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Objective

e Open data

e Operational performance in all flight phases

o takeoff, initial climb, climb, cruise, descent, final Table 1: Performance model parameters
Flight phase Performance parameters

Takeoff V&O,fs dto!’a dtof

approach, landing

® Direct performance parameters Initial Climb  Vius ic, Viic
o  Speed, vertical rate, distance, etc Climb  Riop.cts Veas,ct, Met, Heas.ely Hmach.ety Vi,pre-casiels Vh,cas,el,
Vh,mach,ci

e Hidden Performance Parameters Criile R Roawors Bove g Miee Moy

o  Different speed and vertical rate under constant Descent  Riopde; Mae; Veasdes Hmachets Heascls  Vhmach,des
CAS/M h fl Vh,cns,dea Vh,past-m,de
ach profile .
P Final Approach  Veas,fa, Vi, fa
e As many aircraft types as possible Landing  Vipp, dyrk, Gori

e Used for kinematic modeling

e Results are reproducible and open-source
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Why another model ?

Open data, open models.
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Background (Open-source application)

Bluesky - The open-source air traffic simulator
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Background (pata)

Large amount of air traffic data from ADS-B

Number of flights tracked per day (UTC time), last 30 days

Click and drag in the plat area to zoom in
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Background (ool

pyModeS - the Python ADS-B and Enhanced Mode-S decoder

https://github.com/junzis/pyModeS
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Background (ool

Well designed, automatic, flight phase extraction tools
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Background (Open wind data / model)
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Background (Statistical model)

Parametric / non-parametric analysis

['norm/; u, o] for x ~ N
{";ba Ymin, Ymaz *pdf} *pdf = < ["[gamma’, a,p, k] for x ~T
beta’, i, B, p, k]  for x ~ B
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How 1s 1t constructed ?

Flight phase and statistics.
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Terms and definitions

e Optimal, minimum, and maximum value

e Confidence intervals
o  80% for most of the velocity parameters,
o  98% for range parameters
o 90% for other parameters.
e Distributions
o  Normal distribution (prefered)
o Gamma distribution

o  Beta distribution
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Takeoff

e Approximate the takeoff moment

e Parameters {hi, Vm1 }

o Takeoff distance

o  Liftoff speed {Vo, @}

o Mean ground acceleration t trof t1
Takeoff dist. (km) _ Liftoff speed (m/s) _ Mean accelaration (m/s?)
m 3 /NOJC
| 1.08 1.68 228 70.4 85.3 96.9 | 1.40  1.95 2.28

e Aircraft: Airbus A320
TUDelft




Initial climb

e To altitude 1500 ft

e Parameters
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o Speed

o Vertical speed

Mean airspeed (m/s)

7 .
h,ic

70

81 92

Std. of airspeed (m/s)

Mean vertical rate (m/s)

/[\ic

8.72

Std. of vertival rate (m/s)

12.78 15.72

Std. at each flight ->

77

1
Visldic

5.13

(

.60

1['7(;1::,3,sta!g',c

0.50

5.40
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Climb

Identification of constant CAS/Mach profiles

Const. CAS

(‘,\'\ﬁ\b
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Climb

Identification of constant CAS/Mach profiles

GS
Wind 2
: — L4
Model Mach | Fit: fmach(t) > ymach fmach(t) _ k1 (t tmach) + Ymach > lmach (18)
l Ymach = bmach
A8 Validator _ —=Kay (t - tca8)2 + Yeas T < teas
Feasl) = (19)
, Yeas tcas S t S tmach
CAS | Fit: fcas(t) > ycas
| ‘
teas CAS/Mach
2
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Climb

Parameters

e Speeds
o CAS
o Mach

e Vertical rates
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o At different parts

Transition altitude

Range of climb

Constant CAS (m/s)

Constant Mach (-)

I
1 cas,cl

M

136 165 170
Mean RoC, est.-Mach (m/s)

0.68 0.77 0.86
Mean RoC, cst.-CAS (m/s)

NI

3.87 5.44 7.32

566 8.60 11.65

Trans. alt. cst.-CAS (km)
H cas.cl

Climb range (km)

/l\%d

169 246 391

Trans. alt. cst.-Mach (km)

/wd

5.4 7.8 9.7
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Cruise

e Parameters
o  Operational and maximum cruise speed
o  Operational and maximum cruise altitude
o  Cruise range

100°FE 105°E 110°E 115°E 120°F

30°N 30°N
Mean cruise CAS (m/s) Mean cruise Mach (-)
25°N 25°N 1!;'03.."7' fﬂ'Im'
20°N 20°N 81 7 134 151 0.71 0.78 0.86
Mean cruise altitude (km) Cruise range (km)
15°N 15°N T T ' H,,. I[KH i
NS o 100 109 118 473 3819

IOdOE 105°F 110°E 115°FE 120°F
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Descent

Identification of constant Mach/CAS profiles

Top of descent

N

I
I
|
1

Const. : Const.

Mach ||CAS
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Final Approach
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Descent

Identification of constant CAS/Mach profiles

GS
Wind
Model Mach | Fit: fmach(t) —>| ymach f ( ) Ymach t < tmach (21)
n(t) =
Tis mae _kl : (t - tmach) + Ymach t 2 tmach
Validator f (t) o _kZ ) (t - tcas)2 1 Yeas t S tcas (22)
CAS | Fit: fcas(t) > ycas cas - Yeas tons S 0< Giach
l {
teas CAS/Mach
2
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Descent

Parameters

e Speeds
o CAS
o Mach

Vertical rates

Transition altitude

Range of descent

3
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Constant Mach (-)

Constant CAS (m/s)

My,

»
1 ‘cas,de

0.67 0.77 0.86

Mean RoD, cst.-Mach (m/s)

132 150 168

Mean RoD, cst.-CAS (m/s)

T
"rh ,casde

111

I.’}i Jmach.de

_llh

-13.03 -7.561 -1.98

Trans. alt. cst.-Mach (km)

-14.36 -9.73 -5.10

Trans. alt. est.-CAS (km)

A“hl N
6.6 9.4 10.6 25 5.3 8.2

Descent range (km)

/KR“%&I

181 424




Final approach

e From altitude 1500 ft Mean airspeed (m/s) Mean vertical rate (m/s)

_3.54 I?:.fu

v
]'f'rm.fu

e Parameters

o Speed
59 69 80 -4.17 -2.90
o Vertical speed
Std. of airspeed (m/s) Std. of vertival rate (m/s)
.‘j;'(l.“ S i - I!? SLC i
78 Jstd. f 51 h,std. f
Std. at each flight ->
0.47 6.44 0.25 1.40
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Landing

e Parameters
o Landing distance
o  Approach speed

o Mean ground deceleration

Breaking distance (km)

Nﬂr

0.63 3.30

3
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Approach speed (m/5s)

|

a pp

Mean breaking ace. (1m/s?)

55.8

68.1 77.3

/Nm-k

-1.91 -1.18 -0.44
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Results

Open sourced
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Performance Database

Phase Param Unit A319 A320 A321 A332 A333 A343 A388 BT737 B738 B739 B744 B752 B763 B77W B788 B789 EI90

TO vy mfs 808 853 896 912 915 863 881 813 852 907 919 888 927 982 898 956 870
diof km 162 168 1.84 201 205 227 251 159 175 204 231 172 182 224 216 252 181
Qraf m/s? 183 195 195 175 173 137 131 171 177 181 1.64 185 189 187 156 160 179
Vhic m/s 77 81 85 85 88 82 87 78 85 % 91 86 88 97 87 91 7
Veas ic m/s 1212 12.78 13.20 1235 12.19 6.74 5.84 11.62 11.90 12.15 9.52 12.93 14.09 1295 1040 1050 11.20

CL  Riopel km 214 246 244 282 291 290 297 209 222 243 232 227 208 221 278 274 226
Veas el mfs 150 155 156 156 158 158 167 150 153 157 171 160 161 170 162 168 143
My - 077 077 077 080 079 078 083 077 078 078 084 080 0.80 084 084 084 075
;. km 48 48 50 51 49 50 51 50 54 52 58 53 58 58 55 55 44

Homach,el km 81 78 74 82 78 74 77 82 83 17171 76 78 78 79 85 80 85

Vh,precas,et mfs 1127 1032 950 971 894 7.15 817 11.90 11.06 1042 8.87 1044 1047 945 969 932 1064
Vh,cos,cl m/s 10.14 860 7.89 802 7.65 693 7.19 1144 996 876 872 891 9.86 880 849 8.19 927
Vi,mach,et ~mfs 654 544 535 504 493 440 545 721 644 574 665 638 7.8 623 610 599 513

CR  Rmaz,er km 3613 3819 4065 10622 8773 13263 13928 4485 4417 4404 12083 6528 10531 14839 11338 13685 2380

Veas,er m/s 129 134 141 133 135 140 139 122 130 139 149 134 140 152 135 140 131
Veas,maz,er mfs 135 144 151 148 150 160 160 130 142 150 169 147 158 173 153 159 139
Meyr - 077 078 078 082 082 082 085 077 078 079 085 080 081 085 085 08 078
Mnaz,er - 088 086 0.88 08 088 08 091 087 086 088 092 088 090 091 092 092 088
H., km 115 109 104 120 115 110 116 1.7 112 105 108 112 108 105 120 116 110
Hmaaz,er km 114 111 106 120 118 [16 121 119 114 107 113 114 112 110 123 120 112
DE  Riopde km 239 234 239 285 204 282 321 254 249 247 264 255 245 262 298 304 242
Mge - 076 0.77 077 080 081 080 082 077 076 076 081 077 079 082 082 083 075
Veas,de mfs 148 150 151 153 152 154 155 147 147 149 152 151 153 157 154 156 147
Heas,de km 95 94 87 101 95 93 1.1 98 97 94 98 90 91 91 104 103 B89

Hpaenge km 51 53 59 55 58 55 58 54 55 61 61 60 63 61 65 64 50
Vieasde ~ m/s -581 630 -546 -7.51 -6.00 -632 -7.25 -696 -7.39 -6.16 -589 -6.16 6.63 -657 -8.12 -7.77 -690
Viemachde m/s -9.59 973 914 -912 -8.65 -9.17 -821 -903 971 -881 -897 -931 -9.66 -9.12 -934 -892 -9.19
Vi postcas.de Mf8 -579 -5.88 -5.80 -543 -553 538 522 571 -603 -573 607 -589 -600 -604 -588 -587 -5.77

FA  Veus,fa mfs 64 6 72 70 7 7 71 68 75 76 718 68 75 77 74 76 68
Vi, fa mfs -342 -3.54 -368 -361 -3.63 -3.64 -3.65 -3.57 -382 -3.92 -3.89 -342 -373 -398 -3.89 -4.08 -3.57

LD Vagp mfs 622 681 699 689 721 708 68.1 661 735 747 773 658 730 755 706 744 647
dypk km 166 120 176 166 163 171 225 222 138 164 192 126 160 162 211 251 190
@bk m/s? -077 -1.07 -1.04 -1.08 -1.11 -1.03 -094 -0.76 -1.32 -1.23 -1.14 -098 -1.05 -1.26 -1.03 -1.02 -094
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Performance Database

https://github.com/junzis/ofe

phase param opt min max model pm

TO to_v_lof 85.3 70.4 96.9 beta 155851741.4|56.8|-190963643.3|190963797.1
TO to_d_tof 1.68 0.83 2.53 norm 1.68|0.36

TO to_acc_tof 1.95 1.40 2.28 beta 3521203.08|14.02|-252954.22|252957.10

IC ic va_avg 81 70 92 norm 81|7

IC ic_vh_avg 12.78 8.72 15.72 beta 49809564.57|35.98|-17724305.81]|17724331.04
CcL cl_d_range 246 169 391 gamma 119713

CL cl v _cas _const 155 136 170 beta 87780901|75|-119258618|119258875

CL cl_v_mach_const 0.77 0.68 0.86 norm 0.77]0.06

CL cl_h_cas_const 4.8 22 7.4 norm 4.8|1.3

€L cl_h_mach _const 7.8 5.4 9.7 beta 70.4|24.4]-10.5|24.4

CL cl_vh_avg_pre_cas 10.32 7.7 12.93 norm 10.32|1.58

cl cl vh avn cas canst RGN 556 11.65 norm R ANI1.85
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Discussions
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1. Comparison with BADA
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Difference in %
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2. Comparison with EuroControl aircraft performance database

17 parameters on 14 different aircraft
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3. CDA vs Non-CDA

Influence of performance parameter due to continuous descent approach
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4. Take-off moment

Locating the take-off moment, limitation in dataset.
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Conclusions

e Performance of 31 most common aircraft types
o 17 included in the paper
e Accurate models based on 1.7 million of flights
e Comparison with BADA and Eurocontrol database
e Open source database

e Future work to improve the number of aircraft types in the database
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Take away

e Best suit for kinematic ATM studies
e Flight envelop
o Optimal, minimum, and maximum value
e Stochastic simulation
o Parametric probability distribution functions

e [Future] kinetic performance model
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Thanks!
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