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Tém tit: Giam sat chat luong khong khi l1a chu dé
nghién ctu thach thirc nhung ciing day tinh thuc tién cua
linh vuc hoc may va phan tich dir liéu. Chét luong khong
khi anh huong truc tiép dén sic khoe va doi sbng cua con
ngudi trong thoi gian dai. Do d9, gia tri do luong cua cac
cam bién danh gia chat lwong khdng khi ludn nhan dugc
nhiéu sy quan tdm ciia ngudi dan ciing nhu cac co quan
chinh quyén. Hién nay, céc tram quan tric chat lwong
khong khi tai mat dat duoc thiét 1ap phd bién dé dua ra
cac gia tri chat luong khong khi tai cac khu vuc gidm sat.
Thiét bj bay khong nguoi lai (UAV - Unmanned Aerial
Vehicles) dugc ciing dan duge dua vao sir dung pho bién
cho cac ung dung gidm sat sic dung camera. Tuy nhién,
st dung UAV trong gidm sat va dy doan chét lugng
khong khi van con 1a linh viec méi dang nhan dwoc nhiéu
sy quan tdm cua cac nhém nghién ctu 16n trén thé gidi.
Dé giai quyét bai toan dy doan chét lugng khdng khi dua
vao nhitng gi4 tri cam bién do duoc tir thiét bi bay khdng
ngudi 1ai, chung toi d& xuat mot mo hinh két hop mang
no ron tich chap mét chidu va mang bo nhé dai ngan han
(CNN-LSTM). Vi nhitng két qua dat dwoc tur thi
nghiém vaéi bd dir liéu ma ching tdi thu thap dwuoc, mo
hinh d& xuat cho thay tinh hiéu qua va thuc tién cao, co
kha nang dua vao trién khai trong cac tng dung thuc té,
thém mot ngudn giadm séat chét luong hitu ich két hop voi
céc tram do mat dat hién tai dang duoc trién khai

Tir khéa: mang no ron tich chap, giém sat chét luong
khong khi, UAV, mang b nhé dai-ngan han.
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Ngay nay, cac van dé méi truong va dac biét 1a vé chét
luong khong khi dang dugc quan tm hon bao gio het. O
nhiém khong khi 1a thach thuc I6n dbi voi cac thanh pho
va khu cong nghi¢p, tic dong nghiém trong dén céc van
dé lién quan dén duong hd hap ciia con nguorl Theo T6
chic Y té Thé gigi, 7 triéu ngudi dang gap rai ro vé siic
khoe do 6 nhlem khong khi [1] bay la yeu t6 gay nguy co
hang dau ddi voi phan lon cac van de sac khoe nhu hen
suyen nhiém trang da, cac Van dé vé tim, ¢6 hong va mat,
viém phé quan, ung thu phdi va céc bénh vé hé hd hap.
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Bén canh nhung van dé suac khoe lién quan dén 6 nhiém
khong khi, né con 1a mbi de doa nghiém trong ddi Vvéi
hanh tinh cua chung ta. O nhidm phét thai tir cac ngudn
nhu xe ¢d va cong nghiép 1a nguyén nhan co ban cta hiéu
tng nha kinh, khi thai CO2 la mét trong nhiing nguyén
nhan quan trong nhét gay ra hién twong nha kinh [2]. Bién
doi kh‘l' hau da duoc thao luan rong rai tai cac dién dan
toan ciu va van la mot van dé nhic nhéi déi véi thé gigi
ké tir hai thap ky qua do hau qua cua su gia tang khoi bui
va thiét hai ting 6z6n. Danh gia chat lugng khong khi 14
mot cach quan trong dé glam sat va kiém soat 6 nhim
khong khi. Mot so chat 6 nhim khong khi, dugc goi la
chatq nhlem khong khi tiéu chuan, c&c chat & nhidm nay
c6 thé gay ton hai dén siac khoe, gay hai cho mdi truong
va tai san. Cac chat 6 nhiém hién nay la: Carbon
Monoxide (CO), Chi (Pb), Nitrogen Dioxide (NO2),
Ozone (03), Particulate matter (PM), Sulfur Dioxide
(S02).

Céc diéu kién khi tuong, bao gom khi twgng khu vuc
va khi tuong tong quat co vai trd rat quan trong trong viéc
xac dinh nong do chat 6 nhiém khéng khi [3 — 8]. Vi du,
nhiét d6 moi truong thap kém theo buc xa mat troi lam
cham phan ung, quang hoda va dan dén it chat, 0 nhiém
khong khi thir cap hon, chang han nhu O3 [9]. Toc d6 gid
ting c6 thé lam tang hoic giam nong do chéat 6 nhiém
trong khong khi. Vi du, khi téc do gid thap, ‘cac chat 6
nhiém lién quan dén giao thong do duoc c6 nong do cao
nhat [10, 11]. Tuy nhién, tdc do gié manh c6 thé tao thanh
bao bui bing cach thoi tung cac hat trén mat dat [12] bo
4m cao thuong lién quan dén ndng do cao cia mot s6 chat
0 nhiém khong khi (nhu PM, CO va SO2) nhung véi cac
chat 0 nhiém khong khi khac (nhu NO2 va 03) lai ¢6
nong do thap, do ¢cé nhiéu co ché hinh thanh va loai bo
khéc nhau [11]. Ngoai ra, d6 4m cao c6 thé 1a mot chi bao
cta cac hién tuong lugng mua, dan dén lang dong a am uot
manh lam cho nong do chat 6 nhidm khong khi giam [13].
DPam may c6 thé tan xa va hap thu birc xa mit troi, diéu
nay c6 y nghia d6i voi viéc hinh thanh mot sb Chat 0
nhiém khong khi (vi dy, - 03) [9, 14]. Do do, cac blen s6
khi tuong la mot tham s6 quan trong dé du doén nong do
chit 6 nhim trong khong khi.

Trudc sy Cap thiét cua van dé moi truong, dac biét Ia
gidm sat chit luong khong khi, viéc ng dung 10T
(Internet of thing) tré nén pho blen rong rai. Y tuong dién
hinh dé giam sat chat lugng khong khi la str dung cac cam
bién c6 chirc nidng do nong d¢ cac thanh phan khéng khi
dugc dat ¢b dinh tai cac vi tri chién lugc nhét dinh. Sau d6
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céc théng tin vé chat lugng khong khi duoc gui Vé trung
tam. Tuy nhién, viéc nay lai rat ton kém va kho trién khai
tai mot s6 dia diém. Mat khac, trong truong hop s6 luong

cam bién 1a c6 han, viéc giam sat chat Iugng khong khi
chi duoc thuc hién tai cac vi tri ¢é dinh, chung ta khdng
thé c6 théng tin chat lugng khong khi chi tiét trén mot
ving dién rong va c6 mot cai nhin tong quan vé chat
lwong khong khi tai cac dia diém.

Bén canh vi¢c giam sat, du dodn chat lugng khong khi
ciing 1a yéu cau quan trong cho céc hé thong giam st moi
truong. CO6 nhiéu phuong phap dé du doan chat lugng
khong khi, trong do cac thuat toan Machine learning 1a
mot sy lya chon phéd bién. Vi du, trong mét nghién cau
gan day [15] trinh bay phuong phap sir dung tri tu¢ nhan
tao dya trén mé hinh mang no-ron Deep Multi-Output
LSTM (DM-LSTM) dé du doan chat hrorng khong khi ¢
thanh phd Dai Bac, Pai Loan. Nghién ciiu nay rat hira hen
nhung dir liéu sir dung trong nghién ctru dugc tao ra boi
nam tram quan trac chat luong khong khi ¢ dinh trong
thanh pho Do d6, nhitng bo dit ligu nay khdng phan anh
ndng d6 6 nhidm ¢ muc chi tiét tai timg dia diém. Tuong
tu, cac phuong phap dua trén dir liéu khac da duoc su
dung dé du doan chét lugng khong khi nhu DEA (data
envelopment analysis) trong [16] Tuy nhién, thong tin
dang duogc sir dung dén tir cac nguon dir lieu cé dinh,
khong phai cac don vi cam bién di dong c6 thé dugc mang
theo hang ngay.

Raw Data
(Collected by Storage
Drong)

Input Data Trained Model

Predict

data analysis Warning
and
visualization

Hinh 1. Hé théng giam sat va dw doan chét lvong khéng
khi

Dé giai quyét nhiing van dé con ton dong duoc néu
trén, trong bai bao nay, chung t6i tap trung nghién ciu va
dé xuat phuong phap sir dung md hinh CNN - LSTM cho
bai toan dy doan chat luong khong khi. Mot diém khéc
bi¢t trong nghién ctu nay voi nhitng cong trinh nghién
ctu trude do la ching t6i sir dung thiét bi khong nguoi lai
c6 gin cam bién dé thuc hién do chét lugng khdng khi tai
mot s6 diém, sau do sir dung ma hinh hoc sau dé du doan
chat luong khong khi tai cac diém con lai va nhiing bien
doi ve chat lugng khong khi theo thoi gian. Chi tiét trong
dong gop nghién cuu caa ching téi gom 3 phan chinh:

- P& xuat mé hinh CNN - LSTM trich xuat dac trung
tir dir liéu thu thap duoc tir cam bién trén thiét bi bay
khong nguoi lai.

- Chling t6i x&y dung bd co so dit lidu (dataset) vé chat
lugng khong khi tai cac khu vuc riéng biét. DPong thoi,
chung t6i cung danh gia phuorng phap dé xuét trén dataset
d4 thu thap va phan tich cac két qua thu thap dugc.

- Xay dung mét hé théng thi nghiém (prototype) dé
thuc hién phuong phap dugc dé xuat.

Il. NGHIEN ClPU LIEN QUAN
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Trong cac nghién ctu trude day vé giam sat va du
doan chat lwong khdng khi chia lam hai loai chinh: mo
hinh tlen dinh (determmlstlc) va md hinh thong ké. Mo
hinh tién dinh 1a cac mé hinh sir dung ly thuyét vé khi
tugng, vat Iy va hoa hoc dé md phong quéa trinh chuyen
dich, khuéch tan hoc loai bo (elimination) pac‘chat gay 0
nhiém. Cac mé hinh deterministic c6 thé ké dén nhu
CMAQ (Community Multiscale Air Quality) [17] va
WRF-Chem (Weather Research and Forecasting model
coupled with Chemlstry) [18]. Cac mo hinh dya trén phéan
tich ly thuyét nay dugc str dung rong réi trong cong dong
nghlen clru moi truong va khi quyén [19, 20]. Tuy nhién,
do céac yqu t6 nhu sai s6 cia dir ligu, diéu kién dia ly phirc
tap va nen tang ly thuyét khong chat chg, cac phuong
phap nay thuong co do chinh xac han ché [21,22]. Mat
khéc, nhu'ng phuong phap trén khong giai quyet duoc van
dé thoi gian thyc trong du doan do chung yéu cau nhiing
tinh toan cu the VGi tat ca cac diém phi tuyén tinh trong
bau khi quyén phirc tap, dan dén thoi gian tinh toan kéo
dai.

A. Sur dung machine learning

Khic phuc nhiing van d& caa md hinh deterministic,
nhiéu nghién cou da tng dung thuat toan Machine
Learning cho dy doan chat lugng khdng khi. Cac mé hinh
Machine Learning khdng yéu cau qua trinh xu ly vat Iy va
hoa hoc phirc tap nhu mo hinh deterministic ma st dung
dir liéu khong khi dugc thu théap trude do de du doan chét
lugng khong khi trong khoang thoi gian tlep theo. Ngoai
ra, cach tiép can bing Machine Learning gilp giai quyét
van @ phi tuyen tinh va cai thién hiéu suat va d6 chinh
x4c caa md hinh. M6 hinh hdi quy tuyén tinh (Linear
model regression) la mét md hinh co ban trong Machine
Iearnlng M6t s6 nha nghién ctiru da ap dung phuong phap
nay cho bai toan dy doan chat Iuong khong khi. Vi du,
Rajput va cong su su dung md hinh multiple linear
regression dé du doan chat luong Khéng khi tai An Do
[23]. Tuy nhién, trén thuc té, cac chat & nhiém khong khi
c6 quan hé phi tuyén vai cac yéu té anh huong cua ching.
Singh va cong su [24] da so sanh cac phuong phép tuyen
tinh va phuong phap phi tuyén va nhan thay rang phuong
phép phi tuyén cé thé thu thap dwoc tinh phi tuyén phic
tap trong dir ligu chat lwong khong khi. Do d6, cac mo
hinh phi tuyén, ching han nhu mang no ron nhan tao
(ANN) [25] phU hop hon cac m6 hinh tuyén tinh. Azid va
cong su [26] két ‘hop Principal Component Analysis
(PCA) va ANN dé du doan chat luong khong khi &
Malaysia. De Vito va cong su [27] cai tién ANN vai cdch
tiép can dong . Kang [28] da sir dung dir ligu cua Lanzhou
va ANN dugc t6i wu hoa bang thuat toan di truyén
(genetic simulated annealing) dé du doan chat lugng
khong khi. Paoli va cong su [29] da sir dung ANN dé du
doan O3 ¢ Corsica. Mahajan va cong su [30] da sir qung
phuong phép clustering dya trén khoang cach dia 1y dé cai
thién higu suét cua ANN ¢ 4 thanh phé ciia Dai Loan. Mot
phuong phap phi tuyén khac 1a Support vector machine
(SVM) [31] ciing duoc cac nha nghién ciru wa chugng vi
n6 cé kha nang tong quat hoa t6t hon ANN. Sénchez va
cong su [32] nhéan thay rang SVM thuong c6 hiéu suét tét
hon ANN bang cach so sdnh SVM véi cac nhan (kernel)
khac nhau va ANN. Nieto va cong su [33] da st dung
phuong phép dya trén PSO-SVM dé du doan chit lwong
khong khi ¢ phia bic Tay Ban Nha. Gu va cong su [34]
trich xuét thdng tin tuan ty (sequential information) cua
du doan bang cach &p dung phuong phap hoi quy
(recurrent) cho SVM.
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B. Si dung deep learning

Mic du dat hiéu suét cai thién so vai mo hinh tién
dinh, nhlmg cac mo6 hinh Machine Learning thuong phai
st dung céc phuong phap phuc tap dé tién xir ly di liéu,
trich xuat dac trung thi cong. Dir liéu khong gian-thoi
gian trong glam sat chat luong khong khi thuong duoc
ddc trung boi cac mbi twong quan khong gian, thoi gian.
Nim bit dugc nhiing phu thudc nay 1a nhiém vy rat quan
trong. Hoc sau (Deep learning) la mot phuwong phép day
hira hen dé gidi quyet van e nay, 1y do bdi kha nang tu
dong trich xuat dac trung va moi quan h¢ phtc tap cia cac
yéu t6 dau vao. Vi du, st dung stacked autoencoder
(SAE) dé trich xuét théng tin tir 12 tram va sau d6 nap
thong tin d trich xuat vao mot hoi quy tuyén tinh (LR) dé
du doan chét lugng khong khi tai 12 tram dong thoi [35].

Tuy nhién, dir ligu chat luong khong khi 1a tudn ty, do
d6, cac mo hinh xtr ly tot dit liéu tuan tw nhu Mang no ron
hoi quy (Recurrent neural network - RNN) manh hon
SAE, ANN va SVM trong du doan chit lwong khong khi.
Ong va cong sy [36] cling sir dung SAE nhung thay thé
LR bang RNN dé cung cap thoi gian dy doan 12 gio. Tuy
nhién, RNN ¢6 hai nhugc diém kinh dién: gradient bung
nd (exploding gradient) va gradient tiéu bién (vanishing
gradient).

Do d6, mot s6 nghién ciu da sir dung Long Short-
Term Memory (LSTM) dé du doan chat lueong khong khi.
Vi dy, str dung LSTM dé du doan chat luong khong khi
tuong g trong 12 gio va 24 gio tiép theo [37, 38]. Zhao
va cong su [39] da str dung thong tin cua cac tram lan can
va LSTM @é xay dung mé hinh. Wang va cong su [40]
cling stt dung LSTM nhung ho da 4p dung luat nhan qua
Granger (Granger causahty) dé chon céc tram do c¢6 do
lién quan cao. Zhou va cong su [41] da thiét 1ap mot mo
hinh dya trén LSTM dé du doéan chat lugng khong khi cua
mot s6 tram. Mot s6 nghién cau nhan thay rang RNN c6
thé dat duoc két qua tét hon ANN va SVM [42, 43].
Gated Recurrent Unit (GRU) la mét phién ban don gian
hoa cia LSTM va mot s6 nha nghién ctru da ap dung
phuong phap nay dé dy doan chat lugng khdng khi.
Athira va cong su [44] so sanh RNN, LSTM va GRU dé
du doan chat 1uong khong khi va cac thi nghlem cua ho
cho thdy GRU c6 higu suit tot nhat. Wang va cong su [45]
da thém mot két ndi du (residual connection) vao GRU va
LSTM, ho nhan ‘théy ring GRU c6 hiéu suét tot hon
LSTM. Thay vi tién xt ly dit liéu bang RNN, dit liéu dugc
xur Iy trudc bang ham tich chap trude khi dua chung vao
du doan, thi nghiém cua ho cho thiy GRU c6 két qua tot
hon LSTM, ANN, SVM, random forest va MLR. Mot s6
nghién cau [47, 48, 49] st dung mang no ron tich chap
(Convolutional neural network - CNN) [50] dé tién xir ly
dir liéu tho va sau do dua ching vao LSTM. Soh va cong
su [51] da sir dung CNN dé trich xut thong tin dia hinh,
vi du, mot ngon ndi gitra cac tram va su dung LSTM va
ANN d@é trich xuat thong tin tir tram muc tiéu va cac tram
lién quan cao dugc chon theo phuong phép phan cum.
Cudi Cung, ho da tong hop tat ca thong tin dé dua ra du
doan cu6i cung. Pan va cong sy [52] da thiét 1ap mot mo
hinh bao gom cic mé dung khong gian (spatial), thoi gian
(temporal) va trung gian (deduction). M6 dun trung gian
trich cac tham s6 cua cac mé dun khong gian va thoi gian.
Mb dun c6 thé la cac md hinh CNN, LSTM hodc ANN, sur
dung dé dua ra dy doan cudi cing.

Trong nghién ctru nay, chiing toi dé xuit phuong phép
thu thap dir liéu nong @6 6 nhiém khéng khi trén thiét bi
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bay khong nguoi lai, st dung m6 hinh CNN - LSTM cho
du doan chat luong khong khi giGp trich xuat cac dac
trung vé khong gian va thoi gian, cai thién hiéu suat so
Véi cac phuong phap trude day.

Ill. PHWONG PHAP BDE XUAT

Phuong phap dé xuat sir dung mo hinh da tang CNN +
LSTM. CNN c¢6 dic tinh la chu y dén nhiing dic trung 1o
rang nhat trong Iuong dir liéu nén dé dang nhan thiy tac
dong cua dau vao doi véi dau ra. Voi dau vao o dang
chudi thoi glan ching tdi chon LSTM (Long-short term
memory) deé giai quyet van dé nay. LSTM la mot mé hinh
dugc xay dung dé giai quyét van dé exploding gradient va
vanishing gradient trong cac budc trudéc d6 trong chudi
thoi gian. Véi thuat toan nay, chling t6i str dung cac gia tri
¢ t budc thoi gian (timesteps) trude do dé du dodn budc
thoi giant + 1. Trong moi bude thoi gian, chung t6i quyét
dinh str dung cac tham sé ciia K dlem gan nhat lam dac
trung ctia budc thoi gian ndy. K va t toi wu dugc chon dya
trén két qua thyc nghiém.

Béng I. Théng s6 m6 hinh CNN-LSTM
Cac 16p cita mb hinh Kl'Ch’thu'(rc Kl'Cl;l thwée
16p diu ra
Input - 167 x1
ConvlD 128 167 x 32
BatchNormalization 128 167 x 32
ConvlD 6208 167 x 64
BatchNormalization 256 167 x 64
LSTM 328704 256
Dense 8224 32
Dense 33 1

Dt li¢u tho ban dau s& c6 dang N*N*T (véi N*N 1a s6
diém dung ldy mau, trong trudng hop nay N = 40). Dir
liu nay s& duoc xtr Iy truse khi cho vao mo hinh huén
luyén. Sau khi tién xir ly, dir liéu dau vao s& c6 dang
N*N*K*K*T (K la kich thuéc hinh vudng c6 trung tam
tng Vvoi Vi tri diém can dy doan). Pau ra cua dir liéu cam
bién s& c6 dang mot mang dic trung F 1 két qua da duoc
du doan cho thoi gian T+1 ma ching ta da dat ra trude do.
Cac budc chinh nhu sau:

- Dit liéu dau vao: nhap dir liéu can thiét cho viéc huan
luyén mé hinh CNN-LSTM.

- Chuyén dbi dir liéu bang céch sir dung k diém gan
nhét 1am dic trung cho diém can huan luyén.

- Khéi tao mang: khai tao trong s6 va do léch cua timg
I16p cia m6 hinh CNN-LSTM.

- Tinh toén tai I6p CNN: dit liéu dau vao lién tiép
dugc chuyén qua lsp Convolution va 16p Batch
Normalization trong I6p CNN, viéc trich xuét dac trung
cua dir liéu dau vao dugc thyuc hién va thu duoc gia tri dau
ra.

- Tinh toan tai 16p LSTM: dir liéu dau ra cua lop CNN
duoc tinh toan thdng qua I6p LSTM va thu duoc gia tri
dau ra.

- Tinh toan 16p dau ra: gia tri dau ra cua I6p LSTM
duoc dua vao 16p Dense (Fully connected) dé lay gia tri
dau ra.
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- Tinh toéan 13i: ta dem gia tri dau ra do I6p dau ra tinh
todn dugc so sanh véi gid tri thuc ctia nhom dir ligu nay va
thu dugc sai so twong tng. (St dung MPAE).

- Luu md hinh: luu md hinh vua dao tao.

Map

ConV1D & Pool ConV1D & Pool

128x1 { )
40 % 40 6208x 1

LSTM LST™M LSTM LST™M - . lSTM /

Fully Connected _

8224x1

Fully Connected
33x1

Hinh 2. Kién tric md hinh CNN-LSTM

A. CNN

CNN [a mgt mé hinh mang duge dé xuét béi Lecun et
al. vao ndm 1998. CNN Ia mot loai mang no-ron truyen
thang, c6 hiéu suét tét trong xt ly hinh anh va xur ly ngon
ngit tu nhién. N6 co thé dugc ap dung hi¢u qua dé du bao
chudi thoi gian. CNN chi yéu bao gdm hai phan lop chap
va 16p gop. M6 hinh CNN thuong dugc thiét ké dé hoat
dong trén dit liéu hai chiéu nhu hinh anh va videos. Vi ly
do nay, m6 hinh CNN thudng duoc dé cap dén 1a mé hinh
CNN hali Chleu (2D-CNN) hay Conv2D. Géan day, dé giai
quyét cac van dé lién quan dén dir liégu mot chiéu dang
time series, mo hinh CNN 1 chiéu hay Conv1D duoc phét
trién. Mo hinh CNN mot chiéu nay to ra hiéu qua khi lam
viéc vai dau vao la dir liéu dang time series vi nhirng ly do
sau:

- So vai nhitng phép tinh todn ma tran dugc thuc hién
st dung trong mé hinh 2D-CNN, mé hinh 1D-CNN c6 thé
ap dung nhitng phép tinh toan trén mang don gian hon do
d6 giam dang ké do6 phuc tap tinh toén.

- Hau hét cac kién trac 1D- CNN kha néng. Nhitng mo
hinh nay c6 s6 hrgng nhitng 16p 4n va sé lugng no ron it
hon. Do d6, mé hinh 1D-CNN t6 ra hi¢u qua khi cho phép
qué trinh huén luyén dién ra don gian hon va du doan hiéu
qua hon.

- Kién trdc 1D-CNN co thé mo hinh hoa duoc nhiing
dic tinh vé thoi gian cua dir liéu time series, qua d6 hoc
va biéu dién hiéu qua nhiing dic trung tir du ligu cam
blgn Do d6, mé hinh 1D-CNN phu hop véi dir ligu cam
bién dwoc s dung trong bai toan phan tich chat luong
khong khi nay.

Trong mé hinh dugce dé xuit cua chung toi, chung toi
da su dung md dun ConvlD dé trich xuat cac dac trung
khong glan cua dit liéu va sir dung n6 lam dau vao cia mod
hinh hoc sau LSTM.

B. LSTM

Mot m6 hinh LSTM gom 1 té bao (ceII) 1 cong vao, 1
cong quen val Corlg ra. Cell luu giir gia tri trong kh0ang
thoi gian va cac cong diéu khién Iu0ng thdng tin ra vao té
bao d6. Cong thirc dan xut cu thé cia LSTM duoc minh
hoa trong Cong thic (1) - (7). Trong phuong phap dae Xuat
cta chung toi, 16p LSTM dugc Xep Chong 1én sau CNN dé
tim hiéu mdi quan h¢ gitra sd ngay va chét lugng khong
khi cua cac diém xung quanh.
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Pau ra caa LSTM Ila cell state ct va hidden state ht.
Pau vao cia nd la cell state cia timestep trudc do ct - 1,
hidden state cua timestep trude d6 ht - 1 va dau vao cua
ith trang thai (xt).

sigmoid (x) = —— (1)
fi = sigmoid (Us * x¢ + Wi * hy_1 + by) 2

it = Singid (Ui *xi+Wi*h_i+ bi) (3)

ot = sigmoid (Uo * X + Wy * ht_1 + bo) 4
c=fi*ci_1+ it*tanh(Uc*xt + Wc*hi_1 + bc) (5)
hi=o* tanh(ct) (6)

Trong do Uf, Uc, Ui, Uo la cac trong s6 dau vao, WH,
We, Wi, Wo 1a céc trong s6 hdi quy va bf, be, bi, bo 1a cac
bias.
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Hinh 3. Kién tric mot cell trong mé hinh LSTM

IV. KET QUA THUC NGHIEM

Trong phan nay, ching tdi tap trung danh gia phuong
phép CNN - LSTM trén tap di liéu da duoc thu thap bing
thiét bi bay khong ngudi 1ai. Chung toi trinh bay phuong
phap thu thap dix liéu tai muc A. Tlep do, dua ra két qua
va phan tich, danh gia tai muc B va C tuong ung.

A. Thu thgp di liéu

Hinh 4. Thiét bj thu thap di ligu

Chiing t6i dé xuét sir dung thiét bi bay khong nguoi lai
dé thyc hién thu dir liéu chét luong khong khi. Nhing lgi
ich cua thiét bj khong ngudi lai trong viéc thu dir liéu chat
luorng khong khi nhu: Gia thanh thap; tinh linh hoat c6 thé
ap dung cho nhiéu ing dung nghién cau khi quyén; linh
hoat, tiét kiém thoi gian va d& dang trién khai. Thiét bj
UAV Chung toi sir dung duoc dua ra trong hinh 4 bao
gom cac chiic nang co ban d6 la: Thu nhén tin hi¢u cim
bién, camera; diéu khién dong co may bay khong nguoi
14i; Tuu trir dir ligu thu thap dugc; mo dun truyen thong vé
mat dét va tich hop GPS. Mai phién ban phan cang thu
thap dir liéu s& bao gom 3 bo phan chinh 1a:
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- Bo phan thu nhan tin hiéu (bao gom cam bién va
camera nhiét): La b6 phan dugc tich hgp cac loai cam
bién khac nhau va camera nhiét trén mot h¢ thong cac
mach phan cung cho phép thu nhan dir liéu cua cac loai
dir liéu cam bién va hinh anh tir camera nhiét.

- B phan xu ly chinh: hay con goi la b phan khoi
may xu ly chinh (Main Embedded Computer - MEC).
MEC c0 chirc nang chinh 1a thu nhan thong tin tir bo phan
cam bién, tién xu ly dir liéu cam bién sau d6 luu trix vao
bo nha caa thiét bi bay.

- Bo phan giao di¢n phdi ghep Chtra cac mé dun giao
tiép tir thiét bi bay khong nguoi ldi vao cac mo dun luu
trir. Cac mo dun nay duoc thiét ké ché tao theo chuan vé
giao tlep truyen thong dua trén cac giao thic thong dung
dé dé dang két ndi tir may chinh MEC vé phan cung luu
trit. Cac mo dun cta bo phan phdi ghép c6 hai chirc ning
chinh: Mét 1a tiép nhan tin hiéu cam bién tir bo phan thu
nhan tin hiéu cam bién va hinh anh dé dua t6i cac thanh
phan khac cua MEC cho viéc xir ly tin hi¢u tiép theo; hai
13, Ivu trit cac dit liéu thu dugc vao bd nhé cua thiét bi
bay.

Chung t6i da lya chon khu vyc xung quanh Hoc vién
Cong nghé Buu chinh Vién théng dé thu dir liéu. Dit lidu
duogc thu qua 1 thiét bi UAV trong khu vuc cua Hoc vién
¢6 kich thude 900x900m duoc chia thanh ludi véi mdi 6
c6 kich thude 22,5%x22,5m. Chung t6i lya chon khu vuc
trén véi kich thuée 900x900m nhiam mé phong lai dién
tich cia mot khu céng nghiép nhé. Khu vyc trén bao gdm
nhiéu tuyén duong giao thong chinh, bénh vién, cic cong
ty v6i chi sd chat lugng khong khi thuong xuyén &
ngudng khong lanh manh, cac chi s cho cac loai khi ¢
mirc cao va thay ddi theo timg gio. Véi khu vuc do,
chung t6i thuc hién 16 trinh bay cho UAV nhu sau: UAV
s& bay quanh khu vuc mdi tiéng mét 1an, thu dit liéu tai
cac diém trén lusi d6. V6i mdi diém trén ludi, dit liéu s&
bao gém cac thudc tinh: Chi s6 chat luong khong khi
(AQI), bui min pm2.5, SO2, NO2, CO, kinh d¢, vi d§ cta
diém dir liéu va thoi gian thu dir liéu (nam-thang-ngay,
gi®). Chung t6i chon thu dir liéu trong vong 1 tuan voi
mdi lan do cach nhau mot gio. DT liéu dugc do s€ bao
gdm nhiéu khung gid trong ngdy, thé hién duoc sy khéc
biét giita cac khoang thoi gian (gio cao diém, khung gio
lam viéc, gio tan lam, gio nghi, ngay nghl) dbi VO’l chat
luong cta khong khi trong Vong mot tuan Céac mbc thoi
gian dugc do thé hién sy bién thién vé mat thoi gian anh
huong t6i chat lwong khong khi timg thoi diém. Cu thé
v6i cac ngay trong tudn vao cac gid cao diém, chat luong
khong khi s€ gitt & mac khong lanh manh va vao nhitng
thoi diém khac, chat lugng khong khi ¢6 thé ting 1én &
muc trung binh hodc khong lanh manh cho cdc nhéom
nhay cam. M6 ta chi tiét vé timng chi sé dugc dua ra trong
bang dudi day:

Béng Il. M6 ta di liéu

Loai dir liéu Chu thich
AQI Thuéc do chat lwong khong khi tai
1 thoi diém.

PM2.5 Nong d6 bui pm2.5(ug/m3).
S02 Nong d6 khi SO2 (g/m3).
NO2 Nong d6 khi NO2 (g/m3).
co Néng do khi CO (g/m3).
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Kinh d9 tai diém do.
Vi d6 tai diém do.

Longitude
Latitude

B. Chi s danh gia

Ching toi sir dung phan trim sai sb tuyét doi trung
binh (MAPE) lam tiéu chi danh gia cho bai toan nay.
MAPE la thuée do do chinh xac dy doan ctia mét phuong
phap du bao trong thong ké&. Cong thic cia MAPE nhu
sau:

M= g [k

Trong d6 Ft la gia tri du doan va At la gid tri thuc. Gia
tri cia MAPE cang nho cho thdy két qua du béo cang gan
véi thuc thé.

C. Két qua
So s&nh véi cac phwong phap khéc.

Véi thuc nghiém nay, ching t6i da so sanh phuong
phap de xuit CNN-LSTM véi cac phuong phap trude d6
bao gém: Linear Regression, KNN st dung Gridsearch,
LSTM trén cung tap dir ligu. Chang t6i so sanh cac
phuong phap nay véi cac thong s0 khac nhau nhu s6
lwong ngay ldy mau va pham vi lay miu k (4p dung cho
CNN-LSTM).

Bang Ill. Két qua st dung di¥ lidu 1 ngay truéc
Method AQl | PM25 | SO2 | NO2 CO
CNN - K=1 15% 5% 4% 8% 11%
LSTM K=3 16% 17% 18% 16% 14%
K=5 17% 19% 17% 18% 14%
ranear 8% | 9% | 5% | 28% | 7%

egression

KNN 17% 24% 18% | 29% | 45%
LSTM 9% 8% 5% 8% 8%

Bang IV. Két qua sty dung di¥ liéu 3 ngay trudce

Method AQI | PM25 | SO2 | NO2 | CO
onn. KEL 8% | 4% | 6% | 11% | 11%
Uory K=3 [ 11% | 19% | 10% | 25% | 12%

K=5 | 14% | 21% | 13% | 20% | 14%

Linear 9% | 9% | 8% | 20% | 9%
Regression

KNN 2% | 24% | 21% | 19% | 47%

LSTM 13% | 23% | 17% | 18% | 9%

Bang V. Két qua st dung di¥ liéu 7 ngay truéc

Method AQI | PM25 | SO2 | NO2 | CO
onn . LKEL [ 7% 5% 4% | 6% | 7%
Lot | K=8 [ 9% | 14% | 11% [ 15% | 9%

K=5 | 10% | 16% | 14% | 20% | 11%

Linear 33% | 54% | 42% | 59% | 10%
Regression

KNN 38% | 14% | 57% | 59% | 50%

LSTM 10% | 12% | 14% | 21% | 18%

Tdéng quan ta c6 nhan xét rang do chinh xac ciia CNN-
LSTM dat dugc két qua vuot trdi so v6i cac phuong phap
trudec d6 (KNN, Linear Regression). Thé hién ¢ gia tri
MAPE tbt nhat 1an luot v6i cac khi AQIL, PM25, SO2,
CO2, CO 1a 7%, 4%, 4%, 6%, 7%. V&i cac phuong phép
trude d6, do chinh xic giam dan khi ting sb ngay lay
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mau. Tuy nhlen voi phuo‘ng phap CNN LSTM két qua co
xu huéng tt khi tang sO ngay lay mau va giam do lon
ving lan can dung dé 1dy mau cho mdi diém tai da s6 cac
loai khi (AQI, SO2, CO2, CO). Xu huéng giam d¢ chinh
xéac ciia phuong phéap khi ting dan do 16n ving ldy mau
c6 thé giai thich dugc 1a do sy xudt hién nhiéu cua cac
ving xung quanh anh hudng dén viéc du doan chét luong
khong khi tai ving can dy doan. Trong khi d6 xu hu(’mg
tang dan do chinh xac cua phuong phép khi tdng so ngay
lam dir liéu dau vao co6 thé giai thich 1a do viéc tang SO
ngdy s& gitp mo hinh c6 thém nhiéu thong tin hon dé du
doan. Ngoai ra tinh chu ky cua dir liéu cling dugc thé
hién t6t hon, gitip mo hinh hoc duogc cac thude tinh co ¥
nghia hon. Khi so sinh v&i phuong phap phd bién nhat
v6i cdc van dé vé chudi thoi gian 1a LSTM, ta nhan thiy
v6i s6 ngay nho thi LSTM dat duoc d6 chinh xac tuong
duong, tham chi t6t hon & mot s6 khi. Tuy nhién khi sb
ngdy ldy mau ting dan thi diém manh cia CNN-LSTM
boc 10 o va dat duoc do sai s6 nho nhét voi cac khi AQL,
PM25, SO2, CO2, CO la 7%, 5%, 4%, 6%, 7% khi k=1
va days =7, thap hon sai s6 cua thyc nghiém tot nhat véi
LSTM céac khi AQI, PM25, SO2, CO2, CO Ia 9%, 8%,
5%, 8%, 8%.
Thoi gian thuc hién

Thoi gian thuc hién 1a khoang thoi gian tinh tir khi mo
hinh nhan duoc dit liéu dau vao dén khi dua ra duge du
doan cta minh. No6i cach khac thoi gian thyc hién 1a
khoang thoi gian can thiét & mé hinh thuc hién qua trinh
xu ly cia minh. M6t mé hinh dugc coi la tdt khi va chi
khi n6 ¢6 thoi gian thuc hién va d6 chinh x4c & muc tét.
Thong thudng ching ta can phai danh dbi giita thoi gian
thuc hién va do chinh x4c cia mé hinh do md hinh can
nhiéu tham sb hon dé c6 thé dua ra du doan chinh xac
hon. Mot mé hinh c6 thé ap dung vao thyc tidn chi khi nd
¢6 thoi gian thyc hién di nhanh dé c6 thé s dung trong
cudc song hang ngay.

Chung t61 da thyc hién so sanh thoi gian chay cua céc
phuong phap thu duoc két qua nhu sau:

Bang VI. Thdi gian dw doéan 1 diém diF liéu

Method Time
Str dung dir
liéu 1 ngay 0,047s
trude
Str dung dir
CNN - LSTM liéu 3 ngay 0,052s
trude
Str dung dir
liéu 7 ngay 0,067s
trude
Linear Regression 0,00025s
KNN 0,0025s
LSTM 0,057s

Chiing t6i mudn Iuu y rang thoi gian trén 13 thoi gian
ma mo hinh cin dé dy doan tai 1 diém duy nhit. Khi sb
diém can du doan ting 1én thoi gian nay ciing ting 1én
theo. Tuy nhién thoi gian thyc hién khong tang tuyén tinh
theo s6 lwong diém dy lidu can dy doan. Dudi day la thoi
gian can dé du doan 6400 diém dir liéu twong img véi 4
khu vuc c6 kich thudc 40 x 40m ma chidng téi s dung
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trong qua trinh huan luyén mé hinh.

Bang VII. Théi gian dw doan cda 6400 diém dir liéu

Method Time
Str dung dir
liéu 1 ngay 6,6s
trudc
Str dung dix
CNN - LSTM liéu 3 ngay 13,1s
trudc
Str dung dir
liu 7 ngay 29,7s
trudc
Linear Regression 0,008
KNN 0,43s
LSTM 10,2s

C6 thé thiy dugc ring, mo hinh CNN-LSTM c¢é thoi
gian thuc hién 1a cao nhat, diéu nay kha d& hiéu do n6
can nhiéu tham s6 hon dé dy doan cung véi d6 d6 chinh
xac ctia n6 ciing 1a cao nhat. Tuy nhién, khoang thoi gian
trén van c6 thé phu hop dé sir dung trong cac ing dung
thuc tién. Khi so sanh v4i mé hinh LSTM thi mé hinh
CNN-LSTM véi D =1 va D = 3 (tuwong tGng véi dir liéu
cua 1 va 3 ngay trude do) to ra vuot trdi hon khi co thoi
gian chay tuong duong hoac nho hon nhung dem lai do
chinh x4c cao hon.

V. KET LUAN

Trong bai bao nay, nhom nghién ciru di tién hanh thu
thap mdt b dir li€u cua cam bién do luong chét lugng
khong khi trong khudn vién cua Hoc vién Cong nghé
Buu chinh Vién thong phuc vu cho viéc danh gia chat
luong ciia md hinh dé xuét va cac mo hinh khac. Két qua
phan thyc nghiém cho thdy mo hinh d& xuét hoat dong t6t
v6i b dir liéu ma nhom thu thap, ching t6 tinh kha thi
cua phuong phap dé xuat khi hoat dong voi bo dur liéu
thuc té. Ngoai ra, nhom nghién ctru ciing tién hanh xdy
dung mo hé thdng hoan chinh tir thiét bi bay dén bo phan
thu nhén du6i mat dat, phan xir 1y dir liéu bang mo hinh
dé xudt va cap nhat thong tin do luong lén website. Mac
du dat duoc nhiing két qua htra hen, nghién ctru nay van
con nhimg han ché c6 thé khic phuc, cai thién trong cac
nghién ctru tiép theo. Nhém nghién ctru s& tién hanh thir
nghiém thu di li¢u trén mot dia hinh rong hon, da dang
hon, nham danh gi4 chat lugng khong khi da chiéu va
khéch quan hon, qua d6 phan tich dwoc nhing sai sé cua
phép do. Nhém nghién ctru ciing hudng dén xay dung
mdt mo hinh hoc may da tac vy co thé vira dy doan chét
lugng khong khi trong tuong lai vira c6 kha nang loai bo
va sira chira 16i ciia cac phép do. Viéc stra chira 16i cia
phép do 1a can thiét khi tién hanh trién khai ng dung
trong thuc té boi vi cac phép do cam bién giam sat chat
lwong khong khi luoén ton tai nhitng ngoai 1¢, hodc khong
do luong dugc dit liéu. Ngoai ra, nhém nghién clru cling
hudng dén giai quyét bai toan téi uu quy dao bay cua
UAV nham do luong higu qua va tiét kiém ning luong
cho thiét bi bay.

LO'I CAM ON
Nghién ciru ndy duoc ti tro boi dé tai Bo TT & TT ¢6
ma s6 PT.24/21
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AIR QUALITY INDEX PREDICTION USING
CONVOLUTIONAL NEURAL NETWORK AND
LONG SHORT-TERM MEMORY

Abstract: Air quality monitoring is not only a challenging
but also a practical research topic in the field of machine
learning and data analytics. Air quality directly affects human
health and their daily activities. Therefore, the air quality index
has always received much attention from people as well as the
local government. Currently, ground-based air quality
monitoring stations are commonly established to provide air
quality measurement at monitoring areas. Unmanned Aerial
Vehicles (UAVs) are also gradually being used for surveillance
applications using cameras. However, using UAV in monitoring
and predicting air quality is still a new field that is receiving
much attention from large research groups around the world. To
solve the problem of predicting air quality based on sensor
values measured from unmanned aerial vehicles, we propose a
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model combining a unidirectional convolutional neural network
and long-short memory network (CNN-LSTM). With the results
obtained from testing with the data set that we have collected,
our proposed model has achieved promising results on the
testing dataset collected. Our model is capable of being
deployed in real applications, adding a useful source of quality
monitoring in conjunction with existing ground-based stations.

Keywords: Convolutional neural networks, air quality
index, long short-term memory
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