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3Khoa M6i trttdng, trudng Dqi hpc Khoa h7c Tu nhiAn, Dqi hoc Quiic Sia Hd NOi

T6MTAT

Ba loqi mqng thin kinh nhdn teo (ANN - Artificial Neural Network), bao gdm mqng noron
truy€n thufln (FFNN - Feed-forward Neural Network), mang noron h6i quy da I6p (MLP - Multi
Layer Perceptron) vd mpng tr4ng thdi phAn h6i (ESN - Echo State Network) de dugc rmg dgng <t6
x6y dpg thri nghigm m6 hinh du briLo th6ng k€ ch6t lugng kh6ng khi tai ViCt Nam. Buoc dAu cho
th6y, k6t qun du b6o cia c6c m6 hinh ANN nghi€n cr?u ld r6t khi quan. D0 chinh x6c d4t tlugc cria
c6c m6 hinh niy tr6n ba d6i tuqng nghi6n criu tht nghiQm, gdm SOz, NOz vd PMro dAu dqt trOn
60%, dac biet dat diin 83,8% (d6i vdi ESN) khi dy brio n6ng dQ PM1e. K6t qud ndy kh6 phi hqp v6i
c6c m6 hinh cirng lo4i <h c6ng b6 tr6n thi5 gidi. DiAu niy cho th6y, viQc {mg dpng c6ng cg ANN
trong dq b6o ch6t lugng kh6ng khi t4i Viet Nam ld mQt huong ti6p cQn iAt tri6n vgng vd khi thi.

Tir kh6a: Du b6o, ch6t luqng kt6ng khi, ANN, FFNN, MLP, ESN, Viet Nam

ABSTRACT

Three types of artificial neural networks (ANN), including feed-forward neural network
(FFNN), multi-layer perceptron (MLP) and echo state network (ESN), have been applied to
develop the forecasting models of air quality in Vietnam. Preliminary results indicated that, the
performances of these models are very promising. Accuracies of forecasting values of MLP and
ESN models are higher than 60%, especially; accuracy of ESN model is up to 83.8% for the
forecasting of PMrg concentration. The results are in the same level with other published ones of
the same model. This suggests that, the application of ANN tools to develop the forecasting models
ofair quality is a promising and feasible approach.

Keywords: Forecast, air quality, ANN, FFNN, MLP, ESN, Vietnam.

T.DaTVANDi

Trong hon mQt thflp lcj trd lai tlAy, cdc m6 hinh dg b6o chdt luqng kh6ng khi

tld vd dang trd thanh c6ng cu <l6c lgc trong c6ng tic quan ry tdng hqp chit lugng
khdng khi tei ViCt Nam. N6 cung cAp th6ng tin mQt c6ch toan diQn vdr trUc quan hsr
va tinh trang cfing nhu di6n bii5n chfi luqng kh6ng khi, nhd d6, co quan hfu trAch
c6 th6 dua ra cec giei ph6p kip thoi d€ ning ph6 voi nhiing anh huong ti€u clrc do
ch6t luqng khdng khi c6 thii giy ra cho ngudi dAn. Cho <il5n nay, c6c mO hinh dy
b6o chdt luqng kh6ng khi dugc img dung tAi Viet Nam chri y6u h c6c loai m6 hinh
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HOi thdo khoa hgc c6ng nghQ trong linh vltc bdo v( m6i trudng

dU b6o s6 t{, m6 hinh quang h6a vd m6 hinh dQng luc hqc. Chring c6 uu di6m ld
i  , , ^  . .  : _ .cung cdp th6ng tin v0 tinh tr4ng chdt lugng kh6ng khi mQt c6ch chi ti€t tr6n diQn

rQng, ngay ci nhirng noi kh6ng c6 hQ thdng quan tric. Tuy nhi€n, vi€c x6y drmg vA
vfln hanh c6c m6 hinh niy <tdi h6i cao vd co sd h9 tAng vd trinh tlQ chuy€n m6n cria
ngudi v{n hanh. Trong khi d6, c6c m6 hinh dy b6o thiing k€, trong d6 c6 m4ng th6n
kinh nhen t4o (ANN - Artificial Neural Network) li kh6 tlon gian, kh6ng ddi h6i

l ,  ^cao v€ chuy€n m6n cia ngudi vfn hdnh []. HiQn nay, cdc m6 hinh dg b6o thdng k€
chit luqng kh6ng khi sri dqng m4ng thAn kinh nhen tAo <16 <lugc nghi€n crlu vd img
dlrng thenh cdng t4i nhi6u quiic gia tr0n thiS gidi. Trong s5 d6, c6 the kii ttiin nhu dg
b6o n6ng dQ bui PM16 t2, 31, drr b6o n6ng dQ 6zdn [4-7], hoac mQt sti chAt 6 nhi6m
kh6c nhu SOz, NO,., VOC... t8-1a1. Dieu d6 cho th6y tiAm ning cria chring trong

,  1 , .  .viQc dy b6o chAt lugng m6i truong ld rdt lon. Bii b6o niy gidi thiQu mQt s6 k€t qui

d4t duo. c cria m0 hinh dy b6o th6ng k€ ch6t luqng khdng khi tl6 tlugc nghiOn cr?u 6p

dung thanh cdng t4i Vi$t Nam.

II. PHTIONG PHAP NGHITN cTU

2.1. Co sO $ thuy6t cfra m4ng thin kinh nh6n t4o (ANN)

Mpng thAn kinh nhan tao (ANN - Artificial Neural Network) tlugc xdy dlmg
tr0n co sd m6 ph6ng que trinh xrl lj th6ng tin cria mQt hC thAn kinh sinh hgc, bao
g6m 03 ho4c nhidu ldp iluo.c c6u teo tu c6c noron. Trong tl6, lop dAu ti€n <tugc gpi

, ;  i .  .  , .  , i .  - ;ra rop oau vao, rop cuor cung cnua Ker qua ougc ggl ra lop oau ra va (cac) rop con
l4i <tuqc gqi ld l6p A" (Uinh 1). M6i noron trong ANN nhen tin hiQu dAu vdro vh xt
lf d€ tlua ra tin hiQu dAu ra, duo. c kiit niii vdi it nh6t mQt noron khic, va m5i kiit niii

. ,  i ,  ' ^niry elugc th€ hiQn dudi d4ng mQt sd thlrc dugc ggi ld trqng sd li€n k6t . phan rffi
mric tlQ quan trgng cia li€n ti6t. fap hqp c6c trong sti ndy t4o thanh mQt ma h$n
duqc ggi ld ma trdn ngng sii liOn k6t wii, n6 md h6a kiiin thric (kinh nghiQm) tich
lfry clugc cria ANN u tap dt liQu dAu vio (Hinh 2) tl5l. Uu tti6m chfnh cia mQt
ANN ld d ch5, n6 c6 th6 sri dung mQt s6 th6ng tin An trong bQ dt liQu vO miii Uen lp

t , igiila c6c th6ng s6 tlAu vdo vir dAu ra (c6c th6ng tin nAy khdng th6 md t6 cg th€ bing
mQt hAm s6 todn hqc). Qu6 hinh "nim tif'thdng tin niy dugc gqi ld qu6 trinh ddo
t4o ANN (qud trinh hoc tip cia mOt ANN). Vd m{t nguy€n t'ic, hgc t{p chinh li qu6
trinh hiQu chinh hong sti lien t6t gifia c6c noron.
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input layer hidden layer output layer

x7

{

Hinh 1. Ki6n trrftc cia mQt Ai\N co bin Hinh 2. M6 hinh to6n mQt nmon nhin tgo

Qu6 trinh xr! l;i th6ng tin cria noron thrij (Hinh 2) duqc m6 td viin tit nhu sau:
DAu ti€n, noron thr?j sC nhfn c6c tin hiQu diu vdo 11 c6 hgng sii ti6n ktit wij tvong
ung. B0 tin hiQu ndy sG duo. c t6ng hqp th6ng qua hdrn t6ng (sumrning function) theo
phuong tinh (l). Tiiip theo, tin hiQu <15 dugc tdng hqp ndy s€ duoc xri lf boi hdm
truyAn (transfer function) tao thd.mh tin hipu <tAu ra (output), duo. c m6 ti theo
phuong hinh (2).

a(x)-\w,x,-0,

VC m{t ban ctr6t, dg b6o chdt hgng lh6ng khi ld qu6 toinh udc tinh gi6 ti n6ng
dQ c6c ch6t 6 nhi6m kh6ng khi dga trOn dfr liQu v6 ndng dQ cria chring trong qu6 khu
vd hi$n tai. Ei6u ndy hodn toan gi6ng vdi co chti xi g th6ng rin dya f6n qu6 trinh
hgc tdp hanh vi th6ng qua nhting kinh nghiQm tla c6 cria ANN. Chinh vi viy, bii ndy
gioi thiQu img dgng cria ba d4ng ANN, bao gdm m4ng noron truyAn thufu (FFNN -
Feed-Forward Neural Network), m?ng noron hdi quy da lcrp (MLp - Multi-Layer
Perceptron) - ld hai hong sii nhtng anW dugc ung dlmg rQng rai nh6t trong linh v.uc
dy b6o ch6t lugng kh6ng khi, vi m4ng n4ng thrii phan h6i (ESN - Echo State
Network) dd x6y dpg m6 htnh {r b6o ch6t luqng khdng khi t4i ViQt Nam.

2.2. CAc bufc ti6n hirnh nghiGn cftu

ViQc ung dqng m?ng thih kinh nh6n tgo <l€ xdy dgng thrl nghiQm m6 hinh dg
b6o ch6t lugng kh6ng khi el6 tluo.c thgc hiQn theo c6c bu6c sau: ctruAn Ui dt liQu,
thiiSt k(5 m4ng vd xdy drmg m6 hinh d1r b6o, ttdo t4o m4ng vd dr6nh gi6 dQ tin c6y cria
m6 hinh.

Chudn b! dir lipu: Dt liQu sri dgng cho c6c mO hinh nghi€n criu duo. c trich
xu6t tt b6 dii liQu quan nic ch6t lugng kh6ng khi t4i c6c to4m quan tr6c ch6t luqng
kh6ng khi d ViQt Nam. BQ dt liQu nny dugc chia lim hai ph6n, mQt ph6n duo. c dr)ng
d6 dio tao m6 hinh (haining data), ph6n cdn l4i ttugc dung d6 drinh gi6 vd ki6m ha
ilQ tin c$y cria m6 hinh tlA x6y dlmg (testing data).

(r); output - f(}r4,-e,) e)
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trF$ HAi thdo khoa hgc c6ng nghQ trong linh wgc bdo vQ m6i trudng

Th6ng thudng, b0 m6u dt li6u dAu vdo (input sample) cho m6 hinh duo. c thi6t
k6 bao g6m: th6ng si5 ch6t luqng kh6ng khi cdn d1r b6o vi c6c tham sii c6 anh huorg
. i  , . i  . . i  I  - ^  ,d€n di€n bi€n n6ng d6 crla n6 bong kh6ng khi (nhu tham s6 khi tuqng vi n6ng tlQ c6c
ch6t tham gia trong phan img h6a hoc vdrTtao ra ch6t 6 nhi6m can dy bao).

ThiA kA mgng vd xdy dqrng m6 hinh d1t brio: Ki6n tnic ANN bao gOm sO top
An, s6 noron trong lop An, t6c d0 hgc (leaming rate) ... dugc thi6t kr5 phn hgp vdi
diii tuqng nghi€n crlu, dya tr€n kinh nghiQm cria ngudi thi.5t k6 m4ng thdng qua
thgc nghiQm ho{c c6 sU h5 trq cria mQt sii c6ng cq t6i rru h6a nhu thuft torin di
truy6n (GA - Genetic Algorithm).

Trong nhfrng thri nghiQm ndy, ki6n trric cria ANN de dugc x6c dinh d6i vdi
^ .  ,  A .mQt sO ddi tupg nghi€n cuu tei ViQt Nam nhu sau (Bang l):

Bing 1. Ki6n trric AI\Ns ili rluqc nghi€n cftu t$ ViQt Nam [16, 17]
Lo4i m4ng Ki6n tnic Th6ng s6 cAn dq b6o Bi6n tIAu vio

FFNN 2-15-L so2, PMro SO2i-"; t (gid)

MLP 5-10- l SOz, NOz, PMro
SO21s4;iNO211-1yi PMr o(,-n)

WS; RH; T; Rain

ESN 5-50- l SOz,NOz, PMro
SO211-n;; NO211-11y; PMr o1t-,,y

WS; RH; T; Rain

Ddo tgo mgng: CAc m6 hinh nghiOn criu dii duo.c hu6n hyQn dga h€n kiiin
truc m4ng vd bQ dt li6u ddo t4o (training data) thu dugc 0 c6c budc tr6n. VA m{t
ban ch6t, qu6 trinh tldo tqo ld mQt qu6 trinh thay el6i ngng sti liCn k6t giila c6c noron
di5 dua ra ktit qud phi hqp vdi kiSt qud mong mutin (target).

Ddnh giti iIQ tin cQy crta m6 hinh: Md hinh d1r b6o img dlmg ANN h mQt
trong nhtng d4ng m6 hinh dg brlo thiing ke. Chinh vi viy, tlQ tin ciy cria c6c m6
hinh niy dii duo. c kiiim chimg dlra tr€n dQ sai lQch cria k6t qui dy b6o vdi gi6 ni
thgc (measured value) cria bQ dt lipu kiaim tra (testing data), th6ng qua mQt s6 chi
sii ttriing k€, bao gdm: RMSE @oot Mean Square Enor), nRMSE (normalized Root
Mean Square Enor), MAE (Mean Absolute Error), MAPA (Mean Absolute
Percentage Accuracy) duo. c chi ra trong c6c phucmg hinh duoi iliiy:

nRMSE =
RMSE

.100%ft rvRMSE= l*Etrr- 
-c:'*-)'

MAE -lflo,-nt
N ?i'

'-! 
6'94'-"

*e=ft ?El-,oo*
[  ; ;1]
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khi, bao g6m FFNN, ANN-MLP vA ESN, dd duo. c nghiEn crlu thu nghiQm t4i ViQt
Nam tr6n mQt sl5 ch6t 6 nhi6m khdng khl di6n hinh. Trong d6, FFNN tlugc nghi€n
crlu thrl nghi€m ei6 Ur arr liQu quan tric niing d0 SOz vi PMrg bi khuy6t thii5u dga
tr€n co chi5 d1r b6o; ANN-MLP vd ESN duqc ting dgng thri nghiQm tl€ d1r b6o niing
dO SO2, PMro vd NOz cyc d4i ngdy vdi chu ki dU b6o 07 ngAy. K6t qud thu tlugc ld
r6t kha quan, hiQu su6t cfia c6c md hinh nghiOn crlu ld tuong duong voi cdc m6 hinh
cing lo4i cE ttugc thUc hi€n tren th6 gi6i. KrSt quA cg th6 dugc ninh bdy tong Bang
2,3  vd4.

Bing2. So sinh k6t qui dg bio SO2 cfra cic mO hinh AllN

Ghi chrt: SVM (Support Vector Machine) - mQt c6ng c1t tri tue nhAn tqo tuong
ifuong voi ANN; ANN-RBF (Radial Basis Fmction Network) - mQt dqng cia ANN

^ . , , t i  t  - :C6 th€ th6y rd ring, m4c dir m6 hinh FFNN hong nghi€n cr?u niry duo. c xiy
dpg v6i mpc dich bn dt lipu quan tr6c n6ng tlQ SO2 vd PM16 bi khuy6t thitiu theo
co ch6 4r b6o, voi s6 aiiSm khuyiit thiiiu dti liQu tuong fmg voi s6 gid cdn dg b6o li

III. KET QUAVA THAo LUAN

Trong nghiCn criu niy, md hinh srl dgng ANN d6 dg b6o ch6t hqng khdng

Qu6c gia M6 hinh
RMSE
(ppb)

nRMSE
(%)

MAE
(ppb)

MAPA
(%)

ViCtNam
FFNN [16] 5,8 -7 ,1 4,4 - 5,7
MLP U7l 5,2-8,5 27,8 - 57,6 4,3-7,1 45,5 - 80,7
ESN F7l 4,7 -9,0 23,4 -38,3 3,9 -7,7 65,7 -  81, I

Trung Qu6c svM [l8] 5,2 - 5,86 3,4 - s,0

Ba Lan
svM uu 15,8 - 18,2 0,4 - 0,6
MLP Ir] 18,6 -27,0

Italy
MLP Fel 6,6 - 12,5 4,3 -9,1

MLP U2l 0,3 -6,9 0,3 - 4,9

Bing 3. So s6nh k6t qui dg brio PM10 cria cic m6 hinh AIIIN

Qu6c gia M6 hinh
RMSE
|te/^t)

nRMSE
(Y")

MAE

0rg/rn')
MAPA

(o/o)

Vi€tNam
FFNN F6l 55,1 43,4
MLP [l7] 22,4 68,2 76,4
ESN U7l 16,2 53,5 83,8

Trung Quiic
svM [l3] 17,7 -t9,0

ANN-RBF u3l 46,2 -70,7

Ba Lan svM ull t3,r -2r,s 3,2-3,4
Italy FFNN [20] 8,59
Chile FFNN [21] 16,0 -2t,0
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kh6 lon (l6n dtin 360 gid d6i vdi so, vd tr€n 2000 gid d(5i vdi PMls). ThOm vio d6,
dt 1i6u khuy6t thiiiu kh6ng chi c6 ndng d0 cria SOz vd PM16 md cdn ci nhirng th6ng
s6 khi tuqng c6 Anh hudng d6n di6n biiin cria chring trong kh6ng khi. Chinh vi v{y,
m6 hinh FFNN dA etuo. c nghi6n criu vdi chi hai bi6n dAu vio dugc trinh bdy trong
Bang l. Tuy nhi6n, qua c6c chi tiOu th6ng kO ttugc tinh torin cho th6y, kt5t quA cria
m6 hinh FFNN d4t du-o. c ld r6t khi quan, tuong <luong voi mQt s6 m6 hinh ctng loai
dd dugc c6ng bti (Bang 2 vA Bang 3). Ngodi ra, him phan b6 mft ttQ x6c xu6t cria
b0 dfi'liQu vE niing dQ SO2 vi PM16, sau khi dugc bt c6c gi6 fi khuyet thi6u bnng
m6 hinh ndy, dd ttugc ki6m ha vd cho th6y hoan toan phir hqp vdi luft phdn b6 x6c
su6t de dugc chi ra trong nghi€n crlu L2zl.He sii tuong quan gita phan bi5 x6c su6t
cria bQ dt liQu tli duqc br) bing phuong phdp dy b6o vd b0 df liQu ngudn cria SO2
vd PMls ddu h 1,0. Cdn vdi ph6n b6 m$t dQ x6c su6t, hQ sti tuong quan cria SO2 vd
PMle luot ld 0,98 vd 0,97 [16].

Kilt quA nghi€n cr?u d6i vdi hai m6 hinh MLP vd ESN khi dU b6o ch6t lugng
khdng khi t4i ViQt Nam voi chu kj' 07 ngdy ld r6t khe qua. DQ chinh x6c trung binh
(MAPA) cria ktit qui d1r b6o trong 07 ngiy cria m6 hinh MLP h tir 45,5% dln
8},7Yo,vdciaEsN ld tir 65,7% d6n8l,l% diii vdi SO2. Cdn diii voi PM16, gi6 ri niy
cria MLP vd ESN lan tuqt 1 77,6% vd 83,8%. K6t qu6 nAy li tuong duong voi hAu
htit c6c m6 hinh cirng lo4i dd dugc c6ng bii (Bingz vA Bang 3). Di6n bitln ndng dQ
d1r b6o ciing kh6 phn hgp vdi diEn bi6n thyc tii quan s6t du-o. c. Th€m nta theo [1]
nhugc ditim lon nh6t cia c6c md hinh ANN th6ng thudmg n6i chung ld it nh4y cdm
v6i c6c trudng hqp c6 dgt bi6n lon v6 niing ttQ cua chAt cin 4r b6o (d1r b6o kh6ng
t6t). Tuy nhi€n, k6t qud thri nghiQm tr€n mdt sti khoang thoi gian c6 xdy ra bi6n <gng
m4nh n6ng dQ cta ch6t cen 4r beo cho th6y, cd hai m6 hinh MLP vd ESN di,u thich
ring tiit a6 chinh x6c hong trudng hgp ndy d4t t€n 70% (Hinh 3) tl7l.

@
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Hinh 3. So s6nh diSn bi6n ndng dQ SO2 tlugc dr; bdo bing m6 hinh MLP vi

ESN vfi thr;c t6 trong truimg hqp c6 bi6n ilQng m4nh vd ndng atQ [l7l.
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Bang 4 trinh bdy k6t qud cria mO hinh MLP vi ESN di5i vdi th6ng si5 NOz.
EAy ld mQt th6ng sii 6 nhi6m kh6ng khf c6 di6n bi6n kh6 phric t4p do n6 vira ld ytiu
t6 c6 quan hQ mflt thi6t voi ndng dO PMrg, vira ld mQt mit *ich quan trgng trong chu
trinh 6z6n tang d6i luu [23]. Chinh vi v{y, kiit qui dy b6o cia c6c md hinh MLP vd
ESN dugc thUc hign trong nghi€n cuu ndy th6p hon so vdi SO2 vd PM16. Didu niy
cho th6y, trong nghi€n cfiu ndy, vi6c chi mdi tinh diin dnh hudng cia cdc tham si5
khf tuqng c6 th€ h chua thi vd chua phan 6nh dey dn di6n biiin thlrc tii cria nilng rlQ
NO2. Mdc dr) vfy, k6t qud thu dugc v6n cho thAy rnng, khi ning dg b6o NO2 cria
MLP vi ESN ld khe ti5t. DQ chinh x6c trung binh (MAPA) cria ci hai md hinh <ttju
tl4t tr€n 600/o ll7). M4c dn cdn th6p hon so voi c6c m6 hinh dd duo. c c6ng bti tr6n
th6 gioi @eng 4), tuy nhi€n, ki5t qud niy v6n kh6 khe quan khi img dqng tong itidiu
kiQn t4i ViQt Nam. Th€m nta, cdc m6 hinh thri nghiQm duo. c xdy dlmg tr6n c6u tnic
chudn, vi vfy, k6t qud uia c6c m6 hinh ndy c6 th6 duo.c cdi thiQn khi srl dgng c6c
phuong ph6p t5i uu h6a cAu bric m4ng, sri dqng c6c bQ lgc dt liQu...

BLng 4. So sinh k6t qui dg b6o NO2 bing cric mO hinh ANN

rv. KET LU4,N

Kiit qud budc ddu d4t duqc khi tmg dgng cdng cg ANN tt€ xdy dgng m6 hinh
du b6o thi5ng k€ chAt luqng kh6ng kh{ tai ViCt Nam cho th6y, c6ng cg ndy c6 loi th6
hon so voi c6c m6 hinh 4r b6o s6 tri, quang h6a vd dQng lgc hgc. CU th6 ld, thr?
nfr6t, eXN c6 khi ning t.u hec vd kh6i qu6t dt liQu mQt c6ch m6m d€o, chinh vi
vfly, kh6ng tldi h6i qu6 cao vd co sd ha tAng vd chuy6n mdn cria nguoi xiy drmg vi

Qu5c gia M6 hinh
RMSE

(ppb)

nRMSE

(%)

MAE

(ppb)

MAPA

(%)

ViQtNam
MLP U7l 18,0 69,r

ESN [l7] 14,3 62,2

Trung Qutic
svM u3l 6,r - 7,0

ANN-RBF [13] 9,4 -9,6

Ba Lan
s\ 4 [11] 13,0 - 17,4 0,9 - 1,8

MLP Il] 18,6 - 27,0

Hungary
svM u4l ll,0 - 12,6

MLP [14] rr,5 - t3,2
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v{n hanh, rAt phU hqp vdi tliAu kiQn thlrc t6 tei Viet Nam. Thri hai, k6t quA thri

nghi€m budc dAu di cho ttr6y, dQ chinh x6c cria k6t qui {r b6o tir c6c m6 htnh {mg

dgng ANN li kh6 cao, hoan toin <tri diAu ki€n dd 6p d\mg vio thyc ti5. Cu6i cung,

ngodi viQc srl dqng trong cdng tric 4r b6o ch6t hqmg khdng khi, c6ng cg ANN cdn
c6 th6 ttuo. c srl dgng d6 bn dr [Qu quan tric ch6t hgng khdng khi bi kltuy& thi6!.

Di6u niy c6 f nghia r6t lon trong c6ng t6c chuAn h6a vi khai th6c dB liQu chit

luqng kh6ng khi. Chfnh vi vfy, c6 th6 khing tlinh c6ng cg ANN li mQt hu6ng ti6p

cgn ttAy ni6n vqng vA khi thi d6 xay dmg m6 htnh du b6o ch6t lugng kfi6ng khi.
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