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ATIP? Contents

Integrated Arrival/Departure/Surface

* Motivation
« Experiment set-up
« Three test runs with different taxi speed values
— Run 1: Initial decision trees (baseline)
— Run 2: Various taxi speeds by runway-spot-ramp area
— Run 3: Constant taxi speed for each runway
* Prediction performance comparison
— Spot/Off time for departures
— Off time in unimpeded taxi-out condition
— Spot/In time for arrivals

e Summary
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ATDP? Initial Taxi Speed Decision Trees

Integrated Arrival/Departure/Surface

« Taxi speed decision trees in STBO system

— Two decision trees for estimating taxi-out times of departures
and taxi-in times of arrivals

— Each branch has two taxi speed values both in AMA and Ramp

« Various taxi speed values for each branch
— Based on previous studies for taxi time analysis at CLT
— Four criteria applied
* Runway
e Spot
« Ramp area (subdivided sectors in each concourse)
» Weight class

— Used actual surface surveillance data at CLT in May through
December, 2015 and taxi route data

« 10" percentile taxi time values (90" percentile taxi speed)



AT? Motivation

Integrated Arrival/Departure/Surfa ce

« Research motivation

— Initial taxi speed decision trees have not been updated.
« Based on old surface surveillance data
* More reliable data from STBO systems become available.
— Taxi time prediction accuracy is not satisfactory.

« Large variations on the difference between actual and
predicted times

» Longer taxi time prediction even in unimpeded conditions
» Wrong takeoff sequence prediction (see the next slide)
* Objective
— To find optimal taxi speeds for better taxi time estimation



ATIP Inaccurate Off Time Estimation:

Integrated Arrival/Departure/Surface
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ATDP? Experiment Set-up

Integrated Arrival/Departure/Surface

« Experiment procedure

— Install STBO system software with different taxi speed
settings in three test machines
* Run 1: initial taxi speed decision trees (baseline)
* Run 2: various taxi speeds by runway-spot-ramp area pairs
* Run 3: constant taxi speed per runway
— Run them with live data for a few days
— Archive output data
» Actual Spot/Off/In times
« Undelayed Spot/Off/In times (unimpeded time estimates)

e Test run data
— 2/13/2017 2PM ~ 2/20/2017 1AM (155 hours in total)




ATIP Three Different Taxi Speed Settings

Integrated Arrival/Departure/Surface

* Run 1: initial taxi speed values (baseline)

— Use old surface surveillance data (5/1/2015-12/31/2015)
* Run 2: various taxi speed values by runway-spot-ramp

area pairs

— Use recent STBO data (9/18/2016-12/31/2016)

— 90" percentile taxi speeds in the Ramp and AMA for each

runway-spot-ramp area pair

— AMA taxi speed adjusted to avoid overtaking on taxiways
* Run 3: constant taxi speed values per runway

— Simplified version of Run 2

— Use recent STBO data (9/18/2016-12/31/2016)

— 90" percentile taxi speeds in the Ramp and AMA for each
runway
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Run 2: Various Taxi Speeds for Departures

Integrated Arrival/Departure/Surface

30

i : —=-Unimpeded Ramp Speed
- 72 branches depending on runway-spot-ramp area pair nimpeded Ramp Spee

_« Constant AMA taxi speeds per runway assumed to prevent —e—Unimpeded AMA Speed
flights toward the same runway from overtaking on taxiways

20
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Integrated Arrival/Departure/Surface

Run 3: Constant Taxi Speed per Runway@

« Departures: 90" percentile value of taxi-out speeds for
all departures going to each runway

 Arrivals: 90" percentile value of taxi-in speeds for all
arrivals from each runway

Departure | Taxi Speed (in knots) Arrival Taxi Speed (in knots)

18C 10.2 8.3 18C 17.2 10.5
18L 16.4 8.9 18L 13.9 8.5
36C 14.0 8.4 18R 18.3 10.2
36R 13.4 7.9 23 23.0 9.2
Default 13.6 8.3 36C 24.8 10.3

36L 18.9 10.7

36R 25.4 7.4

Default 20.6 9.6

13



ATIP Test Dataset Analysis — Departures @

Integrated Arrival/Departure/Surface

« Taxi-out time histograms

— Very short ramp taxi time from Concourse A to Runway
18C/36C

— Short AMA taxi time to Runway 18L
— Long AMA taxi time to Runway 36C

Ramp Taxi Time Distribution by Runway AMA Taxi Time Distribution by Runway
[ RER B s
[l 36R | [l z6R
10 [0 3sc 150 - [ 3sc
Il 1sc | [ REe
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g
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ATIP Test Dataset Analysis — Arrivals @

Integrated Arrival/Departure/Surface

e Taxi-in time histograms

— Shorter taxi times both in the Ramp and AMA, compared
to departures

— Longer taxi-in time from West due to longer taxi distance

Ramp Taxi Time Distribution AMA Taxi Time Distribution
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] ] . From East
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AT[B Spot Time Prediction Errors for Departures @’

Integrated Arrival/Departure/Surface

« Box plots for spot time difference at gate by concourse
— Show ramp taxi-out time prediction accuracy
* (Actual spot time) — (Undelayed spot time estimate) g ,,snpack
— Run 1: longer ramp taxi times predicted

» Negative values on y-axis for most flights
R1: Baseline R2: Various speeds R3: Constant speed

Spot Time Difference at Gate by Concourse Spot Time Difference at Gate by Concourse Spot Time Difference at Gate by Concourse
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ATP? Off Time Prediction Errors at Spot @’

Integrated Arrival/Departure/Surface

« Box plots for takeoff time difference at spot by runway

— Show AMA taxi-out time prediction accuracy
* (Actual off time) — (Undelayed off time estimate) gqpt

— Positive mean values are expected because runway
separations are accumulated in actual off times.

R1: Baseline R2: Various speeds R3: Constant speed

Off Time Difference at Spot by Runway Off Time Difference at Spot by Runway Off Time Difference at Spot by Runway
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ATP? Off Time Prediction Errors at Gate (1/2) @’

Integrated Arrival/Departure/Surface

« Box plots for takeoff time difference at gate by runway

— Show total taxi-out time prediction accuracy
* (Actual off time) — (Undelayed off time estimate) g,,snpack

— No significant difference by departure runway

R1: Baseline R2: Various speeds R3: Constant speed

Off Time Difference at Gate by Runway Off Time Difference at Gate by Runway Off Time Difference at Gate by Runway
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ATP? Off Time Prediction Errors at Gate (2/2) @’

Integrated Arrival/Departure/Surface

* Box plots for takeoff time difference at gate by concourse
— Show total taxi-out time prediction accuracy
* (Actual off time) — (Undelayed off time estimate) g,,snpack
— Large variations observed in Concourse A and Etc.

R1: Baseline R2: Various speeds R3: Constant speed
Off Time Difference at Gate by Concourse Off Time Difference at Gate by Concourse Off Time Difference at Gate by Concourse
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Departures by Queue Size @’

« Departure queue size histogram from test dataset
— Count the number of departures going to the same runway
on the surface when a flight pushes back from its gate
— Queue size less than 4 aircraft is assumed to be In

unimpeded taxi conditions.
» Enable to better compare actual and undelayed OFF times

Departure queue size from gate

Count( Outq )
I
]

5 10 15
outq
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ATP? Off Time Prediction Errors at Gate @’

Integrated Arrival/Departure/Surface

« Box plots for takeoff time difference at gate by runway
— Departures only in queue size < 4 (from gate to runway)
— Longer taxi-out times predicted in Run 1 (baseline)

R1: Baseline R2: Various speeds R3: Constant speed
Off Time Difference at Gate (out queue < 4) Off Time Difference at Gate (out queue < 4) Off Time Difference at Gate (out queue < 4)
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ATP? Off Time Prediction Errors at Spot

Integrated Arrival/Departure/Surface

&

« Box plots for takeoff time difference at spot by runway
— Departures only in queue size < 4 (from gate to runway)
— Better prediction accuracy in Run 2 and 3 for Runway 36R

R1: Baseline R2: Various speeds R3: Constant speed
Off Time Difference at Spot (out queue < 4) Off Time Difference at Spot (out queue < 4) Off Time Difference at Spot (out queue < 4)
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AT[! Spot Time Prediction Errors for Arrivals @’

Integrated Arrival/Departure/Surface

* Box plots for spot time difference when landing, grouped
by runway
— Show AMA taxi-in time prediction accuracy
* (Actual spot time) — (Undelayed spot time estimate) ganging
— Better prediction performance for arrivals than departures
R1: Baseline R2: Various speeds R3: Constant speed

@ot Time Difference when Landing by Runway Spot Time Difference when Landing by Runway Spot Time Difference when Landing by Runway
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ATIP? In Time Prediction Errors at Spot @’

Integrated Arrival/Departure/Surface

« Box plots for gate-in time difference at spot by concourse
— Show ramp taxi-in time prediction accuracy
* (Actual gate-in time) — (Undelayed gate-in time estimate) g,
— No significant difference between three runs
» Relatively poor performance for Concourse A

R1: Baseline R2: Various speeds R3: Constant speed
500 Gate-In Time Difference at Spot by Concourse 500 Gate-In Time Difference at Spot by Concourse 500 Gate-In Time Difference at Spot by Concourse
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ATIP In Time Prediction Errors When Landing (1/2) @’

Integrated Arrival/Departure/Surface

* Box plots for gate-in time difference when landing,
grouped by concourse

— Show total taxi-in time prediction accuracy
* (Actual gate-in time) — (Undelayed gate-in time estimate) ganging

R1: Baseline R2: Various speeds R3: Constant speed

Gate-In Time Difference when Landing by Concourse

|

Gate-In Time Difference when Landing by Concourse Gate-In Time Difference when Landing by Concourse

|

£
P
£

Time difference (seconds)
o

13

Time difference (seconds)
o
} I . |
Time difference (seconds)
o

3
|§IIII|IIII

T T T T T T T T T
D E Etc A B o D E Etc
Concourse

Concourse Concourse
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ATIP In Time Prediction Errors When Landing (2/2) @’

Integrated Arrival/Departure/Surface

* Box plots for gate-in time difference when landing,
grouped by runway

— Show total taxi-in time prediction accuracy
* (Actual gate-in time) — (Undelayed gate-in time estimate) ganging

R1: Baseline R2: Various speeds R3: Constant speed

Gate-In Time Difference when Landing by Runway Gate-In Time Difference when Landing by Runway

afahn | agliabn.

Gate-In Time Difference when Landing by Runway

tltody:
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£

Time difference (seconds)
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Time difference (seconds)
o
i 1 i

3

Time difference (seconds)
o

8

T T T T T T T T
18C  18L 18R 23 38C 36L 3BA 5
Runway

T T T T T T T T
18C  18L 18R 23 38C 36L 3BA 5
Runway

T T T T T T T T
18C  18L 18R 23 38C 36L 3BA 5
Runway
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ATL2

Integrated Arrival/Departure/Surface

Parking Gate
Arrival
ABL1975 5525~
MN12VU 5CA 2—

JIAGS 02 552FE— |

Departure

EJA315 3CA 22— |

AALLTES S59W—

1145462 5529—_|

AALIBGT 3525— 7|

JIA5 214 5591,

AALEZT 558

AAL1BO 55BN
J\A5437 S5O

ot sssw\
ETiIT04% s5c 1\

DN_BZS SSBW
JIA5293 552 BE
RPA4523 3331

At sc;u
N2 13CH 5GA
E|A593 sm\z
N?B?MKSCA_Z\ 25
__ A5 144 352 8E:

PCT Arrival
Flight Status
Ol
O
[O/Enreute_D...
[ Term_Are...
l

.

22:24:11 PGT Departure

l
[Dl Term_Are...
]
O
i

AL46E DISMF JOJJO B12—]

EOoROO
°

Actual sequence for Rwy 36C:
..., AAL1840, JIA5049, JIA5326,

[[——MFE2TS D:HAD |

AALG19 BS
[[—aAAL1966 D11

[F——A4Le43 BLO
[[—lA5405 E12

744 BT
[ —AALL716 B1L

[[—A4L1692 B14

By

= awi4182 DICAE )

| ——1£5377 D:cHs K|
.

| = Is121D:Gs0 o

—EJA3 15 UK

—AALTFOL DoMLA |
—MNZB3BADBOS B
—EDW4051 D¢JFK

PDT4908 D:LvH
/PDT4B42 E35A
JIAS 462 E23
/JIA5361 D:PHF BA

< JI4512 1 D:SAV ICONS ES
—AML1BE7 C11
AAL1E90 C17
- Jla5243 DMYR KWEEN E11
[ AAL1379 D:PHL KILMNS B4
—AML1EEZ B
L4362 DiILM LILLS E26

oot

Current time:

HOHFIF L7500
Jale:

ARLLIFE0 AZZO
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JIA5226 CRJ7
FITTY

FDT4E1% UeE
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POT4798 DHaEC
KOTiz62 crl
LILLS By
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A4 )2

i A

ICORNS z

JIA5 429 CRJ7
Jojo

22:24;

T Tl —

Estimated sequence for Rwy 36C
...,AAL1840 JIA5049 JIA5326

—AALlBSl c2

F AML9252 DIDCA KILNS UMK

——AALLE4E C14

——DCM 1046 DIORF BARMY UMK
—JIA5 537 E22

/JIA5286 D 1AD KILMS ELS

RWT 2305
I AL

22:24:11

RWY 18LJ36R

————

—AALLE2S

Taxiing_AMA
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1593 B TR S b5
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145049 CRIS
oo
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+

RP 4452
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< STBO Client Timeline and Map >

Runweay
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[F——Ad4l463 C15
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o e
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AT? Summary

Integrated Arrival/Departure/Surface

* Three different taxi speed settings were tested to obtain
the better taxi time prediction.
« Test results showed that

— The best prediction performance was obtained when using
constant taxi speed for each runway (Run 3).

— Arrivals showed the better prediction accuracy, but there
was no significant difference between three runs.

« We still have much room to improve the prediction for:
— Ramp taxi-out time for non-AAL flights
— AMA taxi-out time with congestion factor in runway gueues
— Ramp taxi-in time for Concourse A
— AMA taxi-in time from West (Runway 18C/18R/36L)
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