cac mé hinh nay yéu
cau hé tro viéc dua ra quyet dinh nhanh chéng cho nguwdi str dung
thdng qua cac thuat toan huén luyén mang voi tbc do hoi tu cao va
thoi gian huan luyén mang nhd. Vi vay, bai bao thuc hién khao sat
va lya chon ham thuc hién huén luyén di¥ liéu dwa trén cac tiéu chi
vé sai sb phép du doan. Hon nlra, bai bao cling dwa ra mot hwdng
m&i cho van dé& dw doan va diéu khién hanh vi cho ngéi nha théng
minh bang viéc két hop mé hinh mang no-ron va thuat toan Active
Lezi. Cac két qua ctia bai bao chirng minh viéc 4p dung thuat toan
la kha thi va cé tinh (rng dung cao trong twong lai.

Tir khéa - chubi thoi gian; dy doan; mang truyén thang da I&p; md
hinh mang tw ddng hoéi quy phi tuyén; thuat toan Active Lezi.

1. Pit van dé

Mang no-ron nhan tao ra doi da dugc ng dung rong rai
trong xtr 1y cac bai toan phirc tap trong thuc té, dién hinh
nhu trong cac hé théng du béo nhu cac mé hinh dy bao thoi
tiét, mo hinh du bao cac bién dong thi trudng [1]. Trong
gioi han khong gian ngdi nha, viéc biét trude gia tri cac
thong s6 moi truong trong mot khoang thoi gian nhét dinh
giup cho nod tré nén that sy thong minh v6i kha nang ty
dong diéu chinh cac co ché chap hanh. Cac nghién ctru gan
day tap trung vao mé hinh chudi thoi gian, trong d6 pho
bién nhét 1a sir dung mang no-ron truyén thang véi cira so
truot. Trong pham vi bai bao nay, ching t6i gidi thi€u mod
hinh dy doan cac tham sb méi truong thu thap duoc tir
mang cam bién trong nha. Chung t6i trinh bay hai lya chon
cho nguoi sir dung bao gdm (1) mang no-ron truyén thing
da 16p MLP va (2) m6 hinh mang no-ron tu dong hoi quy
phi tuyén NARX. M6 hinh mang thtr nhét nay dwoc biét
dén nhu la mot mang hoc ¢6 giam sat vi né doi hoi mot dau
ra mong mudn dé c6 thé thuc hién viéc hoc. M6 hinh mang
thr hai cho viéc dua ra du bao dai han theo budc nhay theo
chudi thoi gian lién tuc. Ching t6i nhan thiy viéc thuc hién
nhiéu lan thuat toan du doan véi mang no-ron gay tiéu ton
nhleu nang luong va thoi gian hoc. Mat khac, v6i mot sO
mau da duoc tinh toan qua mot s6 1an hoc nhat dinh, ta c6
thé thyc hién bang mot sb phuong phap hoc thong ké it
phte tap hon. Boi vdy chiing toi dé xuat mot hwong maoi
cho viéc dw doan két hop mang no-ron nhdn tgo voi thudt
toan Active-Lezi. Nhu vdy, mé hinh khéi du doan dé xuét
bao gdm 3 phén chinh:

Phan 1: Dy doan tham s trong ngdi nha.

Phan 2: Xay dung cdy su kién ALZ theo mo hinh

Abstract - Automatic ensors/actuator systems are required more
and more by users in smarthome applications. In the paper, we
carry out a short-term and long-term prediction model based on
artificial neural network for several parameters such as
temperature, humility, and light intensity. One of the most important
problems of training the network is to give quick decisions. In order
to implement a network which has a high convergence and a low
training time, a survey of training functions for the neural network
also is carried out. Furthermore, the combination of NARX network
model and Active Lezi algorithm will bring about a new trend of
forecasting and controlling behavior for smarthome applications.
The results show that the application of the algorithm is feasible
and will be more popular in the future.
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Markov bang thuét toan Active-Lezi.

Phan 3: Tinh toan x4c sudt cac sy kién theo thuat toan
PPM.

Sép xép

Xiy dyng ciy ALZ
(M6 hinh Markov)

Tinh xic sulttede sy | |
kign

Hinh 1. M6 hinh dé xudt todn hé thong

—
—-
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2. M6 hinh mang no-ron cho du bao chudi thoi gian
2.1. Mé hinh chuédi thoi gian

Chudi thoi gian 13 tip cac vector tudn tuy vé& mit thoi
gian x(t),t =0,1,..., trong d6 t 1a thoi gian da qua xét
trong mot khoang thoi gian phét ~dinh. Khi d6, vé mat ly
thuyét X 1a cac gia tri duwoc 1ay mau mot cach lién tuc theo
thoi gian nhu nhiét do, do am hay cuong do sang. Mot cach
téng quat, md hinh doi hoi xac dinh 4nh xa F : RN —>R
dé tinh toan mot cach chinh xac gia tri thong s6 X tai thoi
diém t+d tir cac gia tri cua N budce nhay thoi gian trude
d6, nhu sau [2]:

x(t+d) = F(X(t), X(t=1),..., x(t—N +1)) (1)
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Khi d=1, gia tri quan sat & thoi diém t+1 trong chudi
thoi gian nay s€ duoc dai dién boi N gia tri ciia doi tuong
trude do, nhu sau:

X(t+1) = F(x(t), x(t+1),...,x(t—N +1)) (2)
2.2. M6 hinh mang no-ron cho dw bdo chuéi thoi gian

Mang no-ron la mé hinh xur ly dir liéu hiéu qua véi kha
nang ghi nhan va xtr Iy cac quan hé dir liéu vao/ra phuc tap.

Mang no-ron gdm ba phan; 12 16p dau vao, 16p an va 16p
dau ra.

Tién xit Iy dir liéu: Chuan hoa gitip gidi han cac gia tri
dau vao va gia tri myc tiéu sao cho ching nam trong
khoang [0, 1] hodc [-1, 1].

Mé hinh héa mang: Bao gdbm khéi tao cac tham sb, nhur
s6 no-ron 16p dau vao, 16p dau ra, 16p an.

Ham kich hoat cia mt no-ron, hay con goi 1a ham
chuyén, cho biét kha ning kich hoat ctia n6 va cé tac dong
16n dén két qua cia mang. Ham chuyén phi tuyén phd bién
trong mang no-ron la ham tangent va ham sigmoid [3]. Cac
ky thuat huén luyén thyc hién lap di 1ap lai viéc dleu chinh
trong sd, gia tri thién léch (bias) va xac dinh lai to hop 16i
binh phwong trung binh cho dén khi tdi thiéu hoa to hop 15i
nay. Chung ta chia cac k¥ thuat nay lam hai huéng chinh:
nhom cac k¥ thudt phong doén va nhom céac ky thuat t6i uu
hoa tri s6 [4].

Trong bdi bdo nay chiing téi khdo sdt hai kiéu mé hinh
mang do la mang da l6p MLP (Multilayer Perceptron) va
mo hink mang tw déng hoi quy phi tuyén véi dau vao ngoai
sinh NARX (Nonlinear AutoRegressive model with
eXogeneous inputs).

3. Kich ban du doan véi mang no-ron
3.1. Mang truyén thing da lop MLP

Mo hinh mang MLP 1a mé hinh mang no-ron truyén
thang dugc trinh bay trong [5]. Mang MLP véi ba 16p: 16p
dau vao, mot hodc mot vai 16p an, va mot 16p dau ra. Mo
hinh nay c6 hai dic trung [6] 1a: (1) m6 hinh xur 1y str dung
cac phan tir phi tuyén, (2) phan 16n cac két ni ndi xac dinh
mdi quan hé chat ché giira cac 16p.

Gié st mo hinh c6 m no-ron 16p an va n no-ron 16p dau
vao. Ham thé hién mdi quan hé gitra dau ra ctia mang véi
dau vao nhu sau [7]:

y =y(x, w):_Zm‘,[w,. f (_Zn:wij X H ()

Trong d6, wy la cac trong s lién két giita cac no-ron

dau vao véi cac no-ron 16p an, W la trong so lién két cac

no-ron 16p an véi no-ron duy nhat & 16p dau ra. X; la cac
gia tri dau vao. Ham f 1a ham kich hoat ciia cac no-ron
16p 4n, trong md hinh nay chung t6i sir dung ham sigmoid.
3.2. 3.2. M6 hinh di dodn dai hgn sir dung mang no-ron
hoi quy tw dong NARX

Mang no-ron hdi quy duoc st dung dé xdy dyng mo
hinh dy doan gdm c6 thém cac két ndi hoi tiép tir cac no-
ron dau ra t6i 16p dau vao ma di ghi nhé cac gia tri du doan

trude do. Trong truong hop nay, cac tham sé ctia mo hinh
du doan dugc xac dinh d€ toi thi€u hoa loi gay ra boi
khoang [t +1, t+h+1]. Trong d6 h 1a do dai ctia phép

dy doan. Theo d6, md hinh ty dong hoi quy phi tuyén voi
dau vao ngoai sinh NARX duoc cho boi [8]:

x(n—l)}

y(n) = f {X(n_d“)""’ @)

y(n—dy),..., y(n_l)

yo(n+1) yo(n+1)
>

x(n-Du+l)  [{ X(n-Du+1)

y(n-Du+1) (df y(n-Du+1) ‘.;"

| B mjt phan tir tré [ | : La mét phin tir tré

(@) (b)
Hinh 2. M6 hinh NARX sir dung ché dg (a) chudi song song
tuan tw (b) va song song
Trong d6 y(n) va x(n) la dau ra va dau vao ctia mo
hinh mang ndy, f 1a ham phi tuyén can dugc tinh xap xi.

Mang NARX c6 thé duoc sir dung trong hai ché do6 cho
boi hinh 2. Ché d6 thir nhat 1a chudi song song - tuan tu

duoc mo ta boi [8]:
, X(N
( )}. ®)

J(n+1) = 1{x(n d,+1),...
y(n—d, +1),.., y(n)

Trong d6 § va f 1a dau ra ham duoc tinh x4p xi.

Mo hinh thtr hai 1a ché d6 chudi song song. Trong ché
do6 nay, ching t6i sir dung vong l1ap dong dé cac dau ra da
duge du doan s& quay tro lai ddu vao cua mang dé duoc
huén luyén lai. M6 hinh loai nay dugc mo ta bai [8]:

x(n—d, +1),... xA(n—l),} )
y(n—d, +1),..,y(n-1)

M6 hinh nay pht hop cho cac mé hinh bién dbi phi
tuyén, ddc biét 1a cac hé thong bien doi theo chuoi thoi gian
va diéu khién hé thong.

y(n+1) = f{

4. Mb hinh dé xuit
Ho thuat toan Lezi dua trén co so tur dién ma thuc hién
viéc phan tich chuoi dau vao "x;, X,,...., x; ' thanh cac

chudi con c(i): "Wl,Wz,....,Wc(i) "sao cho véi moi j >0,

tién t6 ctia chudi con W j (tit ca cac ky tu trir ky tu cudi
cung) bang chudi con w; v6i 1<i < j.Thuit todn dugc

d8& xuét boi Gopalratnam [11] quan tdm dén viéc chia nhé
1u6ng su kién trong mot day déi tuong dugc quan sat béng
viée xdy dung cidy ALZ. Do s6 lugng trang thai dau vao
cang 16n, thong tin bi mét cang nhanh. Tac gia da dua ra
giai phap st dung cura sO trugt voi mot bién véi chidu dai
clra s0 & mdi trang thai bang d6 dai pha dai nhét k, dugc
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xac dinh trong phan tich LZ78 [11] do can thiét phai xay
dung cdy theo mo6 hinh Markov bac k-1. Thuat toan xay
dung cay ALZ theo md hinh Markov dugc cho bdi hinh 3.
Dé du doan su kién tiép theo chiing ta thuc hién dya trén
co s& thuit todn du doan PPM (Prediction by Partial
Match) [9]. Trong phuong phdp nay thu thap thong tin tir
céac mo hinh bac 1 dén bac k dé gan cho ky tu tiép theo mot
gia tri xac suat. Cira s ALZ dai dién cho tap cac nglr canh
ALZ sir dung dé tinh toan xac suat cua ky tu tiép theo.
Trong mdi pha, cac ngit canh dugc st dung tat ca cac tién
t6 ctia pha ngoai trir chinh cira s6 do.

( £t ad ) Max_LZ_length =
Bit diu length(w.v) —
w :=null
i
YES

Tir dién = null
Cita 6 := null fength(n:v) > \op
Max_LZ_length =0 Max_LZ length

Thém (w.v)
vao tir dién

Thémv vao

YS&{ window([0]

Cap nhét thn sudt cia tAt
cd cde ngit cinh ¢o thé
trong cira s0 ma chira v

!

Hinh 3. Biéu dé dé xudt thudt toan ALZ

5. Cac két qua dat dwoc

Nghién ctru nay mo ta sy so sanh gitta m6 hinh MLP va
NARX, st dung MATLAB. Dit li¢u tir thu thap dugc bao
gém cac tham sb: nhiét do khong khi, nhiét d6 nudc, do
ém va cuong d6 sang. Gia sur, cir 15 phit ta thu thap mot
mau gia tri cho moi tham so nhu vdy trong 10 ngay, di
liéu dau vao gdom c¢6 960 mau véi mdi ddi tugng. Trong do6
st dung 70% dit liéu dé huan luyén 15% con lai lay lam di
lidu thuc té dé danh gia va 15% dé kiém tra. V&i mo hinh
NARX chiing t6i sir dung ddu vao ngoai sinh, vi vdy chung
t6i 1y cac mau ngoai sinh c6 tinh chit theo mua. Néu st
dung tdp mau lay tir 10 ngay thi phin tdp miu trong 10
ngdy tuong mg cua nim trude dugce sir dung nhu dau vao
ngoai sinh ding dé huan luyén. Ngoi nha thong minh dy
doén no-ron két hop st dung thuét toan chudi tuan tu duoc
chia 1am hai giai doan. Giai doan th nhét thuc hién du
doan chudi thoi gian sir dung mang no-ron cho mét khoang
thoi gian nhét dinh. Giai doan thi hai, tap hop cac thong
tin da du doan duoc tai cing mot thoi diém trong ngay dé
thuc hién du doan su kién tiép theo. Trong bai bao nay,
chung t6i dua ra mot s6 tiéu chuin dé quyét dinh lya chon
phuong phap hudn luyén ciing nhu lya chon tham s6 khoi
tao cho cac kich ban huén luyén. Trong do, f,, Y, lan luot

1a két qua du doan va gia tri thuc té do duoc tai thoi diém
t, e =y, - f 1a13i du dodn tai thoi diém t, N 1a kich thudc
tap kiém tra.

L4i tuyét dbi trung binh MAE:

MAE :%Zn:|et|. ™)

t=1

Sai s6 binh phuorng trung binh MSE:
MSE = Ze ®)

tl

So sénh MSE hai md hinh MLP va NARX

So sénh MAE hai mé hinh MLP va NARX
25.00

4.00 - 2355
366

350

20.00
3.00
250 15.00

2202197 2%

2.00

10.00
150 861521825
1.00

5.00
061
0.43
050
027 024
0.21027 0.
] l 009014011 7 034
0.00 mEm 0.00
NARX NARX

[ ] Levenberg Marquardt
® Conjugate Gradient
B Quasi-Newton
Variable Learning Rate Backpropagation
M Resilient Backpropagation
@)

So sanh SAE hai md hinh MLP va NARX

W Levenberg-Marquardt
B Conjugate Gradient
B Quasi-Newton
Variable Learning Rate Backpropagation
M Resilient Backpropagation

(b)

So séanh SSE hai md hinh MLP va NARX

250404
4.00E403
2266400

3516403
3.50E403

2.00E+04
3.00E403

2.50E+03 1508404
Loteros 2006003
200E403  1.s6es03 1896003
150403 LOOEROS g aeeion st sewcos
1.00E+03
5.00E+03
se31068
5.00E+02 256015 a1s.073
2331399
mms s 6002
saseion 107,02, 20
0.00E+00 0.00E+00 — -
NARX MLP NARX

B Levenberg-Marquardt
M Conjugate Gradient
B Quasi-Newton
Variable Learning Rate Backpropagation
H Resilient Backpropagation

(©) (d)

Hinh 4. Bing so sdnh cdc tham sé danh gid khi hudn luyén hai

mo hinh (a) MAE, (b) MSE, (c) SAE va (d) SSE

5.1. Két qua huén luyén sie mang MLP va NARX
Theo [15], néu cac tham s6 MAE va MSE dung aé danh
gia sai sO trung binh cua cac két qua dau ra thi tong sai so
binh phwong (SSE) va tong sai s6 tuyét do6i (SAE) cho boi
(9) va (10) s& cho cai nhin toan cuc vé sai s6 cua hé théng:

[ ] Levenberg Marquardt
m Conjugate Gradient
® Quasi-Newton
Variable Learning Rate Backpropagation
M Resilient Backpropagation

Bieu do so sanh hieu nang du doan hai mo hinh NARX khong loop va co loop
9

: 3 H i | —&— Mo hinh NARX khong co loop ]
sl ; e i == Mo hinh NARX co loop_

i \

07
06

MSE

O (N—

08 ke

So buoc du doan N

Hinh 5. So sdnh sai s6 MSE trong hai md hinh NARX 10 buéc
thoi gian
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SSE= e ©
t=1

SAE = i|et| (10)
t=1

Dé danh gia hai mo hinh, chiing ti thuc hién khao sat
viéc huan luyén ca hai mo hinh nay trén tap mau vé nhiét
d6 khong khi. Cac tham s6 danh gia do chinh xéac cua phép
du doan duoc cho bdi hinh 4.

5.2. Két qud dw dodn dai han véi mang NARX

Mo hinh NARX véi thuat toan huan luyén Levenberg-
Marquardt. Két qua thyc hién sir dung mé hinh NARX véi
10 budc thoi gian dwgc cho boi hinh 5. Va két qua cac tham
s6 18 trong trudng hop N budc thdi gian cho boi bang 1.
So sanh sy thay doi cia cac tham s6 131 theo s bude thoi
gian dy doan trong trong hai mé hinh NARX c¢6 vong lap
va khong c6 vong ldp. M6 hinh NARX st dung vong lap
ludn dem lai két qua tdt hon trong mot sb xac dinh budc
thoi gian, trude khi n6 bat dau dem lai nhimg két qua kém
chinh xac hon so v6i m6 hinh NARX khong st dung vong
1ap khi du doan s6 budc thoi gian 16n hon. Két qua trén cho
thiy ngudng du doan phan biét do chinh xic ciia hai md
hinh tinh tir lic né bét du dao chiéu la N = 4.

Bdng 1. So sanh két qua khi thuc hiérg d@f'dodn voi mé hinh
NARX song song - noi tiép

S6 bude MAE MSE
N=2 0,2125 0,0882
N=4 0,2087 0,0917
N=6 0,2113 0,0958
N=8 0,2151 0,0915
N=10 0,2132 0,0966
N=15 0,2084 0,0837
N=30 0,2044 0,0868
N=45 0,2072 0,0878

5.3. Két qud mé hinh dé xudt

5.3.1. Chudn héa cac su kién

Hinh 6. Cdy Markov cho kich ban 1

Chuing t61 thiét 1ap hai kich ban dy doan trong mé hinh
d¢ xuat nhu sau, cac két qua dy doan déu dugc tinh toan
dua trén mo6 hinh NARX sur dung thuét todn Levenberg-

Marquardt cho N = 3 budc thoi gian va thoi gian dam bao
céc co ché chép hanh thuc hién duge nhiém vu ciia né nham
dap tmg yéu cau ctia nguoi sir dung. Gia tri cac két qua du
doan di dugc chudn hoa thanh cac ky ty theo cac khoang
gi4 tri cia mdi ddi tugng riéng biét. Quy ude chuan hoa cac
gia tri cua hai kich ban dugc cho bdi bang 2.

Bdng 2. Bang chudn héa su kién cac khodng nhiét do do dwoc

Ngudng tham sb
STT N;‘;gtng‘:’ Nnict dp muge| Y ¥
1 20<T <205 [25<T <30 a
2 20,5<T<21|30<T <35 b
3 21,5<T <22 |135<T <40 c
4 22,5<T <23 |40<T <45 d
5 23<T <235 [45<T <50 e
6 24<T<245]|50<T <55 f
7 24,5<T <25|55<T <60 g
8 25<T<255|60<T <65 h
9 255<T <26 |65<T <70 i
10 26<T<265|70<T <75 i
11 75<T <80 k
12 80<T <85 I
13 85<T <90 m
14 90<T <95 n
15 95<T <100 0

Két qua v& cay su kién Markov cho hai kich ban duoc
cho bdi hinh 6 va 7.

Két qua gan xéc suét sir dung thuit toan PPM cho béi
bang 3.

Bing 3. Két qua gan xdc sudt cho cdc s kién bang thugt todn

PPM
STT Kich ban 1 Kich ban 2
Ky tu Xac sut Ky tu Xac suét
1 g 0,5906 m 0,9236
2 f 0,1051 I 0,0208
3 e 0,1087 k 0,0278
4 c 0,0036 c 0,0069
5 a 0,0942 b 0,0069
6 b 0,0145 n 0,0139

Nhu vy dya vao bang két qua trén ta d& dang dua ra
du doan vé sy kién trong mau thoi gian tiép theo bang cach
quy doi ky tu du doan dugc theo khoang chuan hoa. Ching
toi da thuc hién danh gia nang lugng thuat toan, st dung
cong cu Joule meter, va thoi gian thuc hién. Két qua duoc
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thé hién nhu hinh 8. Két qua nay co y nghia quan trong
trong viéc thyc hién lya chon moé hinh thuat toan khi dua
1én céac hé thong thyc té.
5.4. Ban ludn

Trong ngir canh thuc hién viéc du doan céc tham ) trong
pham vi mot ngdi nha, cac két qua dat dugc cho ta thly mo
hinh NARX ap dung trén 1y thuyét chudi thoi gian cho ta
cac két qua chinh x4c mét cach vuot trdi so voi md hinh
mang truyén thang truyén théng. Dic biét, véi mo hinh nay,
chung ta c6 thé cai thién do chinh xac cta du doan bang
céch sir dung nhom céc thuat toan huan luyén ti wu hoa tri
s6. Bén canh d6, viéc lua chon chinh xéac thuét toan hudn
luyén nao trong nhom phu thudc vao cac yéu té nhu tinh
chét cua tap mau, nhidu do cac théng sb bién dbi bat
thuong.

Ning lwgng tiéu thu (J) Thoi gian thye hi¢n (gidy)

15 3.0000
10 2.0000
5 1.0000
0 0.0000
Mang Active Mang Active
Noron  Lezi+PPM Noron Lezi+PPM

Hinh 8. So sanh (a) nang lwong tiéu thu va (b) thoi gian thuc
hién hai phuwong phdp

Mo hinh NARX chung t6i st dung cho ng6i nha thong
minh c¢6 mot loi thé la dicu khién chinh x4c sb budc thoi
gian can thiét phai du doan véi cac lua chon khéc nhau cta
nguoi dung.

Vi viée st dung thudt toan Active Lezi xay dung cay
su kién chuan hoa Markov, chung ta tranh dugc viée xur 1y
mot lugng co so dit liéu 16n trong ngdi nha ma da dugce thu
thap tir mang cam bién khong day. P9 phic tap cua thuat
toan nay 1a nho hon nhiéu so vai viée xir Iy trén mang no-
ron. Qua dé, thoi gian xir 1y ciing nhu nang luong can phai
tiéu tén cho viéc thuc hién du doan cling giam mdt cach
dang ké so v6i mang no-ron. Hon nita, viéc sir dung chudi
su kién c6 diém tuong dong vé tinh chét thoi gian trong
mot s ngir canh ciia ngdi nha dé hoc thoi quen cua con
nguoi doi khi dem lai két qua chinh xac hon.

Nhuoc diém cua phuong phéap nay khi thay thé viée xi

Iy trong mang no-ron, dé la tap cac su kién bi gi6i han trong
tap mau sy kién da dién ra va da duoc chuan hoa.

6. Két luan va huéng phat trién

Bai bao lgya chon st dung mang no-ron v4i mo hinh
mang NARX cho 1y thuyét chudi thoi gian cho ngdi nha
thong minh. M6 hinh thuat toan chudi sy kién str dung thuat
toan Active Lezi di dugc chung toi dé xuat nhu mot hudng
méi cho céc bai toan dang nay. Trong budc tiép theo ching
t6i s& cai tién phuong phép ciing nhu khao sat cac ngit canh
phtl hop nhét cho ngdi nha thong minh.
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