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Greenhouse effect assessment of aircraft cruise based on improved
neural network of fuel flow-rate
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Abstract:
potential is taken as a parameter to establish a comprehensive model for evaluating the greenhouse effect resulted from different

In order to efficiently assess the environmental impact of the aircraft cruise, the global absolute temperature change

pollutants during the aircraft cruise. A three-layer neural network is developed to obtain the aircraft fuel flow-rate during the cruise,
and the genetic algorithm is introduced to optimize its initial weights and thresholds. Results show that R* of the improved neural
network is increased from 0.954 6 to 0.973 1 comparing with the primary network, the mean square error is decreased by 48.15%. In
addition, the maximum and average value of relative percentage error are also effectively reduced. A pollutant emission calculation
method which can replace the traditional one based on the BADA performance model is proposed. Based on the reliability of the
model, the comprehensive temperature change caused by the pollutant discharge will be obtained with a greatly reduced dependence
on flight performance parameters.
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J7 %t ICAO FeHEHE A Y b i) S AAHE fil 48 $h ik
FHEIE, FEb It B Seal T ARl & fliE A (land
and take off, LTO)id F2 & A ALY (NO,) HEjil &2 1 3R
B, B e X R AT T AT OWEN
et alt™ {f I CHLE RE AT G HEBUSE AL AR i zs
sy CO, 1 NO, HERCE A H T s 27 S 45
i LR VR R, PR T AN R HERS it T V5 e
HEBOEAAE T o B XHUZS #2475 HLE JE i DX 3,
PR R, A E AT R TiE 25, @&
L5 %) g Rk HEI PR ALY 2017 4F NO,. k&b &
Yy (HC) M—E btk (CO) HE AT T A RT3
BT N R G K R, BRI T S S B
2018 ~ 2019 4E R IG J W HE O 5. Bk pF5E St
BT XA ARSI Y RO B AR, (RS [
7 HEB K R AT B BE G I A /D, HL M R T XS Y )
HER™ A 0 25 A IR AR R A T — 25 5
ez HE kP A TR 2 AR ORI T BRI FE,
FERRIHTEFEAR BT T, 2A & IR 2l i Bes i)
FERIFIIGE. TURGUT etal® £1Xias g RisrdFets)
T RRITEAE S R B 2 A 5 E%i A LAWRANCE
et al'" JLF RATECE A HE T B AL 3l ) 2 S 4
T e 0 DS R K KA [l SRR s sk 424500 fifi
FH f5¢ 7Iy 3¢ 32 % ) 5 HL (support vector machines,
SVM) 15 i, B T 5618 1) 5 9\ 1) — 4R 3K Sl (1)
AT . BB RFIE IR, RGN
WG T 24 0, It P T RBLImFEE I
BRI H, 33 SEIhFRAL 3 5 1 2 MK T R 1 )
TT5%%, Horb s R 2B 6 A TR BRI ZRIOHE
JERE, MRS AR TS A L2 FR s 1 T IR B
M 155 B HER R DA R P AR
AWl LA 2 2T B 732, AR 2s Fil
FUC IR 2 5N VTA vk P T AR R = AR HEL
FFAFAAY, HE N7 25 AT A R 2 50 A A
5 Ay g FH T AR TGS AT IR ok I8 o 1) =) i 8 I 4%
(neural network, NN)FERY, 5| A 5t f£ 8 B4k R 2%
S0 TSRS BE ALk I i 2 7 T el IS 1
P 26 ALY, - BURYIZS /A /] ZH9164 [ #E1T
SN FH, BEPEAL T A T AT R AT SR

1 FEREMITEEE

CO, Fll NO, ST 2= At B B AR HE ik 1 5
BLZH R, W HAT A R BB . R, A SCHE %

NI 50 ) ) R R 2 T 28 SR DA AR A, L)
XS HEA PN RS A R B e A T o — R
1.1 BRESEHER

1.1.1  CO, Hea#tR M SE EIHHA =5 JR (Federal
Aviation Administration, FAA ) S AR HE P HirE AU
(emissions and dispersion modeling system, EDMS),
CO, HEMCER: 515 YWy HE RS ORI FE AR G,
WD),

T
Eco, = Elco, fo FCR(1dt (D

(D Eco, i CO, HECE, kg T LA,
h; FCR(t)} B ZI (R BRI I i, kg/hs Elco, N CO, HE
B AE B, ke/kg, R W AE 1 kg ML 2 R0 = A Y
CO, &, 16K SR i 2s BRI FP A A (1 25 14
T, Elco - F5HE . 26 1 Al 1, B737-800 K HL sk %:
) CFM56-7B26 £ sliHl CO, HERHEECH 3.155.
%1 CFM56-7B26 % Sl S HE SR

/AT BRI COMFL NOFEK
RATHER R kK G GE44 £

/%  /min  /kg-h /kg'kg!'  /kgkg!
K 100 0.7 43956 3.155  0.0288
JeFt 85 22 35964 3155  0.0225
i 30 40 12168  3.155 0.0108
EEnY 7 26.0  406.8 3.155 0.004 7

1.12 NO, ## A X NO, HEil#EiAY, 5 COo,
HEBAERUAS ], FLHE TS FRb AT 45 A A A [+ 1 S5
AP ARAL . eAh, FEEHE RO AL T i NO, HECE U,
AR 4 PR T VRRAS T M HERCE £, BAGE H
T (ISAL 0 m), UL, & X5 i 28 48 At
NO, HEBCE T, T ZEAR R ELAAR T It 12t RN A
S, REHAHRBER R TR EAME R, WA 1.

SIS HHESMISA, 0m)
S | OBE [ stmini
FCR FCR'
. R
- )
‘%ﬁ%( 4 HeCHE
SR AR
EINOX @%& EINO,

B 1 NO, HEis 8IS ET %
Oz prim i 1% X () B IE RS T
FRIAR I AFL o

. FCR
FCR = T@-%”Mz )
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K (2)H, FCR B IE G HI LR I i 15 6 R
ARS8 R TR UR5#8R (1 013.2 hPa)
() FU AR s 6k 21 5 R B -5 o o 1 7 TR0
(288 K) MY LA el H AR EIG M it Eh gl

MR K B AR HE O , X SRR T I i
H1NO, HEBCE Bt AT A, DA AR g o #0145 ¢
R, AR IR il 300 £ X6 1 1) NO, Fa v HE 458 £
Ely . RRTERME RN T IHAE 1 kg s #4800 7= 4=
Y NO, &,

¥ NO, EEAEHEHE Bk A (3) et [l 512
175 £(97 €=k

;80! 0.622
Elvo, = Elyy — exp[l9.0(0.0063 - J)] (3)
P_()Dpv

NO, 91.65

K (3)H: Elvo, 1 NO, BISEPRHEIUR L, ke/ke,
FORTEIEPRIB AT 2R T IHAE 1 ke TS #0421

a;a;C; H

2 n 3

AGTPG(H) =1 't . 44
AGZ[ (e —e )

i~

J=1

K (6)H, AGTP.(H) AR ESMAG(CO, 5 NO,)
TEHLR BRI K f T A Bkafe o i AR v 35, Kikg, &
HAE A RV 2 M 3R IR BE ARk A i BR7 T i
GIVESITHEIE, WmP/kg; ao. a;. o, ¢ Fld R E S,

I, A2 2 AT By B CO, AT NO, HEHCE B
HZE A IRA S, (7).

AT(H)= AGTPco,(H) Elco, fon FCR(1)dt

D)
+ AGTPyo, (H) LT‘ Elvo, (1) FCR(H)dt

A, AT(H) R EER RS Ko
2 IPURRIH A E AR R P AR EY

AR IS I Za) A AR T O B 0 T PP AT
it 5 ARV ) SR AL IR . AT AT i RE T sh BILE
REA R XA L B A T A — BRI ST, P P
PO 285 X6f AR AL o AT A, A /3R A ok
AT BERRA TS BRI
21 ETHEMZNREET

N A28 I 45 2 PR R R O A 8 T 19 s
BESE NI VSRR R (SEENS W Pk £Vt
PRI i A A A E B, 3 [ 58 oA Ak B A 5
1155, BAT# 2T RE 75 Al ERE R S AL ASBT

(€ —e‘ff)] G = CO,

NO, 13 o NI RS AMFIREE, %; p, Rt FIZEIR
&, Pa, TR A0 (4) IR RSN RAIR TR .

10 2867 —2 148.490 9
B T-3585

K4 TSR RTRE, Ko 2745 EDMS
HEOBE AL A NO, HE 5 £ie IE AL A, AT A5 NO,
Hejlc Fk =0 (5) .

lgp, (4)

Tc
Ero, =f0 Elyo.(t)- FCR(Hdt (5)
K (5) H1: Exo, i NO, HEI &, kg; Elvo, ()M 11
ZI1) NO, HEHE %5

1.2 BREMMNREER

P ZE SARHEOE SRR SR L, 4k
246 X il 75 1 #4 (absolute global temperature potential,
AGTP) X —FRAE S H ik — R AR HRIGE B
KT, AR EAE, WX (6) .

(6)
G =NO,

FEAR P AL AR MR I AR &,
Py I 1 = J2 4 22 X 4% 1 S AT R v i e i AR A
FCR=N(hs v+ dv ws. wd), PRI ISR, WK 2.

(x| L e |

B2 ZE#MEMEEIE
Mg hm AR X REREYMahZEzZ4
Mo Hrd X 5 METTh, v, d. ws, wd, 535
FRAE B Mo | A KGEARA; Y 2 s
TTHUEE XS YRIM LR ZH 1 M M& T
FCR, FBRMIR & w,, . b1 A5T R X B Y 3%
PR . AR RN PRE wy. bR 53 0 R R

Y B Z PEEAUE . B FEE PR
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22 ETEHRAMMEXREZIT

N Tph s ) 28 BLAT B iz Ak e J) Fn T # 4 E,
(A AEAE B Wb . AR 28N Ghad B, W00 % 432
AUE RN B XTI 2R A2 i AR K, (H i TR bl
B 7k, RGN T A MBS AF ISR 12 | 5)
B NS B B G e ;a5 B S AL A AR R 4
s L E AL A e U R EOR, BA BRI 2R
HWRAE ST N T AR IRAL GE N T4 248 25 1
R, AR A TR B A DAL 2R D 2 1
WU LGS G, A PSR S5 0 Bl 28 I 248 24
AT AL: 75 NN &AL, DLR25 SE PR 5 HH 2R
) ) B8 5 2 ) 3 7 PRI, e AR AR
M HEA IR E RN 2 R 2 e 00, AR BER ISR L1k )
TR BUE FI IR A1) FH i 28 X 285 1) S 3 S s, I
i ERE AL AR A AR AL . kR )
#% (improved neural network, INN) B AR, WA 3.
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i F S Bras A7 e e T 28I ko B X R
F 1 B737-800 HLEL A S2Bn KATIC B HEA T Bk
FALIR, ISR BCE A4S AL B | hbRAR . i | i)
[ | e A AR U B R R AT A (S L . R R
LI TETHRAEF R, SR BT i AL A
W BORH O (Ft 3 025 2%), K HBENL 7 Al 28
(70%) . IR (20% ) AL IESE (10%) -

23.1 BAEWZLKBFFI Lk HE K
R 2 TCAL B RN A 2 B R U 2 R 1) E
BRI RESE TN PR RE, AR TR R
0.01, IR EBR A 13107, S RYIZRKECH 1000,
fAd FH Tansig PR, f£08 FH Purelin pRELAY 1T,
TR E 22T R R 6 ~ 20 [H] AN [FJHRE, 2%
2 BE S Bl PR FE T B (Traingd) . DU 3 e D)4k
( Trainbr) Fil Levenberg-Marquardt( Trainlm) f*) J5 1
X} NN BRI AT . (& 4 845 B 50 il
A S i 5 S i [R) 2 75 1% 2% (mean square
error, MSE) I~V ¥ 45 8, B & B & o080 H B
18, At FH D it Hip 1 DU A 2 > S el Do 28495 B 0 o

0.018
—m-BE TR
0.016 + —o— DT IEM b
"} Levenberg-Marquardt
0.014 } g S e
_ TN L e ot
2 0.012} O 4 | b
2 1
= | '
by 0.010
2 0.008 |
g
= 0.006 | !
0.004 \ ;
"‘.—rfa/\. S | _eo—e
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N . B
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e85 J2 i 2 TR A
B4 ARREEHETHEMEIERIAETHHEN
EIERELE R

232 #AAnas BAEL A= AL 69 R B FEREE BB
TR OE H A S B A b, @t 2.2
S IR, X IR 2 LR A A B A TRk . 3
Uit 1 L i i e L D X My
FIVHAEE 5 1 38 10 2 R N B PR VB DA RR R
PR PRSI BT S RIS SO B ) SR 1A T 3k
HAE; 2 2GR, 46 F IR ERER LS
B RN E R 100, BRI ECH 100, 28
) RO Bk 16, 28X, A2 AR5 0.85
F10.01, fR34°4 0.9, (LA LR A i e TS
N RE L, UL S, MR EIES 42 AR, WA AY B
/N MSE FFURUSCSHI, IR AR i AU AN 4

el A AT AR ASAEL R B (0 X 48 64 T 25, T
A5 HEORG B R 0 AR R O B B INN A, il
JH INN AR A B8 a5 S B -5 30 B A
[ 28 X HEA XS 43 HLiR 22 o ST, WA 6.

&l 6 T, 74% BELHE s L8 RHEAH X A 73 ik
ZETE 5% VAN, WAL BRI TR rIIZReR .
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(R?) . ¥ 751725 (MSE) . HIXH A 43 H iR 25 B R (H
(max-o) FISE 3 {H (mean-o) 4 T8 b A5 30 4
AE, XSS R I 2

22 AN, 5 A AR 45 R, INN ) R 3
1£0.95 Db, P R? 53k 0.973 1, KF NN 15 0.954 6;
MSE “F-#J{E H 0.002 7 F#{KZ 0.001 4, L] T 5%

BB ACAT AR T T 2 RS B, (AR 7
AR I N T 55 max-o Al mean-o A9F-401E 23 531K
fIKT 43.45% F1129.30%, RWIPLALSE (1) INN H A5
TR 11 T 14
32 HEIHSH
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7% UL B737-800 HILAY A 45, EHL 2019 4F 10 A 7 H
KO A —db 5 B ) ZHO9164 i BE, A &5

A0 3t = 255 R PG AE 2R AT TS A A, DL
8.

% 2 NN 5 INN [$geistrxtt

R MSE max-o/% mean-o/%
451

NN INN NN INN NN INN NN INN

Gl 0.960 7 0.979 4 0.002 2 0.001 2 70.99 35.84 6.94 5.34
G2 0.967 3 0.9813 0.002 0 0.000 8 31.66 12.11 5.68 3.73
G3 0.9517 0.958 7 0.003 2 0.002 1 35.13 2221 7.38 5.18
G4 0.924 3 0.968 2 0.003 9 0.001 4 43.00 27.40 7.58 4.96
G5 0.969 2 0.977 8 0.002 1 0.001 3 39.36 26.95 7.55 5.63
SFE{E 0.954 6 0.973 1 0.002 7 0.001 4 44.03 24.90 7.03 4.97

it % ). R4 Real World Flightplan Database {4,

KB PLEEAME
HEEE

< SR 64T ( COHEHS %L, NO,

2 H AR — AL S RTBERIE AT © AT R, CHLR R
R R EAS R, WA 4.
£ 3 MARMEEREEGT

o HERCHE B IE AR
1 i
fiPEADS-BiT F HESMAE
BERAE 5 A0 HE AR A
: !
TR T O
B INNAE C;’g ﬁ%ox
= AR T O l
— —5 IR
NO HH i i |
ih |‘EJ %ﬁl pres N
Mz g LR A
- TR
2R

B8 fiZSIRikAiin =R bIESE
EL R IZMIBE R A S £ LA A B737-800, Hid
PRIZAL I 25 & ShALIY NO, SEVEHERIE B (35 1),
FIHT 1stOpt FAF T 5., fifi {138 FH 4 R oAb 5k, 3k
HOZ AL 7R 5 v R T 9L B 7E [300, 5 000] HU{E Ji [,
H5 NO, FMEHEER B M PLA R, WWA(8).
Elyo. = pi+p2-FCR +ps(FCR ) + p,In(FCR) (8)

L (8) 1, El, i NO, 1 5 i HE CH8 %L pi.
P2 P p T FRAL, REBUE S A48, WK 3.
B 25107 M5 ¥ iR 2 8 T RARKE, LA RCR
BT, Yo Z2BGAF 0.999 9, 1] WL (8) LA K Z
WO fut, T DL 8 IR TS B R T
i, IR NO, FEMEHEEE B E Lo, -

M VariFlight “€47 51300 S B R 25 7 18 10 sk
SRBGZ AP AT B ) ADS-B #5048 (A5 it =
NEERLGRES B2 i AR SR M 2R

BHG T {H
P -0.028 3
P —2.174 5x1077
P 1.397 6x10°"°
P4 0.005 5
SSE 3.259 7x10°"°
RMSE 2.854 7x1077
hE REL 0.999 9
F4 REBEILFEME LBEMERMAERER
ANz 2% /°E HiE/°N
JTG 104.39 30.87
SUBUL 106.71 3233
NSH 108.31 33.32
VA 108.86 3422
wiC 109.38 35.78
OKVUM 110.51 36.47
UBLAT 113.44 38.05
oC 114.56 38.45
AVNIX 116.08 38.70
BOBAK 116.39 39.13
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FIURUT) &) H, UL BP0 3 e i <5 55 0
FELAIE A RRAS A5, 8 S BE 25 A% (inverse distance
weighting, IDW ) {425 [A4 {1 7 16, ARAS TS 45 A5
MARER

R BB 5 AR B T IA— TR A B, A
FIKAAA L A A S INN AR b, RIS k] ¢
I 20 50T L PR RO I PP 47 5 ik — 2Pl i X (7) AT
S AS eI 25 RO E PP, LR S

x5 HETEERREXIL

ik A A ‘ ORI T CO,HE% NO % AT (20)/ AT (50)/ AT (100)/
B /km i /min FEa/ke kg kg 10" K 10" K 10" K
BADA 1 500.00 107.44 4625.47 14 408.30 58.53 - - -
INN 1 446.40 108.00 473428 14 936.65 62.47 58.70 11.07 3.63
e U RORBUELS R TCEARIL
SN T HASCHR [15] RIS T BADA & XX

PERER ()45 HARAE, DL B737-800 HLAL K 45, 74
GRIKAT BT 67 t. KA BE 9 500 m, AT 1 500 km
S BT R A T R B = AR HE
g, ATUUE , FERNGR S LA 1 00, 3E it
2 P 5 AR AR BT FE R AR HE S R A I, U
HY T AHESE 4R th 09T AR DX AT S UK
R R L T S, HLRBIE— 2P 45 AR HERO™
A BRI AR R

4 WiesEt

ABIF S 38 5 A S Yl 2 A5 A A 2R K
FUURASM AL e Ao 22 R 2 AT, S T XA st B
Beis QeI AR 0 E BEHR, 258

(1) He T s g 92 pris A1 8, fl Pl a7~
LOpRFN af Ny CEAY I (SR STHR R RN 8
5 EUA SCHR TR TG i BADA PERERCRLTTH ARG
TTEAH L, TSR N BT ik B BRI 8 L 755
BRUNEYEE SNl

(2) GIABAL R AU AL 2 Sl 22 W 28 vh BT U
R RN, SOHES A1 28 0 268 LR R R AR A2 TR
5 WA B R 5 T, rh e AR IR A AS R AT
i, Rt — 2 (S AT S G R AR
2SRV B A

(3) il FHASBIFFE 4 Hh B9 5 72, REAS R 2 43K
FLR BEAN RIS Qe I HE R B 2 R AT G — o, A L
TS YW HERC B, 25 A HAAR AR 4 RAE PR R
i A TR T T BT 200

ABIFTE ISR AT g S B T HP A T T AR T
FOFRIE R P B2 BT S B, TEARR WS b, /T
R BRE 4 R A5 BT 22 1Al 38 RUNE S PR IR AN 5 T
Fil, DASE— 2570 W BRA A 2 32 i ) B S5 32 m) A1 m ff
LR REREST
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