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Tém tiat: Nghién ciru ap dung ba thuét toan hoc may Random Forest Regression (RFR),
XGBoost Regression (XGBR), Multilayer Perceptron Regression (MLPR) va mot thuat toan
hoc sau Convolutional Neural Network (CNN) dé mé phong nong d6 bui PM2s tai khu vuc
trung tdm Thanh phé Hd Chi Minh. B6 dit liéu dugce st dung trong nghién ctru 1a dir li¢u
ngay trong giai doan tir 2016-2021 bao gbm nong do bui PMys thu thap tir tram Léanh Sy
Quan My va sau thong s6 khi tuong bao gdm nhiét do trung binh, hudng gio, toc do gio, o
am, sd gio nang va luong mua tai tram Tan Son Hoa. Bo dit liéu duoc chudn hoa va phan
chia véi ty 1€ 80:20 phuc vu qué trinh huén luyén va kiém tra cac thuét toan. Sau do, sau
kich ban cac thong s6 dau vao khac nhau dugc xay dung dua trén két qua phan tich tuong
quan riéng phan giita cac thong sé khi twong voi nong do bui PMzs. Két qua nghién ctru
cho thiy ca ba thuat toan hoc may déu c6 kha ning mé phong t6t ndng dd6 PMas véi gid tri
hé s6 tuong quan r dao dong trong khoang 0,770 dén 0, 854, trong d6 thuat toan XGBR voi
sau thong s6 khi tugng dau vao cho hiéu qua mo phong t6t nhat véi r = 0,854, I0A = 0,922
vaNMB =6,711. Bén canh do, ket qua mo6 phong nong do PMzscua thuat toan CNN la chua
dat voi gia tri r nho hon 0,5 & tat ca kich ban mo phong.

Tur khoa: Bui PM2s; Hoc may; Hoc sau; TP. Ho Chi Minh.

1. Pt van dé

Hién nay, 6 nhiém khong khi da tré thanh mot trong nhiing van dé méi truong cé anh
hudng 16n dén ste khoe cong dong, dic biét dudi anh hudng cia qua trinh d6 thi hoa va cong
nghiép hoa [1-6]. Theo T6 chtrc Y t& Thé gidi (WHO), c6 7 triéu ca tir vong sém do 6 nhiém
khong khi ca bén ngoai va trong nha trén toan cdu mdi nam [7]. Pac biét 1a 6 nhiém do bui
PM2s, dang tro thanh mot trong nhirg van dé tac dong tiéu cuc dbi véi stc khoe toan cau,
trong do6 c6 Viét Nam [8]. Bui PM2s duge dinh nghia 1a cac hat bui min ¢6 duong kinh nho
hon 2,5 um [9]. M6t s6 nghién ctru da thuc hién [10—13] cho thdy méi lién hé chit ché giira
néng do PM25 va cac bénh nhu ung thu, tim mach, ho hép, chuyén hoa va béo phi. Tai Viét
Nam, nng d6 bui PM2s nam 2021 cao thtr 36 trong 117 qudc gia [14] va mic d6 6 nhiém
bui PMys ciing thé hién sy phén hoa theo mirc d§ do thi hoa. Thanh phé Ho Chi Minh
(TP HCM) 1a trung tdm kinh té ctia khu vuc phia nam, cung voi sy phat trién kinh té, thanh
pho ¢6 s dan cao nhét ca nudc voi mat do dan sb 4.375 ngu:oq/km2 (nam 2021) dang phai
d6i mat voi nguy co anh huéng ste khoe nguoi dan do 6 nhiém khong khi. Theo két qua
thdng ké [15-16], 12/24 quan/huyén & TP.HCM c6 ndng d6 bui PMz2s nam 2020 vuot quy
chuan QCVN 05:2013/ BTNMT. Pén nam 2021, mic du hau hét cac quan huyén c6 nong do
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PMz5 nam trong ngudng cho phep vé chit luong khong khi theo quy chuan qubc gia, tuy
nhién céac gia tri nay van 1én hon so véi muc khuyen nghi cia WHO. Bén canh do6, so ca tir
vong sém do phoi nhiém PM25 nam 2019 tai TP. H5 Chi Minh 12 4.130 ca, dung tht hai ca
nudc, tap chil yéu tai nhitng quan trung tim thanh phd, 16n nhét tai quan Binh Tan vé6i 370
ca, theo sau 14 quian Go Vép, huyén Binh Chanh va Quan 12 (khoang 280-320 ca). Nong do
bui PM25 cao & cac quén trung tim, thip & cac huyén nhu Ca Chi, Can Gio [15-16]. Vi vay,
viéc mo phong va du bao ndng d6 bui PMzs tai khu vurc trung tdm TP.HCM (Hinh 1) 14 can
thiét nham phuc vu cho cdng tac quan li va kiém soat 6 nhiém, ciing nhu giam thiéu rui ro
gay ra do 6 nhiém byi PM2s.

Co6 thé thay, cong tac mo phong va du bao chat luong khong khi ¢6 vai trd quan trong
trong viéc ing pho voi 6 nhiém khi va bdo vé sirc khde con nguoi. Tuy nhién, viée du bao
chat luong khong khi 1a kha phuc tap va bi chi phdi boi nhiéu yéu td, trong d6 c6 diéu kién
khi twong va tai luong phat thai. Hién nay, cac phuong phap nghién ctru du doan 6 nhiém
khong khi chi yéu bao gdm phuong phap mé hinh s6 va phuong phap théng ke [17, 18] Tuy
nhién, phuong phap mo hinh s6 thudng doi hoi nhiéu dit liéu va nguoi ding can hiéu biét sau
sdc vé co ché lan truyén va ban chat ciia cac chat gy 6 nhlem khong khi dé c6 thé lia chon
céc so d6 vat 1y va hoa hoc phu hop duogc sir dung trong ciu hinh ctia mé hinh [19]. Phuong
phap thong ké thi tuong ddi don gian, tiét kiém thoi gian va tai nguyén tinh toan, va dé thuc
hién. Tuy nhién, hi¢u qua m6 phong s€ phu thudce vao s6 luong cac bién s6 va dir liéu san co,
két qua dy bao s& phu thudc rat nhiéu vao mdi trong quan gitra bién dau ra va cac yeu t6 dau
vao0. Bén canh d6, hién nay véi xu thé ciia cach mang cong nghiép 4.0, di c6 nhiéu nghién
ctru st dung céac thuat toan tri tué nhan tao bao gdm ca hoc may va hoc su nham ting hiéu
qua md phong, du doén chét luong khong khi.

Mot s0 nghién ctru st dung thuat toan hoc may dé dy doan bui min di dugc thuc hién co
thé ké dén nhu nghién ctru [20] d4 str dung c4c thuat toan hoc may Random Forest (RF),
eXtreme Gradient Boosting (XGBoost), va hoc sau Deep Neural Network (DNN) dé nghién
ctru du doan néng dd PMzs & khu vuc d6 thi ctia Tehran, st dung bo dit liéu khi twong tir
tram quan trac va dit liéu do day quang hoc sol khi (AOD) tr anh MODIS. Két qua cho thay
thuat toan XGB cho kha nang du bao t6t nhét trong 3 phuong phap. Nghién ctru [21] du bao
ndng do PMio khu vuc Caribe bang sau thut toan hoc may bao gdm: Support Vector Machine
(SVM), RFR, k-nearest Neighbor Regression (kNN), Gradient Boosting Regression (GBR),
Tweedie Regression (TR) va Bayesian Ridge Regression (BRR). Cac phuong phép nay da
duoc ap dung dé xay dung thuat toan du doan dya trén moi quan h¢ gitra nong do PMio va
céc yéu td thoi tiét cua khu vuc nghién ciu va két qua cho thay thuét toan GBR cho hiéu qua
du bao tot nhat. Nghién ciru [22] di st dung cac phuwong phép hoc may nhu RF, GBR,
Support Vector Regression (SVR) va Multilayer Regression (MLR) dé du doan PM1o va PM2s
0 Ma cao, Trung Quoc Dit liéu khi twong va chat luong khong khi tir nam 2013 dén nam
2018 dugc str dung dé du doan. Nghién ctru nay cho thay RF 1a phuong phap du doan déng
tin cdy nhat vé nong do chat 6 nhiém, thuat toan nay ciing chimg minh duoc tinh higu qua
khi du bao néng d6 PMys trong ving Paso Del Norte v&i do chinh xac dat 92% [23]. Bén
canh cac thuat toan hoc may, cac thuat toan hoc sau nhu Recurrent Neural Network (RNN),
Long Short-Term Memory (LSTM), Convolutional Neural Network (CNN) cling dugc su
dung trong nhiéu nghién ctru nham dy bao nong d6 bui PMas [24-27].

Ttr cac nghién ctru ké trén, c6 thé thiy cac thuat toan hoc may va hoc séu duoc sir dung
pho bién va c6 hidu qua cao trong mo phong, du bao ndng do bui min tai nhidu quoc gia trén
thé gigi. Nghién ctru ndy s& st dung cac thuat toan dugc danh gia ¢ hiéu qua tét trong céc
nghién ctru da thyc hién 1a RF va XGB, bén canh d6, hai thuat toan hoc may va hoc sau pho
bién 12 MLP va CNN ciing duoc 4p dung dé thir nghiém trong nghién ctru ndy. Ngoai ra,
phﬁn 16m cac nghién ctru da thyc hién déu st dung céc dir li€u khi tuong dé du bao PMzs.
Muc tiéu ctia nghién ciru nham xac dinh thuat toan va bo thong s6 tdi wu phuc vu mé phong
néng d6 bui PM25 dua trén dit liéu vé khi tuong tai khu vyuc trung tdm TP.HCM.
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2. Dir liéu va phuwong phap nghién ciru

2.1. Thu thdp va xw li dir liéu

B dit li¢u dugce sir dung trong nghién ctru 1a dir liéu ngay trong giai doan tur 5/2/2016
dén 30/4/2021 bao gébm ndng d6 bui PMa s trung binh ngay thu thap tir tram Lanh Su Quan
My va sau thong $6 khi tuong bao gém nhi¢t do trung binh (T), hudng gié (WD), tde do gio
(W), d6 4m (H), s6 gid ning (S) va lwong mua trung binh (R) tai tram Tan Son Hoa. Cac
thong sb nay duoc chon dya theo Bao céo hi¢n trang mdi truong quéc gia 2021 cua Bo Tai
nguyén va moi truong, ndng do chét 6 nhiém trong khong khi gan mat dat phu thudc rat lon
vao yéu t6 khi twong (hudng gio, tbe do gio, nhiét do, dd 4m twong ddi, lugng mua), cac yeu
t khi twong co6 lién quan mat thiét dén sy hinh thanh, tich tu va phan tan cac chét 6 nhiém
khong khi va bui vao méi trudong xung quanh [7]. Vi tri cac tram dugc thé hién trong Hinh 1
va dic trung bo dir liéu dau vao dugc thdng ké va trinh bay trong Bang 1.
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Hinh 1. Khu vuc nghién ctru.
Bang 1. Pic trung b dit lidu dau vao.
91 . Nhé Lén Trung . A ra z
Bién Don vi nhit nhit binh Trung vi D6 léch chuan

Nhét d6 (T) °C 23,4 32,6 28,73 28,7 1,38
Huong gi6 (WD) - 0,0 15,0 8,53 9,0 4,38
Toc d gio (W) m/s 3,0 10,0 5,40 6,0 1,02
Do am (H) % 51 93 72,31 72,0 7,40
So gid nang (S) h 0,0 10,2 5,98 6,4 2,57
Luong mua R) mm 0,0 366,0 5,02 0,0 15,38
Nong d6 PM2.5 pg/m3 5,0 77,65 24,75 22,63 10,73

B9 dir liéu trong nghién ctru cé su chénh 1éch vé do 16n cling nhu khong déng nhat vé
don vi, do d6 viéc chuan hoa bo dir liéu can duoc thyc hién nham dua bo dit liéu vé cing
khoang gia tri phuc vu cho céc phép tinh trong thuat todn. Trong nghién clru nay, phuong
phap chuin héa StandardScaler nham dwa gia tri trong bo dit liéu c6 trung binh bang 0 va do
léch chuan bang 1 (Hinh 2a), phuong phap nay duoc ap dung cho cac thuat toan hdi quy nhur
RFR, XGBR, MLPR va phuong phdp MinMaxScaler nham dwa cac gia tri vé khoang [0, 1]
phuc vu tinh toan cho thuat toan CNN (Hinh 2b).

Sau khi da chudn hoa dit liéu, nghién ctru tién hanh phan chia dit liéu thanh hai phan
phuc vu qua trinh huén luyén va kiém tra mé hinh theo ty 1¢ 80:20, tirc 1a 80% dir liéu duoc
st dung cho qua trinh huin luyén nham tim bo thong s6 ti uu ctia mo hinh va 20% dir liéu
phuc vu qua trinh kiém tra nham danh gia hiéu qua, do tin cdy cua cac md hinh.
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Hinh 2. Dic trung bo dir liéu sau khi chuan hoa: (a) Phuong phap StandardScaler, (b) Phuong phap
MinMaxScaler.

2.2. Phuong phap nghién ciru

Trong nghién ciru nay, cac thuat toan Random Forest Regression (RFR), XGBoost
Regression (XGBR), Multilayer Perceptron Regression (MLPR) va Convolutional Neural
Network (CNN) s& dugc ap dung dé xay dung mo hinh mé phong noéng do bui PMzs. Hinh
3 thé hién quy trinh thyc hién tong quat nham xac dinh ciu trac va bo thong sé mo hinh tdi
uu mo phong néng d6 bui PM2 s tai khu vuc trung tam TP.HCM, céac budc chinh cu thé nhu
sau: (1) thu thap va tién xtr 1y dir liéu; (2) chuan héa dir liéu, (3) phéan chia dit liéu, (4) tinh
turong quan riéng phan gitta ndng d6 PM2s va cac thong sb khi tugng, tir d6 xdy dung cac
kich ban tinh, (5) lya chon va xay dung céac thuat toan hoc méy va hoc sau bang ngdn ngir
1ap trinh Python, (6) hudn luyén va kiém tra mé hinh, x4c dinh thuét toan va bo thong sd tdi
uu mo phong nong do bui PMz s tai khu vue nghién cuu.

Dir lié¢u bui PM2.5
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Hinh 3. Quy trinh xay dung mé hinh.

2.2.1. Thuat toan Random Forest Regression (RFR)

Thuat toan RFR dugc gioi thiu boi [28], 1a mot phwong phap hoc tap tong thé c6 giam
sat hoat dong dua trén cay quyét dinh. Thuat toan nay c6 thé duoc sir dung cho ca phén loai
va hoi quy, rat linh hoat va nhanh chong. Nghién ctru ndy sir dung thuét toan hoi quy dé mé
phong ndng 46 PM2s. Cach hoat dong cua thuat toan RFR bao gém cac budc nhu sau: (1)
Chon ngiu nhién mot s6 mau tir tap dit liéu huan luyén ban dau dé tao ra cac tap dir liéu con
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khac nhau; (2) Xay dyng mét cay quyét dinh trén mdi tap dir lidu con; (3) Ket hop mé phong
clia cac ciy quyét dinh bang cach tinh trung binh hodc biéu quyét theo da sd cac mo phong
doc lap tir cac cay quyét dinh.

2.2.2. Thuat toan XGBoost Regression (XGBR)

Thuét toan XGBR 12 mét trong nhitng thudt toan hoc may phé bién duoc sir dung trong
bai toan md phong gia tri lién tuc (hdi quy). Pay 1a mot thudt toan hoc may dya trén ky thuat
gradient boosting. Thuat toan XGBR st dung nhleu ciy quyét dinh dé hoc, trong d6 mdi cay
quyét dinh duoc xay dung dya trén cac trong sd cua cac cdy trude d6. XGBR st dung cac
ham méat mat dé t6i vu hoa thuat toan, dong thoi ap dung cac k¥ thuat regularization dé tranh
hién tuong qua khop (overfiting) [29].

2.2.3. Thuat toan Multilayer Perceptron Regression (MLPR)

Thuat toan MLPR 1a mdt thuadt toAn mang no-ron nhan tao dugc sir dung cho bai toan
héi quy, cu tric gdom 16p dau vao, cac 10p an, va 10p dau ra. Cy thé, 16p du vao nhan cac
dac trung cua dir liéu dau vao va chuyén chling vao mang no-ron. S6 luong no-ron trong 16p
dau vao phu thudc vao s6 luong déc trung trong dir liéu. Cac 16p a an nam gitra 16p dau vao va
16p dau ra. M01 16p an chira mot s lwong no-ron duge chon trudce, sd lwong va kich thude
ctia cac 16p an c6 thé khac nhau tiy thudc vao do phirc tap ctia bai toan va kha nang hoc cta
thuét toan. Lop dau ra chira mot s6 lwong no-ron tuong tmg véi sd luong bién muc tiéu trong
bai toan hdi quy, mdi nut trong 16p dau ra tinh toan gia tri md phong cuia bién muyc tiéu.

Cac no-ron trong cac 16p dau vao, 10p an va 16p dau ra két ndi véi nhau thong qua cac
trong s6 va ham kich hoat. Qua trinh tinh toan trong MLPR dugc thyc hién bang cach lan
tmyen thudn, trong d6 théng tin duoc truyén tir 16p dau vao qua cac 16p an va cudi cing dén
16p dau ra dé tao ra du doan.

2.2.4. Thuat toan Convolutional Neural Network CNN

Thuat toan CNN da duoc phat trién véi bon ¥ tudng: truong tiép nhan cuc bo (Local
receptive field), trong s chung (Shared weights), ldy mau con khong gian (Spatial
subsampling) va str dung nhiéu 16p (Pooling layer). Mot trong nhiing loi ich cia mang nay
la trong sb duoc chia sé gitp giam sé lugng tham s. Mot thuat toan CNN dién hinh bao gom
ba loai 16p: 16p tich chap (Convolutional layer), 16p ldy mau con (Subsampling layer) va 16p
két ndi day du (Fully connected layer) [30].

Trong linh vuc moéi truong, thuat toan CNN 1D ¢ thé dugc ap dung dé phan tich va md
phong cac dir liéu lién quan dén mai trudng nhu dir liéu khi quyén, chat luong khong khi, va
dir liéu dia chat. Cy thé, CNN 1D c6 kha nang xir ly cac chudi dit liéu khéng gian va thoi
gian, nhu dit liéu vé ndng do & nhidm khéng khi theo thai gian, dit liéu vé thay doi khi hau,
hay dir liéu vé su bién ddi dia chat trong mét khu vuc.

2.3. Banh gia hiéu qua mo phong

Hi¢u qua mé phong cua cac mé hinh duoc danh gia bang phuong phép d6 thi va phuong
phap thong ké nham so sanh chét luong va do tin cdy cua két qua md phong tir cac mo hinh
v61 80 ligu thue do. Trong nghién ctru ndy, cac chi s6 dugc dung dé danh gia d6 hiéu qua cua
cac mo hinh bao gdm hé sé twong quan riéng phan pearson (r), chi sd tuong dong (IOA) va
d6 léch trung binh chuan hoa (NMB). Céch tinh ctia ting chi s6 dugc trinh bay 1an luot trong

cac cong thirc 1, cong thirc 2 va cong thue 3. Tiéu chuan danh gia hi€u qua m6 phong cua
md hinh dya trén ba chi s6 thong ké r, [OA va NMB dugc the hién ¢ Bang 2.

R=2BPXO0] o g oR<q (1)
\/z(Pj—F)ZXZ(Oj—G)Z
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2
P;—-0; .
0A=1-——2B7%" _ sio<i0a<1 )
2(|Pj~0|+|0;-0l)
Z(P -05) 0
NMB = =522 x 100 v6i, ~100% < NMB < +o0 3)
j
Bang 2. Tiéu chuin dénh gia cho cac mo hinh thuét toan vdi ba chi s6 R, IOA va NMB [31].
Chi s6 thong ké Mikc tiéu chuin PMazs
r Muc tiéuq >0,70
Tiéu chuan > 0,60
Muc ti€u > 0,80
10A Tiéu chudn >070
Muc tiéu <x10%
NMB Tiéu chudn <£20%

Trong d6 Pjva Oj 1a gi4 tri quan sat th j ctia gia tri mo phong va gia tri thuc té, P va 0
la gia tri trung binh cua gia tri mo6 phong va gia tri thuc té.

2.4. Xdy dung kich ban mé phong

Céc kich ban mé phong duogc xac dinh da trén mirc d¢ twong quan giita timg thong sd
khi tuong v&i ndng do bui PMas, theo d6 thong sb nhiét ¢ c6 muc do twong quan cao nhat
voir = 0,296, tiép theo 1an luot 1a tbe do gio, sb gio néng, do Am, hudng gid va luong mua
1a thong s6 c¢6 mirc 6 twong quan thip nhat véi ndng do PMazs. Két qua tinh toan gia tri
twong quan ddi véi ting thong s6 dugc trinh bay trong Bang 3. Cac bién dau vao cua cac
kich ban duoc x4c dinh dya trén sé luong bién dau vao va mirc d6 tuong quan tir cao dén
thap, theo d6 6 kich ban mé6 phong duoc xay dung va thé hién trong Béang 4.

Bang 3. Hé so twong quan Pearson (r) gira cac bién dau vao voi bui PMys.

A £ Al an Huéng gio Téc do o X S gid' niang Luong
Thong so Nhiét do (T) (WD) gié (W) Po am (H) ) mua (R)
r 0,296 0,072 0,282 0,108 0,152 0,066

Bang 4. Cac kich ban m6 phong.

Kich Ban Bien dau vao

KB1 Nhiét do (T)

KB2 Nhiét do (T), Téc do gi6 (W)

KB3 Nhiét d6 (T), Toc do gié (W), Sb gio nang (S)

KB4 Nhiét do (T), Toc do gi6 (W), S6 gio nang (S), d6 4m (H)

KB5 Nhiét do (T), Toc do gio (W), S gio nang (S), 6 am (H), Hudng gi6 (WD)

KB6 Nhiét d6 (T), Téc d6 gi6 (W), S6 gid ning (S), d6 am (H), Hudng gié (WD), Luong mua (R)

3. Két qua va thao luin

3.1. Danh gia hiéu qua mé phong cua mo hinh

Két qua danh gia hiéu qua moé phong ndng do bui PM2s theo 6 kich ban bang cac thuat
toan dua theo céac chi sb r, [OA va NMB duoc thé hién trong Bang 5. Thuat toan c6 hiéu qua
mo phong tét nhat nghia 14 c¢6 su khac biét nho nhat v6i ndng do bui PM2s quan tric.

D6i v6i thuat toan RFR, két qua mo phong khong t6t & cac kich ban KB1 va KB2 véi r
thip hon 0,6, IOA thap hon 0,7 va NMB 16n hon 10%, kich ban KB3 dat muc tiéu chuan.
Nguoc lai, hi¢u qua md phdng dat muc tdt & cac kich ban KB4, KB5 va KB6 voi r 16n hon
0,7, IOA 16n hon 0,8 va NMB bé hon 10%, trong d6 KB6 véi 6 bién dau vao cho hiéu qua
md phong tot nhat véi cac gia tri r = 0,838, IOA = 0,887 va NMB = 9,078. D0 thi so sanh
ndéng 46 PMa2s quan trac va mo phong véi kich ban t6t nhat KB6 duogc thé hién trong Hinh
4a.
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Ddi voi thuét toan XGBR, céc kich ban vai 3 thong s6 khi tuong dau vao 13 nhiét dg, toc
do gio, sb gio nang cho két qua mod phong chua dat, trong khi d6 hiéu qua mé phong dat mirc
t6t & cac kich ban KB4, KB5 va KB6 v6i R 16n hon 0,7, IOA 16n hon 0,8 va NMB bé hon
10%, va kich ban KB6 véi 06 thong s6 dau vao cho hidu qua mo phong t6t nhat voi cac gia
tri r = 0,854, I0A = 0,922 va NMB = 6,711 (Hinh 4b).

Dbi véi thuat toan MLPR, hiéu qua mé phong khong tt & cac kich ban KB1, KB2, KB3
va KB4 véi r thip hon 0,6, IOA thap hon 0,7 va NMB 16n hon 10%, va kich ban KB6 dat
hiéu qua mé phong t6t nhat véi r = 0,771, IOA = 0,875 va NMB = 3,217 (Hinh 4c).

Dbi v6i thuat toan CNN, két qua cho thay thuat toan CNN khong thé mod phong tot nong
d6 bui PM25 tai khu vuc nghién ciru, cu thé két qua so sanh giira nong d6 PMzs quan trac va
md phong cho thay r thip hon 0,5, IOA thip hon 0,7 va NMB déu 16n hon 10% & tat ca cac
kich ban. Ngoai ra, d6 thi thé hién két qua mo phong trong kich ban KB6 (Hinh 4d) cho thay,
gia trl nong d6 bui PMas mo phong tir thuat toan CNN nhé hon rat nhiéu so véi gia tri quan
trac.

Biéu dé néng doé bui PM2.5 gilra gia tri quan sat va mé phdng Biéu dé néng dé bui PM2.5 giira gia tri quan sat va mé phdng
—— Quan sét —— Quan sat
ol (@) —— M6 phéng ol (B) —— M6 phéng
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Hinh 4. Két qua mo phong ndng d6 bui PMys tot nhit ciia bon thuat toan: (a) RFR - KB6; (b) XGBR
- KBS6; (c) MLPR - KB6; (d) CNN - KBS6.

Bang 5. Hiéu qua mo phong nong do bui PM2s cho céc kich ban giira céc thudt toan trong qua trinh kiém tra.

Thuit Chi sb Kich Bin
toan KB1 KB2 KB3 KB4 KB5 KB6
r 0,302 0,476 0,759 0,79 0,835 0,839
RFR I0A 0,483 0,658 0,837 0,862 0,884 0,887
NMB 17,901 15,167 11,21 9,373 8,965 9,078
r 0,332 0,396 0,392 0,775 0,826 0,854
XGBR I0A 0,508 0,556 0,604 0,881 0,909 0,922
NMB 17,185 15,996 15,893 6,106 2,408 6,711
r 0,253 0,39 0,523 0,568 0,7 0,771
MLPR I0A 0,414 0,528 0,701 0,732 0,83 0,875
NMB 18,888 18,463 20,031 5,763 16,87 3,217
r 0,238 0,367 0,388 0,432 0,448 0,454
CNN I0A 0,379 0,491 0,506 0,558 0,571 0,578

NMB 23,636 20,61 19,39 20,607 22,094 20,091
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3.2. Bg thong 56 thudt todn téi wu

Nhin chung, cac két qua cho théy, kich ban KB6 voi 6 thong s6 khi twong dau vao 1a
nhiét d6 (T), tbc do gid (W), sb gio ning (S), do a 4m (H), huéng gié (WD) va lugng mua (R)
¢ ca 4 thuat toan déu cho hiéu qua mé phong t6t nhat. Bén canh d6, khi so sanh hiéu qua mé
phong t6t nhat giita bdn thuat toan, két qua tir Hinh 4 va Bang 5 cho thdy XGBR cho hiéu
qua md phong ndng dd bui PMas tai khu vuc trung tim TP.HCM tdi uu nhat. B tham s6 tdi
wu cta thuat toan XGBR dugc thé hién trong Bang 6, bao gém cac siéu tham sb max_depth,
gamma, learning_rate, n_estimators, subsample, gié tri cic siéu tham s nay dugc xac dinh
bang ham GridSearchCV véi thoi gian hudn luyén 1a 30 phat. Két qua nay twong dong voi
két qua trong nghién ciru [20], nghién ctru nay ciing sir dung céc thuat toan RF, XGB va DNN
cung voi bo dir liéu khi tuong dé du bao noéng do PMas va cho thiy XGB cho hiéu qua mé
phong t6t nhat. Xét vé bo tham s tdi uu, gid tri cua tham s6 max_depth & hai nghién ctu
gidng nhau déu bang 8, riéng cac tham s6 gamma va n_estimators cua nghién cau [20] lan
luot 1a 0,7 va 200, c¢6 su chénh 1éch so v&i nghién ciru nay. Diéu nay cé thé do su khéc biét
vé dic trung va do 16n cia bo dit lidu str dung.

Béang 6. Bo tham s6 toi wu cua thuat toan XGBR.

Tham sb Y nghia tham sb Gia tri
. Kiém soat sy anh huong cua mdi cdy quyét dinh dén két qua va toc
learning_rate d6 hoe C},la XGB. ) o 0,6
max_denth D9 sau t6i da ciia moi cdy. Cay sau hon c6 thé ndm bat dugce cac tuong 8
-dep tac phire tap hon nhung c6 thé gay overﬁttlng
Xac dinh muc 6 giam tdi thiéu ciia ham mat mét can dat duogc dé tiép
gamma 0,2
tuc phan chia mot nit cay. o
subsample Kiém soat ty 1¢ mau dugc s dung d¢ huan luyén ting cay. 0,6
colsample_bytree I;;ll;m soat ty 1€ cot (bien dau vao) dugc sir dung dé huan luyén ting 0.6
S6 luong cay s& dugc xdy dung trong qué trinh hudn luyén. Tang sb
n_estimators luong cay c6 thé cai thién hiéu suat nhung ciing ting thoi gian huan 300
luyén.

Bén canh d6, tir bang thong ké hiéu qua mo phong & 6 kich ban trong Bang 5 ¢6 thé thay,
két qua trong KB6 va KB5S khong c6 su chénh 1éch nhiéu & thuat toan XGBR, va két qua khi
str dung 05 thong sb dau vao van dat hiéu qua moé phong cao véi r = 0,826, IOA = 0,909 va
NMB = 2,408, vi vay c6 thé thay yéu té lugng mura khong anh hudng nhiéu dén nong do bui
PMzs tai khu vue nghién ctru. Do do, trong truong hop khong du dir liéu lugng mua van c6
thé sir dung 05 thong s6 khi tugng la nhiét do, toc do gio, so gio nang, do am, hudng gio dé
mo phong néng d6 PMz2s ma van dam bao hidu qua mé phong.

4. Két luén

Nghién ctru da thuc hi€én mo phong nong do bui PM2 s tai khu vyc trung tam TP.HCM
bang thuat toan hoc méy va hoc sau bao gdm bdn thuat toan RFR, XGBR, MLPR va CNN.
Sau kich ban mo phong duoc xay dung dua trén muirc dg twong quan riéng phan giita nong
d6 PM2s va sau thong sb khi tugng: nhiét do, toc do gio, sé gio nang, do am, huong gi6 va
lwong mua. Két qua mo phong ndng d6 bui PM2s duoc danh gia thong qua céc chi sb r, IOA
va NMB.

Két qua cho thay cac thuat toan hoc may nhu RFR, XGBR va MLPR dat dugc dg chinh
xac va hiéu suét t6t trong viéc mo phong nong do bui PMys. Dic biét, thuat toan XGBR voi
06 thong s dau vao di dat hiéu qua mo phong cao nhat vai cc chi sé r= 0,854, IOA = 0,922
va NMB = 6,711. Két qua nay cho thay kha ning cua thudt toan hoc may trong mo phong
dién bién chat luong khong khi théng qua ndng do bui PM2s 1a rat tot. Két qua cia nghién
ctru ¢6 thé duoc sir dung trong nhing bai toan vé mé phong nong do bui tai khu vuc trung
tam TP.HCM, ciing nhu nhitng khu vuc khéac c6 diéu kién twong tu.
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Trong nhing nghién ctru tiép theo, dé nang cao hidu qua mé phong s& xem xét dén nhimng
thong s6 chat luong khong khi khac nhu CO2, SO,.. nhu cac bién dau vao va thir nghiém céc
thudt toan khac. Bén canh d6, xem xét mé rong mé phong, du bao cic thong s 6 nhiém khac
phuc vu qua trinh quan li va kiém soat 6 nhiém khong khi trén dia ban TP.HCM.

Dbong gop cua tac gia: Xay dung y tuong nghién ctru: N.P.H., D.N.K.; Phuong phap: N.P.H.,
N.N.D., D.Q.L.,; Xur ly so liéu: N.P.H., N.N.D., D.Q.L.; Viet ban thao bai bao: N.P.H.,
D.N.K.; Chinh stra bai bao: N.P.H., D.N.K.

Loi cam doan: Tép thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cta tip thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong ¢6 su tranh chap loi ich trong nhom tac gia.
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Abstract: The research employs three machine learning algorithms: Random Forest
Regression (RFR), XGBoost Regression (XGBR), and Multilayer Perceptron Regression
(MLPR), and a Convolutional Neural Network (CNN) deep learning algorithm, to simulate
PM2 s concentration in the metropolitan region of Ho Chi Minh City. The dataset used spans
from 2016 to 2021 and includes daily PM2s concentration data from the U.S. Consulate
General - Ho Chi Minh City station, as well as six daily meteorological parameters:
temperature, wind direction, wind speed, humidity, sunshine hours, and rainfall collected
from the Tan Son Hoa station. The dataset is then standardized ad split into an 80:20 ratio
for the training and testing phases. Based on the results of Pearson correlation analysis
between meteorological parameters and PM2.s concentration, six scenarios are created with
different input parameters. The findings reveal that the three machine learning models are
effective in simulating PM2 s concentrations with, correlation coefficient (r) values ranging
from 0.770 to 0.854. The XGBR model performs the best when all six meteorological
parameters are used, attaining an r of 0.771, an Index of Agreement (I0A) of 0.875, and a
Normalized Mean Bias (NMB) of 3.217. Nonetheless, it is important to note that the CNN
algorithm does not produce satisfactory results, with an r value less than 0.5 in all scenarios.

Keywords: PM2s; Machine learning; Deep learning; Ho Chi Minh City.



