37 2

Vol .37 No.2
2020 4 Journal of East China Jiaotong University Apr. , 2020
:1005-0523(2020)02-0072-09
’ ’
( , 210016)
: V355 (A
DOI:10.16749/j.cnki.jecjtu.2020.02.010
) ) o 2018
24 min, 8 min''l, ,
51.28%, ,
2009 ,Taylor ™ ,
o 2011  ,Taylor P . 2014
Borchers ™ o 2018 ,Taylor ™
b [6] b
o o , MATLAB
o , ® [6] Maklink o
2016, e ,
MATLAB o
:2019-09-04
(61903187)
(1991—),

) )

(1978—),

) ) )



1
[10] ) .
7 , ,
Lo m,
40 dBz(NWS 3) o
1
Tab.1 Effects on flights under different weather
0 dBz<18
1 18=<dBz<30
2 30<dBz<41
3 41=<dBz<46 N
4 46<dBz<50
5 50=<dBz<57
6 57<dBz .
, , (WAF,weather
avoidance field) R DELAURA @ ,
) o 1
40 dBz

(b) WAF

1 WAF
(C)1994-2020 China AP&demibs semparisenef asioredsctivity productsand WA Rraduets.  hitp://www.cnki.net



74

2020

)
2)
3)

4)

6 min
1)
2)
3)
4)

} In\]n
o ’Jn ’

Kn
o 9Kn} )
K={1,

O FCAWZI
FCAU’Z(I N

v ymT



75

Mi
;d in

Skt

Xt

;X/rl

;Ski

Fig.2 Model parameter diagram

2.2.2

1)

(1)

112
2

> 8u=1 VkeKueT

jel

2)

(2)
3)

5,,[)&,7 A1, 1= 1

(va-‘;ﬁ |



76

2020

3)

4)

5)

6)

7)

6=arccos

8)

9)

223

1)

d(Sl,[’SKu,t)
2)

3)

4)

(Sij/ft+6mn,k+l,[$yijmn+1 Vl,m El,j,n Ej,k S {1 , ,Kn—l},t eT
Bi.j.KJvJZ(Si,,j,l,Hl ViEIxjev]’tE{l’”"Tn_l}

ous<1-FCA; VYiel,jel,keK,teT

if 6;=1,then xy=i,y,= Vieljel,keK,ieT

_—
‘SI,ISKn,L ‘ ‘SI,HISKJ:JH ‘

> s ,
, ,
, 90°,
— > — »
Stk * Stk 41 —arccos Xy =21) (O 01=21 051+ Vo =Y1.0) Wyt =Y 101

e,s“zln, Vie(l, - T-1)

’

denSd(Sl.t,SK.,t):\/(xk,.,t_xl,t)2+(yk,.,t_yl,t)z ngmy VieT

6u=0,1;Viel,jel],keK,teT

"
Xt s Vi € VA

’ N N

CI\CZ\C3 C4o

Inincl= 2 d(Sl,l’SKnJ): z \/(xkn,/,_xl,t>2+(yk,,,t_yl,1)2

teT teT
o
’
b
minCy= Z ‘xk.l_Xk,t ‘
te TIA":LH:V/‘./ =1
b b

minCs= 2 0

tefl,,T-1}

minC,= Z 0,

refl, -, -1}

\/ (xkn X1 ) z(yk,, Y1 ) : \/ (xk,, 7S A IS | )2 (yk,,,t+1_y1 J+] )2

(4)

(5)

(6)

(7)

(8)

9)

(10)

(11)
(12)

(13)

(14)

(15)

(16)



C

ﬁ,(x)=¢

max C(x), P max C,(x) ’

, minF(x):prfp(x)o
Alpha w,, Si(x) folx) fa(x) ,falx)

Xy 2¥0) SXG) K X@ s fifi(xg)), Const 0 )
4
zwp ,=Const, Vi=1,--- 4 (7
P=1

fuo Lo fu
(17)  w=Consix2- ¥p=1,--.4, D=M 0 M|,D, D p (1,1,1,1)"

oo Lo Sa

4
° przl’ Const= 4D , OF g ,Vp=1,- .4,

(18)

> Yousl VYkeKpeT

ieljel
O, =1

O, 1 4=1

SittOm i, <vjmtl Yimel,jnelke{l,- K-1},teT
Sijki=0ijim Yieljel,tel{l, T-1}

Su<1-FCA; VYiel,jel,keK,teT

it

st minF(x)= Y w,f,(x) | jf 8y=1,then x,=i,y,=f VieljelkeK,ieT (18)
P=1 _
f=arceos Stk S1 Sk, 1 —arccos (xku.t_xl.;) (% t+l_xl’.I+l)+(ylm 1 t)(y;n.m—yl,m) 7
‘ ‘ ‘ ‘ \/(xlm,t_xl,t) (ykn,t_yl,t)- \/(xkn,m—xlm) (}’kn,m—}’lm)'
SIJSKuJ SI,HISK,,,H]

asg—n, Vie(l,- T~1)

denSd(Sl,L’SK::,I):\/(x/rn,l_xl,l)z-'-(ykn,[_ylj,)z "™ VieT
6u=0,1 Vieljel,keK,teT

"
Xt s Vi € VA

50x50 ,



78 2020
KROZEL [ s 50%
, 50% s
3.2
1) ,
’ t (xtvy[) ’ (xl’yl) ’
) (xl’yl) o
2) Tn’
leb_l N o
3) 9 9’
, Fit(x)
. 1
Fit(x)= Fx)+& (19)
F(x) i€ . (6)
’ 5 (8) N 90
; (10) ,
N TE) ,d(x)
@ (x)
N N Ay (x) =5N
5 d(x) @*(x)
2
O (x)+o, max C,(x) @s max Ci(x) |° ’ N
Fity( )—1— (20)
TR Ay () +€
4) s ’
5) , (
) o
6) : ) ’
(6) (8) (10) . ,
4
(2017 03 09 20 00 22 06 ) o
50 (N=50); 200 0.9, 0.1, 3.2
(1)1:0.3, w2:0.4, (1)3:0.1 .
w,;=0.2; 3 4 o
3 4 s 4



79

0.70
0.68
0.66
0.64
0.62
0.60
0.58

0.56
0

31.200

29.638

28.076

26.514

24952 -

23.390

50 100 150 200 250

3
Fig.3 Fitness curve

1133 11491 116.52 118.13 119.74 121.35

(b) 2017 3 9 21:30

Fig.4 Tracks updated with different weather conditions over time

, e — e ( )
st ( )
125 ,

S :0.967 38, .1
356.138 6 km, .1 311.895 6
km,

b 20

31.2001

29.638} - ”

ﬁ Foi o,
- e A

28.076 20:54 ErEEETEEEE]

LA Bw

26.514p N +

>, = %
24.952F -
N 2054
23,39 ' ' ' ' '
1133 11491 11652 118.13 119.74 121.35
(a) 2017 3 9 20:54
4
5

2

Tab.2 The average cost of different objectives

0.967

1.426

0.444

1.164




80 2020

[1] . 2018 [EB/OL]. [2019-05-01]. http ://www.caac.gov.cn/XXGK/XXGK/TJSJ/201905/
t20190508196033.html.

[2] TAYLOR C,WANKE C. Dynamic generation of operationally acceptable reroutes[C]//9th AIAA Aviation Technology Integration
and Operations Conference ,2009.

[3] TAYLOR C,WANKE C. Improved dynamic generation of operationally—acceptable reroutes using network optimization[J]. Journal
of Guidance Control and Dynamics,2011,34(4):961-975.

[4] BORCHERS P,ROACH K,MORGAN-RUSZKOWSKI L. Operational evaluation of a weather—avoidance rerouting system|[C]//
14th ATAA Aviation Technology Integration and Operations Conference ,2014.

[5] TAYLOR C,COATES P,LARSEN D, et al. Adaptive Network Design for Dynamic Rerouting[C]//2018 Aviation Technology Inte-

gration and Operations Conference,2018.

[6] , , .. it ,2009,9(6) : 64-68.

[7] , . 1. ,2014,36(5) :86-90.

8] , . Maklink ). ,2014,14(5) : 154-160.
%] , . [J]. ,2016,46(1) ;44-47.

[10] , ., Ul ,2016,33(3) :60-67.

[

11] KROZEL J,MITCHELL J,POLISHCHUK V et al. Capacity estimation for airspaces with convective weather constraints[C]//A-
IAA Guidance Navigation and Control Conference and Exhibit,2007.

[12] DELAURA R,EVANS J. An exploratory study of modeling en—route pilot convective storm flight deviation behavior[R]. Lexing-
ton, Massachusetts : Lincoln Laboratory , Massachusetts Institute of Technology ,2006.

[13] DEARMON J,GREENBAUM D,KERNS K, et al. User evaluation of numeric attributes of automatically generated reroutes|C]//

11th ATAA Aviation Technology , Integration and Operations Conference,2011.

Tactical Rerouting in Severe Weather

Mao Limin,Peng Ying,Jia Zijun

(College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract.The Air Traffic Control (ATC) decision updates along with the convective weather conditions in real
time. In the absence of decision—making support tools, the different rerouting preferences of the pilots deepen the
controller workload in convective weather. In response to the convective weather covering the planned route in
tactical stage, the Weather Avoidance Field (WAF) product considering the pilot’s actual flight preference was
used to accurately reflect the impact of convective weather during actual flight. Based on the continuously updat-
ed Weather Avoidance Field products, a multi—objective integer programming model was established and a ge-
netic algorithm based on linear combination weighting was designed. Taking the city—pair —— Guangzhou Baiyun
to Shanghai Honggiao—— as an example, this study finds out that the generated diversion route completely avoids
the actual continuously updated convective weather, which can be used for the decision support of the controller
in the tactical stage.

Key words: convective weather; tactical reroute; multi—objective optimization; genetic algorithm



