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2. AEDT (Aviation Environment Design Tool)
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2.1 AEDT2a %

O AEDT2a9] AlA% of7|ElA L (13 2] 2 [1F 3l Biule} Zon, ohgu
2e 38 BEEE /45 A& [KoolZ]
AEDT Standard Input File

Database

Aircraft Performance

Fuel Burn
- Emissions

- Noise Analysis

Aircraft Performance CEXP LAEQ ~ NEF
CNEL LAEQD PNLTM
............................................. Fuel Burn { DNL LAEQN = SEL Total Noise
EPNL LAMAX TALC & Emissions

LCMAX

Results

Fly
Aircraft

Calculate
Noise

Study Weather Calculations — B
Database Terrain Calculations Calculate -ﬂssa_n:blt. GIS
Pollutants R':LE:;I‘I:S Capability
Calculate -
Emissions
Database
P N Outputs
P _ ¢
A Fleet / Fuel Burn i
l\ imm 4 & Noise — 2
Emissions Grids Impact | Contours
Analysis
Inventories

T 4 AEDT2a9]

NECIESER



2004 FAA Environmental Tools

Tools Environmental Consequence

Emissions Individual Airport Emissions Inventories / Pollutant Concentrations
Dispersion

Modeling

System

Integrated Individual Airport Noise Contours
Noise
Model

Noise

Integrated
Routing
System

MAGENTA U.S. Flight Plan Inventories
Global Noise Exposure

System for Assessing Global Emissions Inventories
Aviation

Global

Emissions

J3 5 AEDTS 2Ast= =29 RE9 7]%

£ A]: Aviation Environmental Tools Colloquium, December 2010
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Flisht Perforsance Feport
Scenario: Baseline 1990

Cage: wnddd 12, wdw, arr 310

= AAD = hverage Annual Dey

=+ AFE = Moove Flald Elevatlon

Flight: 0
airiramefenginefengine wod : Boeing T27-100 Series / TAY 651 / FOX
operaton type  © A

profile : STANDWRD-1
cruise.alt (ft) : 30491 .4

arrival airport  ° KNOW
arrival runedy @ ZEL
departure airport © -Ni=

departure rureay M-

time © Night

nusber of operations : |

operat ien name : 1.8

track tAJCGT W2

nusber of seswents @ 33

509 i segnent  grnd-trk delta meb-corr noise delta bank AADe

fum  latitude longitude AFEss il wiitl-y length distance speed speed  thrust thrust  thrust op angle duratn fuel-burn  trajectory-aode
| 40636584 =57, 111660 20319.1 -0.37975 0. S0000 -0.055ME 430457 0.0 3.7 =162 168152 18152 8.7 0 0.0 REZ 13 EnrouteDescent
2 A0 TAERSS 87 168729 1B0M5. T -0.3TITIE 0.SeR0R0 -0.052ME  BES. 1 43S T MG 0.3 18%.9 18%.9 1. 0 0.0 1.6 0,525  Enroutelescant
3 40749104 -37.169904 18000.0 -0.37377% 0.0R020 -0.052716 A&DIES.5 43030 6 351 -15.9 18387 188.7 ™89 0 0.0 .7 23 658 Enroutalescent
4 40851647 -37.2233F| 156T8.6 -0.37377% 0.%66020 -0.0627T16 35587.7 &d116.3 39.3 -14.8 197%.6 19W8.6 4.4 O 0.0 B5.6 Z3.1683 EnrouteDescent
6 d0.34247 =37, 2006823 14000.0 <0.373775  0.556020 <0 6 38070.T 119704.0  314.5 =1.6 &K/3.0 3.0 7.3 0 0.0 E.B 2,338 EnrouteDescent
6 0. -G, 275510 135148 0377 0.0 ~0.06EME 339 1ZRILLE H3.0 -15.0 20803 0.3 ™7 0D 00 88 2.5 EnrouteDescent
T 41050048 -57. 321508 120000 -0.37TATE  0.SeR0R0 -0.062ME  2T4l.4 ISTEN0.T 250 -1.2 21%.9 213%5.9 50 0 0.0 55 2,052 Enroutelescant
8 41 .4EI3% -37. 3516l 118553 037377 0SR20 0. 16 351452 I60C32.1 2968 -06.2 21&2.0 21420 Bl.T DO 0.0 T2.2 27. 1M1 Enroutalescent
9 41.13546 -37.372343 10000.0 -0.373775 0.SCR020 -0. 6 IWe6.6 19647T7.3 ZB0.6 -00.2 22237 22T 2148 & 0.0 &8 .6 I2.E35  Approach

10 41.232220 =87.423330 B000.0 -0.374338 0.95684d -0.018354 108962.4 2Z35563.9  Z70.4 5.4 243.5 JAF.5 TES. 9 A 0.0 2426 100.Ti3 Aperoach

11 41509720 -g7.57M010 6000.0 0.225244 0.57430¢ 0.000000 38001.2 347316.3  262.0 0.0 044 FOd.g -2EER? A -5.2 BBZ2 F1.346 Aperoach

12 41.613365 -57, 508684 G000.0 0.224336 (0.972967 -0.06233 GSEpd.9 E7.S 2.0 -84 GBI2.¢ GBI2.E 280 A 46 1249 5,45 Approach

13 41520000 -97.534000 ST706.2 -0.723161 0.6889656 -0.052336 IMTI.6 3\E5e2.4 2536 -16.4 7.2 T2 1E3.7 & 137 2.3 10.E30  Approach

14 4].648857 -97.561670 5156.4 -0.723161 0.6806EG -0.08233 9771.2 3974240 237.2 -l6.4 913.9 913.2 1E3.7 & 138 25.3 10,835 Approach

15 4].567400 <37.00750 4644.3 -0.T23160 0.B5REG -0.052356 0.6 071952 2208 -led  109NE  10EE 1.7 A 120 5.3 1.0E Aperoach

16 4l -g7.611523 4163.0 -0. 7261 0.6ENED -0.050%%  EEf L1658 .3 -6.3 12812 1382 ™T A 0.4 9.5 4,167 Approach

17 41.650M0 -57. 620057 4000.0 -0.72N61 0.GESE3 -0.0523% G145 1G4S B 1980 -100 1320 1320 129 A 96 158 5.5951  Approach

18 41700455 -§7.633BB4 3T30.3 -0.723161 O0.6E3R03 -0.0523% TRT0.0 £24635.3 167.9 -16.4 14540 14649 183.7 & 8.3 .3 11.206 Approach

19 41.715000 -57.654000 3558.3 -0.TE7a2 0.TeS0s -0.05233%F Eend.6 432306.3 1716 -14.7 1648.6 1E43.6 .1 A 0.0 Z2.6 10.084  Approach

a d1LTETNOT -8T7.6N0ESE 3000.0 -0.TETEE 0.TES0E -0.052336  T190.7 4388T0.8  156.8 =3.3 1737 O1THLT s A =13 1.5 12,322 Aperoach

21 4. TI000 -57. 655000 ZEE3.2 0245060 0.9EO0M7 -0.05233 11830.4 4357616 1535 =58 ZI&26 2426 B0 A -16S 46 21175 Aperoach

g2 41.7TeR2d -87.6TETED 2000.0 0.245285 0.0EA0M7 005X 8073 J5TESR.0  147.7 -3.9 2687 48T M2 oA -1B 37 14,521 Approach

23 41.74000 -37.671000 1578.8 -0.6E26S1 0.T728888 -0.05233 1500.3 485E83.3  143.8 0.8 29908 22908 E1.4 A a8.1 E.2 2,848 Approach

24 41,7974 -97.6747ES  1500.0 -0.652681 0.725858 -0.052336  4951.5 S5TIELE 1430 -0 3453 3MS.3 201.3 A 8.8 21.3 2,73 Aperoach

25 4].006833 -g7.6OMED 1240.5 -0.65E001 0.T20058 -0.062356  4509.0 4721442 1330 <100 38455 FRMGLG 0.3 A 1.7 21.3 .60 Approach

25 41816136 -97 GE06ET 1000.0 -0.660551 0. TENSS -0.060TH 2R 4BTHLE 1229 0.3 48478 4B4TE -3 A 86 140 5,549 Approach

27 4l =57, 06000 B45.T -0.6T2400 -0, TEOOE -0.06233 153010 47583 1226 -1.6 d@ie 4B 1307 A 122 M0 MBS dpproach

A 41 73167 -87 TAFERd 0.0 -0.69TI82 -0.TI438] -0.05233% o541 £34RR0.Z  121.0 0.1 46330 4EBA.D A8 & -1.4 4.7 2.198  hkpproach

= 4l =g7. T45EET 0.0 -0.653138 -0.715362 0. 000000 3.0 £3%EI4.3  121.0 9.9 4EB.2 B2 AEE L -5 1.9 1.433 LandingGroundfol |
0 41.TEEETE =37, TR 0.0 =0.683138 -0.715362 0.000000 1076.0 £3617.3 111.1 =I7.2 EIS2.0 BIS2.0 =1838.0 & =1.5 E.2 4.505 LaredingGroundfin| 1¥ithReverse Thrust
a4l =57, T468| 0.0 -0.693135 -0.715562 0.000000  B95.3 4597253.4 B9 -T2 46140 JEI4.0 -15H.0 A -4 6.2 2,95  Land i naGroundfio| hReverseThrsst
;4708 87, TIST 0.0 -0.658135 -0.716362 0000000 TI4.6 4381487 TEE -IT.2 M0 A0 1580 A 0.0 E.2 2,505 Land|ngGroundfo| |91 thReverseThrust
= 4 a7, 0.0 -0.658138 -0. 715362 0. 000000 0.0 438853.3 E3.4 0.0 183.0 18|.0 0.0 R 0.0 0.0 0.000  Hone

2] sl M- Ax
[2- = 8] vy 45 Axt

Case Fuel{grm) Distance(km) Dwuration

alae:bfz mdw.an STD ClimbTas Q.00 Q.00 00000:00,00 0,00
alaesxbf2 mdw.ar_STD ClimbGround 0.00 000 O000:00.00 0,00
alaexbfZ mdw.an _STD ClimbEelow] 000 Q.00 Q.00 Q0c00:00,00 0,00
alaexbf2 mdw.an STD ClimbBelowtdixingHeight 0.00 000 00e00:00.00 0.00
alaexbfZ mdw.an STD ClimbBelow1 0000 0.00 0,00 00c00:00,00 0.00
alae:bfZ mdw.anr STD Abcove 10000 146738554 18620.72
alaesbf2 mdw.an_STD DescendBelow 10000 5391961 45 . F3:49) 3447087

alaexbfZ mdw.an _STD DescendBelowhMxingHelght 223592055 66545 (3054634 4082132
alaexbf2 mdw.an STD DescendBelow 1000 S2E320.10 20645 01:0701.80 1531574
alaexbfZ mdw.an STD DescendGround 21318218 2051 O0e0en08.27
alae:bfz mdwan _STD DescendTax Q.00 Q.00 O0c00:00,00
alaesbf2 mdw.an _STD FullFlight EEEA326 95 BITI.E1 14:34:0261

_12_
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=T AIRE 7:09:37~7:33:23
e AAR8900
Tl S= A321
=g (33.52389, 126.3377) ~
(Cruise) (36.11878,126.9741)
37 1% 8900 ft ~ 25000 ft
357 5= 430 knot
U 3 CJU (M=)
CAF 3 GMP (71 =) g 10 g4 dlolHo| mhg &57] A=

2) g study #FE & 24 F9 Appendix B2 A2|5t% S
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Case Mode

e amp.an.STD ChmbTax

& grmp ann_STD ChmbGround
exe.gmp.ar.STD ChmbEelowl (00

e amp,an_STD ClimbBelowidngHeight
e amp.an.STD ChmbEBelow] 0000

& grmp,an_STD Abave 10000

exe.amp.ar.STD DescendBelow 10000

e amp,an_STD DescendBelowhMixnaHeight
exe.amp.an.STD DescendBelow 1000

e gmp,an_STD DescendGround
exe.amp.ar.STD DescendTax

exe. gmp.an_STD FullFlight

Fueligm) Distancelkm)

0.00
11233157
14244353
28E6T71.29
S54507.52

146352496
17TN25.23
17152.74

21322
25518,74

0.00

2196457, 72

_15_

Druirathon
000 Q0:00:00.00
125 00e00:31,81
193 Qe00:40,71
6.19 00u01:34,80

21,42 00033791
42756 (032134 94
2800 Q0:05:45,30
24,55 O0:05:18.45
1.34 00002549
1.05 00:00:24, 31
000 Qi0:00:00,00
4TEES (0:41:5755
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2.3 SAGE €117

ofX

O AEDT 5 oldo] &4
I BN 2T 3, BARL
g L2Y5tes 3L,

O SAGE9 #9 4 REL ¢}
5

/4=l oo, gt =

A
=

MODULE INPUTS
Parameters
Tmitial Values
Databases

1L

.

s 25 37 "l 2s e A =
YN s 2P0 A4H A

SUB-MODULE A
A'rmosphere

SUB-MODULE B
Aerodynamics

Qm gine Thrust

——

MAIN MODULE 1
\ BADA Takeoff and |

deg Proﬂy

MAIN MODULE 2

\TMS Proﬁly

@I\ }IODIA
Ground and Runway
\Dperations /

SUB-MODUL E}
Fuel Flov«/

// 'B-MODU LE\
<_K‘Qnssmns (BM

e
<_\32§ed Schedule

J L

= =

MODULE OUTPUTS
Fuel Burn
Emissions

I 15 SAGE #+x
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O SAGE: thgut 22 chrst mhatule] Agat 20 g2, 28] chfst glol ey

ojx9] FEE Foto] AFT 4 AL
- Airport: £%/=A o] FuEM WA PR AR % 2L YAy o

z
ot xodo] Aw 2K Uepd

AN
ES
- Study boundary: 247tA APF &30 ©HE

= T
- Fleet: 2% 371 % A4 S4doll Oig gug 9 9
- Weather: % 7|4 ndy} EX X9 7|4 g2 U}=0]x] d]|s] EAJo]| i

O SAGE?Q] &8 o2+ thZat
- Fuel burn: #oj7l mzmd3 w2} H|¥sIYS M, Hj&Edts A& ARHS
A4tst grolo.
- Emissions: Emission index C|oJE{Hlo]A0] we} ATE Axs & Fopt
W2 ZE 2ATIATY WiEE =X 2SI

O SAGE|A 5149l chord: ofefje] 2at Zro] &0 Qlet. Chortg 7]d}
£ Rat O8I 2k
- Ak ¥iehE 3l Ak
- &5 Walg

Hols

=
=

|
al
op

I
0
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Ah 1=h 1t—h 1h
hi=(h th+h it)/2
AV 1=V 1t—V 1h
Vi=(V_ih+V_ 1t)/2
At 1= actMiles / V 1
ROC = Ah/At

[2™ 16] Chord 2=

SAGE ANHERE gt 2 22 /o] Qlnt.

- Atmosphere: 7|4} ZgEo| mat o7l 40 #st Mass ALt 2%,
g, 37 e, WAY 1= 39 AEE ALlsHAl €oh. AAW] e o]
o] ALE Alo] Depx|Al =,

Speed schedule: BADA tjjo]E{H|o] A%} Atmosphere T&0] T2 HHEZE <
Zog wol ujghrle] 4 mauele AR oAET +3 Aoz
FA o, AR R o] vsy TAo et At £=5 23St

Aerodynamics: Atmosphere AHQ} &% mzulel BADA To|EH|o|AS
7t 2t} o] REOA+= olF9 ALt AEE Sl 3HY 5 ASE AlLtS
Wk o 2 g AL, 8 2 FE AL 59 AEE ALt
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- Fuel flow: BADA 4Jo]EjHo]AQ} Engine thrusts
Fuel burng 7M. 717te] BAolH A2 48%S AL, engine
thruste] m9] Alge £3) AN Dok A% E2 UL ujay] SYE AW
Aol AlRsHA do.

ofo
ol
b
£
=y
c

@,
5]
=

he)

- Emission: Atmosphere 7ZAX9} Fuel burn, ICAO Engine Exhaust

Emissions data bankE o] &3l ChYsh 2AI7LA v &S A sHA ©ct

O 9ol 4%H SAGES AHuEo Mg &8st Ulwge] FAL 235
=3

- Takeoff and Landing Trajectories: O|AFFA] 2o} S AAXSH, &&, 11

= RRE Axst] spgol He ABHoldst BT} 40002 7E0R

7189 M& AHE FASHL, S AAY Aoz Yojo] M-S 1
o

Hobl Bk AR Aol oA R FaA Yy guelsel §5

- Cruise Trajectories: &8t A|9] oAz ArSE3F Al7F Y 15 ¥

52 Aarstel vy,

- Ground Operations: 7% idle power settingS o] &3 1 Ao AAME fuel
flows ALbstoy. AJdoA 9] &t =3 A4kstal CO2, H20, SO2, HC,
CO, NOx 52 BM2, Mass balance 59| 92 =3f AAtstct 7]gf A7t

A 5k AAst B3 0]85f] Fuel burno = BE AAslHTE
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2.4 AEDT 2a AN 2A]

O AEDT 2a A|ARIO] Al 242 staL, APAIRE Y& o3t 2ol A2

2.4.1 A|AE o}7|E1x

O AEDT 2a™= Microsoft .NET Framework2 o0]83] A|AE] o0, Windows XP
Professional, Windows 7, Window Server SAA|A|o]A] ZZto] =, 3t37] At
4 U FdHAsE 5452 vtdsto] 3. di7]. 571 FEE 785t tolEfH|

oA FEZ o]&sl A E.

O ZEe Jux= 72 JEZ 5o Y, FA ATEY0] 7[&E50] EAA U3
XML 7]9F AEDT Standard Input File& 4D #A, st37] B, oHlE AU

2 masto] ARl 2L & At U FeA,

= o S - 3l o 1 1
O AEDT 2a9] 532 v|3] H5, &57] BE, 25, A& Aa, O7] A, 2471~
- = — — —- - = o o o
dfjZo digt xE, Tz, ® o8 o]FOo/A QlF. G2 AEDT 2a A|AH]
E
Aircraft Perfo CEXP LAEQ  NEF
_____________________________________________ Fuel Burn O o [ | CNEL LAEQD PNLTM s
External to AEDT [CMAX TAPNL & Emissions
Input File (ASIF) TALA WECPNL Results
e = Fly Calculate
Aircraft Noise
&w Study Weather Calculations Pt
Lerial Database Terrain Calculations Calculate :qum e GIS
: Pollutants Reg:fl?s Capability
Calculate
Emissions
Airports
e | oupus |

R

Fuel Burn :
& Noise

Impact | Contours
Analysis

Emissions
Inventories

Fleet
Database

= 17 AEDT 2a A|AH 2%
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Flight Profile

q. 2e)d mtetulez uehd A5

Ground Track

International Standard Atmosphere

A BE oY) 29, 7le, 1Y, 37
7] T nee AW T4

= o
2 yepd
Mean Sea Level SIeHE 71202 o= 1Y
oo FusH AlolA He ik
Mixing Height . R0l gEspd Aol =
A1) FHolM, B717t SolouA %
Net Thrust _JLT(ZJH o;]‘]‘»(ﬂ 1
Wste Fe AT & 59
. +d g 5 FFONA AlAfSHY] 5o
Overflight i
Ut 83 abge

Procedure Steps

Pressure Ratio

=A 2% 7] Y sied 71
A 719 v

Static Thrust

=Al #F 7] JEiY siamolA AR
o] &

S g A 229

Temperature Ratio

A ®E 7] Aol shaw emet
@A) exoto] ulel

Thrust-Specific Fuel Consumption

shupel ool 2] ofet A= o
2 vy

b 2
Mo

True Airspeed
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Integrated Definition for

Function Modeling 0 (IDEF0) [May92]

o A8

al
o

F wOFIIA

bof Al ARIQIA] U o]
I Integrated Definition for Function Modeling (IDEF0) &

=
L

o

A 71y

H

|

AsE & tholo]

st

of o

o
L.

O IDEFO0

B CICREE

3}
o

S

S

Stal o]

o
3

o
o=

2 97AY 2 7|

O & Taoj IDEF0 ZE

5
&
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O
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=5
(OUTPUT)

—b

=
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7l
(FUNCTION)

I

oL
(MECHANISM)
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el
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O 71% (Function)
- uiadElE BALY, ¥F, W, DAL, 2o 2L B

- ojmel FoA F9lo] dojut=Alof S A=

O &2 (Output)

- Function®] 22 A&5E = AHEE

O Ao (Control)
- 7] A, Aojst= AeFxR
o=z 7|59 &3S %Kﬂé}ﬂur Al ZFSHA| St

ro
o =
=
15

A

N

| S

O 714y Z(Mechanisms)
- 7158 S8ste ARY ®L JfR|EA Rolo] Qo) 1 7]50] 3 it 52
7159 2380 ot Aol ARE=7HE YEHE

O o714 shte] B2z mHlo] Hi 715 St 40| 7
o, 2 ¢rofl, £ 1 Qtof... 49 7550 = JHEstER, m
subroutineS, 1 sub-subroutines... 2 AL 9= EXIsH EEJ% -

2 myst: o AAF Fejetn WS

J
fun
o,
=
%
e
>.
o
lo

O E ARRL IDEFOAO] Al £89] a9l 4= (Input), Alo] (Control), WY
% (Mechanism)?} &3 (Output)é o= o] geolstey AEDT2al] &iel&
= A5 FRE ZHEYSIRS

- Input: Y 2E0] AWHOR Solot U2 W
- Control: 3ilg Z&0l|A F=3[oF 5h= HlolEfH|o] A

- Mechanism: s 250 230} $38E]= subZ &
- Output: 31 W& 232 oo} £5E: Aute

ol
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O 4719t o] = AEDT A% #4o] 5 &37] 9sto] ¥asl IDEF0 H
of2f ol AAIEAS

i
Ji

75

(FUMCTION)

sct 2 El o19| subroutineS

2% 19 AEDT £4& ¢jste] Ajgeld IDEFO 2 7)Y
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Apsto] 7}

Aviation

|

Environmental Design Tool (AEDT) 2a Technical Manual 1]
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(Level 0 - Root) GHG emission estimation

O [MERE] AEDT2a9] 3tz 2A7IA v|E3F ALY
(Module 3)7} @AIZ}A AAF @ E(Module 5)2 Us 2 9]23)
- o] = AHREO0] “Mechanism (o}2EE 220 SHAE)" 9x|o] HAE

rlo
|U
)
=)
%
ox,
olr
)
>
i
wr

o
a

52

Airports DB
ICAO emission index
BASE OF AIRCRAFT DATA (BADA)
Aircraft Noise and Performance (ANP)

Airport layout

Study boundary = Flight Performance
Operation — GHG emission estimation » Fuel burn
Climate Emission

Track \

3. Aircraft performance module
5. Emission module

O 20 AEDT &2 AIZTA HE&5<F AHAY mdo] £ A9 Decomposition

- Airport Layout: 539 YA 3 &4=2 A H&

- Study Boundary: A& thArOl routes, &Ha7] @ AR QX Hy
Operation: A7 o4 ©¢19) g 2A=

- Track: &=57] HA0 tigh 2ol E2f7] JE (Tier 3b ¢al B4A <)
Climate (Optional): 7|4t =&

O [DB] 24712 Hi&%F 4P 28 AAoA 27E= Databaser 31 223

- Airport DB: A A7 2% A H Database

- ICAO emission index: 98 AH|ZFOZ2HE 2AI7IA H|EHFS Zolfr] ¢
slof A1g

- Base of Aircraft Data (BADA): &3 F{to]AQ] v|d s 9 nulg] Al
Sol Jug gu Ug

- Aircraft performance: SAE-AIR-1845, FEuropean Civil Aviation
Conference (ECAC) Report on Standard Method of Computing Noise

Contours around Civil Airports, Doc 29 AHEE o|8&sto] F3t £ o]ak

3) AEDT Technology Manual 404 Emission APy} B3 o] 9l= Chapters©o] Ch. 32t Ch. 59]
0, &% "QA| Tracking?] £0]/d& FX1517] ¥sto] Chapter ¥ Section o]&& 102 Lz
5o wgo] HEIIAS - A% AWeE0 TG Ao =AM numbering A 7HKZ ol F Y
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Flight performance

Airports DB
BASE OF AIRCRAFT DATA (BADA) Fuel burn
Aircraft Noise and Performance (ANP)
ICAO emission index
Inputs _I' v Emission
7_,_,7__7> 3. Aircraft _7__,__,. N
performance Fuel burn

+

3.3 Weather model
3.4 Fuel burn models
3.5 Ground track
3.6 Profile-driven flight performance
3.7 Trajectory-driven flight performance

5.2 Aircraft-related emissions

721 21 “3 Aircraft Performance” 251} “5 Emission” &%

— a

(Level 1 - 3) Aircraft Performance 2 &

O Foizl &371, Ax 9 vj3y 2o Oigt 5710 v]e) mand % A5 AR
g2 Aitsts 28

O [ABRE&] “3. Aircraft Performance 25L& t}23} Z2& MuBnEZ 1AL 0]
A (M (23 19] A=)
- 3.3 Weather Model
- 3.4 Fuel Burn Models

3.5 Ground Track

- 3.6 Profile-driven flight performance

3.7 Trajectory-driven flight performance

O [&4] 3. Aircraft Performance 2579 &3 31t 7S
4% (Flight Performance)
A4 =F (Fuel Burn)

BE= root9] £3o|H, o] & fuel burn€ “5. Emission” 2&9]

1)
i)
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O “3 Aircraft Performance” ®59] decomposed viewZ} o}2je] &= T&of A

HAs

3.3 Weather model

3.3.1.1 Pressure altitude
3.3.1.2 Temperature deviation from ISA
3.3.2.1 Thermodynamic profile
3.3.2.2 Omnidirectional wind (optional)
3.3.3 High-fidelity weather model (optional)

3.4 Fuel burn model

4

3.4.1 Fixed-wing BADA fuel burn
3.4.2 Fixed-wing Senzig-Fleming-lovinelli fuel burn
3.4.3 Helicopter fuel burn (optional)

3.5 Ground track

'y

3.5.1 Explicit ground track specification
3.5.2 Ground track extensions

= 22 “3 Aircraft Performance Module” - Decomposed View (1)

3.6 Profile-driven 3.7 Trajectory-
flight performance driven flight
7 performance

3.6.1 Local weather
3.6.2 Explicit profile 3.7.1 Altitude controls
3.6.3 Trajectory extension 3.7.2 Speed controls
3.7.3 Sensor path filights

= 23 “3 Aircraft Performance Module” - Decomposed View (2)
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(Level 1 - 5) Emission 2&

O Azo| Axd] ofsto] Wsh: 2ATIAS AAtst: BEY
- Wy selEEe ue A

o

%

“5. Emission 2§52 MEREZ /4o

O MEZE]
(1" 19] &=x)
- 5.2 Aircraft-related Emission4

O [9=] “5. FEmission 252 RootzHE9S <Ayt 3shA, “3.
Performance” 2 2E g HA4AZFS Qzoz wro
O [&3] "5. Emission 2579 232 431 23
- 2AIHA v|&%F (Emission)
O o] &3 Roote] &8¢
ojo
=]

O “5 Emission” 259 decomposed viewZ} o] T of AA|E]

1g (919

Aircraft

Controls
Fuel burn i
Fuel sulfur content -| 5.2 Aircraft-Related Emissions - Emission
Conversion efficiency .
Other inputs
5.2.1 NOx, HC, CO calculation

5.2.2 PM calculation
5.2.3 Sulfur calculation
5.2.4. CO2, H20 calculation
5.2.5 VOC, NMHC, TOG calculation
5.2.6 OGs calculation

" - Decomposed View

I 24 “5 Emission Module

4) AEDT2a%] 73
efi relA su%) = Apzlo] os) A
7 2ei oY
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(Level 2 - 3.3) Weather 2 &

O #ol3l Ael/nsoA 25, ¢, e 5o Fojstaol 4L Jote o

O [ME2E] "3.3 Weather &2 Oh31t 22 AELER /dEo] &
- 3.3.1 Common Elements

- 3.3.2 Airport Average Atmospheric Models

O [dE] "3.3 Weather Z&"2 F57|9 1o} YA|E Yoz T3

O [&3] “3.3 Weather 2579 £32 tt2v S

27l 59 ol e=et 71%
o FBV19 % A AR AHEF Aol A8

Positi i 3.3.1 Common , Pressure altitude
osttion Elements Temperature deviation from ISA

r'y

3.3.1.1 Pressure Altitude
3.3.1.2 Temperature Deviation from ISA

. 3.3.2 Airport Average
Ititud. . >
Altitude Atmospheric Models Temperature

3.3.2.1 AEDT 2a Thermodynamic Profiles
3.3.2.2 Omnidirectional Wind

=2 25 “3.3 Weather” &
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(Level 2 - 3.4) Fuel Burn Models 25

O A4 Bg2 Hggze] 72t 828 d4 dsdd Altistes 282, 4RHs o
2d2 4 P 2 A AbE(fuel flow rate)t M9 7i0) FOo2 A4
o1

Altitude Threshold 10000 ft

[ b
3.4.1. Fixed-wing BADA 3.4.2. Fixed-wing
fuel burn Senzig-Fleming-
TIovinelli fuel burn

3.4.3 Helicopter fuel
burn calculation
(optional)

% 26 “3.4 Fuel Burn Models”
O [Y=] “3.4 Fuel Burn Models 2&79] AR U2 36 =2 3.79] AWz =&
E]= v]ed mRupdoltt

O [MBR2E] “3.4 Fuel Burn Models &2 o2y e Mqungz AR 9
O
- 3.4.1 Fixed-Wing BADA fuel burn (BADA database &8, 10,000 ft o]A})

- 3.4.2 Fixed-Wind Senzig-Fleming-lonelli fuel burn (&% A4l ALE,

10,000 o]s})
- 3.4.3 (Optional) Helicopter Fuel Burn Calculation

g Hl zupdo] et A=

ol
o%
I

O [&¥] “3.4 Fuel Burn Models 2&579] &2

O sl"d &8 “3 Aircraft Performance” @& % (Root) & AA9] &2
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(Level 2 - 3.5) Ground Track &

O Ground Track 2 &< g

%
|o

']3
o
H O N —
HdES d58" =9 A

=1 5 =
- %}#7191 vl E 27 4
2 39
- Ordered set of points 3.5.1 Explicit ground + - Ground Track
- Ordered set of vectoring commands track specification

3.5.1.1 Points from vectors
3.5.1.2 Radius of curvature

- Ground Track ——| 3.5.2 Grour‘d track —————— - Extended Ground Track
extensions

a2 27 “3.5 Ground Track”™ Z&

O [MBRE] “3.5 Ground Track 2578 023 2 MBgE=z 1LAL 0] &
- 3.5.1 Explicit ground track specification

- 3.5.2 Ground track extensions

O [¥™] 3.5 Ground Track &9 A4 JHL2 tt31t ZF (from 3.6/3.7)
- Ordered set of points
- Ordered set of vectoring commands

O [&4] “3.5 Fuel Burn Models 2579 &2 tf2y} 2+S (to 3.6/3.7)
)

- Ground Track in Geographic Coordinate (¥ %®/73

in Projected Coordinates (Reference 3

- Ground Track
Euclidean ZtRANA (x, y)2 HA|)
O £2& oAl 85 3.6/3.7014 Wobd v]3) mantel Ao AT
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ZFozRE,



(Level 2 - 3.6) Profile-Based Flight Performance 2%

QO Profile-Based Flight Performance 252 1%, &%, Z3 A =
5719 H EAEE ol&std &5719 = ZIeste WHer g7 4

22
52 A

3.6.2 Explicit profile

3.6.2.1 Airplane profiles
3.6.2.2 Helicopter trajectory (optional)
3.6.2.3 Flight path calculation
3.6.2.4 Bank angle treatment

3.6.1 Local
weather(N/A)

3.6.3 Trajectory extension

3.6.3.1 Airplane extension
3.6.3.2 Helicopter extensions
(optional)

=) 28 Profile-driven Flight Performance

O [MBR2E] “3.6 Profile-Based Flight Performance B&"2 T2t 7& Aug
2 HH Us
- 3.6.1 Local Weather
- 3.6.2 Explicit profile

- 3.6.3 Trajectory Extension

O [¥=H] “3.6 Profile-Based Flight Performance Z-&"9] A7 dAL tfeut 7
S (from Root)
- Study Boundary

- Operation

O [&3] "3.6 Profile-Based Flight Performance @579 32 33 &S
- gz zatd
O &322 thAl ZF 3.5004 wotA Atgg
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(Level 2 - 3.7) Trajectory-driven flight performance 2%

(O Trajectory-driven flight performance 252 #o|f A Gfo]ge}, &/TAr
2% 1A % AR =4S wgstol AK0 BE 93] 4E 54, A8 AR
= At

3.7.2 Speed controls
(not supported)
3.7.1 Altitude controls
r Y
3.7.1.1 Track extensions ¥
3.7.1.2 Trajectory output 3.7.3 Sensor path flights
3.7.1.3. SAE 1845 implementation *
3.7.1.4 BADA implementation
3.7.3.1 Preliminary processing
3.7.3.2 Terminal area
3.7.3.3 En-route

721 29 Profile-driven Flight Performance

O [MEBRE&] “3.7 Trajectory driven flight performance 25" 2 t}23} 72 A
sz HgEol s
- 3.7.1 Altitude controls
- 3.7.2 Speed controls
- 3.7.3 Sensor path flights

- %37 715 2 A8 B8
O [&d™] “3.7 Trajectory driven flight performance 2579 £32 t}21t 72

|
us)
o
I=!
fu
iz}
ne
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(Level 2 - 5.2) Aircraft-Related Emissions 2 &

O 92 42% 2 A2 54 BA YU WolA 247~ 8 Alg 29 g} 2

ICAO Exhaust Emissions Data Bank : fuel flow (kg/s), non-reference EI (g/kg)

Power setting (%)

Adjustment Factor

Mach number
Temperature ratio (ambient to sea level)
Pressure ratio (ambient to sea level)
Humidity coefficient
Relative humidity
Saturation vapor pressure (mbar)

! NOXxEI (g/kg)

Fulbum(ke) — | 52.1 NOx, HC, CO caleulation |  — — HCH Egjtg}
(Boeing Fuel Flow Method 2)

% 30 “5.2 Aircraft-Related Emissions” ®&9°] NOx, HC, CO Calculation

Molecular weight of sulfate : (96) for FOA 3.0 or sulfuric acid (98) for FOA 3.0a
APEX1-determined fuel organics PM
Mode-specific HC EI from ICAQ Databank
Mode-specific HC EI for engine observed
Smoke number
Air-to-fuel ratio
Bypass ratio
Exhaust volumetric fuel rate (m3/kg fuel)
Concentration index (mg/m3)

Fuel burn (kg) . PM_Vols FSC EI (g/kg)

Fuel sulfur content (g/g) - — . » PM_Vols Organic EI (g/kg)
Conversion efficiency (%) 5.2.2 PM calculation PM_Non-Volatile EI (g/kg)

= 31 “5.2 Aircraft-Related Emissions” 2-59] PM Calculation
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Molecular weight of SO2

Fuel burn (kg) il

Fuel sulfur content (g/g) — . .+ SOxE (g/kg)
Conversion efficiency (%) 5.2.3 Sulfur calculation 9/kg

Jet Fuel A composition : Emission Indices

- €02 H (g/kg)
Fuel burn (kg) -| 5.2.4. CO2, H20 calculation " H20 EI (g/kg)

I 32 “5.2 Aircraft-Related Emissions” Z59] Sulfur Calculation and CO2,
H20 Calculation

HC emissions using BFFM2 (in terms of methane equivalency)
TOG_ConversionFactor } VOC (g)
VOC_ConversionFactor — . . ——» NMHC (g)
NMHE_ConversionFactor 5.2.5 VOC, NMHC, TOG calculation T0G (g)
Mass fraction of speciated organic gas
TOG emissions as TOG (g)
List of speciated organic gases = - 0G i
Mass fraction to the TOG amount ‘{ 5.2.6 OGs calculation - " i (9)

= 33 “5.2 Aircraft-Related Emissions” 259 VOC, NMHC, TOG
calculation, OGs calculation

O [9¥9=] “5.2 Aircraft-Related Emissions &5 9] A& Qlalo Rootz HE{Q] <l

23t o 340 ATtz EEEE 8 ALY

O [MEDE| “5. Emission &S t}Sat 748 AHpE2 1AL o] 9le



- 5.2.1 NOx, HC, CO calculation

- 5.2.2 PM calculation

- 5.2.3 Sulfur calculation

- 5.2.4 CO2, H20 calculation

- 5.2.5 VOC, NMHC, TOG calculation
- 5.2.6 OGs calculation

[£3] “5.2 Aircraft-Related Emissions 2579 &322 1Al
A HIEFY
ofd =2 5. Emission” Z& % (Root) & A &3
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(Level 3 - 3.3.1) Common Elements &5

O “(Level 2 - 3.3) Weather 2E579] AH 2 &

dm
X
mjo
W
o9

i
_|

o, & o]

ijo

O 5719 1=, YA Fol FoAR

O M3 mE=2X “3.3.1.1 Pressure altitude”®?}, “Temperature deviation from

ISA sea-level temperature 518.67 °R
ISA temperature lapse rate 0.003566 “R/ft
ISA sea-level standard atmospheric pressure 1013.25 mbar

Pressure (mbar) — -| 3.3.1.1 Pressure altitude }— + Pressure altitude (ft)

ISA temperature (K)

J

3.3.1.2 Temperature
Temperature (K) N deviation from ISA

Temperature deviation (K)

I 34 “Common Elements” &
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(Level 3 - 3.3.2) Airport Average Atmospheric 2 &

O “(Level 2 - 3.3) Weather 2E579] AH 2 &

+

DOI'

O 3719 1k, 2P B 50 FoFS W, ==, JY ¥ v &9

O M3 »&E=zX “33.2.1 Thermodynamic profile’¥}, “Omnidirectional Wind”

(1) Airport elevation above MSL (ft)
(1) Airport temperature (°R)
(1) ISA temperature lapse rate 0.003566 ("R/ft)
(2) ISA sea-level pressure 29.92 (inches HG)
(2) ISA sea-level temperature 518.67 (°R)

(1) altitude above MSL(ft) — 3.3.2.1 The;modynamic B —* (1) Temperature (°R)

(2) Sea-level pressure N PrOf“e — » (2) Pressure (inches Hg)
associated with the airport
(inches Hg)

3.3.2.2 Omnidirectional
Wind

T3 35 “Airport Average Atmospheric” 25
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(Level 3 - 3.4.1) Fixed-wing BADA fuel brun &

O “(Level 2 - 3.4) Fuel burn 2579 A8 2 &

Aircraft-specific cruise fuel flow correction coefficient
Aircraft-specific 1st descent fuel flow coefficient
Aircraft-specific 2nd descent fuel flow coefficient

|

Altitufile above MSI;:Il{f“It()t 3.4.1 Fixed-wing BADA
Aircraft true airspeed (kt) 7 I
Aircraft total net thrust (kN) fuel burn

Aircraft-specific 1st thrust specific fuel consumption coefficient
Aircraft-specific 2nd thrust specific fuel consumption coefficient

BADA total fuel
flow rate (kg/min)

= 36 “Fixed-wing BADA fuel brun” &%
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(Level 3 - 3.4.2) Fixed-wing Senzig-Fleming-Iovinelli fuel burn 2&

O

O 39 BAlg Tt

(O 7t Terminal-area 2] TSFC coefficientQ} iy

“(Level 2 - 3.4) Fuel burn 2579 AH 2 &

g A AFojAe dr AreS AldSts FH.

o

719] o]

g
bl E2i3r

ol

E7E FORS 1, ol hE AR A4ES A

- Ratio of temperature at aircraft altitude

Aircraft-specific 1st ~ 4th terminal-area departure TSFC coefficient
Aircraft-specific 1st ~ 4th terminal-area arrival TSFC coefficient
ISA sea-level static thrust

- Aircraft altitude w.r.t MSL (ft)

- Aircraft Mach b 1 .
e e 1 3.4.2 Fixed -wing Fuel flow rate per engine during approach

to sea level temperature | i
Aircraft corrected net thrust per engine Iovinelli fuel burn
- Aircraft net thrust per engine

" Senzig—FIeming— > Fuel flow rate per engine during departure

2 37 “Fixed-wing Senzig-Fleming-lovinelli fuel burn” &%
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(Level 3 - 3.5.1) Explicit ground track specification &

O “(Level 2 - 3.5) Ground Track &9 AH &

O ¥3717F A3 339 Aol 32 3 AolM Hr e A7

|m

m2ny nE, 2 dolesl Sol9lt Airports DBS ZEstol A%

ECAC doc 29

3.5.1.1 Points from
vectors

Ordered set of vectoring commands —| Set of x,y points

Interpolation at 0.5 nautical mile intervals with cubic splines

3.5.1.2 Radius of

» Radius of curvature
curvature

Ordered set of points

=2 38 “Explicit ground track specification” %%

(Level 3 - 3.5.2) Ground Track Extensions % &

O “(Level 2 - 3.5) Ground Track &9 A8 &

O AFAPE TAGE S AFsHES o oot AE v 2 S Batch process 3

- A4 -



(Level 3 - 3.6.2) Explicit Profile 2&

O “Level 2 - 3.6 Profile “Based Flight Performance” @ &09] 3l 2&

O “3.6.2 Explicit profile” ZEL BF AAS AAst sz7]o] AE}

A, o714 E, ol57a] S)of meny g

ANE O

== Kc—vlglég-

‘ 3.6.2.1 Airplane profiles ‘

3.6.2.1.1 Thrust specification (N/A)
3.6.2.1.2 True airspeed

3.6.2.1.4 Profile components

3.6.2.1.3 Displaced thresholds and threshold crossing heights

3.6.2.2 Helicopter trajectory (optional) |

‘ 3.6.2.3 Flight path calculation ‘

3.6.2.3.1 3-D flight path construction

3.6.2.3.2 Flight path length adjustments
Ground speed (kts)

Turn radius (ft) )
Gravitational acceleration

3.6.2.4.1 Bank angle smoothing and filtering
3.6.2.4.2 Bank angle performance effects

3.6.2.4 Bank angle treatment }—* Bank angle
of Earth (ft/s"2) t

I 39 Explicit Profile

O “Level 3 - 3.6.2 Explicit Profile” 252 t}t2y} 7+o

3.6.2.1.1 Thrust
specification

T

3.6.2.1.1.1 Thrust value
3.6.2.1.1.2 Thrust rating
3.6.2.1.1.3 Minimum engine-out

Air density ratio at aircraft altitude

Calibrated airspeed (kt)

N

3.6.2.1.2 True airspeed

» True airspeed (kt)

Delta distance (Ft) | 3.6.2.1.3 Displaced thresholds and
Displaced departure threshold (ft) threshold crossing heights

—» Start-roll distance (ft)

2 40 Airplane Profiles (Level 4)
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3.6.2.1.4 Profile components

3.6.2.1.4.2 Takeoff ground roll step
3.6.2.1.4.3 Constant-CAS climb step
3.6.2.1.4.4 Accelerating climb step by
climb rate
3.6.2.1.4.5 Accelerating climb step by
energy share
3.6.2.1.4.6 Cruise-climb step
3.6.2.1.4.7 Descent step
3.6.2.1.4.8 Deceleration-sensitive
descend step
3.6.2.1.4.10 Level step
3.6.2.1.4.11 Deceleration-sensitive
level step
3.6.2.1.4.13 Landing ground roll step

I3 41 Profile Components (Level 4)

3.6.2.1.1.2 Thrust rating

3.6.2.1.1.2.1 Jet rated thrust
3.6.2.1.1.2.2 Propeller rated thrust

Pressure ratio at altitude A2
Engine-out percentage climb gradient from FAR Part 25
Speed-dependent constant
Drag-over-lift coefficient that depends on the flaps setting
Number of engines

¥

Departure profile weight (Ibf) g 3'6'2']“1',3 Minimum - Corrected net thrust (Ibf)
engine-out

2 42 Thrust Specification (Level 5)
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1) Regression coefficients for power state and temperature state
2) Regression coefficients for the low-temperature equation
2) Breakpoint temperature, Ty = 30°C, Ty = 86°F

. . 3.6.2.1.1.2.1 Jet rated 1) Corrected net thrust per engine (Ibf)
L,2) Calibrated airspeed (kt) R thrust - 2) High-temperature corrected
1) Temperature at the aircraft(°C) rus net thrust (Ibf)

2) Temperature at the aircraft(°F)
1) Pressure altitude MSL (ft)

Propeller efficiency
Net power per engine (horsepower)
Pressure ratio at aircraft altitude

True airspeed (kt) =
| 3621122 Propeller -» Corrected net thrust per engine (Ibf)
rated thrust

21 43 Thrust Rating (Level 6)

Takeoff speed coefficient (kt/VIbf)

| 4
3.6.2.1.4.2 Takeoff - " .
Departure profile weight (Ibf) — Ground Roll Step —— Initial climb calibrated airspeed (kt

Ground-roll coefficient (ft/Ibf)

-Corrected net thrust per engine

(Ibf) ;
-Temperature ratio at the airport | 3.6.2.1.4.2 Takeoff . Ground-roll distance (ft)
Ground Roll Step

elevation
-Pressure ratio at the airport

Initial climb calitirated speed (kt) . 3.6.2.1.4.2 Takeoff ., Ground-roll distance
Headwind (kt) Ground Roll Step corrected for headwind (ft)

T2 44 Takeoff Ground Roll Step (1) (Level 5)
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- Ground-roll distance
corrected for headwind (ft)
Average acceleration along the

runway (ft/s?)

Initial climb calibrated speed (kt)

- Ground-roll distance (ft) corrected

for headwind and runway gradient

- Initial climb calibrated speed (kt)
- Number of segments

Runway gradient
Runway end elevations (ft) MSL
Runway length

L
3.6.2.1.4.2 Takeoff
Ground Roll Step

Aircraft speed change threshold (20 kts)

|

3.6.2.1.4.2 Takeoff
Ground Roll Step

——p|

3.6.2.1.4.2 Takeoff
Ground Roll Step

Ground-roll distance corrected for
" headwind and runway gradient(ft)

Number of sub-segments

—¥

Time spent on each sub-segment

T2 45 Takeoff Ground Roll Step (2) (Level 5)

Nominal value of corrected net
thrust per engine
Departure profile weight (Ibf)

Average climb angle (radians)
Calibrated airspeed(kt)
Headwind (kt)

Initial altitude (ft)
Final altitude (ft)
Average climb angle for headwind
(radians)

Speed-dependent constant
Number of engines
Nominal value of the pressure ratio
Drag-over-lift coefficient
. |

3.6.2.1.4.3 Constant-CAS
Climb Step

l

3.6.2.1.4.3 Constant-CAS |
Climb Step

)

3.6.2.1.4.3 Constant-CAS |
Climb Step

r

—+ Average climb angle for headwind

—»

Average climb angle (radians)

(radians)

Horizontal distance (ft) for the
climb segment

I3 46 Constant-CAS Climb Step (Level 5)
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Input initial corrected net thrust
per engine (Ibf)
Final corrected net thrust per
engine (Ibf)

Input climb rate (ft/min)
Input initial true airspeed (kt)
Input final calibrated airspeed (kt)

—

Drag-over-lift coefficient
Departure profile weight (Ibf)
Pressure ratio

3.6.2.1.4.4 Accelerating

Climb Step by Climb Rate

3.6.2.1.4.4 Accelerating

7 Climb Step by Climb Rate

——»  Maximum acceleration available

— Climb gradient

= 47 Accelerating Climb Step by Climb Rate (1) (Level b)

Input initial true airspeed (kt)
Input final calibrated airspeed (kt)
Maximum acceleration available
Climb gradient

Horizontal distance (ft)
Average true airspeed (kts)

Gravitational acceleration of Earth (ft/s?)

Air density ratio

Yy

3.6.2.1.4.4 Accelerating
1 Climb Step by Climb Rate

| 3.6.2.1.4.4 Accelerating
Climb Step by Climb Rate

» Horizontal distance (ft)

——» Horizontal distance (ft) corrected

for headwind

3 48 Accelerating Climb Step by Climb Rate (2) (Level 5)
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Maximum available acceleration

Percentage of thrust applied to acceleration

L]

3.6.2.1.4.5 Accelerating
Climb Step by Energy Share

v Acceleration available

= 49 Accelerating Climb Step by Energy Share (Level b)

Pressure ratio

Drag-over-lift coefficient that depends on flaps and gear setting

Average climb angle

Number of engines

Profile weight | 3.6.2.1.4.6 Cruise-Climb Step |, Cormected net thrust per engine
(Ibf)
v| 3.6.2.1.4.6 Cruise-Climb Step |- Horizontal distance (ft)

Initial altitude
Final altitude
Average climb angle

I3 50 Cruise-Climb Step (Level 5)
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Density ratio

Input final calibrated airspeed i -{ 3.6.2.1.4.7 Descent Step »  Final true airspeed (kt)
(kt)
Initial altitude _ v| 3.6.2.1.4.7 Descent Step - Horizontal distance (ft)

Final altitude
Average climb angle

= 51 Descent Step (1) (Level 5)

Pressure ratio
Number of engines
Drag-over-lift coefficient depends on flaps and gear setting

h 4

Profile weight (Ibf) - ’{ 3.6.2.1.4.7 Descent Step . Corrected net thrust per engine
Average descent angle (Ibf)
Pressure ratio
Number of engines
i
_ Headwind (kt) v{ 3.6.2.1.4.7 Descent Step . Corrected net thrust per engine
Calibrated airspeed (kt) for headwind (Ibf)

Profile weight (Ibf)
Average descent angle

3 52 Descent Step (2) (Level 5)
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Initial altitude (ft)
Final altitude (ft)
Average descent angle

Input initial calibrated airspeed
(kt)
Input final calibrated airspeed
(kt)
Headwind
Average descent angle
Horizontal distance (ft)

Input initial true airspeed for
actual atmospheric conditions (ft/s)
Acceleration for ISA conditions (ft/s?)
Headwind (ft/s)

Average descent angle
Horizontal distance (ft)

-
3.6.2.1.4.8 Deceleration- .
Sensitive Descend Step

Air density ratio at initial altitude
Air density ratio at final altitude

3.6.2.1.4.8 Deceleration- .
Sensitive Descend Step

Pressure ratio
Number of engines
Drag-over-lift coefficient

Horizontal distance (ft)

Acceleration (ft/s?) for ISA

Gravitational acceleration of Earth (ft/s?)

3.6.2.1.4.8 Deceleration-
Sensitive Descend Step

, Calculated final true airspeed for

actual atmospheric conditions (ft/s)

I3 53 Deceleration-Sensitive Descend Step (1) (Level 5)

- Input initial true airspeed for
actual atmospheric conditions (ft/s)
- Input final true air speed for actual
atmospheric conditions (ft/s)
- Headwind (ft/s)
- Average descent angle

Input initial altitude (ft) MSL
Average descent angle

Aircraft weight (Ibf)
Descent angle
Aircraft acceleration(ft/s?)

) 3.6.2.1.4.8 Deceleration-
Sensitive Descend Step

¥

3.6.2.1.4.8 Deceleration- .
Sensitive Descend Step

Pressure ratio
Number of engines
Drag-over-lift coefficient
Gravitational acceleration of Earth (ft/s%)

¥

3.6.2.1.4.8 Deceleration-
Sensitive Descend Step

. Segment length adjusted for non-

ISA conditions

Calculated final altitude (ft) MSL

Corrected net thrust per engine

(Ibf)

T3 54 Deceleration-Sensitive Descend Step (2) (Level 5)
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Profile weight (Ibf)

Pressure ratio
Drag-over-lift coefficient that
depends on flaps and gear setting

¥

3.6.2.1.4.10 Level Step r

Final corrected net thrust per
engine (Ibf)

2 55 Level Step (Level b5)

Input initial calibrated airspeed (kt)
Input final calibrated airspeed (kt)
Headwind
Horizontal distance (ft)

Input initial calibrated airspeed (kt)

Input final calibrated airspeed (kt) — |

Headwind

Air density ratio at segment altitude

|

3.6.2.1.4.11 Deceleration- |,
Sensitive Level Step

Air density ratio at segment altitude

.

Acceleration (ft/s?) for ISA

3.6.2.1.4.11 Deceleration-
Sensitive Level Step

Segment length for

non-ISA conditions (ft)

Pressure ratio
Number of engines

Drag-over-lift coefficient that depends on flaps and gear setting

Aircraft weight (Ibf)
Aircraft acceleration (ft/s?)

Gravitational acceleration of Earth (ft/s?)

&

3.6.2.1.4.11 Deceleration-
Sensitive Level Step

Corrected net thrust per engine

(Ibf)

3 56 Deceleration-Sensitive Level Step (Level 5)
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Landing coefficient that depends on flaps and gear setting (kt/VIbf)

Approach profile weight (Ibf) .| 3.6.2.1.4.13 Landing Ground |, Calibrated airspeed (kt)
Roll Step
Air density ratio at segment altitude
!
Initial calibrated airspeed (kt) 3.6.2.1.4.13 Landing Ground ™,
. . s ., 20.4.1.4. , Initial true speeds (kt/s)
Final calibrated airspeed (kt) Roll Step Final true speeds (kt/s)
Percentage of thrust — Corrected net thrust per engine
Static corrected net thrust per engine | 3.6.2.1.4.13 Landing Ground |~ (Ibf) P 9
(Ibf) Roll Step

72 57 Landing Ground Roll Step (Level 5)

Initial profile point corrected net
thrust per engine (Ibf)

Final profile point corrected net
thrust per engine (Ibf)

Initial and final profile altitudes (ft Altitude at the interpolated point (AFE)
AFE) 3.6.2.3.1 3-D flight path o Speed at the interpolated point (kt)
Initial and final profile point — construction Corrected net thrust per engine (Ibf)

speeds(kt)

Fraction of the distance from
profile point 1 to the interpolated
point divided by the distance from

profile point 1 to point 2

Number of equal-

Length of the vector (ft) —»  3.6.2.3.2 Flight path length adjustments distance sub-vectors

21 58 Flight Path Calculation (Level 4)
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3.6.2.4.1 Bank angle
smoothing and filtering

3.6.2.4.2 Bank angle performance effects

3.6.2.4.2.1 Common elements
3.6.2.4.2.2 Approach
3.6.2.4.2.3 Departure

721 59 Bank angle treatment (Level 4)

Gravitational acceleration of Earth (ft/s?)

Total net thrust (Ibf) x

Aircraft weight (Ibf) ) 3.6.2.4.2.1 Common i i .

Acceleration (ft/s?) elements —> Drag to lift ratio
Climb angle

Drag to lift ratio
Aircraft weight (Ibf) *
Acceleration (ft/s?) —»|  3.6.2.4.2.2 Approach ——+  Total net thrust
Bank angle
Climb angle

712 60 Bank Angle Calculation (Common Elements, Approach) (Level 5)
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Drag to lift ratio

Aircraft bank angle after filtering = . . .
Climb angle without banking effects ‘ 3.6.2.4.2.3 Departure }—» Climb angle with banking effects

Length (ft) without banking effects

Climb angle with banking effects ’{ 3.6.2.4.2.3 Departure ‘—’ Length (ft) with banking effects
Climb angle without banking effects

Aircraft acceleration (ft/s?) Aircraft true airspeed at start of vector
i i -+ 3.6.2.4.2.3 Departure |- (ft/s)
Length (ft) with banking effects .{ P [ Aircraft true airspeed at end of vector

(ft/s)

Aircraft true airspeed at start of vector

(ft/s) 4 3.6.2.4.2.3 Departure | . Vector speed along the horizontal
Aircraft true airspeed at end of vector plane (ft/s)
(ft/s)

Climb angle with banking effects

I3 61 Bank Angle Calculation (Departure) (Level 5)
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(Level 3 - 3.6.3) Trajectory Extension @&
O “Level 2 - 3.6 Profile “Based Flight Performance” @ &9] 35l 2 &%
O “3.6.3 Trajectory Extension” ZEL AI8AP} AP ALS X|A51H2S o o]t

T HYF2E A= HEY. BEAANA AR I FgolA Eut

r a

rlr

Bgoz, pYYAT BE AR AololH P31 g UEhd,

3.6.3.1 Airplane extension

3.6.3.1.2 Mach transition altitude
3.6.3.1.3 Drag
3.6.3.1.4 Thrust
3.6.3.1.5 Speed and altitude limits
3.6.3.1.6 True airspeed, calibrated airspeed and Mach number
3.6.3.1.7 BADA operational calculations

3.6.3.2 Helicopter extensions (optional)

2] 62 Trajectory Extension Process

O “Level 3 - 3.6.2 Explicit Profile” 2 &5& t}&3} 742 3519 v EEZ JLAE.

o

‘ 3.6.3.1.2 Mach transition altitude l
\ 3.6.3.1.3 Drag |

| 3.6.3.1.4 Thrust |

l 3.6.3.1.5 Speed and altitude limits ‘

3.6.3.1.6 True airspeed, calibrated
airspeed and Mach humber

| 3.6.3.1.7 BADA operational calculations ‘

3.6.3.1.7.1 Constant-speed climb
3.6.3.1.7.2 Accelerating climb from
Doc 29 Speed
3.6.3.1.7.4 Deceleration to Doc 29
schedule
3.6.3.1.7.5 Level cruise step

12 63 Airplane Extension Process
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ISA temperature lapse rate 0.0065 (K/m)

ISA tropoause altitude (m)
Sea-level temperature deviation *{
from ISA (K)

3.6.3.1.2 Mach transition altitude

» Tropopause altitude (m)

Airport elevation (m)
ISA temperature lapse rate 0.0065 (K/m)

Atmospheric temperature at airport

Atmospheric temperature
elevation (K)

at sea level (K)

3.6.3.1.2 Mach transition altitude

7|

Isentropic expansion coefficient for air 1.4
Real gas constant for air 287.04 (m%/K/S?)
Atmospheric speed of sound at sea level in an ISA (kt)
ISA temperature lapse rate 0.0065 (K/m)
Gravitational acceleration of Earth (m/s?)
Calibrated airspeed (kt)
Aircraft Mach number
Atmospheric temperature at sea level

e 3.6.3.1.2 Mach transition altitude

Y

» Mach transition altitude

12 64 Mach Transition Altitude (Level 5)

Isentropic expansion coefficient for air 1.4
Real gas constant for air 287.04 (m%/K/S?)

ISA temperature gradient with altitude -0.0065 (K/m)
Gravitational acceleration of Earth (m/s?)

Aircraft Mach number —]

3.6.3.1.2.1 BADA Energy Share = Energy share factor

= 65 BADA Energy Share Process (Level 5)
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Parasitic drag coefficient in cruise configuration
Induced drag coefficient in cruise configuration
Reference wing surface area (m?
Aircraft mass (kg)

Atmospheric density (kg/m?)

Aircraft true airspeed (m/s) - -| 3.6.3.1.3 Drag — Drag (N)

I3 66 Drag Calculation (Level 4)

Gravitational acceleration of Earth (m/s?)

Aircraft drag (N)

Aircraft acceleration (m/s?) = Aircraft total
:Aircraft climll:) rate (m/s) ’| 3.6.3.1.4 Thrust " net thrust (N)
Aircraft true airspeed (m/s)
Energy share . .
15t max climb thrust coefficient
2" max climb thrust coefficient
3" max climb thrust coefficient
. 4
. . _, Maximum total net thrust
Aircraft altitude above MSL (ft) - 'I 3.6.3.1.4 Thrust during climb in ISA (N)
15t thrust temperature coefficient (K)
2nd thrust temperature coefficient (K1)
A heri deviati ] Maximum total net thrust
tmosp erlfcrtoenr:llp;‘e;a(tll(.l)re eviation ’{ 3.6.3.1.4 Thrust ‘ ., during climb for all

weather contexts (N)

I3 67 Thrust Calculation (1) (Level 4)
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Aircraft’s maximum mass (kg)
Aircraft’s minimum mass (kg)
Reduction coefficient of jet engine 0.15

¥

3.6.2.1.4 Thrust

Aircraft drag (N)
Aircraft mass (kg)

» Standard reduced total climb thrust (N)

Maximum cruise thrust coefficient 0.95

Maximum total net thrust during
cruise (N)

3.6.3.1.4 Thrust

Maximum total net thrust in
climb for all weather

ol -

Low altitude descent thrust coefficient
High altitude descent thrust coefficient
Transition altitude for calculation of descent thrust (ft)

Standard total net thrust during

Maximum total net thrust in
- ‘| descent (N)

climb for all weather

3.6.3.1.4 Thrust

I3 68 Thrust Calculation (2) (Level 4)

Maximum operational height above sea level (ft)
Mass gradient of maximum altitude (ft/kg)
Temperature gradient on maximum altitude (ft/K)
Maximum mass (kg)
15t thrust temperature coefficient (K)

- Aircr:ft mass (kg) 3.6.3.1.5 Speed and Maximum altitude at MTOW, ISA,
- Atmospheric temperature . . e r maximum mass
deviation from ISA (K) Altitude Limits

Minimum speed coefficient in non-take-off configuration
Aircraft’s stall speed in cruise configuration (kt)

3.6.3.1.5 Speed and . Minimum calibrated airspeed in cruise
(Not available) 7 Altitude Limits ()

13 69 Speed and Altitude Limits (Level 4)
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ISA sea-level pressure (N/m?)
ISA sea-level density (kg/m?)
Ratio of gas constant to specific heat at constant pressure
Isentropic expansion coefficient for air, 1.4

!
Atmospheric density (kg/m?3) : H .
Atmospheric pressure (N/m?) 3.6;},];:3-:;”gna‘:lrm:::’nzar:bb?rted —» True airspeed (m/s)

Real gas constant for air 287.04 m2/K/s?
Atmospheric temperature (K)

,| 3.6.3.1.6 True airspeed, calibrated |

Aircraft Mach number
airspeed and Mach number

Aircraft true airspeed (m/s)

ISA sea-level pressure (N/m?)
ISA sea-level density (kg/m?)
Ratio of gas constant to specific heat at constant pressure
Isentropic expansion coefficient for air, 1.4
True airspeed (m/s) ,
ﬁ:ﬂﬁ:{;{,‘:{i‘c‘ 'c::e:s::utyreﬂ(&//a?) .| 3.6.3.1.6 True airspeed, calibrated | ~ Aircraft calibrated airspeed (m/s)

airspeed and Mach number

I 70 True Airspeed, Calibrated Airspeed And Mach Number (Level 4)

Power reduction coefficient
Gravitational acceleration of Earth (m/s?)
Energy share factor

- Thrust (N) calculated at l
segment midpoint altitude R .
. sfgment mié’point altitude '4 3.6.3.1.7.1 Constant-Speed Climb | Average climb rate (m/s)
(fo)

- Drag force (N)
- Aircraft mass (kg)

ISA sea-level for air, 1.4

|

Average climb rate (m/s) v{ 3.6.3.1.7.1 Constant-Speed Climb |-, Average climb angle
Initial true airspeed (m/s) Segment length (ft)
Final true airspeed (m/s)

Power reduction coefficient

.‘ 3.6.3.1.7.1 Constant-Speed Climb ‘ .

Maximum climb thrust (N) Final thrust (N)

Drag force (N)

I3 71 Constant-Speed Climb (Level 5)
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Maximum climb thrust (N)
Drag force (N)

Drag (Ibf) at average segment
altitude
Corrected aircraft weight (Ibf)
Input initial corrected net thrust

Final corrected net thrust (Ibf)

Initial true airspeed (kt)
Final true airspeed (kt)

Maximum acceleration available

Energy share factor

Pressure ratio

v

3.6.3.1.7.2 Accelerating Climb
from Doc 29 Speed

Number of engines
Pressure ratio

3.6.3.1.7.2 Accelerating Climb
from Doc 29 Speed

. Final corrected net thrust
(N)

» Maximum acceleration available

Constant 1/2(101.2686/60)2 /32.17 (ft/kt2)

L]

3.6.3.1.7.2 Accelerating Climb
from Doc 29 Speed

_~ Horizontal distance S (ft)

3 72 Accelerating Climb from Doc 29 Speed (Level b)

- Aircraft weight (Ibf)
- Step nominal drag (Ibf)
- Step average corrected net
thrust per engine (Ibf)

Pressure ratio

3.6.3.1.7.4 Deceleration to Doc 29
Schedule

Maximum possible
acceleration

a2 73 Deceleration to Doc 29 Schedule (Level 5)
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Aircraft final true airspeed
(m/s)
Aircraft initial true airspeed
(m/s)
Aircraft mass (kg)
Aircraft total net thrust (N)
Aircraft drag (N)

¥

3.6.3.1.7.5 Level Cruise Step

Segment duration
Segment length

2 74 Level Cruise Step (Level 5)
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(Level 3 - 3.7.1) Altitude Control 2 &
O “Level 2 - 3.7 Trajectory-Driven Flight Performance” 259 5% 2 &Y
O “3.7.1 Altitude Control” &A9] 1& HAEZS 7jglog TZH AR O ZHBE A}

REE 2715 A

‘ 3.7.1.1 Track extensions ‘

‘ 3.7.1.2 Trajectory output ‘

| 3.7.1.3 SAE 1845 implementation |

3.7.1.3.1 SAE 1845 modeling process
3.7.1.3.2 Post-procedure step processing

‘ 3.7.1.4 BADA implementation ‘

3.7.1.4.1 SAE 1845-BADA transition
3.7.1.4.2 En-route recalculation for departure operations
3.7.1.4.3 Approach operations
3.7.1.4.4 Overflight operations

721 75 Altitude Controls

O “Level 3 - 3.7.1 Altitude Control” Z5& 21 ZHe 519 wss=2 1A9.

| 3.7.1.3.1 SAE 1845 modeling process ‘

‘ 3.7.1.3.2 Post-procedure step processing ‘

21 76 SAE 1845 Implementation (Level 4)
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Interpolation under
10000ft AFE

List of calculated trajectory - ps
points from SAE 1845 process -| 3.7.1.4.1 SAE 1845-BADA transition

3.7.1.4.2 En-route recalculation for
departure operations

3.7.1.4.2.1 Full BADA increasing-CAS climb step
3.7.1.4.2.2 Constant CAS or constant Mach climb
3.7.1.4.2.3 Departure boundary extensions

, SAE 1845-BADA transition

points

2 77 BADA Implementation (1) (Level 4)

3.7.1.4.3 Approach operations
!

3.7.1.4.3.1 Descend steps

3.7.1.4.3.2 Decelerating descent steps
3.7.1.4.3.3 Approach boundary extensions

3.7.1.4.4 Overflight operations

3.7.1.4.4.1 Climb steps
3.7.1.4.4.2 Climb step post-processing
3.7.1.4.4.3 BADA thrust limits
3.7.1.4.4.4 Cruise steps
3.7.1.4.4.5 Overflight boundary extension and post-processing

121 78 BADA Implementation (2) (Level 4)
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SAE 1845-BADA transition points
BADA standard climb energy
share for increasing-CAS climb 0.3

- Earth’s gravitation acceleration
- Function whose
root is the altitude

Initial true airspeed L. where the targeted
Fr:?t?elnlt:;t?tzzzp%d | 3.7.1.4.2.1 Full BADA increasing- | _ CASis reached

! 1 - CAS climb ste - Function whose
;lt::l’l I:I;I:’ltlge id root is the length
BADA maximum climb thrust ‘(':v:sezi ::::l:;gemd
BADA drag

Aircraft mass
Target climb angle

= 79 Full BADA Increasing CAS Climb Step (Level 5)

- Earth’s gravitation acceleration

BADA maximum climb thrust
Initial altitude

Final altitude - - Function whose
BADA climb energy share for the 3.7.1.4.2.2 Constant CAS or root is the maximum
given speed conditions constant Mach climb achievable step
BADA drag height

Aircraft mass
Target climb angle

i i - Earth’s gravitation acceleration
- Maximum climb thrust

- Drag \y

- True airspeed

- Aircraft mass

- Energy share

- Cruise altitude

- Starting altitude of
climb

- Track distance
'I 3.7.1.4.2.3 Departure boundary extensions | ——  traveled during
climb

12 80 Constant CAS or Constant Mach Climb / Departure Boundary E
Extensions (Level 5)
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Maximum climb thrust

Drag
True airspeed - Earth's gravitation acceleration - Track distance

Aircraft mass x traveled during

Energy share = - climb
Cruise altitude ‘{ 3.7.1.4.2.3 Departure boundary extensions

Starting altitude of
climb

T2 81 Departure Boundary Extensions (Level 5)

Drag
Headwind
Altitude for each step -‘ 3.7.1.4.3.1 Descend steps ‘ + Thrust for descend
Segment length
Energy share factor

| 3.7.1.4.3.2 Decelerating descent steps ‘

3.7.1.4.3.3 Approach boundary
extensions

2] 82 Approach Operations (Level 5)
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Drag

Headwind

Altitude for each step
Segment length
Energy share factor

Total thrust
Number of engines

3.7.1.4.4.1 Climb steps ‘ » Thrust for climb

‘ , Corrected net thrust
per engine

-{ 3.7.1.4.4.2 Climb step post-processing

] 3.7.1.4.4.3 BADA thrust limits |

‘ 3.7.1.4.4.4 Cruise steps ‘

3.7.1.4.4.5 Overflight boundary
extension and post-processing

I 83 Overflight Operations (Level 5)
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(Level 3 - 3.7.3) Sensor Path Flights @&

O “Level 2 - 3.7 Trajectory-Driven Flight Performance” 259 5% 2 &Y

O “3.7.3 Sensor Path Flights” 252 &Aoo 9w /A wol XA &5 2 7|gto g
H]s H=S L5t €. 10000ft o]stojA]= SAE 1845 == 7|8k 10000ft o]A
of|A= BADA RHZ 7[Hto g v Hd55 +&

]_

o

-Filtering

-BADA global longitudinal acceleration limit
-BADA normal acceleration limit
-Exponential smoothing

Sensor path data T .
(Latitude, Longitude, Altitude, Speed) 4’{ 3.7.3.1 Prellmmary processing

Filtered trusted path
- Terminal area departure phase
- En-route climb phase
- En-route descent phase
- En-route cruise phase
- Terminal-area approach phase

% 84 Sensor Path Flights and Preliminary Processing

3.7.3.2 Terminal area

Maximum final altitude from 3.6.6.1.5 Speed and Altitude Limits

Minimum final calibrated airspeed from 3.6.6.1.5 Speed and Altitude Limits
BADA aircraft’s maximum operating CAS

maximum longitudinal acceleration for civil flights

maximum normal acceleration for civil flights

Sensor path data l
(Latitude, Longitude, Altitude, Speed) 3.7.3.3 En-route En-route performance

2] 85 Terminal Area and En-route Process

_69_



(Level 3 - 5.2.1) NOx, HC, CO calculation &5

(O “5.2 Aircraft-Related Emissions” 259 AH &2

O Boeing Fuel Flow Method 2 @& o]

O |3y ol 5= A8 55&0

CO9 Hizzs Al

(Level 3 - 5.2.2) PM calculation 25

(O “5.2 Aircraft-Related Emissions” 259 AH 2 &2

-

QO First Order Approximation &2 0]8&3!

S 0] &3l PM(Particulate Matter) vj&2FS AAt

=
=

(Level 3 - 5.2.3) Sulfur calculation &

(O “5.2 Aircraft-Related Emissions” 259 AU @&

-

O Fuel composition-based factors 222 0] 83!
O d=59 & grf(fuel sulfur content), ¥gt & &(conversion efficiency)s o]&
sil SOx9] si&d= Aht
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(Level 3 - 5.2.4) CO2, H20 calculation B &

(O “5.2 Aircraft-Related Emissions” 259 AH &2

-~

O Fuel composition-based factors 2 &2 0]L23!

O 2A7IA HiE R4 JEE ol &3l CO2, H209 vi&d2 ALt

(Level 3 - 5.2.5) VOC, NMHC, TOG calculation 2%

(O “5.2 Aircraft-Related Emissions” 259 AH @&

O Derivative factors &2 o] 23"

O dF FRo whg 2A7IA HiE A Fre vigh XS o]&s VOC(Volatile

Organic Compounds), NMHC(Non-Methane Hydrocarbons), TOG(Total

Organic Gases)9] &= AAF

(Level 3 - 5.2.6) OGs calculation &

(O “5.2 Aircraft-Related Emissions” 259 AH @&

O Derivative factors &2 o] 23"

O TOGY] vH&E%o] OG(speciated Organic Gases)?] AFH|=S I35to] AA
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(Appendix A) AEDT 2a A3 Manual

AEDT Study Setup 2£E| #HIHEM7}X]|

YRk Zasl

£ Y: 2014-12-18

e B BAME Aedt2a_UserGuide 2]

o

Chapter 5 (setup)

]

Chapter 8.1 (Flight Performance Information),
Chapter 8.5 (Emissions)

o

Erj2 =gt setup 3! HitEM 7jo|= Lct

o OJAIZ asif_small.xml AE{C|7} AFREL|CE

A. Loading study

1 AEDT & WRHLR studyS dHotA Lt 8T 7|50 &L

2. glijet 9le oYl

2 20l AEDT Standard Input File (ASIF)O| study M|SHE27F CF ZEE| Q)
ofor FLITH (¢ #FE HJE, AUz 3).
3. ASIFel & HHZ otdf 80| Z&Edf UELIth

o Study boundary (polygon area)

o Climate (climate scenarios)

o Airport Layouts (runway ZtHE S)

o Receptor Set (30| =8 E point ZtH)

o Fleet (HH7] 7|Z)

o Scenario (Track and corresponding operations)

o Z|Ef AE (EH Chg| terrain files, etc)
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4. AEDTE

A
st =

import study &

M

2
i =

{| asif_small.xml I} LS

o ==

Study

Heo

Select Datsbase

Senver YHE-PCWSOLEXPRESS

Inpont Study

@ Open Existing Study

Last Modified

Figure 3. Load study dialog box

B. Study Setup

5.

280 2AZH

F 2ECS A

T T
File | Setup | View Map Run
e Study Setup
Bl  swdy aircraft
S Receptors
i e
Setup
U

--> Study Setup (A|L}E2|2

g
*

ok
gt

Study Tvpe and Properties

Noise &nd Emissions

Scenario List

Baseline_1990
Alternative_2005
Testing_Scenatio

&2 asif_small ~E|C|0flA
MH F=OIME =olg

=
=
A
=

3742 AlLtzlert Aeoi(efy), o= xml ot

AE

SHEES ofgf SHAM

BESHIAIR.
Cancel
golst + Lt

[ asif_small xmf3|

AELILH (right).

--> Study aircraft (H|2 7| 7|

= O] o3
s 9

FS
(=]

1l

)

3
4

<AsifXml version="1.1.10" content
B <study xmlns:asif="hetp://www. f
<name>Chieage70</name>
<type>Noise and Emissions</ty
<metricUnits>false</metricUni
<emissionsUnits>Kilograms</en
<description>STUDY_NIRS was d
<boundary>

<airportlayouts>
<receptorset>

<receptorset>

<receptorset>

<receptorset>

<Ie; Baaloct>
#Tocenarior

<scenario>

<scenario>
</s

“</Rs5ifEml>

2}
]
2]
]
H
3]
)
2]
+
]
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Aircraft Operationsus e B S e

ol S SN

Available Aircraft/Engines Scenario; [Baseline-1290 ] case: [exexbizmdw.an_STD -
1985 1-ENG COMP | [ Name Alfame Enaine Enaine Modification -
8 1o BUBHESSAER [=] | Mp-83 Boeing MD-83 JTED-219 — 4PWOT1 NONE 2
el MD-81 Boeing MD-81 ITBD-217 — 4PWOBS NONE
S e LEAR 36 Bombardier Learet 354/3..,  TFE731-2/28 — TFET31  NONE
sl e DASH 6-300 Bombardier de Haviland ... PW123 — PW123 NONE =
o rerospatiols, Caravalls 12 CONQUEST I Cessna 441 Conauest | TPE331-6 — TPES NONE
SRR BARON 56P TIO-540-12B2 —- TIO540  NONE
§1-Berospatiale N 262 1-ENG P PROP 0 I |
[ Aprospatiale SN 601 Corvette 1-ENG FP PROP NONE ¥
5 Speiealiagy) | [«] I I
Operations Summary _g—
sine/Engine Wo T.. Anival A Anival Runw,.. Deparuie .. Dep.. Profie Track Stage L. Crise A, Op .. Op Time
1 Piner PA=24 Comanche Anival  KMDW 221 WA NA STA.. ATCGTM2 1 /A 1 11/10720¢
2 Pioer PA~24 Comanche... 101 Arival  KMDW 221 WA N STA. ATCGTM2 1 WA 1 11710720
30 Pioer PA~24 Comanche.,. 152  Arival  KMDW 221 WA NA STA.. ATIOTM2 1 /A 1 11/10720¢
31 Pioer PA-24 Comanche.,, 153  Amival  KMDW 21 /A NA STA.. ATIOTMZ 1 WA 1 11/10720(
6. 7|10 A Operations Summary= A Ed3} aircraft typel| unique flightE g|~EghL|Ch
| = =
0f:) AEHEl Piper PA-24 7|&E 47]2| unique flightO] Qen, ATCGT_M22l= Z 2 (track)
= o] A
£ mpet 220 runway £ EEASHA EO{Loh
S ; o
7. 2~E[CIM AIBEE BZ(racks)E =HQISL7| 3f view->tracks & M= grL|Ch
up Map Run  Resi
| Annualizations
Bk Tracks
agq Study Boundary
n
__F:? widy Input Repoet
8. ofgf 2N A =lE|Z0|, ATCGT_M2 HZ = operations T0.0 ~ T0.77F AtE%L|Ct 2}
Operations2| MEAtEtE 55 Operations Summary2| User IDQ} Oj&SIO] = A|H ElL|C}
Track Selection & =
Search Criteria Tracks
Scenario | Amorts & Runways|
Track Name  Aimort  Runway Op Type  Operations Ca

Scenarios
(Baseline_1990

exexbf2 mdw.an_STD
exexbf2.mdw.dep_STD
exexbf2.mke.an_STD
exexbf2,mke.dep_STD
exexbf2,ord day. an_STD
exexbf2,ord day,dep_STD
exexbf2, ord, night,arr_STD

p—
| S Display on Map 2 I

(] »

ATCGT_M2 _ |KMDW

AJCGT_M2Z KMDW 221 Approach  T1.0,T1.1.T1.9,T1.a exi
AICGT_M2 KMDW 221 Approach  T1.8,T1.7.T1.6,T1.5T1.4T1.53T1.2 exi
ATCGT_M2 KMDW 221 Approach  T2.0,T2.1 ex
ANOT_M2 KMDW 221 Approach  73.0,T3.1 exi
BICGT_M2 KMDW 221 Approach  T4.0,74.1,74.2,T4.3 exi
ATIOT.M2 KMDW 221 Approach  T5.0,T5.1,75.2,75.3 ex
AICGT_M2 KMDW 221 Approach  T6.0,76.1.76.2,76.3 exi
APCGT-M2  KMDW 22U Approach  T7.0,T7.1 exi
ATIOT_M2 KMDW 221 Approach  T8.0,T8.1 ex
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9. Display on MapE S5} D QIsil X| 0| Track ATCGT_M27} EA|EL|Ch.

= Receptors =

I gridfile_1

™ gridfile_S = \
pop_grid_M

T pop120x1 M
™ pops069.t M

" Track (4) . =

Figure 4. Track ATCGT_M2 displayed on map

10. 2} trackl| MR HBHEE 21 4 2H2 XML o
o Study -> scenario -> cases -> case -> trackOpSet -> track -> subtrack ->
tracknodesS 2QI5H £lL|C}

=

11. ATCGT_M22 track Z& Z20= 97||9| tracknodes2 HME|O] ¢len, & L=

4

rir

longitude, latitude, altitude HEZ FHE0 QUEL|CH

ﬁ <trackopSet>
B <track>
<id>To</id>
<name>ATCGT M22L.10679</name>
<optype>A</optype>
<alrport>KMDW</airport>
<runway>22L</runway>
= <subtrack>
<id»0</id>
<dispersionWeight>1.0</dispe
=] <trackNodes>
<trackNede>
<trackNode>
<trackNede>
<trackNode>
<trackNede>
<trackNode>
<trackNode>
<trackNode>
<trackNede>
</trackNodes>
</subtrack>
</track>

<trackNodes>
<trackNode>
<id>BVTE60</id>
<latitude>40.55583</latitude>
<longitude>-87.06917</longitude>
<altitude control="2">6000.0</altitude>
</trackNede>
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C. Run Study

12. AR oz AFL|

A i

i

2AH5L7] HO| wn optionsE M HEOIZ FHLUOH

- ]
| Run | Rﬁltﬁ HEFpV

| Run Options |

Start Run...

13. Add £ HH3 LIOX|= 7|2 dE22 FAL, T oA 2N 25 240

= A2 noise metrics 5 SILE £ HHYTHO0F AT & gL

al
v

Hze  Fun uden ] = Pt

Loz icbas

Terzn
- | 1=z 1R
i ) acHE e -
g 1t
AL

iresh-er
[ .amiingle Arznet sesztoar

¢ ZAZ CLEAHL MM E FLIDh

Joss
— - .
deshe
Al dnl I HFE i 3 SECEAO SR
it ove Jok

Foar Opsion
oo SEseotal Sets Iz ze Mazah Dete

Fur Gy

Far iopdun

Enitz sivn s sl Jnelail AT

Cierz T
= Anauelzez
Feforriancs Tesw s Catall
Ceznt Rl
ik BmAt s

¥ Tar tais Jok

15. BHoF AISI0| DHEIHD view-> AEDT emor A SR Zelsii4 YUk
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D. Flight performance

16 HAME oz AMllE OvEZ Results-» flight performance informationd A Z1tS 2telst

[ Results | Help
Flighl Performance Information

_|- _Nozls?ér‘;p.a}% .
Change Analysis
Contours

Emissions Report
MNoise Report

-—

Clear Invalid Results

17. View Report £ T #HEZ 2 flightE P45l= segment]| coordinates, speed, thrust,
bank angle, fuel burn ElAE X227} 42 L CL View graph= 0| At2 2 graph& AEDT
KAHAMS = = SUA DU oy =871s)

Tozimg TET-10C Zerdzs ; TRY S5l 4 MDR s | Baien, S0 e

v PTG El/EIGre L remog s
A o S R L ¥ [ v
..... ™
0.1 —
0.0
0.3
Y
o
se 1208020 1m0

18. OHX| 22 2 results-> emissions reporte= 247t~ ZANE BoFE= =320(0, & oA

Lt 7IZ22= #HHO| ZhsE LT (group byH A HE). CSV HEH2 export® ZbSEILICE
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(Appendix B) AEDT 2ag ©o]&3t ZARx-AHFIt Ay e &4

AEDT GMP- CJU Scenario Analysis

YT MEE

EH4 QY : 2014-12-22

- AEDT_small.xml & 7|d4to2 GMP-CJ
24
=

(==}
ASIF_KOREA.xm| E =4, & gl AEDT L DB Access +3l

o

1. ASIF_ KOREA.xml 8 E3t ASIF format 2|

T.

B <Asifxml> tag
ASIF I+l o| Root node @IL|C}. (ASIFrefGuide.pdf P.53~54)
Egldog HEE g 9= <study>2} partial import A| 23t 7|Ef 619 tag o £+ 4Lt

B <study> tag
AEDT AlZ20[do| 7HE 2 Helel study o Cfet HEE B3 U= tag YLCh
52| Ef3E <name>, <type>, <metricUnits>, <emissionsUnits>,
<description>, <boundary >, <airportLayouts >, <terrainFiles>, <receptorSet >, <fleet>, <scenario> &
7t ot (ASIFrefGuide.pdf p.84~85)
Study Of CHet MH tags & HElstH (Line 3~7)

<AsifXml version="1.1.10" content="study" xmlns:AsifXml="http://www.faa.gov/ASIF"
xmlns:xsi="http://www.w2.0rg/2001/XMLSchema-instance">
<study xmlns:asif="http://www.faa.gov/ASIF">
<name>Korea</name>
<type>Emissions</type>
<metricUnits>false</metricUnits>
<emissionsUnits>Kilograms</emissionsUnits>
<description>STUDY_Korea was developed for a test.</description>

<name> : study 2| O|&

<type> : study 2| type. AEDT2A 0 M= “Noise and Emissions”3t

<metricUnits> : True — metric units, False — imperial units - 2 0f|4= imperial units
[ E}o

<emissionUnits> ; emission O s|& = CH

<description> : study Of Cist 2 M
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B <poundary> tag
<boundary>= study 0 Zztt|= AHYALCL (Line 8~27)

<boundary>
<polygon>

<vertex>
<latitude>32.5¢/latitude>
<longitude>124</longitude>

</vertex>

<vertex>
<latitude>32.5¢</latitude>
<longitude>138</longitude>

</vertex>

<vertex>
<latitude>38.5¢/latitude>
<longitude>138</longitude>

</vertex>

<vertex>
<latitude>38.5¢/latitude>
<longitude>124</longitude>

</vertex>

</polygon>
</boundary>

Fl=, d=2 =0{3 4 points 2| polygon & LIELLHD] Of2f Z2RO|M 24 At
L =

=

Figure 1 Study Boundary
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B <airportLayouts> tag

<airportlayouts>£ study 0] At2E ZEE9| layout & HH5t= tag YL|C} (Line 28~141)

<airportLayouts>
<layout>
<airportCode>GMP</airportCode>
<elevation»59</elevation>
<runway>
<length>10500</length>
<width>206</width>
<runwayEnd>
<name»32L</names>
<latitude>37.547608</latitude>
<longitude>126.801158</longitude>
<elevation»>41.0</elevation>
<threshCrossHeight>59.0</threshCrossHeight>
<glideSlope>-0.1</glideSlope>
<depDispThresh>0.0</depDispThresh>
<appDispThresh>0.0</appDispThreshy>
<percentWind»>0.0</percentWinds>
</runwayEnd>
(sEh
</runway>
</layout>
</airportLayouts>

<airportCode> : &&9| code QIL|Ct. DB 0| = IATA, ICAO, FAA S0 A 20|= code E0|
=0 A&L|CL

<elevation> ;: Easjgds 7

& oI
g 2 BFE Zolet dy o 2 BF= 2 xMe YL, AE,
E;

gF20= F 7o g€FE £ Age =g

okl

t

o

rir Hﬁ

<runway>  2FE HEE

% VB Y25 Eoi) ofL

=l

1
el

=

B < receptorSet > tag
<receptorSet> : Noise £ Y3 st7| st =9 &EE LIEFHL|CE (Guide p. 76)

Emission 2t= 428l HE (Line 142~153)

<receptorSet>
<name>gridfile_50x50</name>
<grid>
<latitude»37.5587</latitude>
<longitude>126.7904</longitude>
<elevation»®.0</elevation>
<width>100.0</width>
<height>100.0</height>
<numWidths58</numkiidth>
<numHeight»50</numHeight>
</grid>
</receptorSet>




B <scenario>/<case> tag
<scenario> : AEDT study O A H|R 7| L &AM noise, emissions, fuel bum & =357
ost HEE 1 Q= Che|H Lt (Guide p. 80~81, Line 154~313)

<scenario>
<name>Test_2014</name>
<startTime»2014-11-10T00:00:00</startTime>
<duration»>48</duration>
<taxiModel»UserSpecified</taxiModel>
<acftPerfModel >SAE1845</acftPerfModel >
<bankAngle>true</bankAngle>
<sulfurConversionRate>®.85</sulfurConversionRate>
<fuelSulfurContent>6.8E-4</fuelSulfurContents>
<description>A test scenario</descriptions
<airportlLayouts>
<layout>GMP</layout>
<layout>CJU</layout>
</airportLayouts>
<cases>
<case>
<caseld>0</caseld>
<name>PlanB</name>
<source>Aircraft</source>
<startTime»2014-11-10T00:00:00</startTime>
<duration»>48</duration>
<case>
<caseldsl</caseld>
<namesexe.gmp.arr_STD</name>
<source>Aircraft</source>
<startTime>2014-11-10T700:00:00</startTime>
<duration>48</duration>
<description>ASIF_File</description>
<trackOpSet>
(&2h
</trackOpSet>
<trackopSet>
(5
</trackOpSet>

</case>
</case>
</cases>
<annualization>
<name>Baseline.config</name>
<annualizationGroup>
<weight>12.0</weight>
<annualizationGroup>
<weight>1.0</weight>
<annualizationCase>
<name>exe.gmp.arr_STD</name>
<weight>1.0</weight>
</annualizationCase>
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<name> : Scenario O|&

<startTime> : Scenario A|%} A|Z}

<duration> : Scenario X|Z A|Zt

<taxiModel> : Taxi modeling &5 - UserSpecified, Sequencing T & 7t&

<acftPerfModel> : Aircraft performance model £5& - ICAO, SAE1845 [HY s

<bankAngle> : Bank angle calculation =& O£, AEDT2A M= X true
<sulfurConversionRate> : Emission A|AA|, A& £ 20| EMHO 20| M3t HE - X7|{f :0.024
<fuelSulfurContent> : Emission H|&HA|, BE £ 24o| 2 HME - x£7|7f 0.0006
<description> : Scenario 49

<airportlayouts> : Scenario 0| A AF8E SS9 layouts.

H|O|, aircraft operation 8| LS 2 O|F0H
tohe tag LI

tag (574 case E CHRE <case>Qt +8&

<cases> : case = AEDT study O A Z7}& 2t CH|
QICt O] <cases> ofLI2| case E= B2 cas
9|

1]
M njo
H
ot
o}-

e =
<case> : case Of Cfisl LEI™O| niejOjEE HH
23 (Guide, p. 62~64, Line 165~299)
<caseld> : case ID.
<name> : case 8| O|&. HIEA| 2} scenario O A R & F20|3|0F THL|Cf.
<source> : O] case O A Emission 2| source £ L}EFLHCE Container, Aircraft, GSE population,
Parking facilities, Roadways, Stationary Sources, Training Fires & o|L}.
<startTime> : case ©| A|&t A|ZHO|0H, HO|L|X| Y2 scenario O AQ| A|&F A|ZtO] X|H=l

He|2 Mj& scenario A|ZF A|ZtDH LX|S{OF &

<duration> : case ©| &£ X|& A|ZH0|0{, HO|E|X| &o % scenario 0| AQ| X|& A|ZtE 21,
HO|2 Of scenario X|& A|ZtTF UX|SHOF et AEDT 2a O M= f& 24 2 1HE. ofLtQ|

scenario 0 &l & ot= case E9| duration 2 SLUjjoF &
<trackOpSet> : tracks (path segments)@t #HAZl operations 22 ;g
<annualization> : O{= study 2| case 22| 20| O™ weight £ 510 LIEFHR| Het

B <trackOpSet> tag
oA HE7|el 84H H2E ORE RE2EHN, Ak, & 1k FEE JHR| = <trackNode>
tag | set @2 L}EFHCY. (Guide, P. 89, Line 182~239, 240~296)
<track> : etZ7|o] e U X HEE CLREE tag. (Guide. P. 86)
<id> : track ID

<name> : track 2| O|&

or

<optype> : @& FF -A & D 24 Vv AZ EL (C TR W S OL} AEDT2a 0 A
Ol+Ee R F4)

<airport> : airport code - QJU — HF IF I

<runway> | ZFEZ AHZX}

<subtrack> : track ©| HEES&Z M, path segment S©| &% (Guide. P. 85~86)
AEDT 2a O A= &fLte| subtrack 2t /2|0 («dispersionWeight> 7+ @4t 1)
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<trackOpSet>
<tracks
<id>Te</id>

<name>ATCGT_M13.10679</name>
<optype>D</optype>
<airport>CJU</airport>
<runway>13</runway>

<subtrack>

<id»8</id>
<dispersionWeight>1.8</dispersionWeight>
<trackNodes>»

<trackNode>
<latitude>33.515528</latitude>
<longitude>126.487389</longitude>
</trackNode>
<trackNode»
<latitude»34.08</latitude
<longitude>126.70</longitude
<altitude control="2">10000</altitude>
</trackNode>
<trackNode>
<latitude>34.75</latitude>
<longitude»126.84</longitudes>
<altitude control="2">10000</altitude>
</trackNode>
<trackNode>
<latitude>35.5@</latitude>
<longitude>126.90</longitude>
<altitude control="2">10000</altitude>
</trackNode>
<trackNode»
<latitude>36</latitude>
<longitude>126.93</longitude>
<altitude control="2">10000</altitude>
</trackNode>

</trackNodes>

</subtracks
</track>
<operations>

<operation>

<id»>Te.e</id>

<aircraftType>
<anpAircraftId>GASEPV</anpAircraftIds>
</aircraftTypes>
<numOperations>1.0</numOperations>
<flightNumber>SCP201</flightNumber>
<userType>GASEPV</userType>
<userParam>J</userParam>

<departureAirport>CJU</departureAirport>
<departureRunway>13</departureRunways
<arrivalAirport>GMP</arrivalAirport>
<arrivalRunway>»32L</arrivalRunway>
<offTime>2014-11-10T00:00:09</offTime>
<onTime>2014-11-19T01:90:00</onTime>
<saeProfile>STANDARD</saeProfile>
</operation>

</operations>

</trackopSet>
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<trackOpSet>
<tracks

id>T1/id>
<name>ATCGT_M32L.10679</name>
<optype>A/optype>
<airport>GMP</airport>
<runway>32L</runway>
<subtrack>

<id»1</id>
<dispersionWeight>1.8</dispersionWeight>
<trackNodes>
<trackNode>
<latitude>36</latitude>
<longitude>126.93</longitude>
<altitude control="2">10000</altitude>
</trackNode>
<trackNode>
<latitude>36.42</latitude>
<longitude>126.96</longitude>
<altitude control="2">8000</altitude>
</trackNode>
<trackNode>
<latitude»37.15</latitude>
<longitude»127.00</longitude>
<altitude control="2">6000</altitude>
</trackNode>
<trackNode>
<latitude»37.3</1latitude>
<longitude>126.90</longitude>
</trackNode>
<trackNode»
<latitude>37.547608</latitude>
<longitude>126.801158</longitude>
</trackNode>
<trackNode>
</trackNodes>

</subtracks

</track>
<operations>

<operation>

<id»>T1l.e</id>
<aircraftType>
<anpAircraftId>GASEPV</anpAircraftId>
</aircraftTypes>
<numOperations>1.0</numOperations>
<flightNumber>SCP201</flightNumber>
<userType>GASEPV</userType>
<userParam>J</userParam>
<departureAirport>CJU</departureAirport>
<departureRunway>13</departureRunways
<arrivalAirport>GMP</arrivalAirport>
<arrivalRunway>»32L</arrivalRunway>
<offTime>2014-11-10T00:00:09</offTime>
<onTime>2014-11-19T01:90:00</onTime>
<saeProfile>STANDARD</saeProfile>

</operation>

</operations>
</trackopSet>
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<trackNede> : &&7|9] §|&=, 4= 1E=2 OI—?—OP‘._' T=H. 0|5 LIEELezZN, TE7|
D

TS Mo & YULLCL <tracksT0 8] AL0|= 99| trackNode Y42 Z=ut Isto| A 77+
200, <track>T1 2| 75’901|— 2< trﬁCkNOde U=E & oM H =Lt ol T02

<optype>C| D, <airport>7} ZERBHOI GMP 0|1, T1 2 <optype>| A, <airport> 7} Z&2E0l
CJU 2 HEHZ <optype>2| AO|2 | 7| 2IstL T Q1A tracknode S BiA|TH A2 S 9|
discussion 0| A] AtM|S| CHEL|CL

<operation> : @&7|2 2% AAE 59| 7|6t YEE CIRE= tag. (Guide. P. 70~73)

I'-IO

<id> : Operation 1D
<aircraftType> : 2&7| F5&. {Guide P. 34)
<numQOpeartions> : L3tz operation 4=
<flightNumber> : 2+22| Y. AEDT 2a 0|M= fully X8 =l
Aozt @& FF AEDT 2a A= fully X|& ¢t=l

8|%t operation e mtEtO|E. AEDT 2z 0f|AM= fully X|& ¢H=!
<departureAirport> : S Z3H9| ICAO code. <trackOpSet> 0| departure H HICA| EQ
<departureRunway> : S8 S| B2 AH. <trackOpSet>0| departure ™ HICA| 28
<arrivalAirport> : =& Z%t2| ICAO code. <trackOpSet>0| arrival 0|H HIE }\l 28
<arrivalRunway> : E&F B38| 2 HHE. <trackOpSet>0| arrival 0|H dt

2 dAHM s B2 ST dx 3T (GMP), 32L BF=2 0|8, =& I
m=a gl

<userType> : 95X 7t

<userParam> : SX 7} de

<offTime> : O|& A|Zk <trackOpSet>C| departure ™ BiEA| g
<onTime> : A& A|Zh <trackOpSet>0| arrival ¢|H HIEA| He
<saeProfile> : T-JZ7|2| O|EHFA| phase A7 THEd mfejo|E|

2. ASIF_KOREAxm| € E3F GMP-CJU 7} Tl H=Z H|gl0JAM Emission Za}

e - 92| asif & import 0] 22 AEDT Simulation Z 2t/ L|C}

s {-mann

Figure 2 GMP-CJU Trajectory Simulation Result
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Figure 4 Jeju Airport (CJU) with two runways (13-31, 24-06)
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Emissions Report Dialog

Case Mode Fueltam) Distance(km) Duration COlm) HC(am)
exe,amp arr_STD ClimbTax 0,00 0,00 00:00:00,00 0.00 0,00

Exe.amp.art_STD ClimbGround 15330 0.33 00:00:2066 197.97 401
exe,amp,arr_STD ClimbBelow1000 561,58 284 00:01:15,88 728,72 14,87 1
exe.amp.arr_ST0 ClimbBelowhixingHeight 1466.91 869 00:0317.72 193062 36.32 2
exe.gmp.arr_5TD ClimbBelow! 0000 3714431 280,05 01:23:2655  54%5.11 80,90 9
exe.gmp.arr_STD Above 10000 0.00 0.00 00:00:00.00 0.00 0.00
2. gmp.arrSTD DescendBelow 10000 18652,00 175,96 0057:0180 2606278 728,89 Ll
exe,amp.arr_STD DescendBelowhixingHeight 2684,36 17,60 00:08:38,25 349039 111,28 1
Exe.amp.art_STD DescendBelow 1000 870.01 595 00.03:.06.70 124415 39.76 2
exe,gmp arr_STD DescendGround 41.24 0,13 00:00:05 56 52,16 1.09
exe.gmp.art-STD DescendTax 0.00 0,00 00:00:00,00 0.00 0,00

exe,.amp ar_STD FullFlight 55826,30 456,06 02:20:28,33  81037.89 1708.78

Figure 5 Emission Report for a flight between GMP-CJU (AEDT— Results—Emission Report)

pob: Lot 1 Test2014: Run Option
Cese  Scenario Summary

Group By: Mudal Casz Sunimary
Scaling:  NCNC

(Cose Muode  Fuelym) CistencedDuralion COGgm)  HO@m)  TOG(gre) VEEum) NMHZ{yn NOxlgn) FMNV(m PMSO(m PMAO(m CO2(gn] H20{gn) SOxfgr) PM 2.3(ym}
a 0 a bl 0l

ecegrpa ClimbTad 0 0 000 0 n n n n [
|excgrpa ClimbGrat 1532 023 GOkl 5757 401 343 335 3.5 006 ) 002 022 48365 18063 [ VL]
exz.gmpa ClimbBelo 55158 264 (0116 72872 14.67 1437 1224 123 021 0 0.05 0.8 177077 69467 ova 2.3€
ecagpa ClimbReln 146680 Ar9  COR1R 193087 3|32 375 3199 3343 056G n 05 194 462R11 17457 18 208
2714441 28008 L3/ L4UEL1L 5809 96049 218J6  H4hIB 1426 /05 265 306/ 1141503 4504451 AL 30,34

exe.qmp.a Abovel00! 0 0 00000 0 0 0 0 0 0 2 a a a o C
|ecmgrpalescenih 18682 17988 C70? 607278 7141 60847 63591 737 37 133 1487 GR9417 2310963 7414 1941
268248 146 G859 336059 10904 929 941 105 o 027 202 846913 222054 4 23

970,01 595 0307 124415 3895 3319 3469 038 0 ol 073 306038 11923 125 232

4174 013 006 5216 07 0N 095 00> n Bl no3 Tan1 510 ann 0.4

cxc. 0 0 i 0 v} 0 » g [} g u J u J Uy 4
exagmwpaFullFight 558263 15606  Z220:28 8103789 170979 16751 142718 119167 2162 1025 105 1543 175132 69057.11 7213 598

Figure 6 Full Emission Report for a flight between GMP-CJU (Emission Report Export)
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Flight Perfornance Report
Scenario: Test_2014
ase: exs.gup.arr_STD

+ AAD = Average hnnual Day

++ AFE = Above Field Elevation

Flight: 0
airfrane/ensine/engine mod : Piper PA-24 Comanche / TI0-B40-J262 / NONE
operaton type
profile STANDARD-1
cruise alt (ft) : B485 668
arrival airport : -Ni-
arrival runkay  : -
departure airport © RKPC
departure runway

ay,
nunber of operations : 1
operat fon nane
track ATCRT M
nuaber of segments © 24
sea

2-pos seament  grnd-trk delta net—corr noise D+
| AFE length d e d 4 th h d fuel-by

3 .0 0. £ B . .0 R : B i R akeof {GroundRo
515726 -62.0 0.239065 0.954233 0.000000 226.3 5.4 16 18 8 54 040 Takeof fGroundFol |
EI6319 -52.0 0.239065 0.954233 0.000000  377.1 7% 16 8 E4 040 Takeof fGroundFol |
517308 -62.0 0.297337 0.846720 0.107340 398.6  G7.8 49 10 8 2.4 032 Takeof fhirborne
EE:: 9.0 0.237339 0.950832 0.084350 7034 10774 53 12 1 6.4 038 Takeof fhirborne
Se0z] 51.1 0.237999 0.950832 0.084350 840.1 17869 71 12 9 6.4 048 Takeof fhirborne
22417 1e2:2 0.296243 0.945232 0137026 5363.7  2527.0 1 & 12.2 313 Takeof fhirborne
538071 948.0 0.238357 0.951975 0.066743 1519.8  6596.7 10 4 - 0.0 07 TerninalClinb
5420565 10527 0.237351 0.349116 0.103423 10000 10116.4 0. R 6.2 045 TerminalClinb

1 544679 1186.7 0.23746] 0.949116 0.103424 6485.4 11116.4 1 8 4001 297 TerminalClinb

1 61633 1629.0 0.237461 0.949116 0103424 10761.5 17581.9 1 2 65.7 488 TerminalClinb

1 589651 296.0 0.297670 0.943782 0096470 9069.7 263434 4 1 5 50.6 405 TerninalClinb

1 613686 329.0 0.237670 0.943782 0096470 16704.1 S7A32 8 2 3 8.4 730 TerminalClinb

14 57484 5448.0 0.297865 0.950405 0.089477 4241.0 54137.2 1024 O 3 20.6 182 TerninalClinb

1 68603 EA29.0 0.297865 0950405 D0.028477 18025 583782 | 2 5 102.7 762 TerminalClinb

1 715653 7446.0 0.290043 0.95097] 0.062610 4596.3 763998 | o 100.0 257 190 TerninalGlinb

1 7274 7829.0 0.298043 0950371 0.082610 24127.4 E0996.0 1 ) 100.9 1325 983 TerminalClinb

1 7911 9829.0 0.298043 0.95097] 0.082610 1435.6 105123.4 | 0. 105.7 7.7 057 TerminalClinb

1 794919 9318'0 0.299065 0.954233 0000000 1000.0 10EE8.0 | ) 1059 -4 5.4 040 EnrouteClinb

21 797541 935.0 0.239065 0.954g33 D0.000000 107763.6 107553.0 | 0. 0 579.1 295 EnrouteC|inb

2 030000 9348'0 0.158045 0385779 0.000000 2474337 2153226 1 0. 0 1329.6 885 EnrouteC|inb

2 750000 9348.0 0.052001 0998076 0.000000 273504.0 482757.3 1 0. 0 1269.7  10.904 EnrouteClinb

2 500000 933.0 0.044843 0.998991 0000000 182160.5 7362614 | 0. 0 918.9 262 EnrouteClinb

24 36.000000 9346.0 0.044843 0.993934 0,000000 0.0 gisdel.g 110, 0. .0 0.0 0.0

Figure 7 Flight Performance Results for Departure (GMP)->Cruising (AEDT—Results—Flight

Performance Information—View Report)

Flight: |
air{rane/engine/engine mod ¢ Piper PA-24 Comanche / T10-540-J282 / NONE
operaton type
profile STANDARD-1
cruise_alt (ft) : 6485568
arrival airport © B

arrival runvay - 32

departure airport’ © Na-
departure rumay  © NA-
tine Dayl

nunber of operations 1
operat ion nane 0
track

nuaber of segnents : 20
569 ﬂe\tad ne;*nnrr HDASE

z-pos segnent  grnd-trk
fength d

wal

36.003780 0.938337 0. 013054 151513

0
0.933117 0.000000 41535.6
0.008727 _ 20626
0.933073 0. 005727 222416.6
0000000 42985.0
0.880432 —0.052336  [125.8
0.880432 0. 052336 177856
0.951377 -0.052336 20335.7
0.951377 -0.052336 41.0
0.951377 —0.052336  17985.3
0.951377 -0.052336  20205.9
0.951377 -0,052336 414,68
0.951377 —0.052336  9840.6
0.951377 -0.052336 18127.1
0.705721 -0.062336  964.1
0.708630 0.000000 42
0.708630 0.000000  223.9
0.705630 0.000000  16(.3
0708630 0. 000000 [}

3
2
2

BEzlisomon=o
it I}
af it
=} je
= i

£ 2.
EY SN TR TSI ST S

006. 8
37.550290 TR, |

Figure 8 Figure 7 Flight Performance Results for Cruising->Arrival (CJU) Cruising

(AEDT—Results—Flight Performance Information—View Report)
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3. ASIF_ KOREAxml #3 9l Simulation &0 A{2| Discussion
=22 P&S= 01F A sample ASIF IMA 2 FHE 3H= 742 ZHEHS

[l

=2 oo [ [ I =
o Falst, =27t el s

AEDTH| M 2| ]| : Emission report displayLt GUIOAM S| measurement®] A28 = unitE
deyst & QEB MoK YA, ADT LSO DHE uwnits Ags H2= Mo
EL|Ct <study> tagO|A <metricUnits>, <emissionUnits>2| 4tE HWSIA|Z|H At £H0|
Cl2A L2 £ ¥4or=h|, A4 ‘New Study 10 Study Input Report.txt’ 2} ‘New Study 4
Study Input Report.txt’2| ZHL0H= <metricUnits>0] Ct23| XSS E EF6T,
gxrz Ao 22 Q7 BE feet2 MAEC|Y, emission I full-flight Zatzt SUsHA|
LIZsLICE Display SHAO|AM dighE CHE HR|A= west= ofdo| gLy leg
2, AEDT {8 A4t cHAojjlM B35 CHE THAIE AHMS= HE2 gla HEljT T

£ A8t HoE OJAEILICE

Runway to Runway &% B H| : AEDT samplexml|Z2 H|E5I0 ASIFRefGuide.pdfdf L2t
Qe sample code®| A ChaT ZaUch 28 0| Y, 0] Zo| AN HMeE
study boundaryE F1, 0I SN O|F = HFSE HI7|E0 A2 HHE UH
Ba, w27 5+ 3 7)7tE nasted 9 2|7t o) study boundary LHOA HZIE
o] WHMAMZIE emission]’.l- noiseS FXH0 402 == HEfYLCL

Ol 22| 25 oA =Tst= ASE—+BEH, F runway to runway H#A EZ7|S0|
B AN TMMZIE emissionE FH, HF5IE WEMNE HE|7t USLIEL ASE-B
229 "EfY O}, sample coded|AHH AS EW Zstoz MO <trackOpSet>0f A
<optype>E D(depature)2 =L} BE L£i ZFoz MO} <trackOpSet> .
<optype>& Alarival}2 =CiME 45 412 2REHE HE 5+ UFUCE AEDTOIAM
L 0|5 U AE phaseS <optype>0f U2t AFLZ GMsts| R YLIC

ASIFRefGuide.pdf P. 220]] 3.6 Modeling Intra-Study Flights (Runway to Runway) %
20] 70, 0= 22|71 TAE 2K 2= ‘study areaCO|AM arrival/departure
airports7 SHHMIO| Q= 'S C}20 UALICL CHL, AA2 o= Pisior s
Al sampleO|Lt example® ZASHA| 0L ALSALZE LOPM TS i0F YBLICH Ae
‘artival/depature operation0| Z}Z} 7|20 ot FHHM THiE HE|=R CiXISOYE 2=

Hotaz s MsLIC

= AAE=

Modeling Intra-Study Flights (Runway to Runway)
Intra-Study flights have arrival and departure airports that are inside the study area. These flights are
modeled in the legacy tool NIRS as a pair of arrival and departure operations touching in the middle (e.g.
the non-runway ends meet). AEDT supports this modeling technique.
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Ab7| RBsE ASIF_KOREAxmIOAM <trackOpSet> LY <track>=C| & 2= LIAHA R
D, report_flight_perftxt HA| A7} & B2o=2 LIRO[8 O 2LCL <track> TOE= H|
FIEM SUSHH 720 X (CH=f w4t SR S| trackS EHN HFS |
A <optype> DE 7|EC® 0| T =80 0|2 7|MA[E LIEfY T, <track> T12 4t
UM d=SEH HFSH2IMX Q| tracks HBHSH A=ZZHUHM <optype> AE IIES
2 &% 3 NFH o|=7|MX S LYEH RSO

T1 track

TO track

& APA <trackOpSet>0| A <optype>Z2 HH, A arrival, D: departure, V: overflight 2|0 W:
runwaytorunway THS0| OfFg0f| Liet 2AEL|CL {ASIFRefGuide. P 87, optype) S}A|DL
A <optyperZ WE SIH importA| asif b0 QZAUCIH 2FHAIXS 2
B JI53I0E BICELE, <airport>2} <runway> fi2 O{E A E=X|0| CfTh ME7 MRst

LIC}t (cf <operation> tag0|= <departureAirport>, <arrivalAirport> S0| =)

[
=
Ao
N
o
Bt
ll

e Hn7| £ 23 : Emission reportS ’éTHEE, =
LEELLE LI YeiEos, 2 A
#o|7} 9o

[\.I
[n e
OIl
i
i=]
=
>
o
2
e o=
re
i
H
_E
T
2

o 1o

2
llo
Ho

WA oA 24 study boundaryES K|C, 2, 2 ZZHAo IAdoez EMAMENE
Hzbs e EH oo flight distance?l H AL0|= A|CHZ mimicdl= e o7 20|
Otd7sls ==2 3 £ 2 71 25U CL ASIFRefGuide.pdf P 222 3.5 Control Codes
in AEDTO| =7tHe 2 A| -8t & H=F0| LIt =0 Altitude {1 =), Speed
(=)L T} ASIF sample T o] 'I Ho|=l <trackNode>2| A%0| 9E, A&, 1=
AMHE mzpsi=r0), IE HEE AHSX] YL trackNode?| ZH20= 0|
[<optype> = D)0|= 10000ft, &R A (<optype> = A)MH|= 6000ft 0|49 dataz}
ZME D, flight performance information 3! emission report®]| 1 tracknode| CHTH

"Myt BhAEA] EL|CL  M2tM <altitude control="2">18808</altitude> @t Zr0|
LS UG datag KE[slor TLICE O|= & HOHM 1= EEIE TS
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7} LI2HIH|, 3.5.2 Speed

asloior yeter 231
7 Bf8|x] gksLick S studyo]

H}
S 1= - I— =
ControlsOj|A| HZEICHE AEDT 2adME &5 H¢

simulation Zu}7t HEFohX| e 0L Ch

=

® <sensorPath> tag : 3.6 Modeling Intra-Study Flights (Runway to Runway) £ &HEH,
HOM A2 E <track> taglt= CHEX| radar flight pathS 0|28t <sensorPath> tag
7t AFE PHeEE & & UFLICH 0| tage <trackOpSet> tag LHO| EXELICH
<sensorPath> tagS Sl 9=, 2k, 1, £ E Q& 48 £ 9l 29| runway to
L

=
o2 MztEIL|C} <track> tag2 ALK

runway 3 8HE7| 25 SHIE HEH + S A '
ofa, <sensorPath> tag HEE QI7lol= HE IL|CL
® ICN DB 2F : ASIF sample Tt0| 23 om0l Rl=0l HHO| HEUE Ol & 7t

YLt 8t 7t QoM e1g% runway to runway 1+ 25X, CHE 3 7HR|= ICN(Q!
M%) &% A AEDTH M import error7} ShdstE= EX2IL|CE O] 222 ofzf oY

Wgos gLt

ChE o =

Zb IOl 30,135,156, 198HF) =0

=g Fo2 AQUEIFE 1H, 25 F2| 0|50 ICN(QIH), GMP(HZE), PUS(EAD, KMDWA|ZIT)S 2 Hf
o el LhAl= 98t @28 tF ASIF MY S Ch

1. GMP, PUS = import AZ / Run—>Start Run &3 = Results—>Flight Performance Detail—
>View Map OlA &H 0| HCOZ ZAIELICH

2. KMDW = import 8% / Run->Start Bun &3 = Results—>Flight Performance Detail—>View
Map &t No Performance 2t £SLILCTH

3. ICN2 import &I & AEDT_Log.txt & &¢I5tH

ERROR Module=ASIF Id=-2146232@6@ The INSERT statement conflicted with the CHECK
constraint "CHK_APT_RWY_ID_AGAINST_APT ID ON_APT_ID AND DATE". The conflict
occurred in database "New_Study", table “dbo.APT_RWY_ID".

1ot 20| AHE=A| OfL|H CHE HEH2| 1ot L2 =X S2AHIE EHER-LICL
EXMB| &S50 ¢ 7t ZaYLCh AEDT L DBQ| H{OPIX], OtLE H &H

(=]

3H
il
£
_>:
ruE
ox
_o_r
rr
o
é
)
=l
fot

elo] Ba%tLC.

Hlﬂ AoHa.
218} |}

U\, airport DBO{| Q= S Y F=Heh ZYL|Ct
SAILE BM Qo layoutsE M B

AEDT Error Log= C}23F 20| 22 HAIXE

4 Ho
FIJ

2014-12-22 18:42:23: ERROR Module=ASIF Id=-2146232060 The INSERT statement conflicted with the CHECK
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constraint "CHK_APT RWY_ID_AGAINST_APT ID_ON_APT_ID_AND _DATE". The conflict occurred in database
"New_Study_5", table "dbo.APT_RWY_ID".

The INSERT statement conflicted with the CHECK constraint  "CHK_APT_RWY_AGAINST_APT_
RWY_ID_ON_RWY_ID_AND_DATE". The conflict occurred in database "New Study 5", table "dbo. APT_RWY".

(==h

SQL M ¥ DBE FH|AM CHK_APT_RWY_ID_AGAINST_APT_ID_ON_APT_ID_AND_DATE constraints/t &
A SILHY &OpEH= |, CheckAgainstAptidonAptidAndDate 0| H[HS 2 OffH AQIA| & 7} g4 a.

SQL Server Management Studio®lA  Databases->AIRPORT->Tables->dbo APT_RWY_ID->Constraints-
>CHK_APT_RWY_ID_AGAINST APT ID_ON_APT ID_AND DATES 2223|M modify £20 expressiondi A
{[dbo].[CheckAgainstAptldOnAptidAndDatel([APT_ID],[EFF_DATE],[EXP_DATEN=(0)) =712 HMSIA =0 U5
Lck

Databases-> AIRPORT-> Tables->dbo_APT_ID =S view dependencies
CheckAgainstAptldonAptldAndDate O|E0t =t PSR 2Ms L CH

0L — = IL
APT_ID, EFF_DATE, EXP_DATE= APT_RWY ID E|0| 20| Q= S2S2 M, studiod A New Queryd|

re
kot
J‘J
o
=

SELECT *
FROM [AIRPORT]. [dbo] . [APT RWY ID]
WHERE [APT 1D] = 8661

S X1, executes}® (APT_ID = 86610| 21K Z3h

RWY_ID EFF_DATE EXP_DATE APT_ID
61217 2001-03-29 00:00:00  2079-06-06 23:59:00 8661
61218  2001-03-29 00:00:00  2079-06-06 23:59:00 8661

64058 2008-06-20 00:00:00  2079-06-06 23:5%:.00 8661

oIdl, GMP(A =), CJUMAIF), PUS(R4h S3F Hm RS M= 8 He/ds &3 =7 glauth
INSERTZ}.. & ol gl=dl of /5 ICNOI| CH3jAIRE {2t Zo| BtE 2 St=Al. Bt ICNO| Cish DB2t 1
O QM queryE HtH2 NE|E & =4l ottt

Hijes 9ot 22 0|8E ICNE Amival/Departure® 3= study U scenario®
simulation0| £7FHs3% AEf QL

® Graphical Error : DBOY Lo} Q= ZIELE AME 3oLt ICN / QUUs O] Hicho| &

Z27F =20 Q= =5t AEE EOFED Q& L|CH Visualization®] 2X|0|0, emission
Adtols 287 gi&Lich
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4. MSSQL 0| A{ AEDT DB access ' 91 GMP/CJU ® &

N2« ?l0A ICN 23 2 WZ0| SQL i AEDT DB S EfMsliof 7|0 2ttt
doE 2 = 7|2l ZRASLIC

e MSSQLE Mx|stH, =23 ZZ0f|A SQL Server Management Studio2t= &
80| AEL|cl. AEDTE HEXoz MA|SIUtH sql serveroAd 23 DBE %8
AELICL 8171 BHHS2 New Query HES E2{ U2 HAE Fojct =sin 4
SpH g Lch

olo
IH

o GMP (ZEZ3H)
/*Airport Code 0| A B E &% APT_CODE &t7(*/
SELECT *

FROM [AIRPORT].[dbo].[APT_CODE]
WHERE [APT_CODE] = 'GMP'

/*Airport Main M Sl|E a3t HE (S% ID 8613)*/
SELECT *

FROM [AIRPORT].[dbo].[APT_MAIN]

WHERE [APT_ID] = 8613

/*Airport Main OlA SHE 38 EFZ ID (5% ID 8613)*/
SELECT *

FROM [AIRPORT].[dbo].[APT_RWY_ID]

WHERE [APT_ID] = 8613

/*Airport Main O|A] SHE 28 BFE Z ID(EFE[RWY_ID] 68550, 68551)%/
SELECT *

FROM [AIRPORT].[dbo].[APT_RWY_END_ID]

WHERE [RWY_ID] = 60550 OR [RWY_ID] = 66551

/*Airport Main A SiEZs =2 HE(TZZ[RWY_ID] 60550,60551)*/
SELECT *

FROM [AIRPORT].[dbo].[APT_RWY]
WHERE [RWY_ID] = 68550 OR [RWY_ID] = 60551

/*Airport Main Ol SiE 3% BFE & YH(EFE Z[RWY_END_ID] 105844, 112255, 105845,
112256)*/
SELECT *

FROM [AIRPORT].[dbo].[APT_RWY_END]

WHERE [RWY_END_ID] = 105844 OR [RWY_END_ID] = 112255 OR [RWY_END_ID] = 105845 OR
[RWY_END_ID] = 112256
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o QU FHFEY
/*Airport Code Of|A SE& % APT_CODE & 7|*/
SELECT *

FROM [AIRPORT].[dbo].[APT_CODE]
WHERE [APT_CODE] = 'CIU"

/*¥Airport Main A SHErE% ®E */
SELECT *
FROM [AIRPORT].[dbo].[APT_MAIN]
WHERE [APT_ID] = 8663

/*Airport Main O|A BiE &S EZFEZ ID */
SELECT *
FROM [AIRPORT].[dbo].[APT_RWY_ID]
WHERE [APT_ID] = 8663

/*Airport Main Ol BEHEE =FZE & ID*/
SELECT *
FROM [AIRPORT].[dbo].[APT_RWY_END_ID]
WHERE [RWY_ID] = 60533 OR [RWY_ID] = 60534

/*Airport Main O A SHES3 BFEE FE+/
SELECT *

FROM [AIRPORT].[dbo].[APT_RWY]
WHERE [RWY_ID] = 60533 OR [RWY_ID] = 68534

/*Airport Main O M S S8 EFE & FH*/
SELECT *
FROM [AIRPORT].[dbo].[APT_RWY_END]
WHERE [RWY_END_ID] = 105817 OR [RWY_END_ID] = 112228

[*Airport Main O|M SiESE BFE £ FEHY/
SELECT *
FROM [AIRPORT].[dbo].[APT_RWY_END]

WHERE [RWY_END_ID] = 105818 OR [RWY_END_ID] = 112229
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e AEDT Lj GMP/CJU data H2|

APT_CODE GMP APT_CODE au
Latitude 37.5587 Latitude 33512292
Longitude 126.7904 Longitude 126492628
Elevation(ft) 59 Elevation(ft) 119
APTID 8613 APTID 8663
RWY_ID 60550 RWY_ID 60533
60551 60534
RWY_END_ID 105844 RWY_END_ID 105817
(60550) 112255 (60533) 112228
RWY_END_ID 105845 RWY_END ID 105818
(60551) 112256 (60534) 112229
LENGTH LENGTH
60550 10500 60533 10433
60551 11800 60534 6266
WIDTH WIDTH
60550 200 60533 150
60551 150 60534 150

o GMP Ex2 MM M

REC.ID RWYENDID EFF.DATE  EXP.DATE  RWYENDNAME  LAT LON ELEV THRELEV  CRSHGT  GLDSLP  INTALT DSP_THR_APP DSPTHRTKO PCTWIND  IS_HELIPAD
49977 105844 1900-01-01 00:0000  2079-06-06 235900 32L 126801158 41  NULL 50 01 NUL O O  NUL N
49978 105845 1900-01-01 00:0000 20790 5900 328 126807222 47 NULL 50 01 NULL O O  NUL N
56387 112255 1900-01-01 000000  2079-06-06 235900 14R 16775533 34 NULL S0 01 NULL O O  NUL N
56388 112256 1900-01-01 000000 2079-06-06 235000 14L 37570207 126778422 38  NULL 50 01 NULL O O  NULL N

e CJU EF=2 &4 HE
are NTAT  DSPIHRAPP DSPTHRTKO PCTMIND  IS_HELPAD
o b
o w
o w
oL N

08

AEDT OjA Qlojo] 28 XHE 9 &27|9| track data/operation data
l245l0d flight performance information / emission results 8 F&E5l= TH|
CIR2QI&L|CE. AEDT_KOREAxml € Eof HHEE Zalol sl % 1

=
FRoMe X|E/=27t AH FWSLICL

nd o e
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