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Abstract: Heavy pollution weather isithe key{target of air pollution control during the 14th Five-Year Plan period.
Accurate identification of misk'sources during the period of heavy pollution weather paves the way for early warning in
time, effective environmental pollution control, and prevention of the further aggravation of pollution incidents. On the
basis of the data obtained by grid monitoring technology, this study proposes a deep learning model combining the
residual network (ResNet), graph convolutional network (GCN), and gated recurrent unit (GRU) network, i.e., the
ResGCN-GRU. This model is mainly used to identify risk sources during the period of heavy pollution weather. The risk
sources of such weather are often regional and have salient spatiotemporal features. Therefore, this study starts by
extracting the spatial features among monitoring points with the GCN and solving the problems of over-smoothing and

gradient disappearance caused by the multi-layer GCN with the ResNet. Then, the GRU is used to extract the temporal
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features of risk sources. Finally, the spatiotemporal features fused by the fully connected layer are input into the Softmax
activation function to obtain the binary classification probability, which is further used to obtain the classification result.
To verify the performance of the proposed model, this study analyzes the data of 72 monitoring points in Shenyang and
compares GCN, long short-term memory (LSTM), GRU, and GCN-GRU in accuracy, recall rate, and comprehensive
evaluation indicators. The experimental results show that the classification accuracy of the ResGCN-GRU model is
16.9%, 4.3%, 3.1%, and 2.9% higher than that of the above four models, respectively, which proves that the model
proposed in this study is more effective in identifying air risk sources, and it can accurately identify risk sources according
to the spatiotemporal features of risk source data.

Key words: risk source; graph convolutional network (GCN); gated recurrent unit (GRU); residual metwork (ResNet);

identification; air pollution

1 55

K5 e B 85 Y I T I A e DA AR U T
FOEE AR M I B AR, TBUR X R
B L. R4, CRBORE I SR, 3R 0% R
kst U R (ER AR R ks
TR T U, 2% R A AR R TR R
A, KA BT SR T8, 2 25 50 0 44 J T
V5 YR M Sy DU F B B TR, A S
TN B UK B AT V590 4 2 3 SN % s,
DS B T N B A B B9 B, 57 1k XS e — 25
U R A, KK 1 AR S B R B
L) — TS 22 R BRI 22 F . AR F 5 A 0 B R SR
TERAIRB 2 b R TR RS 7E— i R R T 7T
A8 1 RS Y T Y5 U, SR 1 PR U R
T YT AN 7 A (1 BILKEE TR 0 ) LA 8 7 2
R 75 e .

5 R TR S (T 9 AR B A K S G B AR )

W50, s 457715 4 B e B LN
740 A e 4 HR, A B M) SR 2R
A1) 21518 AR 3 R 7 A T e B AR A,
S5 e 2% F ORISR RIS A EAT T 005 gk R ST
SO KA ) PR S ) DL I B0 22 5 0 3 6 75 e X
WRHEAT T AR B e TR B 0 AT S R,
MR SRS 1Y A KR RIUR K 75 53 2 3135 e e W 2
MU, 10T b B, 45 4 B A B R A 3
R AT LR B 53 0RO I, A R B A
R B AT UL S S A, IR )
SR T TR BT 21 R R T s
e A A, T T T, TR S

302 W5 H & Research and Development

¥

SRR FER R I S A S0 PN T R, 1150
BUAT DAAR 77 168 2t o i B 450 5, R IR P B R
fiE. fmsx] ok SO S B TR 24 ST E Bh AR T
%, POEE T s PR R B BRI s e s
EilioPANEZ IBuB i

RS R AT FH P B e e e DA B 15 1 S
Hd, F I 5 G S A 52 I s AT 3 8] 43 A R R
v G A 7 B AN IR B 2 6 o5 B[R] AR A, B R I
HCH SIS BRSO B SRR, R DS R A S A
Sk B2 E IR Y 5 1D R 2 AR AR, 2 ) RS U T i ) AR
A T H AT I SRR AE OGRS AR & TR
DAY 2 A, EIS [AVRFAEAR X (98 78, Saravanan
U110 38 3 52 40 4 LG T 45 B 190 % (Convolutional
neural networks, CNN). }\Iﬁ;éélﬁl%\ R EE R 22
%*ﬂ\ﬂﬁ%?f?%_m o (recurrent neural network, RNN)
JE o BT E 75 0 YR R FE 77 T, RNN 4 R
PEfig; Karimian 261" R ILAE S [R] B ] 8] B o 75000
PM, 5 WRJE R, XFLE T 2 o0tk Bk PR AT
W 25 1K 5 E 2 M 4% (long short-term memory,
LSTM) #H47 T S28G %t Lk, &P LSTM W] LA EE 4f M % =)
I 5] 7 470 A B R TR REAE, AT H s 7 T i A e ks 5
Z R, A B S X b T R SRR AL R )
e AL, 2RI+ LSTM Ja, iEH T
LSTM 7E 25 i 4R HUIK T 200 B LA 5 & (1) T kS
JERTRR A2 AL RE 75 20U, Kok 1 - H1 T —Fh bt
IR DR I T AT R B A S R, R T K AT
12, ) 248 SR T IR /i I T A SR 1R S AR R AR T AR I
FEAE A M DS g, AR 2 U 4R T 3 ONN
HTLSTM HIAEAR H Gt iR B2 2 IR P - F00 22 A

© PEREE ST

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

2023 4F 55324 5 63

http://www.c-s-a.org.cn

i H AR SN A

D) AL 23 05 G 0, T8 T S 56 i B AH LG R
81 F CNN { LSTM i 52— FFAESR I, A R R B 5
P, A AW 7, ki & SR T — A
LSTM-CNN VR &R, JE T p 2, [3] R LK i
AR LSTM R AN B AT X L, EW] TR S AR AE
AT T A TR A MR [RIIN, SRS STIGE R, 1]
FEAEIR 045 # (gated recurrent unit, GRU) fEiA F] 5
LSTM #ilG HIALRI R, 1H2E GRU 45 52 0 fii i 1 45
AR RO SL i 7 S a -

Zx BT, AR 48 7 RN T RS A O AR TR R K
A S, HACR 5 52 30500 56 B R BR %), H AT E 0
J7VE S G5 6 TR BE 5 2] SRABORH SR AIE 7L, T X e A S AR 2>
7 18 KSR R 23 R AiE, ELAE O 1 B 25 KR AR SS A
o, K280 35 H  5 T IR FE 22 S B AN 5 G i
TS FEAT T, X5 ¥ G KUY ) TR U Al 78 A

i e 4 5% HEZEL RN b A S 4 5 25 A %
(residual network, ResNet). BRI M 4% (graph
convolutional network, GCN) 5 [ J# 1§ 3 H. 0 45 74
(gated recurrent unit, GRU) A4 &, $& 7 —Fpm] LR
7 ARG ) ResGCN-GRU FERY, A2 AR R ] DU 27 >
A Y5 T 15 P A2 s 35k 20000 USSR 14 B 9. 28 )5
FE 0 FH T AR AL S DU SSUAL ) PM, 5 R HicHiE, 5 Bt
il GCN. LSTM. GRU VLR Affi IR &% GCN-GRU
HEATRFEE, SR A SRR T VR S B A L

2 T ResGCN-GRU [ RS Y5 R 5l s 75
R[5 Y K4 L AT B S5 1 I 2 R AE L 7 23 RV AE Ak
5T, Eh T W 50 2 18] 2 ) 4 A B AR RR a3

8, AN A5 P s 45 ) A5 2 0 £ B R SRR, 1R

452 A GON HEEUX KB 952 (VRS =5 1 5]
% J2 GON 45 R i) b P8 ) B, AL 264 T 5k 25 0 2%
% GON HEAT SO I AR E A 987 1T, 450 R 7
GRU S B2 HUSCHE [T 1RV A, P I 4 346 42 2 Al 4
SRR, J52 5 B S B R s

BN R B AR M4 . ResGCN BLAL AT GRU
R AR5 A28 ResGCN-GRU F#E 71
2.1 FREMLE

TE TR FE 2 S o, B 46 R BN INR, 75 5 B
BILA BV 2 01 50 L, S50 L A R B0 N RS A B AR T
B 2 1 45 0 T 1 8 4 o N BB I R 2
T LA ZE $82 75 1 25 0 45 R FE 1 [ 2B A FE 0 2 1) 192

T 3 A8 VR 7E % 2 2 RV S, T LR 24
PRSI )2 2 B8 7. Bk 22 6 R sk (1):

H(x)=F(x)+x )
FLr x OMHN, FOr) BB, Hx) 25k B
2.2 ResGCN 1&8!

e G5 9 3 B 22 190 26 1 file Ak T K G2 6 080, AR
AR 17 400 BT 4 BRSO T ) 5 A o 428 R 4 1 A R
73K FE SRR U 1 1 2 (DR AL, S A )0
O 1 T B2 (R, 52 SceRsly W ARLL S 47 4 ot
W S ST 9 2 ) 43 AT, SR MR 35 B o 28 I8 4 Sk
AU A 95 e KR 1 A 5 4

B G={W, E, A} 7 AL EIZE K, 3o, Ve RV iy
RS, BT M AR AR S A E e RVVIRE
B 3 (8 A € RVV I I AR B e, 1 2
16 1 2. GON A FF 25 A 1 48 508 AT 4 FE AR,
SE SR L R 8 11 2, 1 A S AR
RN

H™D = (D 2 A0~ HOW®D) @)
Ho, o () EBOEEREG A = A+ Iy, A JARBEERE, ARTR
IOV FEBE I ) AU BERE R DAL — M RERERE, D= ) Ay,
DR i AN AR HO N 1R I R, O
HLHO = X, X, 547 SURHE B S N GE R 0 98
1 2 BB S \

T8 2 2 GON, 2 ISP 1 1, 45 A
(191X 53 PEAR 22, X 4l 2 o1 (1 55285 TR Ak, TR bk A< S 26
GCN N Tigkes Idesie it GON 47 it i it
TP VA i SR o T ) . A S At I 1 %
FR A ResGCN (ResNet and GCN), H: M £E k& 1 fr
7R ResGON (R B 23530 A

H(x)=GCN(x)+x 3)
Horr, x NN, GCN(x) A9 B AR 028 I 26 B4, H(x)
& ResGCN % .
2.3 GRU #&8!

SRR Y [X A LB A5 25 Ak 1, % 5005 e iR
AT I PR AT £ 5 25 0 4% A P S Ak 1 e 9
A ) b 22 I 2%, (R & 2 A B T B (0043 B, 9 L
T7E 00 JEE 1A B 26 10 17 . LSTM 2 RNN F 45 14,
FIE AR T A U i e P 2 SR () ]
TEK o A R TN, T T PR M 4 B % GRU
& LSTM A8, HZ5 /4 AH L LSTM B & 51, 84T
AT EE GRU [od N\ 45 1 B E 2 B,

Research and Development fJf 75 7 & 303

© PEREE ST

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

2023 4F 55324 5 6

NS ¢ B2 BN xR -1 I LB 2 W AR G
SR RRBUERAS A A H R ¢ B 2 B S
VOREIREE T AT R RRORES 7'

GCN

=

-

E}) 7z Q
— = @}
c Z

X/

11 ResGCN %544

¥

a
—
"

I

K2 GRU N5

WP 3 fizn, GRU ¥ LSTM Fa N [ TR & 14
HRNEF] z, T EHI RS R TE R, HET r, H
T AW TR BT B ECIRES, BB z, SEE]
r i EAR @) (5) Fra:

z; = o (W1, %]+ by) “4)

re=o(W.[hi1,x]+b,) %)

1634 B BUIR 25, ﬂ%ﬁﬂbiﬁﬁqﬂ‘]@%?ﬁ’ﬁiﬁﬁﬁ, sz

H 22 AN ) 20 B BT R 4 b — e R D B R 2 4

TeE IR, PGS S M I RS N B,
Je I OE B O AR HRik Uy

h; = tanh(W), - [r, © hy_1, x,1 + by) (6)

B JE TR RBOIRAS, BB s w i a7

VI IR 1] 25 455 J20 P 4% 128 R 0K 25 B8 37 B wiT I [8] 25 (1)

Bk s, HRE L :

hi=(=z)Oh_ 1 +z,0h (7)

Hrr, o KIR Sigmoid MR, 0 RIRIL LRI, b, b,,
by R MESEL W., W,, W, e B E S

304 W5 H & Research and Development

h,
& /

hH N
< >
e a>
! z, <
2 2] tanh|
X
Kl 3 GRU ZHiss#) 1K
2.4 ResGCN-GRU #&%! L\

st XL T8 ) T LA S T ok R 77 %%
T 5 I L2 A o B 1 S22 X,
X% A W R BT A 4 45 R A, SRt i 2
£ KRR TR A7 45

Y= F([Xt—h+17"' ,Xt],A) (8)

H, F /& ResGCN-GRU # A v & K /x i} [a] ¢ %)
(Xt X 1R 75 17 7 KUK B8 M BT 2 B, A SR VLB
17 2% AN W 2R T B 4 4856 2R, B4R R

ResGCN-GRU 8 = H i ik = W 4% . RIS R
A4 B SR 22 I 46 2L R W1 4 s, A
HIE N FEN X N AR50 B L KN x MR RFERE FE X,
FOrh N R R, MR, X, S T
A W SERE 035 S SR N BOR R, 15545 ResGCN
JE SR IR 197 [V, ResGON J2 FI 463 Hh 2 N x H i)
BT AEEX, FUR R A2 4 N, 5 ¢ I
BT WIS TR FE X =1 I %2 0
FE B 1 A)GRU HE, GRU 2% 31 1 3 AR5 o
ARG, SRR TS R 2 () FC J2) b 246
iE, B 5 1B T Softmax v 2 £y B 18] 7 471 XU RS I8
(10— A MR, SR AT 0.5 1 KUK, 75 0
A R 9.

3 LI E ST
3.1 BBEHASTAE

AR EHE 73 A A 2021 4E 10 H #1] 2022 4
5 ATt 243 RILFH T WK A0 B e 72 AN/ N8 i
S I PM, 5 MR B2 B A A e AR B, HL B4 R A 40
IR CA/INESS Ay LA, B B 24000 40 5 2% ik W A Ar
{14 1t 27 50 T Sk G A P A R e A S 1) AR 4
B, L ) AT 1) A A an S TR,

RAE RS SR EbRE) 24 /N PM, 5 IR
SPSE bR R AR, 5 W DN A — B 2 B K 75,

© HEBEERIR I

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

20234F 55324 F 6 THEIWR G NH

http://www.c-s-a.org.cn

WO 5E 9 B miAL. FEASC R, AR AE IR 1S B AR HE
B, SRAE S — I ZUAH SR IR 1095 e i AL A5 N HOK 5

T3, BUREX — I 2RI o KRS IR IR 21, 75 AR vk
PRSI 21

: ' R R i = I
=N S — P
[
e 53| = = = e |
]
o~ '\:ﬁww: : I i |
(VNS = ! [ : ' ' : i i
=1 \ IX=ER— =,
] ortmax
N\ T IR L
i ! | :D
1 1 1
Z3—= = = Vi
el P 4 i IR
REOZN:D ] ]
ol i ! I i | i i i
eCom ' P T : |
! 1
1 I ] 1 1
== I
I ] 1 1
& Hem—mie|
1%-6-/!:/!:‘3-{"-} : ——————— : : ------ : — leemm = 1
\ -
N g . 4 ResGCN-GRU 7
N B
“9 . 3 F 1L
* 70/ 'izf (\/ AR FRAS
-66.657}‘ . zJ/ v e RS Windows 10 (641ir)
5 F ET”\‘B\TJV’M.W 2 ;‘3 TIEES Python 3.10.0
L S e LA ¢ CPU AMD Ryzen 7 5800H
. 2 g l14 ! LS
N 3 ”; ) e GPU NIVIDA GeForce GTX1650
GRS 2‘516;"1 / 1/6.,,»}\\ HEZE PyTorch 1.11.0 + cul13
71. . .(n\\gl ° ° ,/ﬁS .11 // )
57 a3 2yl N >
ss, & — | M / ¥ 5 b x2 ERBH
/«.fézc *;‘\34\ /.6 \e ls,/“/’/ " ZH \ HU{Y
“ore \’,,./62‘ ?/ . I LR Z a ‘\ -
we en\ S R nefens Epoch : L ~ S 200
\ e . Batch size | - 64
e .‘”T‘”“f@;\ ‘\;;'38 - GON layerl . 128
31 -~
e 7 GRU hidden _ 256
/ o3 e M550 " Dropout 0.5
S WEI s A Satho
(- o i 28 02 U R E R IR A R, SRR TE 2R
M N0 A 2 E LT L PR S Bl i A L, P

DICHE e B — LR R ELOA R SR L A SO 5
SR, T T U T AL TR 2 R e
35— B ] Y AL (L, BT LA SCA L K B4R E
S BRI S FO IR0 T A A
32 IRIMESSHILE

SRR K | FioR. LA AS KR EmE 2
FiR.
3.3 EMNIERR

9T PRI 5 2Kk R R VR A, A% ST P R
& (precision, P). A [FIZ (recall, R) MZEA AN 48 b
F1 (Fl-score) fE NP FE AR, T WK (920 (11).

d Lk 3 9) B, TP &R E T N IE 2R 8=, FP 2
B S ST N IR SR R B
TP
P=TpiFp ©)
8] e S bR o IE 2R AR A, IEFG T S 1E
KRG 20 (10) H, FN 25 E TN N 51 SR &
TP
R=Tp+FN (10)
CEETEM R PR ARSI RAE BIR AR AP, 20 (1)
W, P RIETRE. R AR,

_ 2RP
" P+R

F1

(11)

Research and Development fff 7L & 305

© TERERE AT

htip://www.c-s-a.org.cn


http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

2023 4F #5324 5 61

3.4 LWiHFE

ARSI FR U R BT A,

T 26 MR A R A, o B AT AL B, £
FEOT S R AT AR B L R R AT AE P . X R — I %)
S TR RS IR R AT B e, R 5 K B R B A AL B N 2
KA 6 BRI 5, FEAR 35 I 1) 7 5 8 e — NI Z1 1
RASAR IS 8] 7 5172 75 S RS U5 1. 5t i K A B 1)
HARAELL 8:1:1 LIRS 258 SR SR AR,

5 ¥ DI 2R H 4 fan N B 502 S5 1) GON JZ 42 s
[EARFAIE, PR H 2 (R IS I B S N B GRU 242
BB )R AE, B J5 FH 4% 3% 32 2 mil & B 23 R AE S5 i
Softmax BT 7095, AL ZRd B AN 5095 1 .

% 1. ResGCN-GRU il 2R3t 72

W T 500 U S O e, 6 R R A A
y_train, WHBEARIHL epoch, I REAHR '
fth: Y1520 ResGON-GRU #8

1 MG S 4 g B

2. for i=1 to epoch do /5 #tIZR

3. for k=1 to batchNum do

4 M x_train F3REL batchSize MEA x
5. M y_train F3REL batchSize MEAR y
6. output=ResGCN_GRU(x)

7 loss=nll_loss(output,y_train)

8 backward()

9 end for

10. end for

5951 H 0 nll_loss HT LSRR B 2%, How
R

1
L= NZ—[yi.logmnu -y)-log=pdl - (12)

Horp, NONFEARAN BRI FIE 1 1 batchSize 'y NRZEAE

WIS 1 TR y_arain. p TSRS T ourpur.

grd Frh, [E R SaRIE A2 THZ R 2, T
HESH Y SR FE ARl G545 15 B0 TIE 45 1% 22 K AR A 10
s 6 firow, WERABE AR A I Ll 7 BT,
3.5 XWMEERSH

NIGIE ResGCN-GRU BEAY R, A SCAE £ 46 70
B ZHOH R 264 F, /4 7 GCN. LSTM. GRU.
GCN-GRU 1E Jxt LUAR A HEAT 1V Rl 258 537

AR BSR4y He v Re g SR ank 3 pos. BdE R
AR ST AT A b AR Y A A BRI R T
7 18 BIHHE 4 2 AVRFAE, AR SCEH T GON U 123 1]
FEAE 525, (H T GON B 2% FE B 4% 1E, #1 E

306 Tf 75 JF & Research and Development

B A TURI A B oy SRR e 225 X3 R B B (i
FSAE, A SCf# A 7 LSTM A1 GRU HEAT 5256, M _E iR 45
F ] LU H LSTM IZR& P A I GRU &UR I,
A S e 3% F GRU ] [V RRHE R HX 7E45 575 18
KW R I SRR JS, AR CKH GCN-GRU BEAT 1 55,
R 255 VPN LR 46 1) GRU $& 78 /b, 1 H
VIZRET BRI T BR B2V R . BT LAAS SCR A Rl &
TR ZE M4 ) ResGCN-GRU BEMY | il v JR 4 GCN 42
I TR I e S0 349 0 A, SR R ) 225275 A
LR GON-GRU MRS, . &

055 r — Train_loss
‘ 0.50%r — Val_loss
"\ 0.45
Y2 040
S 035 |
030
025 |
020 + W
0 25 50 75 100 125 150 175 200
Epoch
Ko ik
095 L WM™
0.90 -
g
5 085 |
3
< 080 } — Train_accuracy
— Val_accuracy
0.75 +
0 25 504 75 100__125L156 175 200
[ Epoch
3 L = i
\ B KR &
U R3O FBRR S RIEREXT LE (%)
Y P R Fl
GCN 69.23 97.93 81.12
LSTM 87.39 98.58 92.65
GRU 90.68 97.27 93.86
GCN-GRU 89.74 98.59 93.96
ResGCN-GRU 96.19 97.42 96.80

4 g5 RE

S ot DRI YRR 0] 1) A, AR S HE 3 I A R AR 1)
T RS IE HEAT 4 98, B I N T ik 2 2
f) GON A7 I\ W 300 57 F b B 4 A R B 1] 55 &R,
SRJE KA GRU k5% 2] i [A1FFAE, &% /5 {8 4 Softmax
BOE RS By K45 R B S R A, A SCHR
B RO R EAT 432K, I 5 Bl GCNL

© HEBEERIR I

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

2023 4F %5324 5 63

http://www.c-s-a.org.cn

i H AR SN A

LSTM. GRU DL A A FIVE & 1 7 GCN-GRU #E47 %t
Lt BGIE T SRS B ROtk R RS 2 e B nys Y30 1
WFIE, S7E 2 Fh IR 0T 40 2R 52

[}S)

w

W

~

S 30k
L ARG, R, B R, A5 XOR A E TS Jead AR R A
bR B SR AT v [ EREE M, 2021, 37(4): 32-39. [doi:
10.19316/j.1ssn.1002-6002.2021.04.06]
TR, R R, B AL, . DOBH M X — R OR ) H is g
KA TR TR BE 3 HT . FREE RS R, 2021, 47(1):
97-103. [doi: 10.16803/j.cnki.issn.1004-6216.2021.01.016]
Saravanan D, Kumar KS. Improving air pollution detection
accuracy and quality monitoring based on bidirectional RNN
and the Internet of Things. Materials Today: Proceedings,
2021. [doi: 10.1016/j.matpr.2021.04.239]

4 TEAE), R, TOGE, 55 RS e KU IR st b M2

BB N 2 BT . B 25 B T, 2015, (15): 61, 64. [doi:
10.15913/j.cnki.kjyex.201545.061]

W, T IERIA T, . 3T e R R0 K 4T
VAR R TR B A, 5 21 R4 4 Tl R
L8R 2020 4E 04 2 iR SO A A R 4
2020: 74-75. [doi: 10.26914/c.cnkihy.2020.024632]

6 KB W TE eI A R A B L A BEORS

BT AT [ B2 A8 0 . i SRR ITTE K 2%, 2020.
[doi: 10.27149/d.cnki.ghdsu.2020.000229]

ARFOAK, FEEM, B, %, HT GCN-LSTM Mz ST
W AHFEHLR SR, 2021, 30(3): 208-213. [doi: 10.15888/
j.cnki.csa.007815]

8 FEH . KT HPiA MM AL R G I 7T, b R SR

Hi= 0, 2020, (21): 119-121. [doi: 10.13612/j.cnki.cntp.2020.
21.042]

o BRENE, WUk, TRk, 5. B S5 A 0 4 TR b

DR R BT . B2 R S TRE, 2019, 1930): 375-
378. [doi: 10.3969/j.issn.1671-1815.2019:30.056]

10 XK, FBE, Ml i, A T IR G 18 B AL 2435 e = T

1

AR T T8 5 A IR B A (H 7)) —— R &R
L ERYEE. P22 74 2 b B R AL, 20201 149-154. [doi:
10.26914/c.cnkihy.2020.043135]

Saravanan D, Kumar KS. Improving air pollution detection

—_

accuracy and status monitoring based on supervised learning
systems and Internet of Things. International Journal of
Nonlinear 2021, 12(2):

1497-1511.

Analysis and Applications,

12 Karimian H, Li Q, Wu CL, et al. Evaluation of different

machine learning approaches to forecasting PM,s mass

concentrations. Aerosol and Air Quality Research, 2019,

13

16

19

20

2

—_

22

23

24

19(6): 1400-1410. [doi: 10.4209/aaqr.2018.12.0450]
AR, ka0 A A R T
LSTM A HF 5. it 5 ¥ 3K, 2019, 35(16): 49-53. [doi:
10.13546/j.cnki.tjyjc.2019.16.009]

Kok I, Simsek MU, Ozdemir S. A deep learning model for
air quality prediction in smart cities. Proceedings of 2017
IEEE International Conference on Big Data. Boston: IEEE,
2017. 1983-1990.

A0 TR . I A AR 2 20 0 DX s S e B 5
RT3 A" A w5 Lﬁﬁ?@j{%ﬁ 2020. [doi:
10.27312/d.cnki.gshsu.2020.001696] o

ki, 1 g R, S5 T R ik T A U
B 2 T A . b AR, 2020, 27(11): 1859-1866. [doi:
101‘14107/j.cnki.kzgc.20180619]

Cho K, van Merriénboer B, Gulcehre C, et al. Learning
phrase representations using RNN encoder-decoder for
statistical machine translation. Proceedings of the 2014
Conference on Empirical Methods in Natural Language
Processing. Doha: ACL, 2014. 1724-1734.

Wang W. R-NET: machine reading comprehension with self-
matching networks. Natural Language Computer Group,
Microsoft Reserach. Technical Report, Beijing. 2017.
AT, SKOLIR, BhJRAR. 2T ADASYN 5 ik ik 72 ) 2%
FIANRMERNIRG. R4 TRESHETEAR, 2022, 44(12):
3850-3862.

Zhang JL, Chen F, Guo YN, et al. Multi-graph convolutional
network for short-term passenger flow; forecasting in urban
rail transit. IET Intelligent Transport Syéterﬁs, 2020, 14(10):
1210-1217. [doi:‘.llo.1049/iet-its.2('ﬁ9.0873]

ki, SRHE, BRE, 55 EBB AR LR, 5L
2231, 2020, 43(5): 755-780. [doi: 10.11897/SP.J.1016.2020.
00755]

Wang GT, Zhang ZR, Bian ZP, et al. A short-term voltage
stability online
networks

prediction method based on graph

convolutional and long short-term memory
networks. International Journal of Electrical Power & Energy
Systems, 2021, 127: 106647.

ShRAR, SR, B 2T AR AT 12638 $ o0
() 22 Sy i SR T AL 2R T S HLSE F, 2022, 42(1): 287~
293.

Liu XW, Qin MC, He Y, et al. A new multi-data-driven
spatiotemporal PM, s forecasting model based on an

ensemble graph reinforcement convolutional
network. Atmospheric Pollution Research, 2021, 12(10):

101197. [doi: 10.1016/j.apr.2021.101197]

(BT e 7 st

learning

Research and Development ff 73 7 & 307

© PEREE ST

http://www.c-s-a.org.cn


http://dx.doi.org/10.19316/j.issn.1002-6002.2021.04.06
http://dx.doi.org/10.16803/j.cnki.issn.1004-6216.2021.01.016
http://dx.doi.org/10.1016/j.matpr.2021.04.239
http://dx.doi.org/10.15913/j.cnki.kjycx.2015.15.061
http://dx.doi.org/10.26914/c.cnkihy.2020.024632
http://dx.doi.org/10.27149/d.cnki.ghdsu.2020.000229
http://dx.doi.org/10.15888/j.cnki.csa.007815
http://dx.doi.org/10.15888/j.cnki.csa.007815
http://dx.doi.org/10.13612/j.cnki.cntp.2020.21.042
http://dx.doi.org/10.13612/j.cnki.cntp.2020.21.042
http://dx.doi.org/10.3969/j.issn.1671-1815.2019.30.056
http://dx.doi.org/10.26914/c.cnkihy.2020.043135
http://dx.doi.org/10.4209/aaqr.2018.12.0450
http://dx.doi.org/10.13546/j.cnki.tjyjc.2019.16.009
http://dx.doi.org/10.27312/d.cnki.gshsu.2020.001696
http://dx.doi.org/10.14107/j.cnki.kzgc.20180619
http://dx.doi.org/10.1049/iet-its.2019.0873
http://dx.doi.org/10.11897/SP.J.1016.2020.00755
http://dx.doi.org/10.11897/SP.J.1016.2020.00755
http://dx.doi.org/10.1016/j.apr.2021.101197
http://dx.doi.org/10.19316/j.issn.1002-6002.2021.04.06
http://dx.doi.org/10.16803/j.cnki.issn.1004-6216.2021.01.016
http://dx.doi.org/10.1016/j.matpr.2021.04.239
http://dx.doi.org/10.15913/j.cnki.kjycx.2015.15.061
http://dx.doi.org/10.26914/c.cnkihy.2020.024632
http://dx.doi.org/10.27149/d.cnki.ghdsu.2020.000229
http://dx.doi.org/10.15888/j.cnki.csa.007815
http://dx.doi.org/10.15888/j.cnki.csa.007815
http://dx.doi.org/10.13612/j.cnki.cntp.2020.21.042
http://dx.doi.org/10.13612/j.cnki.cntp.2020.21.042
http://dx.doi.org/10.3969/j.issn.1671-1815.2019.30.056
http://dx.doi.org/10.26914/c.cnkihy.2020.043135
http://dx.doi.org/10.4209/aaqr.2018.12.0450
http://dx.doi.org/10.13546/j.cnki.tjyjc.2019.16.009
http://dx.doi.org/10.27312/d.cnki.gshsu.2020.001696
http://dx.doi.org/10.14107/j.cnki.kzgc.20180619
http://dx.doi.org/10.1049/iet-its.2019.0873
http://dx.doi.org/10.11897/SP.J.1016.2020.00755
http://dx.doi.org/10.11897/SP.J.1016.2020.00755
http://dx.doi.org/10.1016/j.apr.2021.101197
http://dx.doi.org/10.19316/j.issn.1002-6002.2021.04.06
http://dx.doi.org/10.16803/j.cnki.issn.1004-6216.2021.01.016
http://dx.doi.org/10.1016/j.matpr.2021.04.239
http://dx.doi.org/10.15913/j.cnki.kjycx.2015.15.061
http://dx.doi.org/10.26914/c.cnkihy.2020.024632
http://dx.doi.org/10.27149/d.cnki.ghdsu.2020.000229
http://dx.doi.org/10.15888/j.cnki.csa.007815
http://dx.doi.org/10.15888/j.cnki.csa.007815
http://dx.doi.org/10.13612/j.cnki.cntp.2020.21.042
http://dx.doi.org/10.13612/j.cnki.cntp.2020.21.042
http://dx.doi.org/10.3969/j.issn.1671-1815.2019.30.056
http://dx.doi.org/10.26914/c.cnkihy.2020.043135
http://dx.doi.org/10.4209/aaqr.2018.12.0450
http://dx.doi.org/10.13546/j.cnki.tjyjc.2019.16.009
http://dx.doi.org/10.27312/d.cnki.gshsu.2020.001696
http://dx.doi.org/10.14107/j.cnki.kzgc.20180619
http://dx.doi.org/10.1049/iet-its.2019.0873
http://dx.doi.org/10.11897/SP.J.1016.2020.00755
http://dx.doi.org/10.11897/SP.J.1016.2020.00755
http://dx.doi.org/10.1016/j.apr.2021.101197
http://dx.doi.org/10.19316/j.issn.1002-6002.2021.04.06
http://dx.doi.org/10.16803/j.cnki.issn.1004-6216.2021.01.016
http://dx.doi.org/10.1016/j.matpr.2021.04.239
http://dx.doi.org/10.15913/j.cnki.kjycx.2015.15.061
http://dx.doi.org/10.26914/c.cnkihy.2020.024632
http://dx.doi.org/10.27149/d.cnki.ghdsu.2020.000229
http://dx.doi.org/10.15888/j.cnki.csa.007815
http://dx.doi.org/10.15888/j.cnki.csa.007815
http://dx.doi.org/10.13612/j.cnki.cntp.2020.21.042
http://dx.doi.org/10.13612/j.cnki.cntp.2020.21.042
http://dx.doi.org/10.3969/j.issn.1671-1815.2019.30.056
http://dx.doi.org/10.26914/c.cnkihy.2020.043135
http://dx.doi.org/10.19316/j.issn.1002-6002.2021.04.06
http://dx.doi.org/10.16803/j.cnki.issn.1004-6216.2021.01.016
http://dx.doi.org/10.1016/j.matpr.2021.04.239
http://dx.doi.org/10.15913/j.cnki.kjycx.2015.15.061
http://dx.doi.org/10.26914/c.cnkihy.2020.024632
http://dx.doi.org/10.27149/d.cnki.ghdsu.2020.000229
http://dx.doi.org/10.15888/j.cnki.csa.007815
http://dx.doi.org/10.15888/j.cnki.csa.007815
http://dx.doi.org/10.13612/j.cnki.cntp.2020.21.042
http://dx.doi.org/10.13612/j.cnki.cntp.2020.21.042
http://dx.doi.org/10.3969/j.issn.1671-1815.2019.30.056
http://dx.doi.org/10.26914/c.cnkihy.2020.043135
http://dx.doi.org/10.4209/aaqr.2018.12.0450
http://dx.doi.org/10.13546/j.cnki.tjyjc.2019.16.009
http://dx.doi.org/10.27312/d.cnki.gshsu.2020.001696
http://dx.doi.org/10.14107/j.cnki.kzgc.20180619
http://dx.doi.org/10.1049/iet-its.2019.0873
http://dx.doi.org/10.11897/SP.J.1016.2020.00755
http://dx.doi.org/10.11897/SP.J.1016.2020.00755
http://dx.doi.org/10.1016/j.apr.2021.101197
http://dx.doi.org/10.4209/aaqr.2018.12.0450
http://dx.doi.org/10.13546/j.cnki.tjyjc.2019.16.009
http://dx.doi.org/10.27312/d.cnki.gshsu.2020.001696
http://dx.doi.org/10.14107/j.cnki.kzgc.20180619
http://dx.doi.org/10.1049/iet-its.2019.0873
http://dx.doi.org/10.11897/SP.J.1016.2020.00755
http://dx.doi.org/10.11897/SP.J.1016.2020.00755
http://dx.doi.org/10.1016/j.apr.2021.101197
http://www.c-s-a.org.cn

	1 引言
	2 基于ResGCN-GRU的风险源识别模型
	2.1 残差网络
	2.2 ResGCN模型
	2.3 GRU模型
	2.4 ResGCN-GRU模型

	3 实验与分析
	3.1 数据说明与预处理
	3.2 实验环境与参数设置
	3.3 评价指标
	3.4 实验过程
	3.5 实验结果分析

	4 结论与展望
	参考文献

