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Abstract

Abstract: The real-time prediction of the air contaminant dispersion in chemical industry park is important
to the emergency management of air pollution accident. Due to the unknown source terms and the error
of input parameters in the atmospheric dispersion model, the accuracy of traditional simulation is limited.
A data driven atmospheric dispersion simulation based on source estimation and particle filter was
proposed. Based on the results of the source estimation, particle filter was applied to assimilate the UAV
observation into the dispersion model in real time to calibrate the system state and obtain more accurate
prediction results. Experiments show that the proposed data driven atmospheric dispersion simulation
method can predict the concentration distribution more precisely and provide strong support for
emergency treatment.
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Abstract: The real-time prediction of the air contaminant dispersion in chemical industry park is
important to the emergency management of air pollution accident. Due to the unknown source terms and
the error of input parameters in the atmospheric dispersion model, the accuracy of traditional simulation is
limited. A data driven atmospheric dispersion simulation based on source estimation and particle filter
was proposed. Based on the results of the source estimation, particle filter was applied to assimilate the
UAV observation into the dispersion model in real time to calibrate the system state and obtain more
accurate prediction results. Experiments show that the proposed data driven atmospheric dispersion
simulation method can predict the concentration distribution more precisely and provide strong support
for emergency treatment.

Keywords: air contaminant dispersion; data driven simulation; source estimation; data assimilation;
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AR, ATl DX A R A A A
XN R A A WA 7 2 4 il B KA K o A A i 5

Wk H I 2017-05-05 B H: 2017-07-13;
FAETE: HK ARFEEIES(71673292, 61503402),
P R s W R U R R T 4:(2017YFC0803300),
T PR R B R R L T 4(150312)
PEF I ERB6(1994-), 53, 1L %, mitA:,
W7 10 RGATH

WL 2V B AR 6 R O S I 4 S — T
TR AL GUIR R RO BT R o
M, BAT—E AR SRR O Y 45
e T TBORRE 2R K s B DR TR A5 o AR, AR
BRI SLAMER I D0 T, KT 10 B v
AT R NS H, AR YR (UL B AR TR
), Wy, ARG T KAy s
ATEMBEHUYE, AEGH RIS ZHUE A S AR

http: // www.china-simulation.com

*2100

Published by Journal of System Simulation, 2017



Journal of System Simulation, Vol. 29 [2017], Iss. 9, Art. 30

5529 B3 9 1
2017 4F 9 H

PRIME . — 7T, AT BT ARG 1 905 1 2 A 52
brdg el s R R A i — 7, ARy
1 H A N S5V S RIS, an I .
AT Aht dar TSI N oAt b R 3R 22 0 ok 3 e K
BT ECUER S

Y5 T Aty TR 6 5 A A 0 00 K 38 o e
PRI S ECHAT AL VB 73, W ar AT s v A S
WA TE ik e DL B 2 LR P A o T v
6 DU R e, PRI IR H A2 SRAF A S5 S0
I RKIEISEAE . Ak, Ly peAR T H
TG, R R 2 SRR PR g, Ma
2t Vi Y g /N AR G4 FHDRE T BEAE AL (MRE-PSO) J5
VERET TR R R e A AL HE IO - AR, IX L
D7 AN IE TR o Ze e e A v AL,
Hh e W 2 ] T Cd SO AL I U5 I 4G . Wang
A ISTHR Y T — bl o e 22 0 8 A A B A
715, FERHY A T30 .

HE R A D7 VAT N T R A RS 24 A A
ANZEG SEI IR E o H0Hs [R5 120 B MU 4
Pl gh G, FE T IECHE S iy SR B A 25, AT
BRI R L Y € T AR ISP A< e e e N
R EHE IR BN AT L, i Sl A A0 A SR vy PR B
RSN . Hu 7SS 78 BB 7 U8B 1 3h &
Hm KB 7 EMELL TR FL Y H T B K & )y 5 25
P AL )5 TG AR 0k, RIOR 208 AR
(g e R R 2 38 (BKFPYFIE & /R 8 8 3k
(EnKF!'), ki 7UEni %% . Krysta 2560l AR 73k
o DRI B84 A N TR PR AZ 25 I R T HSSE 2 v s
LIRS 17 o Zheng 25 L LT EnKF A%
[FAG S NS R BKUEAL (MCADM) K Tl 7805
PERZ Z P . Reddy! 2 H T — AR ) R 4%k
AR R R T i, JE LGB T R T UE R R R R
IR RPN R . 5 IHARTT LA LG, R 8
B3 T ARG AN AR s A o oAz O AT A
— RAIA AL FERL 7R T R GORAS B 5 5
MERE R, FIbE AT M SR, I
FOCHER R B 2 AR D o S AR D8 B A X

TR, S I YR AT B TR RO X 11 1

Vol. 29 No. 9
Sep., 2017

SRR G (AR RO REAT Bedls R A 207

YSIGUAY T L5 Kl B 3 RS BT S0 il
SE I UL B 1 S o A TRIX, ARG A
D77 2 AR A ] 5 U3 o SR EH T PR
B R [ 5 PR B, ot SR AT ) A R L A
FR. & AML(unmanned aerial vehicle (UAV))f H R
B €IS Y WO R R Y 2 B XU W P
W RSB . 0 Yang ORI IEN B
FEAUE I FR e 4k 2 Tk e X ) SO, A1 NO.
Hirst!" 45 42 H T —Fh 3 10 A B LI Ik 1 $odie
BRI A BO 1) TT

ARTCIEH T — B I T U Al F ORL - B8 (1)
KA TR IR BN 7 L7 « KA HUB Y 1k £ ik
T A T B, FEREA A ] — R
S A R TBONI T HORASE AU S G AR R R o 2
TR IO KA UL AR, R DL 44
PRUEAT USRI, T o B BEAT V5 G A B 40 4K
AT EL o FESLRY HUPIRA 2 T AR, B I il
PR EAE N AR IE S E . FE T T,
MU P ASE 08 B e SO0 0 K A8 I IR N 7™ SR 28 i
RGUIRA I SEI R IE o 1AL, 1 54 R4tk oM
MEHE, oot 7R EE T AN TS G4 il 3
Gto AT RUENEIN T s X B 7 B KA R
W NIEAT T R ALK .

1 SRS RS SR T

AT FIET =0 B oA, 5 Ti%
TSR DL S B R4 T YR I T
1.1 ETFErEEA Ry s

A GEH RSP O 2 3 5 A 6T vy 30 A
B SO, IR p 2353 e (R R JEORD
P HOE R — R A R A . BN 8 i
P5 £ R ) v O M B 7

f(x,y,2,t)=

C(x=ut) Yy (z-HY (z+H)?

2
q e 20X2 e 20 (e 20‘Z2 +e 20'Z2 )(1)

3
(2m)?o,0,0,

http: // www.china-simulation.com

+2101

https://dc-china-simulation.researchcommons.org/journal/vol29/iss9/30
DOI: 10.16182/j.issn1004731x.joss.201709030



Wang et al.: Data Driven Simulation of Polluted Gas Dispersion Using Source Es

5§29 B3 9 M
2017 £ 9 H

b Xy, z 70 lE =g ] th i AsAR, e x il
(UIE T 1 o M) AR AZ A T BN TR) s HAR
RUTE o BB RO 485 2 5 R
U, v R MG U 2R R A Y e A
AU LU (R IR BT IR R rh B A A 3L
TS R R 3T . ok, oy, o 0 X, Y
Mz i T oAb ZE, AT HIZR N 24 sUHthid -

o, =0, 2)
o, =ax’ (3)
o, =cox’ 4)

X x BRSNS a, b, ¢, d BT
A 5 IREE S A an SRR e BRI T 2 DA
Ko FEIET T A AR e, HE IR DL — 5 (R ek
TF1) ) B R TEOE A o DRI, € NP8 5 (X, y, 2) b
T QSRR RIS T T RIS 1 1 2 -

Cxy.z=" f(xy.2,t-(i-1J) (5)

Hrh YA BB, 0, 0),  FAHIBIHIR
IR 00 o e | AMEBIRR SR n R
S AT E i S A R 0 TR T e ] ()R, 56
i AN G JO TR t(i-1) 8

1.2 FeT DU S B A YR IR A 7

DU S5 HE B ANHA E 254 T 1) — Fh e vk P sk
T E I R R A S35 SRR A
RRIRG R ik . 7R RSP Hh, WIS HFRR
HO={ q(t)}. W 2.1, FHbh—Exy, z 1
PRI A W] LUE R (D) ~(5) T 5 FE T DL S
PR VR TGS VH A PRI AR B 258 D = {0y}, oK
T EHERCE A B | FIREIBOE S q(t). D AL
IR G A WL KGR R ) R A, A
rom AHE, T ABIRAURERERNZ 6, R
B %, ¥is i PASCSMAIR A cio SET DU ST HERE (1)
PTG T A T 0= R B 00 I 5405 ) iy 4 f
HEOIR 1) — 4E AR bR 5 B O A AT AL T (I e, 3L
ST A2 SR 4 2% ] o B A e K S R YR A
AR DL SRR TR 26 o R DU S Ry R A 2
T OFF) J B R e S

ARG HAR

Journal of System Simulation

Vol. 29 No. 9

Sep., 2017

p(dD) = p(d)p(D|O) (6)

X pOD) KR BMER B RE:  po) £

MR p(D|0) LR RS, LR R ETT
HAn (TR

1 m
p<D|«9)=exp{—pz:l[cm,yi,zi,ti)—ci]z (7

VB 56 N 5 58 1) O B S 1 S T R
JEEFHALER BRI B8 o 550 MR 5 8 T LU I 50 B 2
WPl 34T o ZEAHIFIE A7 SSHR R R 63045 5
B, ORI S A e R e B oA o X TR
SRERE, R T RETBOE ZHE LIt v, PRI i S AR
JECE AR A e — 8 AH q, AR ARV IS A
I BEAT A4 V1 43 21 208 O BUAR Al 31 (Maximum
Likelihood Estimation (MLE)) I'e £ #3301 I, 3
FIEANLR oA 2 p(DI(, q(t)) HUR KA A PR FCHE
AR THE o' (t) » 22Uk, 433 P I 2401
it . A B SRR R ALSIRAS VI RS R A%
KR HESH V) (Particle Swarm Optimization, PSO)
AT IR

2 ETEANKERSAEEN RS

I I RS [ A 340 75 A U )
PRI SCRE AL G 1B R U5 X 3 SR AL Tl X
P FRD ] S 0 o 71 R A 00 s R AR P RS T A
i AR AR R E AR AR, HOREE RT3
B BN A PR AR T — Bl F I AHLAGS G
AR M 2R 28 LA i 2 I AN AL, 1
PR SARGH TP 6, AR A B AR
G . ©ATF B IEHCN R DY JiE 3 U A HL DT
M100, w] $2fLRIE IR B fE 1 UL KA IR 46 135
BV 6o RGTAFRAEIE 2 s RBAE T AL
AR IR s T, LIRS, GPS
A ) 28 SRR o A IR 3 AT 55 U S I 4L
PR Bl A, SRR WS Rk IL,
M B E (7 ARSI [ o RPEEAE 2 55 4 L i i i
ARG BB I SEBLECE A7 il A1 R 0T _E K
K nT AL WEFUN B3] IGE I i B TOR SR
AL CAT B AR 3 22 o

http: // www.china-simulation.com

*2102 -

Published by Journal of System Simulation, 2017



Journal of System Simulation, Vol. 29 [2017], Iss. 9, Art. 30

5529 B3 9 1
2017 4F 9 H

Box of sensory
ﬁ\ | devices
Antenna of
GPS |

Aerial platform

Batter
Y Rotor

Motor

B BT RANRG R RN RS

Fig. 1 UAV-based air contaminant sensory system

Database in the
management system

Ar

Sensory devices A
[ Micro control J [ Gas sensors J
unit
connection module/
~
Aerial platform
J

K2 T ANUSIRSE LR R
Fig. 2 Workflow of UAV sensory system

3 ETHR FIEFE R MAY SEEIK

i &

TR AT [R5 N S 5 (XY, R D
TCUER I, 7546510 07 20 P 0 3 A X e 24
(A VR A TS, SSCREAN T B e Y SR 25 . R
FE R AL 7325 450 AL 0 28 5 1 8 404 51z
i A7 OB TR LA T AR S50 m) LU e M A o
RBLIE 0 T M P P
3.1 R FURIK

BT B T Z N T A e T
Heds, AR DU BRI BEH LR FE AR XS B 2 R 40
RASHEATAG o oA 00 SRR FH — 219 B [ R T
KA R GOARAS 15 B 20 o MRS TR UR

TR, S I YR AT B TR RO X 11 1

Vol. 29 No. 9
Sep., 2017

BUEPIIAT A TR R T IR B IE ] T AR R
ORI DY AR/ RER ORI CHL A S E DS B
B HOR AR AE 4 DK

3.2 EFh FiEEEIEFR L

N TR R IR I P T e S A R 2R )
[k, s S SR U PR S S AR R . 3
BRG] PR AR IR N -

St = F (s, + 7 (8)

m, = g(s;,t) + o ©)

KXEOVHRGREHBL TR, f(s,t) IIREH
Bk dy, IR RGURE BEI A AR, AR
Kl fiRz, ROMRGMN T FE, RERGIR
A s BPWIIEE me Z B W SCR, o AR D2
72 o LR T7 R 2 1 8 S IE I R SR
A AERAYHD, TSR R I R
o, BRI LB A RGORS AR #
PRSI L AT AR A I i, e vy, oA
K, ANIEE SR, P B 4 16 25 RS
A AR T, X@3), @) 4 M
R E a, b, c, d Y B EER R, —J7m,
HI R Bt & i R K o A kst 22 o, ,0,, 0,
RS SRR AE 3 ADNT7 IR B s AT 51— 07
T, AR E S 2 R URGE A T 2 11 S5 35 A
K, SEbrdp s L E . R, R R
a, b, c, d N RGCREZEEEW R DML RS, H
RS BYEANN 4, KKFEAR T VA B
T B RBOVIREZ &, RERPRAE I EHREHER
JIRE R R TR s

s = (@b, ¢, dy) (10)

St =St 7 (11)

XADH S d AT AT BRI A 9 BCR
BARRIN T N ARAANK, PRUHCIR AR pR AL f (s,1)
AR A IR AR AT g R 22 ) 4
Py F I A, SR, o IR A o

ARG T AT R A 2

m = g(s.D+ (12)

http: // www.china-simulation.com

*2103 -

https://dc-china-simulation.researchcommons.org/journal/vol29/iss9/30
DOI: 10.16182/j.issn1004731x.joss.201709030



Wang et al.: Data Driven Simulation of Polluted Gas Dispersion Using Source Es

%29 %5 9 1 E R Vol. 29 No. 9
2017 49 H Journal of System Simulation Sep., 2017

g(s.t) =C(x,y,z,t) =

>y, zt=(i-1)5) (13)

R 7 R IR T AR Gk A AR 5 5 U 0 Sy e
WA, RIEREL 9(s,,t) b 2.1 5 P s S 1
P o MEMRZE @, A0, o7 )i 050 AT R F e 75
FENT A HURPRA S (AL S, R DR 708k 45
A TE KU EC R T S e 3008 PSS 70 030 ) o

4

AR 70 T 2 T B U I R L
Bl SR B 07 AT S0 o PRI, TS AREAL T
D<A, LATG AL 2 St S B R AR Kl A R it
7o R/ TN SN 1l FHE T O e 14T

4.1 BEIAET

A REAL T X By #1245 200 hm? f) 300
D3, XA B —ARAAm L). FH
To B R X 12 DX 3 1) 7 G AR IR BE R AT
W, RAEILREE Al . T2 %8, AL
ARVFEN X, PRI RAT B 26 4 FR G6i% IX Sk o
il o TE AMLAEREHBTET 50 m 5% LA 1 Hz AR
HRATH) 20 min J5 58 BCREERE . W3 (1 Fo b
BR: B AR AR 2 AR AR A S
R R R AEAR KT o WY AT 2R I A AL R A
JESr ATt &l 3 Frome AR BUACIE, il X 3
(178 rE Al AR AR IR B R v, L R BB 2 K
10 mg/m’. 5 BRI, EsLi i, R
D)3 ) AR A BRI B it i 2 )i 5 T AL 1% X 8k
ALIE T — B[R] LR A 51 2 (R dl , DALk I v i
D3 HH I T R R A

BT AN I FR S0 R A B0 S BRA E
B, ERAEH PSO Skl R 55K 5 S (1 U5
. B4 SR THREE TR Y =1, 5,10 #1 15
HIRLF oA o t=1 1, 525 ANFEF4E 2 500 mx2 500 m
AR IR S a6 M t=1 B t=15, Fi T
BTSSR DI 2 7, 00 T Ml DX 3 g
VORI Al THIE AT B A AR T AR AR IR A 541,

AL R (-305.6, —1 244.4). SRERJEALE G,
5 MLE Js B, TR oH 20 0.391 5 kg/s. fEHL
g BB, A v AUE AT B I ST A e — Ak
T R (RIS Fel, - T 408 B LR LAl v ) &5

1 000

0O 2 4 6 8 10 12 14 16
500 Concentration/(mg/m?)

=500

-1 000

Relative northings/(x1 m)

-1500

a % Measurements

-2 000
-1000 -500 0 500 1000 1500

Relative eastings/(x1 m)

K3 iy RATHUL ) AR L 2 A
Fig. 3 Concentration of SO, along flight path

Step=1
500
XX X X X X X X X X XX X X X X X XXX X X X X
XXX X X X X X X X X X X X X X X X X X
XX X X X X X X X X X X X XS X X X X X X X X
X X X X XX XXX XX®¥RX XX XXX X X X
— 02 X X X X X X X X X35 X X X X X X X XXX XXX
<) X X X X X X XX X X X X X X X X X X XXX X X
— XX X X XXX X X X X X X X X X X X X XK X X
X XX KX X XXX XXX X XX XK KX X X KX X
= XX XXX X X XK KX X KX XK K XX X x
& =500 XXX XXXXXXXXXXXXXXXXXXXX
= XXX XXXXXXXXXXXXXXXXX XXX
= XEX X X X X XX X XXX X XXX XXXXXXX
© XXX X X X XX X XXX XXX XXXXXX X
[} X)’..XXXXXXXXXXXXXXXXXXXXXX
S_1 000 X X X X X XX XXXXXXXXXXXXXXXX
o XX MK XX XXX X XXX X X X XK XX X X X X
= XX XXX XX XX X XXX XX X XXX X x
= XXX X X X X XX X X XX XX X X X X X
o XXX X X XX XXX XXX XX X X X X X X
o —1 500% x x x X X X X X X X X X X X X X X X
X X X X X X X X X, X X X X X X X X X X X
X X X X X &_M‘?.XXXXXXXXXXXXXX
XX X X X X X X XK X XX X X X X X X XX X X X X
XXX X XX XX XXX XXX XXX XXX XXX X
-2 000
-1000 =500 0 500 1000 1500
Relative eastings/(x1 m)
500
= 0
=
—
X
Y
& —500
4=
=
=1
=]
=—1 000
)
2
E
O
-1 500
-2 000
-1000 =500 0 500 1000 13500

Relative eastings/(x1 m)

http: // www.china-simulation.com

©2104

Published by Journal of System Simulation, 2017



Journal of System Simulation, Vol. 29 [2017], Iss. 9, Art. 30

5529 B3 9 1 Vol. 29 No. 9
201749 J EIRBE, 4 I TULIUN U 0V U ORI Sep. 2017
500 BT S B AL, I RAURIE AT
PEOTEIOTI: S A WAL AT
z 0 Bl LT T B 9 BT — 4 25
& BB P SR A TR BE L R, 2052 4K
g7 SR T PR IR B A A R A
L ooo Sy 5 AR 0 N B BOR B 2052 1 K B
£ . S A PR BRI S, BT
2-150f, HRFAL RIS B 2 1 TV 2 A 20k
CIRS BRI, 25 25 0 207 3 ST 2 3 A o
—200 000 —s00 0 500 1000 1500 i, XHK A Wi BEg—28. L5 B 2T
Sl ) ST A IRV S0 SR I 5 B 2E5C5 B
w0 M CIEST R A OISR R A F
OB o ST RS IE RGOS . 7ES2gor, Sl b
- o AT TEHR A T PR 0 £ Sk i )
X PiETIRMRCR . SEE R 1000x1000 (m*)X 35k -
& 500 f9 20 min 4 30 m &35 R AR P U5
o BT, 0), BB EEHEIET 70 m, HERCAE £
2 PR TR PO AER 10 s B
£ 1500 4.2.1 AN
St o RO IR B 8 2 R I ML

~2 000
SIELD =y O SLY L DL MARGERIE . N T ARSI, Te AP L

Relative eastings/(x1 m) (6]
MG X a] %+t 2% Indianapolis SZI6 ™ A% 3%
4 t=1,5, 10, 15 BHR T4 e P "
Fig. 4 Distribution of particles at Steps 1, 5, 10 and 15 AT, PR TE AR LR 42 a5 AR A

B, A 22000F, T AMLELEWE 5 Fs.

4.2 ETHRALKSET BITE

IR BAR, TR B T
e G CPURIETE AT SRR L O, ..
B o AHHTFASI B OO 2NN, FER]—
ZNHBEARI A AT Rl A DA SCHEHds R ik
7o DI, FEVHRENL AR 19 3Ry /L 0 5
SEB, SR PRI A K BN A A
T A SR IE A, B RALSESR, ik 1 iR,

.
‘o)
.

.

..,
-

.

------

E Relative northings

UAV
S HORIRA S Relative eastings
Tab. 1 Design of experiment K5 Ry 22000 FJE AHLERLIZE
Sz A7 R J7 i 1EH Fig. 5 Sketch of UAVS' trajectories in 220 deg wind direction
SE A AT XA 5505 B TR R ‘ B
g ORI SR WA 5 Ja TSI, SR 10 BTG AHLIFRIR
S . . N v
o mpimoy AR HEAT R RS, XD T BB IR 100 m FY 10 4

http: // www.china-simulation.com
*2105

https://dc-china-simulation.researchcommons.org/journal/vol29/iss9/30
DOI: 10.16182/j.issn1004731x.joss.201709030



Wang et al.: Data Driven Simulation of Polluted Gas Dispersion Using Source Es

5§29 B3 9 M
2017 £ 9 H

BB AN B RE S, FEAEREAN I )25
K (10 s) N ICHIR BE B
4.2.2 RpsH

RO KA BOE T 52, H AR SERr
B M AMERFOULIN, A Ak R ol L Za o Oy 3 Bt
W, AE “ILI7 PHURI RS BASE B i A Eh K T
DARERLICAE B3 50 T 10k . XUl ARk 4
{H 4 m/s, FRiEZE 10%I S e o SE IR 75
I (60 PR 0 A M 3848l 2200, BdfEZE Ny 100t
PUAR R, SEIG A FISEE: B o (1 R i uE i3k 43,
PRI KSR FH T A v, 200k 4 my/s AT 2200
423 ¥ERH

PECR B KRR T S R T A5 TR 8 4
PIAH K . Pasquill-Gifford-Turner(LA F#% PGT! '8
JHERET 2 N TR AR B 8 o BT 0T i
(1) PGT ith&kn] DU KR8 o S gk iff e 7 1L
RE. ML, PGT HiERFTEAFZEMIEAKIME. B
PGT J54MEA —Sit RN A% T AR AR
R BERIH G 41 F I SR SE M, 40 Brige! A
Vogt?™), Carrascal™ /e AH[R] () K4 AF FELEE T —
RO BCRBOE e PE . 7E “BSE” e,
AR Vogt HISEHE . HRHE Vogt 11 4 AN FREL
R 2 i,

®2 AFRRTFEEET a,b, ¢, d BUE

Tab.2 Values of a, b, ¢, d under different atmospheric
conditions according to Vogt

KA a b c d
A 023 100 010 116
B 023 097 016  1.02
C 022 094 025 089
D 022 091 040 076
E 1.69 062 016  0.81
F 538 058 040  0.62
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