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TOMTAT 
Mang noron nhan tao (ANNs) da dupc nghien eiiu ling dung thii nghiSm de xay dung mo hinh dy 
bao nong dp SO2 cue dai ngay eho thanh pho Ha Noi Nam thong so da dupc su dung nhu la bien 
dau vao cho mo hinh bao gom Toe do gid (WS), dd am (HUM), lupng-mua trung binh (RAIN), 
nhiet dp (TEM), va nlng dp SOi cyc dai ngay trudc dd Bd dH lipu hiian luyen va k i l p tra md 
hinh dupc trich xuit tii tram quan trSc chat luong khong khi Lang, Ha Noi tii nSm 2003 din 2004 
Ket qua thu nghiem bude dau cho diSy, do tm cay eiia mo hinh nghien eiiu la tuong doi kha quan, 
gia tn nRMSE eiia cac mo hinh nam tong khoang ttr 38,5% din 1 L7"/o ngay ca vdi gia diilt khi 
thdng so khi tupng bi khuylt thilu Dli vdi trudng hpp day dii dtt lieu khi tupng (04 thong so) do 
tin cSy ciia mo hinh la t i t nhat iing vdi gia tn eia nRMSE, RMSE va MAE lan lupt la 11,7%, 3,28 
ppb va 2,58 ppb, tuong iing. Them nOa, dien bien nong do SO; dy bao kha tuong quan vdi dien 
bien thyc te do duoc tai tram quan trac Dieu nay cho thay, ANN la mdt cong cy triln vgng dl xSy 
dung md hinh du bao thong ke chat lupng khong khi 
Tirkhoa: Mgng noron nhdn tgo. ANNs, dirbdo thong ke. chat lugng khong khi. SO 2 

MCDAU 

6 nhiem khong khi dang la mdt thuc trang 
dang bao dpng tgi cac thanh pho ldn trong dd 
CO Ha Npi. De giai quyet dugc van de nay, 
cong tap quan Iy ddng vai trd chii dgo dinh 
hudng va dua ra cac quyet sach nham kiem 
soat d nhiem khdng khi. Hien nay, ben cgnh 
mang ludi quan trac thi cac md hinh dy bao 
dang trd thimh cong cu dac Iuc, nd cd the ho 
tro va toi uu mang ludi quan trac, cung cap 
thdng tin mdt each toan dien hon ve tinh trgng 
va xu hudng chat lugng khong khi [I]. Ngoiii 
ra, khi dy bao dugc chat lugng khdng khi 
trong tucmg Iai cac ca quan hihi trach cd the 
canh bao va dua ra cac chiln luge kiem soat 
tot han [2], Hien nay, ciic md hinh dy bao 
chat Iugng khdng khi dang duac nghien ciiu 
va ling dung tai Viet Nam chu yeu lii cac md 
hinh du bao so tii (numerical/ deterministic), 
uu diem ciia chiing la kha nang cung cap 
thdng tin vl tinh trang chat Iuang khdng khi 
tren dipn rgng, va chi tiet ngay cii nhiing ngi 
khdng dugc quan trac. Tuy nhien, logi md 
hinh niiy ddi hdi cao ve co sd ha tang cung 
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nhu trinh dd chuyen mdn ciia ngudi van hanh 
Trong khi dd, ciic md hinh du bao Ihong ke 
trong do cd cac md hinh iing dyng mang 
noron nhan tgo de du bao chat lugng khdng 
khi da dugc nghien ciiu vii irng dyng thanh 
cdng tai nhilu quoc gia, dieu nay cd the thay 
rd tren thu vien hoc lieu md [1], [2], [3], [5], 
[8], [12]. Loai md hinh nay, ngugc lgi vdi rad 
hinh so tii, chiing rat mgnh trong dy bao diem 
d nhiem bdi tinh ca dpng do viec xay dyng va 
van hanh logi md hinh nay la kha don gian, 
khdng ddi hdi cao ve co sd ha tang cung nhu 
chuyen mon ciia ngudi vgn hanh [1], [2], [3]. 
Chinh vi vgy, muc tieu ciia nghien ciiu nay la 
ling dung ANNs de xay dung thii nghipm md 
hinh dy bao thong ke chat luong khdng khi, 
mil cy thi la nong dp SO2 cyc dai ngay, 
PHUONG PHAP NGHIEN CUtJ 
Gidi thieu mang nuron nhan tgo (Artificial 
Neural Networks - ANNs) 
Mgng naron nhan lao (Artificial Neural 
Networks - ANNs) la mdt trong nhiing ky 
thuat tri tup nhan tao (Artificial Inteligent -
AI) duoe phat tnen dua lren viec md phdng 
qua trinh xii ly thdng tin cua mot hp than kinh 
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sinh hoc, bao gom ba hoac nhieu lap tgo 
thanh tu cac noron (mil). Trong dd, Idp dau 
tien tiep nhgn tin hipu dau vao dugc gpi la lap 
dau vao (input layer), lap cuoi cung chiia tin 
hieu dau ra (kel qua) gpi la Idp dau ra (output 
layer) va cac Idp cdn Igi dugc ggi la Idp an 
(hidden layers). Moi noron trong ragng nhgn 
tin hieu tir ben ngoiii hoac tir cac noron trong 
Idp phia trudc, cac thdng tin niiy dugc tong 
hgp thong qua ham tong va chuyen thanh tin 
hieu dau ra thdng qua ham truyen (transfer 
fimction) - la dau viio cho cac noron trong 
Idp sau. MOI tin hieu truyin din naron iing 
vdi mdt so thuc, dugc goi Iii trgng so hen kit 
- nd phan iinh miic dp quan trong ciia tin 
hieu. Tap hop cac trong so nay tao thanh rapt 
ma trgn trpng so w,„ nd raa hda kien thuc (hay 
cdn goi la kinh nghiem) mil mdt ANN thu 
nhgn duac tir tap du lipu dau vao (Hinh la) 
[13] Do dd, uu dilra ldn nhat ciia ANN chinh 
la nd cd the khai Ihac dugc tat ca cac thdng 
tin, bao gom ca cac thdng tm an ve moi quan 
hp giiia cac lin hipu dau vao va dau ra. Qua 
trinh niiy dugc ggi lii qua trinh ''huan luyen" 
mdt ANN (qua trinh hoc tap ciia mdt ANN). 
Ve CO ban, ANN hoc tgp bang each ban do 
hda cac moi lien he giiia diiu viio va dau ra 
chinh la qua trinh hieu chinh cac trpng so lien 
kit. Qua trinh tiep nhan vii xii Iy thdng tin cua 
mpt naron cd thi dugc mo ta toan hpc thdng 
qua Hinh lb Dau tien, moi naron se nhan 
eac tin hipu dau viio x, tu cac naron trong Idp 
phia trudc, moi mot tin hieu se tuong iing vdi 
mpt trong so, cai ma phim anh miic dp anh 
hudng ciia tin hipu. Cac tin hipy niiy se dugc 
tong hpp thdng qua ham tong theo phuang 
trinh (1) va chuyen chiing thanh tin hieu dau ra 
thong qua hiun truyen theo phuang trinh (2). 

Hinh lb. Md hinh todn ciia mgi naron nhdn too 

oulptil=f\Y,w (2) 

InpuT layer hidden layer oulpul layer 

Hinh lil. Kien tnic ca bdn ciia mgt ANN 

Phircmg phap nghien cmi 

Nghien ciiu duac thuc hien theo cac budc smi 
Chuan bi du hpu dy bao; Xiiy dyng kien tnic 
md hinh (kiln tnic mang); Dao tao mgng; va 
Danh gia kit qua du bao ciia md hmh du bao 
Chudn bi dit lieu 

Nghien ciiu su dung dir lieu quan trac chat 
lugng khong khi tgi trgm quan trac khdng khi 
ty dpng Lang, Hii Ndi tir thang 1 nam 2003 
den thang 12 nam 2010, bao gom cac Ihong 
so ve nong dp cac chat d nhiem khong khi 
(SO2, NO^, O3, VOC, byi PM,o, TSP) va cac 
thdng so khi tugng (toe dp gid - WS, hudng 
gid - WD, do am tuang ddi - RH, Iugng mua 
- Ram, nhiet dp -T,...). Tuy nhien, theo danh 
gia sd lipu ve nong dp SO2 Iii day dii, it bi 
khuyet, loi vii c6 dp tin cay cao nhat tiong 
khoang tiidi gian tii 2003 den 2007, cdn da so 
cac tiiong sd khac (NO,i, O3, VOC, PM,o va 
TSP) chi on dinh trong khoang 1-2 nam dau 
khi mdi van hanh trgm, sau do du hpu khuyet 
kha ldn ca biet nhu NO^ tir thang 4 nam 2005 
din tiiimg 7 nam 2006 (03 nam tir khi v?n 
hanh ti-gm), toan bg nam 2009 va 2010 khuyet 
toan bd dii lieu, Dieu niiy lii do tram khong 
dupc bao dudng thudng xuyen, nguon di?n 
cung cap khong on dinh... [4]. Tir tiiuc tigng 
tren, thdng so SO2 dugc lua chpn dl nghien 
Cliu tinh kha thi ciia viec img dyng ram 
naron nhan tgo trong dy bao chat Iirpng 
khong khi. Trong do, dii lipu qu^ Uac lii 
thang I nam 2003 din tiiang 12 nam 2003 
duac su dyng lam dir lieu huan luypn mgng 
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(tiaining data) va tiiang 1 nam 2004 liun dii 
lieu kilm tra (testing data). Ngoai ly do ve 
mat dii lipu da phan tich d ti-en tiii SO2 cdn la 
mpt trong nhfing chat d nhiem so cap diln 
hinh cd thdi gian ton tai trong khdng khi 
tuong ddi liiu (khoang I ngay) va it chiu anh 
hudng nhat so vdi ciic khi d nhiem khac 
(NOx,03,VOCs...)[9]. 

T̂ q) du hpu nghien ciiu dugc thilt lap theo mau: 

[DATA]=[S02. WS. HUM, RAIN, TEM] 

Trong dd: SOi - Nong dd SO2 cue dai trong 
ngiiy; WS - Toe do gid trung binh; HUM -
Dp am tnmg binh; RAIN - Luang mua tnmg 
binh, TEM-Nhiet dp; 

X&y dftng kiin true md hinh 

Md hinh dugc xay dung tren nen phan mlm 
Matiab*'2010. 

Cac thli nghiem da dugc thuc hien, kiln tnic 
mang phu hop nhat da duac xac dinh bao 
gom 03 lap. 01 Idp dau vao vdi 05 naron 
chiia gia tn cac thong so gom SO2, WS, 
HUM, RAIN va TEM; 01 lap an gom 10 
noron; 01 Idp diu ra gom 01 noron chiia gia 
Iri ciia ket qua du bao 

Moi quan he giiia dau vao va dau ta cCia mo 
hinh duac rad ta theo phuang trinh-

y„i =f(y,,- ,y,_„y^s„mju„RAiN„TEM,) 
Trong dd: yt+i - Nong dg SO2 cue dai ngay 
can dy bao, yu • , yi.n - Nong do SO2 cyc dgi 
ciia n ngay trudc dd; WS;. HUM,, RAIN, va 
TEM, - Ilin luot la tic dp gid, dp am tuang 
doi, lugng mua trung binh vii nhiet dp trung 
binh trudc ngiiy can du biio. 
Bdo tgo mang 

Md hinh dugc huan luypn dya tren kien true 
mgng da xay dung vdi cac thdng so cy the 
nhu sau: Lop dau vao gom 05 naron, moi 
noron tuong iing vdi 01 thong so dau vao; 01 
lop an vdl 10 naron: Lop dau ra gom 01 
naron chiia nong dp SO2 cue dai ciia ngay 
tilp theo. 
Bo mdu ddo tgo: tir 01/01/2003 din 
31/12/2003, 
Bo mdu kiim tra: tii 01/01/2004 din 
3I/I/2004. 

Bdnh gid kit qud dir bdo cda mo hinh. 
Dp chinh xac va hieu suat ciia mo hinh dugc 
diinh giil thong qua sai so tieu chuan (Root 
Mean Square Error - RMSE vii nomalized 
Root Mean Square Error - nRMSE)va sai so 
tuypt d6i (Mean Absolute Error - MAE) 
KET QUA VA T H A O L U A N 

Du- bao dya vao tirng thdng so (khi tuong) 
riSng bi€t 

Dau tien, md hinh nghien cuu dugc thii 
nghiem vdi cac thdng so khi tugng anh hudng 
din sy biln dong ciia nong dp SO2 vdi myc 
dich diinh gia raoi lien hp cua moi thdng so 
rieng Id nay din dp chinh xiic ciia ket qua du 
bao. Kit qua dy bao tren bp dii Iipu kilm tra 
dugc till hipn trong Bang 1. 

Bang 1 Do tin cdy cua cdc md hinh nghien ciru 

tren bg dir liiu hem Ira 

M6 Thong so MAE RMSE nRMSE 
hinh dau vao (ppb) (ppb) (%) 
WS- SOj+WS 4.43 5,12 18,3 
ANN SO2+HUM 3,65 4,20 15,0 
HUM- SO-.+RAIN 4,93 5,48 19,6 
ANN SO2+TEM 9,83 10,78 38,5 

RAIN-
ANN 
TEM-
A N N 

Hinh 2. So sdnh dien biin nong do SO2 dif bdo vd 
ndng dg SO2 thuc tren bo du lieu kiim tra. 

Tir Bang 1 cho thay, dp chinh xac ciia nong 
dp SO2 dy bao doi vdi mo hinh nghien ciiu la 
kha tot dat tii 61,5% din 85% Mac dii vgy, 
khi so sanh dien biln nong dp SO2 du bao tir 
cap md hinh nghien ciiu vdi dien bien thuc do 
dugc tai trara quan trac lii chua thuc su phu 
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hgp (Hinh 2). Tuy nhien, vdi dilu kipn du 
lipu hien tgi nhu tgi Viet Nam tiii kit qua nay 
cho thay ngay ca trong nhung tiudng hap 
khdng dli du lieu khi tirgng tiii do tin cay ciia 
kit qua dy bao van cd dp tin cgy nhat ^nh. 
Kit qui tini nghipm cho tiiay do tin cgy ciia 
md hinh sii dung tiiong so dg am (RH) la cao 
nhat, ling vdi nRMSE la 15%. Kit qua nay 
hoan toan phu hgp vdi ca chl ton tai eiia SO2 
trong khdng khi da dugc bao cao trong [14] 
(SO2 ton tai chii ylu ti-ong khdng khi am dudi 
dgng cae sol) 

Du- bao nfing d6 SO2 dua vao bd nhieu 
thong sl (khi tu-ffng) 

Dya vao nhung kit quit da dat dugc nghien 
cuu lang biln dau viio cho md hinh, uu tien 
cac thdng so cd dp chinh xac cao trong budc 
nghien ciiu kl tilp. Kit qua thii nghiem md 
hinh dugc the hien trong Bang 2. 
Tir kit qua tren cho tiiay, khi tang so thdng so 
khi tugng cd anh hudng din sy ton tai ciia 
SO2 trong khdng khi dp chinh xac cua md 
hinh tang dang ke tii dp Iech chuan cua ket 
qui du biio la 2,58 ppb, dp Ipch tnmg buih la 
3,28 ppb vil do chinh xac ciia md hinh dat gan 
90% (88,3%) khi day dii ciic tiiong so. Map 
du day mdi chi la nghien ciiu budc dau tuy 
nhien kit quii nay ciing da tiem can vdi cac 
nghien ciiu tren thi gidi vl ITnh vyc nay [4], 
[5], [6], [7]. Mgt khac, kit qua so sanh dien 
biln nong dp SO2 du biio tir cac mo hinh 
(Hinh 3), ma dac biel Iii md hinh SO2-ANN4 

Bang 2. Do tin cdy cua cdc mo hinh 

cho thay, dien bien ctia nong dg SO2 du bao 
vil du lipu thyc do tai trgm quan trac Lang, Ha 
Npi cd dp tuong quan tot. 
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Hinh 3. Tuang quan dien bien nong do SO] dif 

bdo vd nong do SO2 thirc tren bg dir lieu kiim tra 

Khi thay doi thdi gian dy bao tren 10 ngay ket 
qua du bao dp chinh xac giam, dieu nay da 
hai nguyen nhan, thii nhat sai so tich luy ciia 
eac budc dir bao phia trudc ngay cang Ion, 
thii hai la do kinh nghiam ciia mo hinh con 
chua du (tap kinh nghiem cdn ngan - 01 nam, 
trong dd, cd mpt so ngay khuyet dir lieu). So 
vdi cac md hinh da iing dyng va nghien ciiu 
sii dyng ANN dl du bao nong dp ciic ch;tt 6 
nhiem khong khi tren Ihl gidi tiii kit qua 
budc dau ciia nghien ciiu tuang quan ca ve M 
chinh xac cung nhu xu hudng dien bien ciia 
kit qui du bao so vdi so lieu thyc. Nd cho 
thay, viec img dyng mang noron nhan t̂ o 
trong viec dy bao chat lugng khdng khi la 
hoan toan kha thi. 

hliu thong so tren bp die hiu kiem tra 

Thong so dau vao MAE (ppb) RMSE (ppb^ nRMSE (%) 1 
S0-,-ANN2 SO2+WS+HUM 3,93 
SO2-ANN3 S0.+W's+HUM+RAIN 3,72 
SO2-ANN4 SO2+WS+HUM+RAIN+TEM 2^8 

4,69 
4,45 
3^8 

16,8 
15,9 
11,7 

KETLUAN 

Trong nghien ciiu pay, mang naron nhan tao da dugc iing dung de xay dung md hinh dy bao dien 
biln nong dp SO2 cue dai trong khdng khi tgi thanh pho Ha Ndi theo ngay. Md hinh nghien cuu 
dugc dao tao vdi du lieu nong dd SO2 va cac tindng sl khi tugng cd anh hudng den dien bien 
nong dg SO2 trong khdng khi dugc trich xuat tir trgm quan tr4c khdng khi co dinh Lang, Ha N91. 
Ket qua nghien ciiu budc dau ciia nghien cuu vdi 08 ngiiy du biio cho thay, md hinh cho ket qua 
tot kl ci trong trudng hop khi khdng du thdng so khi tugng dau vao. Kit qua nay cd su lyong 
quan tot ve ci chi tieu thong ke vdi dien bien ciia thdng so can dy biio vdi cac md hinh ciing Io?i 
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dii dugc ling dyng thanh cong tren Till gidi. 

Dieu nay cho thay, tilm nang iing dung mang 

noron nhan tgo ANN trong dy bao chat Iugng 

SO2 trong khong khi ndi rieng vi du bio chat 

Iugng khdng khi ndi chung la kha thi. 

Mat khic. vdi khoang du bao li 08 ngiy la dii 

de cic ca quan quan ly cd the dua ra cac giai 

phip tgm ihdi de iing phd vdi dien biln SO2 

trong cac tnrdng hpp xiy ra su co. Them niia, 

tiieo nghien ciru cua [4] va thuc nghipm cua 

nghien cuu dir lieu khuylt ciia cic thdng so d 

nhiem khdng khi diln hinh (SO2, NO^, O3, 

PMio,...) tai tram quan trSc khdng khi co dmh 

Lang, Hi Ndi nhd hon 10 ngiy. Cic thdng so 

khi tugng it bi khuylt trir trudng hgp mat dien 

cue bd. Vi vay, kit qua ciia nghien ciiu nay 

ngoai gia tri ve mgt quan ly chat Iugng khdng 

khi md hinh nay cdn cd Ihl ung dyng de bii so 

lieu khuylt phuc vu cho cong tic nghien ciiu 

va khai thic du lieu chat luong khdng khi. 
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SUMMARY 1 , 
APPLICATION OF ARTIFICIAL NEURAL N E T W O R K FOR THE FORECAST | 
OF DAILY MAXIMUM CONCENTRATIONS OF SULPHUR DIOXIDE (SO2) 

Mac Duy Hung'"^', Nghiem Trung Dung', Hoang Xuan Cô  
'School ofEnviromental Science and Technology-HUST 

^University ofTechnology - TNU 
^Hanoi University of Sciences - VNU 

A study on application of artificial neural network (ANN) for the forecast of daily maximum 
concentratrions of Sulphur dioxide (SO2) in Hanoi Five parameters were used as inputs of the 
model include; wmd speed (WS), humidity (HUM), rain (RAIN), daily temperature (TEM) and 
maximum concetration of SOi of previous day. The traning data sets and testing data sets were 
extracted from the database of Lang air quality monitoring station, Hanoi, from 2003 to Januai)-, 
2004 Results show that, the reliabilities of the studied model are positive. Specific, the nRMSE of 
studied models in the range of 38 5% to 117% even in cases tiie meteorological parameters are 
missing In the ease with fully data, the reliabilities of the studied model is best with the values of 
nRMSE, RMSE and MAE are 11 7%, 3,28 ppb and 2 58 ppb, respectively In addition, tiie trend of 
the forecastmg coneetrations of SO2 is good correlation with the observation SOT which measured 
from Lang air quality monitonng station. That suggest that, ANN is a promising and feasible tool 
to build the air quality forecasting model. 
Keywords: Artificial neural network. ANN, forecast, prediction, air quality. SO2 
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