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Tém tit—Tinh trang 6 nhiém khong khi trén toan cau
khong nging gia ting va gay ra nhitng tac dong ti€u cuc
t6i sirc khoe con ngudi nhu: cac bénh duong ho hip, tim
mach va ung thu. Tai Ha N¢i, trong thoi gian gan dy, tinh
hinh 6 nhiém cang trd nén x4u hon, dic biét 1a mat do bui
PM2s luén & mirc cao. Vi vay, viéc du doan muc dd 6
nhiém cua chi s6 PM2s trd nén can thiét hon nham thuc
hién canh bao sém. Véi dit lidu vé khong khi gdm cac chi
sO khi twgng va cac chi 6 nhiém khong khi thu thap dugc
tai Ha Noi, ching t6i thuc hién mdt phuong phap trich rat
dic trung méi cho két qua t6t hon khi chay ciing mot thuat
toan so vdi phuong phap cii. Thuat toan XGBoost dugc ap
dung dé dy doan muirc d6 6 nhidm cta bui PMys va thi
nghiém da cho thiy d6 chinh x4c cua thudt toan nay cao
hon véi so véi cac thudt toan khai pha dit liéu khac trong
khi thoi gian huan luyén lai thdp hon dang ké.

Tir khéa— dy doan chét lugng khong khi, khai pha dir
liéu, du doan byi PM s, XGBoost.

I. GIOI THIEU

Tinh trang 6 nhiém khong khi gia ting dang lam phét
sinh nhiéu van dé t6i sirc khoe cua con ngudi. Theo thong
tin dugc dang tai boi T chire Y té thé gigi (WHO), van dé
6 nhiém khong khi anh huéng téi tit ca moi ngudi & cac
qudc gia [1]. Diéu nay gay ra 4,2 triéu ngudi chét sém trén
pham vi toan cau trong nam 2016. Trong do, cac nudc &
khu vuc Pong Nam A va Tay Thai Binh Duong chiém
91%. Nguyén nhan chu yéu dén tir cac hat bui min c6 kich
thudc 2,5 um hodc nhé hon ¢ trong 6 nhiém khong khi,
tac nhan gay ra cac bénh tim mach, ho hap va ung thu.

Vian dé 6 nhiém khong khi xay ra nghiém trong hon tai
c4c thanh phd 16n do mat d6 dan cu cao khién lwong phat
thai khi tdng 1én. Bén canh d6, viéc thi cong cac cong trinh
xdy dung, dudng ciing khién 1am ting lugng bui trong
khong khi tai cac thanh phd 16n. Thanh phb Ha Noi dang
phai d6i mat voi tinh trang gia ting 6 nhidm khong khi.
Trong nhing ngay thang 09/2019, Ha Noi dugc xép vao
mdt trong nhitng thanh phd 6 nhiém khong khi cao nhét thé
giéi. Nguyén nhan chii yéu t6i tir mat d6 bui PMzs ting &
muc cao trong khong khi. Loai bui nay tac dong tiéu cuc
tdi stc khoe con ngudi, chinh vi vay, du doan muc d6 6
nhiém bui PMys cang tré nén can thiét.
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Trong nhidu nim qua, tai cac qudc gia phat trién, cé
nhiéu phuong phap du doan 6 nhiém bui PM,s di duoc
nghién ciru. Cac thuat toan duoc ap dung nhu hé lai két hop
v6i suy dién mo, rimg ngau nhién (Random Forest-RF),
may vecto hd trg (Support Vector Machine-SVM) va mang
no-ron. Nhiing thuét toan nay cho két qua kha quan vé do
chinh xé4c du doan. Tuy nhién, nhitng phuong phap nay lai
thyc hién trén nhitng tap dit liéu dugc thu thap tai nhitng
thoi diém va dia diém khac nhau nén khoé c6 thé chon ra
mdt phuong phap dy doan tir nhitng nghién ctru trén phu
hop v6i dit liéu vé khong khi thu thap duogc tai thanh phd
Ha Noi.

Vi vay, chiing t6i da thuc hién khao sat cac nghién ctru
khéc nhau lién quan t6i dy doan mirc d@6 6 nhiém cua chi
s6 PM2s nham c6 céi nhin tong quan vé cac phuong phap
du doan trong phéan 2. Trén co s& d6, trong phan 3 ching
t6i thue hién phan tich dit liéu thu thap dwoc, dé xuat cach
trich rat ddc trung méi va lwa chon phuong phap huan
luyén md hinh phu hop dé du doan murc d6 6 nhiém chi s6
PM. s tai thanh phé Ha N6i mot tiéng sau d6. Cac chi s6 vé
khi tugng 1a can thiét cho viéc du doan, bén canh do cac
chi s6 6 nhiém khéc (bui min ¢6 dwdng kinh ¢& 10 pm —
PM1o, ndng d6 khi CO», tong vat chat hitu co lo limg —
TVOC) va yéu té thoi gian ciing duoc xem xét anh hudng
t6i két qua du doan. V&i cach trich rit nay, chang toi thuc
hién viéc so sanh v&i phuong phap trich rat cli va thu
nghiém v&i cac mo hinh dy doan khac nhau: SVM, RF,
Perceptron da 16p (Multi-layer Perceptron-MLP) va
XGBoost (Extreme Gradient Boosting) trong phan 4. Cudi
cung, ching t6i két luan va thao luan vé hudng phat trién
tiép theo trong tuong lai trong phan 5.

II. KHAOSAT

Trong phin nay, chung t6i thyc hién khao sat cic nghién
ctru lién quan. Trude hét, mot sb nghién ciru da ap dung hé
no-ron suy dién mo thich  (Adaptive Neuro Fuzzy
Inference System — ANFIS) dé du doan. Viéc st dung
ANFIS cho thiy c6 su cai thién khi chi st dung phuwong
phap suy dién m& quy nap (Fuzzy Inductive Reasoning —
FIR), tuy nhién, sy khac biét khong qué nhiéu. Diéu nay
duogc chi ra boi nghién ciru du doan mat do bui PM»s tai
khu vyc trung tdm thanh phd Mexico [2]. Tuy nhién,
nghién ctru nay khong khai thac nhiéu cac yéu td khi tuong
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vao viéc du doan mat d bui PM2s. Mot nghién ciru khac
thyc hién du doan bui PMyp tai thanh pho Konya [3] cling
sir dung ANFIS, ho chi ding cac yéu t6 khi tugng goém:
nhiét do, d6 am, ap sudt va toc do gi6 trong viéc du doan.
Dic biét trong viée xir Iy dir lidu, ho c6 dé xuét phuong
phéap ty 1¢ dir liéu phu thudc dau ra (Output-dependent data
scaling-ODDS). Piéu nay di cho mot két qua hira hen hon.
Tuy nhién ho khong két hop thém gia tri lich sir ctia mat do
bui PMyo dé du doan. Vi bai toan du doan theo thoi gian,
viéc Iya chon phwong phap suy dién mo 1a khong phu hop,
boi két qua du doan cho do chinh xac khong cao (35% -
62%). Bén canh d6, viéc khong xét dén yéu t6 thoi gian
cling khién viéc du doan tré nén kém chinh xac.

Ngoai ra, c6 nhiing nghién ctru ap dung cac thuat toan
khac nhu SVM, RF trong viéc duy doan chét luong khong
khi. Nhitng nghién ctru nay déu sir dung cic yéu t6 khi
tuong va gia tri lich st cac chit 6 nhiém lam dau vao cho
thudt toan cua minh. V6i cac nghién ctru sir dung phuong
phap SVM [4] [5], két qua tuy t6t nhung voi mdi chat 6
nhiém lai chi phu hop v6i ham nhan (kernel) nhat dinh.
Theo két qua thir nghiém thi v&i chi s6 SO,, ham nhan RBF
cho két qua tot nhat nhung véi chi s6 NO; thi sir dung ham
tuyén tinh lai cho két qua tot nhat [4]. Bén canh SVM, RF
ciing la thuat toan dwgc mot sd nghién ctru 4p dung trong
viéc xdy dung phuong phap du doan chat lugng khong khi.
Mot nghién ctru duge thye hién tai thanh phé Thim Duong
(Trung Qudc) [6] da xdy dung thudt toan RAQ dya trén RF
dé du doan chat lugng khong khi trong thanh phd. Ho xay
dung va thu nghiém trén tap dir liéu thu thap tir 10 tram
quan trac bao gom nhiéu yéu t: dir liéu khi turong, dir liéu
céc chi sb 6 nhiém khong khi, dir liéu vé giao thong va dia
1y. Phuong phéap du doan véi thuat toan RAQ cho két qua
vuot tri, d chinh xac 1én t6i 81.5%, trong khi véi mang
no-ron nhan tao (Artificial Neural Network — ANN) chi dat
71.8% va cay quyét dinh (Decision Tree) chi dat 77.4%.
Mot nghién ciru khac cling ap dung RF trong phwong phap
du doan cua ho dugc thyc hién voi tap dir liu thu thap tai
thanh phé Warsaw dé dy doan trung binh mirc d¢ 6 nhiém
cua cac chit trong ngay tiép theo [7]. Phuong phép ho thuc
hién gdm 2 giai doan chinh gdm: lya chon dic trung va ap
dung phuong phap du doan. Véi giai doan lya chon dac
trung, ho thuc hién 2 phuong phap la st dung giai thuat di
truyén (Genetic Algorithm — GA) va thir khép timg budce
(Stepwise fit-SF) dé loai bo bot dac trung tir tap didc trung
ban dau. Véi giai doan dy doan, ho xay dung 2 m6 hinh,
mot mo hinh c6 cac dic trung qua cdc mang no-ron va thuét
toan hoc may khac (MLP, RBF, SVM) rdi téi RF dé tong
hop két qua dy doan cia cac mang trén, mo hinh con lai ¢6
cac dic trung 1a dau vao truc tiép cho RF. Cac chi sb 6
nhiém dugc thir nghiém dé du doan trong nghién ctru nay
gém: PMyo, SO,, NO,, O3. Két qua ho thyc hién cho théy
viéc lya chon dic trung c6 anh huong téi Kkét qua dy doan,
phuong phép SF thudng cho két qua cao hon GA 1én tGi
2.88%. So vé&i phuong phép sir dung suy dién mo, SVM va
RF t6 ra hidu qua hon trong viéc du doén, cho két qua du
doan chinh xac hon. Cach trich rit dac trung cua nhu’ng
nghién ctru st dung SVM va RF ciing da xét toi nhiéu yéu
t6 vé khi tuong, cac chi s6 6 nhim, thoi gian va ca dia 1y.
Diéu nay giup két qua du doan trd nén chinh xac hon va
phu hop vai dit li¢u thu thép duoc.

Ngoai SVM va RF, mang no-ron ciing dugc ap dung
trong viéc du doan bui PM2s. Nghién ciru trén tép dir lidu
thu thap dugc tai Hop Phi (Trung Qudc) di cho do chinh
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xéc cao khi du doan mat do bui PM2s trong ngay tiép theo
khi str dung mang no-ron nhan tao (ANN) [8]. Dir li¢u cua
ho bao gobm mét d¢ bui PM2s va dir liéu ve khi twong. M6
hlnh thiét ké c6 vector input gdm: mat do PMys va cac yeu
t6 khi tugng (nhiét do, toc do gio, hudng gio, do am). Két
qua nghién ctru cho du doan c6 dd chinh xéac cao vdi cac
d6 do nhu sau: Trung binh tuyét ddi 16i (Mean Absolute
Error — MAE) [ug/m®]: 0.92472; Can trung binh binh
phuong 16i (Root-mean-square Error — RMSE) [pg/m®]:
1.2756; Hé sb xac dinh (Coefficient of Determination — R?-
score): 0.9188; R: 0.9315. Tuy nhién, véi nhitng nghién
ctru sir dung SVM va RF duoc dé cap trude d6 thi ANN lai
t6 ra kém hiéu qua hon. Du vay, ching toi van can nhéc thir
nghiém véi thudt toan nay dé giai quyét bai toan cua ching
toi.

Trong nhitng nim gan day, thuat toan Extreme Gradient
Boosting (XGBoost) ndi 1én trong viéc giai quyét bai toan
nay. Mot sd nghién ciru ap dung thuat toan nay di cho do
chinh xac vuot troi hon so voi RF, MLP véi thoi gian huén
luyén ngan hon [9] [10]. Chinh nhing wu diém nay ma
thuét toan XGBoost dugc ap dung ngay cang nhiéu trong
cac bai toan du doan bén canh cac thuat toan hoc sau.

I1l. PHUONG PHAP THUC HIEN

Trong phan nay, chung t6i trinh bay vé& phuong phap
thuc hién gdm cac budc: phan tich tap dit liéu thu thap
dugc, dé xuét lya chon dic trung va xay dung mo hinh du
doan.

A. Mo ta dir liéu

Tap dir liéu cua ching t6i dugc thu thdp tai mot tram
quan tric trong thanh phd Ha Ni trong khoang thoi gian
tir 17/08/2018 t&i 22/07/2019. Mbi ban ghi trong tap dit
liéu chura cac cot: thoi gian, SO2, NHs, O3, PM2s, PMyg,
COz, PMg1, TVOC, CO, nhiét do, 6 am, anh sang. Thoi
gian 14y mdu cach nhau trung binh khoang 40 giay. Tuy
nhién, tap dit liéu ton tai mot s6 ban ghi co gia tri rong va
bi nhidu. Biéu dd phan bd céc gia tri cia thudc tinh (cac
cot) dugc mo ta trong Hinh 1. Sy tdn tai ciia cac ban ghi
nhidu khién biéu dd phan bé cac gi tri ciia hdu hét cac chi
s6 déu bi 1&ch trai rat nhiéu. Tiép theo chung t6i thuc hién
loc bé cac ban ghi nhiéu va trich rut dic trung.

Dau tién, chung toi thyc hién loai bo cac ban ghi nhiéu,
bi khuyet mang gia tri nam ngoai mién cho phép (vi du
nhu chi s6 PMo 1 ton tai gia tri 4m hodc nhiét do do dugc
16n hon 50 d9 C). Qua khao sat nhiéu nghién ctru [7] [11],
cac yéu t6 vé khi tugng: nhiét do, do ém anh sang dugc
chung t6i gitr lai, boi déy 1a nhiing chi s6 phan anh vé dleu
kién thoi tiét va méi truong. Chung ciing 1a nhitng nhan t6
quan trong trong mo6 hinh du doan muc d6 6 nhiém bui
PMgys.

Tiép theo, chung t6i loai bo céc chi s6 khac khong can
thict bang cach danh gia mirc 6 twong quang voi chi so
PM2s va gia tri cua chi so d6. Dya trén

va Bang 11, c6 thé thay rang chi s6 CO khong c6 y nghia
trong viéc du doan, boi gia tri cta chi s6 nay déu bang 0.
Bén canh d6 nhiing chi s6 TVOC, SOz, NH3, O3 ciing dugc
luoc di boi chiing khong thé hién dwoc su trong quan véi
chi sd PM;s nhu trong
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Hinh 1 — Phdn b6 dit liéu ciia cdc chi sé trong tdp dir liéu

W6 200 30 400 500

C6 thé thdy duoc rang chi s6 PM10 va PM2.5 ¢ quan
hé chat nhét trong s6 cac chi sb trén nén chi s nay dwoc
giit lai. Cudi cuing cac chi sé can thiét dé du doan: nhiét do,
d6 am, anh sang, CO2, PM10 va gia tri phan b6 dugc mo
ta nhu trong Hinh 3. Trong phan tiép theo chdng t6i trinh
bay phuong phép trich rut dic trung tir cac chi sb con lai
sau qua trinh tién xu ly dir liéu.

Bdng | — M ta gid tri cac chi s6 CO, NHs, Os, PMyg

cO NH3 O3 PM1o
Sﬁiba“ 320455 | 320455 | 329455 | 329455
Trung | o600 5052 | 17.901 | 28.401
binh
Dolech | 600 [ 2374 | 2456 | 15641
chuin
Gia tri
nhé 0 05 6.5 0
nhat
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25% 0 4.6 17.6 15.7
50% 0 5 18.5 25
75% 0 5.3 18.5 41.7
Gia tri

l6m 0 99.6 104.5 86.6
nhat

Hinh 2 — Biéu do tiwong quan ciia cdc chi sé 6 nhiém véi
chi s0 PM>s

Bang 11 — M6 ta gia tri cac chi s6 PMo1, TVOC, SO,

PMo1 | TVOC | SO:
S6 ban ghi 329455 | 329455 | 329455
Trung binh 17.927 | 3.535 14.405
Do léch chuin | 8.972 1.605 | 4.604
Gia tri nhé nhit | 0 1 0
25% 11 2 12.9
50% 17 4 14.3
75% 24 5 14.3
Gia tri 16n nhit | 306 6 137.9

B. Trich rut dac trung
Cac dac trung chung t6i trich ra dya trén cach lya chon
dac trung cua cac nghién ctru ching toi da khao sat trudc
do [7] [8]. Trong d6, phuong phap SF va GA dugce 4p dung
dé tim ra tap cac dac trung tt nhét tir tap hop nhung dac
trung ban dau. D6i v6i bai toan dy doan 6 nhidm chi sb
PM2s tai Ha Noi, chiing t6i thyc hién liy nhitng dic trung
tiém ndng duoc chon loc theo két qua cua nghién ctru tai
thanh pho Warsaw [7]. Cu thé hon, cac dac trung duoc dé
xuat gom:
e Céc dic trung tai thoi diém hién tai: f1 — gié tri chi
s6 PMas hién tai; f2 — gia tri chi s6 PMyo hién tai; fs
— gié tri nhiét do hién tai; f2— gia tri do 4m hién tai;
fs — gia tri anh séng hién tai; fs — gia tri chi s6 CO2
hién tai. P4y 1 nhiing gié tri md ta vé khong khi ¢
thoi diém hién tai nham hd tro dy doan trong gio
tiép theo.
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e Céc dic trung dya trén thoi gian: f7-s — mua (biéu
dién bang 2 bit: 00 — mua xuan, 01 — mua ha, 10 —
mua thu, 11 — mua déng); fo — ngay nghi (1 — ngay
nghi, 0 — ngay di lam); fio — gio. Pic trung vé mua
1a can thiét bai khi hau tai Ha Noi 1a nhiét dai gio
mua, nén tuy nam & khu vuc nhiét d6i nhung lai c6
4 mua thay ddi trong nam. Bén canh do, cac dac
trung vé ngay nghi trong tuan va thoi gian trong
ngay ciing duoc xem xét boi 6 nhiém khong khi chu
yéu do céc hoat dong cua con nguoi.

e Cac dic trung trong 24 tiéng trudc do: fi1-35 — cac
gia tri chi s6 PMys trong 1 téi 24 gio trude do. Pic
trung nay phuc vu theo ddi su bién doi theo gio dé
du doan ting gio tiép theo.

e Cac dic trung vé khi twong trong 24 tiéng trude do:
fa5_38 — gid tri 16n nhat, nho nhat, trung binh chi s6
PMas trong 24 gio trude do; fse—41 — gia tri 16n nhét,
nho nhat, trung binh nhiét d6 trong 24 gio trude do;
f42_ 44 — gia tri 16n nht, nho nhét, trung binh d6 4m
trong 24 gio trude do. Nhimg dic trung nay nham
cho thdy mirc d6 bién dong caa moi trudng trong
vong 24 tiéng, didu ndy anh huong t6i sy thay doi
cua chi s6 PM2 trong gio tiép theo.

So véi nhimg nghién ctru trude do [7][8], ching toi c6 bd
sung gia tri chi so PMao bdi quan sat thay sy tuong quan
gitra chi s6 nay va gia tri can du doén; Bén canh do, véi
viéc du doan theo gio tiep theo, viéc lay thém gia tri lich
sir trong 24 gid trudge do cua chi so PMas duoc ching toi
dua vao. )

Gié’tri du doan la gia tri trung binh cua chi so PMa s trong
gi0 ti€p theo. Sau khi trich chon dac trung, chung toi thyc
hién chuan héa dit liéu bang chuan héa z — score c6 cong
thue (1):

z=2"F (1)
o
Trong d6 u 12 trung binh cac phan tir, o 1a d6 léch chuan,
x |a gié tri can chuan hoa.
C. Mo ta mé hinh du dodn

Mb hinh du doan ching t6i d& xuat gdm qua trinh huan
luyén va qua trinh du doan dugc trinh bay téng quat trong
Hinh 3.

V6i qua trinh huén luyén, tir dit liéu dau vao 1a cac chi
s6 vé khi twong va céc chi s6 6 nhidm, chiing t6i thuc hién
trich rat ra vector dic trung 44 chiéu nhu da trinh bay &
phan trude d6. Vector niay dwoc chuan hoa va thuat toan
chung t61 ap dung 1a XGBoost dugc xay dung dya trén
Gradient Boost [12]. Khac voi RF [13], thuat toan su dung
phuong phép boosting dé giai quyét. Cu thé hon, cac cay
méi dugc sinh tudn tu véi muc dich giam thiéu 16i tir cay
trude d6 bang viée hoc lai mot phan 13i tir cay trude do,
cap nhat 15i dé co dugc cy tot hon. Tir do, tai bude trude,
nhitng diém bi phén sai s& c6 co hdi duge phan ding nhiéu
hon & xtuong lai.

Tap dit liéu gdm cac cap (x;,y;) trong d6 x; 1a vector
dic trung 44 chiéu va y; 1a gié tri du doan tuong tng. Mo
hinh hoc dugc mo ta nhu sau:
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K
9= () = ) felx) . fi €F @
k=1

Mhigtd§ ©G dm Anh sing ... PM25 Nhistdd ©§ dm Anhsing ... PM2 5

' vy 4 ¥ v v

Trich rit dac trung

vector dac trung 44 chigu
va gid tri PMy 5 gid tiép

Théa man
diéu kién dirng

C

Trich rit d&c trung

Du dodn bng mé
hinh cudi ciing

v
Giai chudn hda gid
tri dau ra

v
Gid tri du dodn

PM> 5 trong gid tdi

]
M8 hinh cudi cing

Hinh 3 — M6 hinh dv dodn

Trong d6, F = {f (x) = wy»}(q:R™) > T,w € R”, véi
q 1a cay dé anh xa vector vao gié tri du doan tai nit 14, T
la s6 lwong nat 14 trén cay, K 1a s luong cay, f; 1a cay
thir k doc lap trong md hinh, w; 1a trong sé cua nat 14 thi
i va ¥; 1a gia tri dy doan v6i . Ham muc tiéu:

L@) = ) 1530 + ) 0 ©
i=1 k

Trong d6, n 1a s6 diém dix lisu, Q(f) = yT + %/’LIIWII2 la
ham qui chuan (regularization). Bai ham muc tiéu khéng
thé téi uu bang phwong phap nhu Stochastic Gradient
Descent (SGD) nén qué trinh hoc dugc thuc hién nhu sau:
Vi 97 = 987 + fo(x;) vabit dau 5 = 0, 9 1a
gié tri du doan cua instance thir i tai vong lap thir t. Ham
muc tiéu trg thanh:

n
£O =310 H fEN o) @
i=1
Va c6 cong thic tinh x4p xi nhu sau:
n
£0 = 3 iy, 9¢0) + gofe(x)
) ©)
S hif2 0| + 00
Véi gi = 05e-nl(ye 9), b = 050l (y, 9°7).

Neéu bo phan hang s6, ham muc tiéu c6 thé viét don gian

nhu sau:
n

- 1
£0 =3 gifoxd + 5 hif20| + 0D ©)
i=1
bit G = Yier; 9ir Hj = Lier; i, v6i I = {ilg(x) = j} la
tap cac gié,tri tai nat I~é j.
Trong s0 t6i vu tai moi nut 1a:

W= j )

Ham tinh 15i trén toan bo cay:
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+yT (8)

Qua trinh huin luyen ket thuc sau mot s 1an lap hodc
gia tri ham muc tiéu nh6 hon moét ngudng nao d6. Mo hinh
sau khi huan luyén dugc sir dung de du doan gia tri trung
binh cua chi s6 PM2s trong gid tiép theo. Vi dau vao la
dir liéu cua cdc chi s6 khi twgng va 6 nhiém trong vong 24
t1eng, dit liéu dugc trich rat thanh mot vector 44 chidu sau
d6 chuin hoa. Vector nay dugc dwa vao mé hinh da huén
luyén dé dua ra gia tri du doan. Trong phan tiép theo, ching
to1 thuc hién thir nghiém phuong phap trich rat va mo hinh
dy doan da dugc trinh bay.

IV. THUNGHIEM

Béi dir liéu dugc ching t6i thu thap dugc léy mau cach
nhau khoang 40 gidy, nén dé thyc hién thtr nghiém, ching
da 1ay trung binh cac ban ghi d6 theo gio. Két qua thu duoc
6433 ban ghi vé céac chi s6 khong khi theo gid. Tiép theo,
chung t6i thyc hién tién xu 1y, trich rat va chuin hoa di
liéu nay. Dé thyc hién qua trinh huin luyén va danh gia,
c4c ban ghi duoc 14y ngau nhién va chia thanh 2 tap: tap
huén luyén (training set) chiém 75% dit liéu ban dau va
25% dir liéu con lai 1a tap kiém tra (test set).

Céc d6 do duoc ching toi sir dung dé danh gia gdm R?
—score cdng thuc (9), MAE cong thire (10) va RMSE cong
thire (11) nhu sau:

Y = 9)? (9)
Yie (i — ¥)?

n
1
MAE=—Z L — 9,
-y 1Iyl Vil
i=

R?=1-—

(10)

RMSE = (11)

Trong d6, n 1a s6 phan tir, y; 1a gi tri thuc té, ; 1a gié tri
du doan, ¥ la gia tri trung binh cua sb phan tir. Cac d6 do
nay duoc sir dung bai chling thé hién rd dugc mire do chénh
léch gitra gi4 tri thyc té va gia tri du doan. Diéu nay pho
hop Vi cac bai toan hoi quy (regression) bai gié tri du doan
nam trén mién lién tuc thay vi 1 cac nhdn nhu bai toan
phan loai. Bdi véi R? — score, gi tri cang cao thi md hinh
cang manh (thé hién muc do phu hop véi tap dir liéu) va tot
nhét la 1.00, véi MAE va RMSE gia tri cang nho cang tot
(2 d6 do nay thé hién sy sai khac gitra gié tri du doan va
gid tri thuc té)

Tiép theo, ching t6i thuc hién so sanh két qua giira
phuong phép trich rit cua chung t6i da trinh bay trong phan
3 (Phuong phap 1) va phlrcng phap trich rit khac chi gom
cac dac trung trich tir cac yéu t6 khi tugng (Phuong phap
2) [8]. Cu thé, phuong phép ciia chiing toi c6 xét dén cac
yéu to Ve thoi glan trong ngay va trong nam, kém theo do
1a chi s6 PM3o va nhiing s6 liéu dau vao cua cac chi sé trong
24 gio trudce do, con voi phuong phap 2, ho chi quan tam
t6i nhirng yéu 6 khi tuong trong pham vi hién tai. So sanh
két qua thuc hién véi cac do do duogc trinh bay trong Bang
111 va két qua dy doan cua 2 phuong phap trong Hinh 4 véi
bén trai |4 so sénh gi4 tri thuc té véi gié tri du doan khi ap
dung phuong phap 1, bén phai la so sanh gid tri thuc té véi
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gi& tri dy doan khi ap dung phuong phap 2.
Bang 111 — Két qua so sanh giita 2 phirong phdp

R?—score | MAE | RMSE

Phuong phap 1 | 0.9508 | 0.1387 | 0.2266

Phuong phap 2 | 0.9368 0.1515 | 0.2521
Phuong phép 1 s Phuong phap 2

LR — Gia tri du doén Iy tuéng o Gid tri du doan Iy tuéng

Gia tri du doan

2 50

60 80 100 120 7 00 128
Gia tri thuc té Gia trj thyc t&

Hinh 4 — Két qua dir dodn ciia 2 phirong phdp

C6 thé thdy rang, phuong phép trich rut ciia ching toi
cho két qua cao hon ~2% so véi phuong phép cii khi thir
nghiém trén ciing mot mo hinh. Pidu nay khang dinh ring
yéu tb thoi gian va chi s6 PMyg ¢6 tac dong t6i két qua du
doan chi s6 PM;s trong gid tiép theo bén canh nhitng yéu
t6 co ban vé khi tuong nhu: nhiét 4o, ¢ am, 4nh sang.

Tiép theo chung ti thyc hién so sanh mo hinh dy doan
vGi cac mo6 hinh khac: SVM, Random Forest, MLP va
XGBoost. Siéu tham s6 (Hyper-parameter) cia mdi thuat
toan dugc dat nhu trong Bang IV.

Bang IV — Siéu tham sé cho méi thudt toén

Hyper-parameter

gamma="auto’
kernel="rbf'
C=100
epsilon=0.0001

SVM

Random
Forest

n_estimators=150
max_features="auto'

hidden_layer_sizes=(192,128,96)
max_iter=1000
learning_rate_init=0.01

tol=1e-6

batch_size=192

MLP

n_estimators=200
max_depth=8

gamma=0.7
objective="reg:squarederror’

XGBoost

Céc tiéu chi dé so sanh tuong tu, gém cac do do: R? —
score, MAE, RMSE va thoi gian huan luyén duoc tinh
bang gidy. Két qua duoc trinh bay trong Bang V.

Bang V — So sanh két qua giira c4c thugt toan

2_ ¥
R MAE | Rmsg | Thoi
score glan
SVM 0.9553 | 0.1154 | 0.2101 | 27.0608
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Random | 4 gce7 | 01115 | 0.2020 | 355577
Forest

MLP 0.9562 | 0.1276 | 0.2078 | 8.2011
XGBoost | 0.9595 | 0.1126 | 0.1999 | 4.8872

Thong qua do do R? — score, ¢ thé thay rang thuat toan
XGBoost cho ty 1& phi hop véi tap dir liéu cao nhat
(95,95%). Véi két qua cia RMSE, sy chénh léch gitra gia
tri du doan va gia tri thyc té 12 nho nhét, tirc d6 chinh xac
cua dy doan 1a cao nhat khi so véi cac gia tri con lai. So
sanh véi nhitng thudt toan con lai, tu tudng cuia XGBoost
1a xdy dung cac mo hinh dy doan yéu va két hop ching dé
cho ram hinh dy doan cudi ciing c6 do chinh xéc cao. Két
hop v6i viée cap nhat lai trong s bang phuong phép ha dao
ham (gradient descent), thuat toan XGBoost s& cho ra mo
hinh du doan khép véi tap dir liéu nhidu nhét co thé. Tuy
su khac biét vé do chinh xac gitta cac thuat toan khong qua
nhiéu nhung so sanh vé thoi gian huén luyén thi XGBoost
¢6 thoi gian huan luyén ngan nhat. Diéu nay cho thay tiém
ning ciia md hinh nay trong viéc huan luyén va do chinh
xac dy doan theo thoi gian.

V. KET LUAN VA HUONG PHAT TRIEN

Vi dit liéu ching t6i thu thap dugc tai Ha Noi gém cac
yéu t6 vé khi tugng va cac chi s6 6 nhidém, chung toi da
nhan théy chi s6 PMio tai Ha Noi ¢6 su tuong quan véi chi
s& PMys. Tir d6, cung véi nhimg khao sat khac chung toi
thuc hién phuong phap trich rat dic trung mdi. Phuong
phap trich rat mdi bao gom khong chi cac yéu t6 vé khi
tuong va 6 nhidm & thoi diém hién tai ma con trong qué
khir (nhidu gio trude d6). Piéu nay giup du doan tdt hon
do gia tri lich sir gitip thé hién xu huéng bién dbi cua chi
s6 PM;s trong gid tiép theo. Ngoai ra, yéu t6 vé thoi gian
cling déng vai tro tac dong 1én két qua dy doan do sy bién
d6i vé khi hau, méi truong theo mua trong nam tai Ha Noi
va hoat dong khac nhau cla con ngudi trong ting khung
thoi gian khac nhau trong ngay va trong tuan. Thir nghiém
da chimg minh phuong phap trich rit ciia chung toi cho két
qua du doan muc do bui PMa2s tai Ha Noi tdt hon so véi
phuong phap cii (chi quan tdm t6i cac yéu t6 khi twong).

Nghién ciru ciing cho thay thut toan XGBoost 1a mot
thuat toan t6t cho do chinh xac cao véi thoi gian huén luyén
thip khi so sanh véi cc thudt toan hoc may khac. Dbi véi
bai todn cta chung t6i, thuat toan nay 1a phu hop baéi kha
ning dy doan chinh xac va chi phi huin luyén mé hinh
thdp. Tuy nhién, boi tinh chét ¢b ging khop véi dit liéu tot
nhat cia thudt toan nay khién thuat toan nay d& bj qua mirc
phu hop (overfitting). Vi vay, trong tuong lai chiing t6i s&
xem xét dén mot sd phuong phap dé han ché viéc bi
overfitting va thir nghiém véi cac thuét toan hoc sau (deep
learning) khac dé du doan cho cac bai toan dir liéu chudi
thoi gian (time-series).

V& mit dir liéu hién tai cua chung t6i cling thiéu mot sb
yéu t6 vé khi tugng nhu hudng gié, toc do gié. Pay ciing
1a nhitng yéu t6 ¢6 thé anh huong t6i viée du doan 6 nhidm
khéng khi do gi6 co thé khuéch tin hodc 1am tap trung mat
d06 bui tai mot khu vuc nao d6. Véi khi hau tai Ha Noi, gio
con c6 nhitng dic trung khac nhau thay ddi theo mua nhur:
hudng gio, toe do, dd 4m. Ngoai ra, dir liéu vé giao thong
ciing can dugc quan tim boi lugng phuong tién ca nhan tai
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Ha Noi rat nhiéu. Trong tuong lai, ching toi s& thu thap
thém nhitng dir liéu trén dé quan sat sy tuong quan giita
ching v&i mire 6 6 nhidm khong khi tai Ha Noi va cai tién
hodc thtr nghiém véi mo hinh khac nhim cai thién do chinh
xac, pham vi dy doan theo khong gian va theo thoi gian.
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PM25 CONCENTRATION PREDICTION BY DATA
MINING METHOD

Abstract: The global air pollution is constantly increasing
and causing negative effects on human health such as
respiratory, cardiovascular diseases and cancers. Recently,
pollution in Hanoi has become increasingly worse,
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especially when PM2s concentration is always at high
level. Thus, PM_s prediction is of more urgency to issue
early forecasts. Depending on air data including
meteorological indicators and air pollution indicators
collected in Hanoi, we have proposed a new characteristic
extraction method that gave better results when uing the
same algorithm compared to those of old methods.
XGBoost algorithm was applied to predict the
concentration of PMys and the test showed that the
accuracy of this algorithm is higher than that of other data
mining algorithms while the training time is significantly
lower.

Keyword: air quality forecasting, data mining, PMas
prediction, XGBoost

Nguyén Quynh Chi tét nghiép dai
hoc chuyén nganh Cong ngh¢ thong
tin loai gidi tai dai hoc Bach Khoa,
Ha ndi, Viét nam nam 1999, nhan
bang Thac S§ chuyén nganh Khoa
hoc may tinh tai Pai hoc California,
Hoa Ky nidm 2004 va nghién ctru
sinh Tién sy Khoa hoc may tinh tir
nim 2004 dén 2008, ciing tai Pai
hoc California, Hoa Ky. Linh vuc
nghién ctru lién quan t6i kho dir ligu
va ung dung cic phuong phap hoc
may va khai pha dir liéu dé giai
quyét cac bai toan trong thuc té

SO 04A (CS.01) 2020 TAP CHI KHOA HQC CONG NGHE THONG TIN VA TRUYEN THONG 105



