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k1
N2
%]

k1
N2

k1
N

Monitoring Stations

0, (ppm)

Samples (Hours)

©

200

Samples (Hours)

O]

Basic statistics of collected variables. Unit, range, mean, standard deviation and Skewness from 1 January 2019

to 1 December 2019.
Variable Unit Range Mean St. dev. Skewness

co ppm [0.1,1.738] 0.51 0.19 134

NO: ppm [0.001,0.127] 0.02 0.01 0.92

03 ppm [0.001,0.144] 0.03 0.02 1.02

PMy ug/m [1,283] 4530 31.19 188

PMis ug/m? [1,214] 2541 226 2.4

7
Spatiotemporal dependence of PM Spatiotemporal dependence of PM ,

- 1
e "EEmme i : H]
3 T 3 it
4 T 4
500 [ 095 5 =5 I
6 [ i
7[ | 7 e
o = = 09 210
R RS i
Ei=iRs =28 | pefieas - 2=
7 H ., s P
19 — 19 ] | D
20 g 20
21 | 21 I E
2 I 2 ﬁ 1
23 T | 075 23 ]

B NI BEEA 2000 I e Eel 0 SPr PP
Monitoring Stations. Monitoring Stations
(a) (b)
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k1

w8
st e ES
& o
0 i ol
I ) J “ iug i "
e i . )
s * d!““ﬁi“ SN & ‘“Ja",
- - ofse
% i 14
ST VO I
ELLT i “ i I ™
H |
ATEITT LI LA T T LML L T
w9
Comprehensive air quality index (CAIL)
Description Good Moderate Unhealthy  Very unhealthy
To 0 51 101 251
Values La 50 100 250 500
Concentration BPio BPum BP0 BPwmi BP0 BPwi BPro BPm
SO, (ppm) lbr 0 002 0021 005 0051 015 0151 1
CO (ppm) e 0 2 21 9 91 15 151 50
0;(ppm) thr 0 003 0031 009 0091 015 0151 06
NO: (ppm) lbr 0 003 0031 006 0061 02 0201 2
PMio(pg/m®) 24hr O 30 31 80 81 150 151 600
PMas(ugm®) 24br O 15 16 35 36 75 76 500

Note: Lo is the index breakpoint corresponding to BPyo, Liu is the index breakpomt comresponding to BPy, and

BP., and BP, are the concentration breakpoints of each health level.
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Inpat DAGCGN Encoder
/ \ £ Dnhcdding
35 Decnder anaxl
Tmy:nlﬂm ﬁ ﬁ
Spatial data ‘ ﬁ . ’ ‘ ‘ w
‘.‘]k’ulugmpl‘ 7" 0
Future ir quality
status
:’ """"" ﬁiﬁ&&&;ﬂﬁ.’ﬁ@'&f&aﬁ.{n’éﬁ{ GRgE 155»5&&?&'6‘5&%&":
(B0, - k i | :
{ |( ‘ % o - '
| 9§9 %, | |
1 f 9 V | 1 |
L D e Newestueightoriaed || 109 Fopeaston |
(ot netoiae)  ogil | leepeddng | el gid |
12
Hyperparameter selection via random search in ray tune library.
No. of
No. of GRL ity
hidden Ei;beddmg Dropout - Leaning Activation fimetion Lﬁ
lajes ension AGCGN nate rate (MSE)
cells
3 0 1S8R 01 0007 TahTah Tah Sofmax 00081
) 2 N3 02 0005 Sigmoid, ReLU, Tanh, Softmax  0.0077
3 1 HRN 02 005 RelURLURELU, Sofmax 00065
3 6 6RN 03 0001 Sigmoid, ReLU, ReLU, Softmax ~ 0.0031
2 10 6464 025 0003 Siemoid, Tanh ReLU, Sofmax  0.0047

Algorithm 1: D:amssngandnnxgpmcess of DAGCGN

Input

1: for iin K do
2 for j in K do
3 X.y = transform(D.i.j. M[i][}. P. H.F) /* transforms the dataset D into
an input time-series S; = {s; y.....5,, } € R™*P, (i.e, Sensor values ffom m
sources for H timesteps) and output time-series Y; = {y; 1. ....¥i;m} € R™*P,
(i.e, Prediction for Sersors S, for F timesteps) */
4 S.append(x), Y. append(y)
5 end
6: end
7: whilei < Ndo
& | FS)ef:RY—F,
9: LY. Y, )./*where the loss is calculate based on the difference benveen
Jorecast and ground truth i.e., L(Y,. ¥, ). using rmse, mae or mase *
10: update weights using backpropagation based on the loss
11 i=i+1
L emd e eeemmtemecmomo
Oupur  Fy ()

D={s,. Y)Il =1,. * desaset containing N data
samples
M = [m][m], /* adjacercy mamix containing distance between each sensor m */

K =[k].

P — mmber of nearest neighbors i.e., proxmity
H — mamber of Jistorical timesteps used for traming ie., historical waxiow
F «— mumber of fitire timestegs for forecxt i.e., forecast horton

*15t of k koown serwors

/* Data Preprocessing step */

/* Training step */

/* Trained Model™

_24_
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)
o—
2
S i,

(b)

Partial and complete sensor failure intervals for application scenario 1.

N Air quality sensors Missing interval

s gxozty My PMi St Eed

X X ¢ 4 mm

§ X ¢ ¢ X X 0 w8
. X X X X X s #n

XXX X TR e

1t SOX X ¢ ¢ T w8

X v v X X 809 8545
S VS G A TR T

s X X X X X o wn

X ¢ ¢ X X o &8

E9]16
600 Stop 02 Spizjt;;iar@aral

Step 01: Data acquisition

Step 03 Graph convelutional model develepmant
tapun PAGCON Encoter
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Algorithm 2: Forecas for sensor failure and rem ote sensing using trained DAGCGN

Iput D ={(S,Y)li=1,...N} * dataset containing N data samples */
M = [m][m], /* adfacency matrix containing distance between each sensor m */
U=[u]. /* listof u wknown stations %
F=[f] *Iist of f fauity sersors %/

P — mumber of nearestmeighbors i.e., proximiy

H « manber of historical timesteps used for traming ie., historical whxiow

F — manber of fustiwe fimesteps for foreccsts i.e, foreccst horcon

Fo() /* Trained Model™/

2 for uin U/ do

3 x,y = transform(D, i, j, M[i][u]. P,H,F)

SE. append(x). Y,.append (y) /* here Y, is the ground truth which can be
used to validate the frecast ¥, */

6: end

% for fin F do

8: x,y = trans form(D, i, j, MIl[f. P. 1, F)

9: S! -append (x),Y,.append(y) /* here Yy Is the ground mmuth which can be
10: used to valideze the precast Yy */

/* Forecast for wnkiown locations */
/* Forecast for faulty sensors */

RMSE of forecasting models at different temporal horizons on training set.

Time Model co 0s § PMio PM:+
step (ppm) (ppm) ) (ug/m’)  (ugm’)
GRU 0.1207 0.0063 X 12.9408 77823

LST™ 0.1264 0.0066 X 12.8433 85104

i I-Trens 0.1171 0.0059 X 11.6309 73758
Bi-LSTM 0.1038 0.0058 ; 10.4041 6.8155

CNN-LSTM 0.1062 0.0058 X 11.0244 7.0047

GRU 0.1638 0.0126 ! 221422 133464

LST™ 0.1665 0.0129 ! 219042 131018

12 T-Traas 0.1660 00123 X 216421 127739
Bi-LSTM 0.1672 0.0144 ! 247832 152683

CNN-LSTM 0.1699 0.0154 . 229342 144250

DAGCGN 0.1119 0.0084 X 13.4316 7.3994
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RMSE of forecasting models at different temporal horizons on test set.

Time Model co o. NO- M,
ste ‘m*
GRU 0.1325 0.0069 0.0090 13.8834 8.2870
LST™M 0.1365 0.0072 0.0087 139166 9.1804
) T-Trans 0.1259 0.0065 0.0083 12.4826 8.0007
i Bi-LSTM 0.1131 0.0062 0.0073 11.1668 7.2429
CNN-LSTM 0.1165 0.0064 0.0078 11.8501 7.5375
DAGCGN 0.0939 0.0061 0.0055 10.1198 5.8345
TR GRU T 01557 00107 00115 172531 98081
LST™M 0.1542 0.0106 0.0111 17.1980 10.1694
T-Trans 0.1480 0.0100 00111 16.0728 9.4485
™3 Bi-LSTM 0.1489 0.0119 0.0115 16.3197 103854
CNN-LSTM 0.1476 0.0109 0.0112 15.4730 9.2479

0.0139 21.7205 12.6986
00138 213737 12.8541
0.0141 20.9687 11.9931
0.0139 229957 143716
0.0146 21.5322 132225

0.0142 252917 15.1690
0.0140 249522 14.9485
00143 24.7303 14.6876

T2 Bi-LSTM 0.1908 00164 00144 281421 173821
CNN.LSTM 01938 00175 00148 259419 163861
DAGCGN 0.1258 0.0095 0.0076 15.0464 8.2399

=920

MASE of forecasting models at different temporal horizons on the test set.

Time Model PM:s
ym’

GRU 34855

LSTM 3.24%0

T-1 T-Trans 26632
BiLSTM 27191
CNN-LSTM 27532

9713
34407

T4 T-Trans 29639
Bi-LSTM 41536
3.2427

47077
40059
5.6788
4.8383
14826
6.5461
5.8296
52733
6.7850
62113
1.6681

BiLSTM
CNN-LSTM
DAGCGN

o

G

)
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Comparison of computational complexity and training time of DAGCGN and baselines.
Model #Parameters Traming Time (Epoch)
LST™ 19,164 545 (35 per epoch per station)

60,348 54 (3s per epoch per station)

GRU
T-Trans 335814 725 (4 per epoch per station)
145

BiLSTM 207,656
CNN-LSTM 197,636 125
DAGCGN 745,000 935
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EH25

MAE based imputation performance for partial and complete sensor failure.

Time step Station €O 0: NO; PMi PMas
ST 00811 0.0064 0.0063 953 5N

T+l SIL 01146 0.0041 00054 1116 584
SI7 0476 0.006 0014 1170 668

§7 00867 00045 00066 941 S}

T+ SIL 0.1198  0.0056 00064 1220 593
SI7 01373 0.0055 00135 1112 720

§7 0005 0.0065 00062 1050 593

T+6 SiL 01107 00052 00067 1273 6.06
SI7 01609 0.0059 00129 1318 766

ST 00802 00075 00078 1042 611
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