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Increase in Demand for Air Travel

The top 35 airports in the country are currently

predicted to experience a 75% increase in demand
by the year 2025.

Capacity of existing airports will need to be
increased to meet future demand
Based o nCapacity Ndeds A’'the National

Airspace Systemany of the top 35 airports are at or
nearing their limit on capacity (27 out of 35 dirports )

which will lead to an increase in congestion on runways

http:/ /www.aviationsystems.arc.nasa.gov/publications /2009 /AF2009186.pdf
FAA Aerospace Forecasts FY 2012-2032



Woays to Increase Capacity

1.

The most direct way to
increase capacity is by
adding more runways
This is not feasible due to
several factors such as

1. No real estate space

2. Insufficient capital

An alternative way to
increase capacity of
existing runways is to
reduce separation
between aircrafts

http://www.airnav.com/airport /KLGA
http:/ /www.airnav.com/airport /KSFO

SFO(San Francisco Int.)



Arrival /Landing Process
—

A The arrival event is when aircrafts are close to each other and are flying at high
speeds. This is when bottlenecks occur with the expected increase in capacity.

Join Glide Slope

Runway
occupancy i
time

Inter arrival
——Time

A hitp://catsr.ite.gmu.edu/pubs/Jeddi-JISE-V3N3.pdf



How Do we measure the Capacity of @
Runway?

Maximum Throughput Capacity(MTC)- | t 0SS a m«
of the capacity of a runway. It defines the average
movements(both arrival and departure) that can be
performed in an hour time.

Determining Factors :
No simultaneous runway occupancy(SRO)
Woake-vortex separation distance

ATC added buffer (positive means a gap, negative means
separation violation)

Fleet Mix (Heavy, Large, Medium and Small)

Final approach path distance



Runway Throughput Capacity for
Homogeneous Fleet Mix

The capacity of the runway to meet SRO (Simultaneous Runway

Occupancy) runway determined by ROT (runway occupancy
time)

MTC= 3600sec/ > R O Where i=1ton

SRO (Simultaneous runway occupancy)- an aircraft cannot land while another
aircraft is on the active runway.

ROT (Runway Occupancy Time)- is the length of time required for an arriving
aircraft to proceed from the runway threshold to a point clear of the runway

-
.

http:/ /catsr.ite.gmu.edu/SYST460 /RunwayCapacity Workbook.pdf




Runway Throughput Capacity for
Homogeneous Fleet Mix

The Runway Throughput for a runway, to meet only the Wake Vortex
Separation Rule, for a homogeneous fleet mix, is determined by the

time between arriving aircraft at the runway threshold, known as inter-
arrival time (1).

Trailing aircraft
MTC=360)0/ ( Xt leading 1H) 20 3M)  4(S)
aircraft I(H) 4 5 5 6
Where t,._ S; / \7 2(L) 25 25 25 4
S = 3(M) 25 25 25 4
4(S) 25 25 25 2.5
4 S.. .
<—L >

Vi

http:/ /catsr.ite.gmu.edu /SYST460 /RunwayCapacity Workbook.pdf



Runway Throughput Capacity for
Homogeneous Fleet Mix

For a homogeneous fleet mix to account for the ATC Separation Buffer for
maintaining Wake Vortex Separation Distance requirements is determined
by the separation distance plus the buffer distance.

MTC=3600/ (t;3+ b;)
b, = buffer time added to the Inter arrival time(IAT)

V. V.

d Sii + buffer dl

_ ) ”

http:/ /catsr.ite.gmu.edu/SYST460 /RunwayCapacity Workbook.pdf



Runway Throughput Capacity for Non-
Homogeneous Fleet Mix

Runway capacity for non-homogeneous fleet mix dependent on the probability of
the lead-follow pair. Fleet mix on the runway represented by the probability of
each aircraft arriving
To meet only the Simultaneous Runway Occupancy (SRO) rule, for a non-
homogeneous fleet mix,

MTC= 3600/ X [ROT]

x[ROT] =, (pi *ROT¥X
ROT (in sec)

Probability of the lead-follow (of Fleet Mix) !

J

http:/ /catsr.ite.gmu.edu/SYST460 /RunwayCapacity Workbook.pdf

10
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Runway Throughput Capacity for Non-
Homogeneous Fleet Mix

The Wake Vortex Separation Rule is determined
by:
The separation distance between the lead and the
follow
The groundspeed of the aircraft
The probability of a lead-follow pair

The inter-arrival time (1,) is represented by the
Inter-arrival Time Matrix T

http:/ /catsr.ite.gmu.edu /SYST460 /RunwayCapacity Workbook.pdf
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Runway Throughput Capacity for Non-
Homogeneous Fleet Mix

the Inter-Arrival Time Matrix T, is computed as follows:
E[T;] = =I; (pi *( Ti))
Where: r=length of the approach path

Tjj = sy/vj for compression case
Tj; = ((r + s3)/vj) — (r/ v; ) for separating case

Compression Case- When the lead aircraft is slower than the follow aircraft, the
follow aircraft will catch up

Separation Cases- When the lead aircraft is faster than the follow aircraft, the
follow aircraft drops back from the lead aircraft as they fly constant speed down
the approach path to the lead aircraft as they fly constant speed down the
approach path.

http:/ /catsr.ite.gmu.edu/SYST460 /RunwayCapacity Workbook.pdf
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Runway Related Safety Risk

Simultaneous Runway Occupancy (SRO)
Following aircraft reaches runway threshold before leading
aircrafts leads the runway

Precursor to collisions on a runway

Wake Vortex Encounter
Could lead to loss of control of following aircraft depending
on the strength of wake
Based on ICAQO standards, collisions should be on the
rate of 107to 10-°, since the scope of the project deals
with these violations, the acceptable rate should be a
couple of magnitudes below the collision rate (104 to

10-5)



Runway Occupancy Time (ROT) and

Inter Arrival Time (IAT)
—

0.05
. 0.04} L - | LTI ~ Log-normal ( 40; 4.1, 0.45) |

DTW, Detroit mean=019-04. std = 31, mode = 87
SRO was in [0.0021, - ROT ~ 0.62 Beta ([20,90], 11.2,26.3) |
0.0051 ] range of 5 ) +0.38 Beta ([ 30,110, 13.6,27.4)
95% confidence k 0.02} , . ;
interval with the mean : -
0.0034 0.01+ - ' b ' _ 4 ‘ -
Sample size: 6,832 landings 4

0 | — | A — - 1 1 | 1

0 20 40 60 80' 100 120 140 160 180
A P(SRO)= P(IAT) U P(ROT) Time (s)

A Current FAA runway safety regulation: No Simultaneous Runway Occupancy
(SRO) allowed

A A bigger overlap of IAT and ROT implies a bigger P{IAT(J<ROT}

A P{IAT(6<ROT} gets larger as separation buffer decreases

Jeddi, Babak G. A Statistical Analysis of the Aircraft Landing Pra@desg UK: Journal of Industrial and Systems
14 Engineering, Fall 2009. PDF.



Tradeoff between safety and
throughput

]
(b) Runway related safety
1 | 1
—_— I I I
g | | |
xU.QB————Jr————f————:
E | | |
1 I I |
% -+ 4 — = — —
o | | |
i I I I
" | | |
=094 -5 - == 9=
o | | |
(75 | I |
0.92 ! ' !
7 7.5 8 8.5 9 9.5 10 105

Arrivals per quarter hour

1 Runway related safety sacrificed as throughput
grows

Jeddi, Babak G. A Statistical Analysis of the Aircraft Landing Praiesg UK: Journal of

15 Industrial and Systems Engineering, Fall 2009. PDF.
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FAA efforts to increase capacity

Next Generation Air Transportation System (NextGen)

New national airspace system which will be implemented
across the US in stages between 2012 -2025. Proposes to
implement satellite-based system to improve air traffic
control system

Automatic dependent surveillance-broadcast(ADS-B)

Surveillance technology part of NextGen which allows the
precise position of an aircraft to be monitored using GPS

Allows aircraft to be sequenced precisely to avoid conflicts
and to be more closely spaced in the airport vicinity
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NextGen Implementation
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* The implementation of
NexGen technologies
allows for more precise
spocing between each
alreraft and reduces the
variance of the IAT and
ROT distributions

* With a decreassd
variances for the IAT and
ROT distribution, spacing
could be reduced 10
improve throughput while
still maintaining acceptable
probability of SRO

http:/ /www.faa.gov /news /fact_sheets/news_story.cfm2newsid=8145
http:/ /reason.org /files /389925092937 1844eecfb1be27675b08.pdf




Stakeholder Analysis
N

Primary Stakeholders Contribution to the terminal airspace ROQA system contribution

Rules and regulation to measure safety Maintaining level of safety

Safe takeoff and landing within the airport  Increase the level of safe movements on the

airspace runway

Monitoring safety(separation) Improve performance level

Owns the runways Increase aircraft movements (Increase profit)
Provide air transportation service ° Minimize delay

° Maximize Profit
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Problem Statement

The future utilization of runways to meet the growing
demand for air transportation has a risk which is a
probability of loss of safety.

NextGen plans to enable high density operations with
reduced separation (IAT) between successive flights
and reduced runway occupancy times (ROT)

Separation between flights and runway occupancy
will remain a stochastic process
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Need Statement

A tool is needed to monitor stochasticity of
arrival process (IAT, ROT, SRO, Wake Vortex
Encounters) and to show how changing

parameters (IAT, ROT) affect safety and
throughput
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Design Alternatives

Changing the ROT distribution by reducing its
standard deviation

Changing the IAT distribution variance by
reducing the ATC buffer standard deviation

Changing the IAT distribution mean by reducing
the ATC buffer mean

Changing both the IAT distribution mean and
variance
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ROQA Mission Requirements

The system shall have compatibility with airport surveillance devices
such as ASDE-X(AirporT Surface Detection Equipment) and AMASS(Airport Movement Area
Safety Sys'rem)

The system shall take inputs from surveillance data (IAT, ROT, Speed)

The system shall provide a report which would include the runway
related risk (% SRO + wake vortex encounters) and throughput
(arrivals per hour)

The system shall operate within 3-8 miles of runways (FAF)

Based on National Airspace System Requirements Specification (NAS-

SR-1000)

The system shall have a mean-time between failures (MTBF) of more than 2190
hours

The system shall be 99.9 % available 24 /7 under any weather conditions

The ROQA system shall not require more than 30 minutes mean time to repair
(MTTR)



ROQA System Design

FAA standards
and Regulations
(SRO and ATC
buffer)

Aircraft )
speed, ROT, Fleet Mix
IAT

i ]
T

N

Surveillance
data

~N_
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ROQA Implementation

FAA standards —F
| [

Aircraft
Fleet

- e e e -
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spee Mix 1
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[

ROT, IAT
A
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Runway Quality Assurance Report
=

FAA (ATO) The primary service of the Air ... \

Traffic Organization is to move ™ [

air traffic safely and efficiently . /
AN

e L 00 150 e 30 W) ue 4t

Airport Managers The main objective of the
+%Sep
Y%

airport manager is to ensure

i ST
the safe and efficient % # /hr
operation of the runway on a % #/he

daily basis

|
nr;l- /
AN

e i O 150 e 350 W) ue 4o
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Runway Quality Assurance Report

Objective Display

ATC supervisors Responsible for the HIES
coordination and L0065

facilitation of the
. Risk 1.00E-04
inbound movement s wenbine

Encounter)

of airplane 1003

L.00E-02

1.00E-01

Throughput (Aircrafts per hour)

Airline Operation Main objective is to |
. Throughput E¥F f\
Managers look after both air +%Sep 5 /\
traffic and ground % #/hr / \

operations control % #/hr - | /\
% #/hr 0! -

k 0 L2 150 »e 350 » ue 400

26
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ROQA prototype/Java Simulation

Purpose

Simulation of the approach and landing process to show how ROT and ATC buffers affect
the number of separation violations and SRO violations that occur on the runway

To find out which parameters impact spacing between aircrafts the most

To test different alternatives and compare it with historical data (such as DTW,
Detroit) in order to see the variation.

Boundaries/Scope

The system operates within FAF of runways

Model Assumptions

Single runway

Only Arrival process

Normal dist. ATC buffer, Airplane speed & ROT
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ROQA prototype/Java Simulation
Functions

Generate arrival Assign Approach
flights Speed, ROT, and Fly Planes

Sep. Distance

Calculate Throughput
& SRO/Sep Violations

Steps:
1. Generate a random string of arrival flights (H,L,M,S)

2. Assign an approach speed and ROT (normal dist. with average, std. dev. = 5)
to each flight (speed: S=90 knots, M=110 knots, L=130 knots, H=150 knots)
(ROT: S=50, M=55, L=60, H=70)

3. Assign separation distance between lead- follow pair of flights based on
Sep. Dist. Table due to wake vortex and include ATC buffer

4. OFlyd airplanes (generate trajector
decide if sep. violation and SRO violation occurred

5. Calculate throughput (planes per hour)



Simulation: Arrival Process

SFinql Aﬁﬁroqch Fixz
)

A Join Glide Slope
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Simulation Functions and Equations

Equations
Distance to Runway

Dist(t) = Dist(t-1) — (Ground Speed * Time)
Approach Speed to Ground Speed

Ground speed = cos(Glide Angle) x Approach Speed
NM/Hr to NM/Sec

NM/Sec = NM/Hr * .000278
Compression/Expansion Case

(3600*(RunwaylLen+followSep /followSpeed —
Runwaylen/leadSpeed))

H-HLSM L-LMS M-MS S-S
(3600*(followSep*1)/followSpeed)

Compression Time
Runwaylen * (followSpeed-leadSpeed) * 3600



Results (Change in Std.dev)

ATC Buffer

Mean(sec)

10

Mean(sec)

60

32

Std.dev(sec)

ROT

0
2.5
5
7.5

Std.dev(sec)
0
3
6

RESULTS

% (SRO+Wake vortex
encounter)

0
1.5¥10°°
1.7*¥10°3
1.8%104

% (SRO+ Wake vortex
encounter)

7¥10¢
1.1%¥10-
1.5%10°3

Throughput

34.56
34.43
34.47
34.63

Throughput

34.49
34.45
34.76



Sensitivity Analysis

Safety vs. Change in ATC Buffer Std
Safety vs. Change in ROT Std Deviation

Deviation
1.00E-06 1.00E-06
Acceptable safety
1.00E-05 1.00E-05
Safety Safety
(% SRO + (% SRO +
% Sep. % Sep. Violation)
Violation)
1.00E-04 3 < 1.00E-04 2
) 2.5 5 7.5 ) 3
1.00E-03 ! ! : 1.00E-03 !
Std Deviation of ROT (seconds)

Std Deviation of ATC Buffer (seconds)

A Increase in the standard deviation of the ATC buffer to 7.5 would lead to violation of

safety from the acceptable safety level
A The change in standard deviation for ROT did also affect safety, however not as

much as changing the standard deviation of the ATC buffer.
33



Results (Change in Mean)

RESULTS
ATC B Uffe r %(SRO +Sep Violation) Throughput
Mean(sec) Std.dev(sec)
2.5 6.7%1072 39.43
5 5%103 38.56
7.5 > 6*10-4 37.02
10 1.7%10° 34.43
12.5 0 33.30

34



Sensitivity Analysis
—

Safety vs. Throughput

1.00E-06 A
Mean ATC Buffer=12.5

1.00E-05
Mean ATC Buffer = 10

Sufefy 1.00E-04
(% SRO + Wake Turbulence

E t
ncounter) Mean ATC Buffer = 7.5 X

1.00E-03

Mean ATC Buffer = 5

1.00E-02

32 Throughput (Aircrafts per hour) 3.7 Mean ATC Buffer = 2.5 @

1.00E-01

A Decreasing the mean to 7.5, 5 and 2.5 showed a big
change as the capacity was increased but safety was
sacrificed. Decreasing the mean to 2.5 decreased the
safety level to well below the acceptable rate of 104,

35



Verification

1.00E-06

1.00E-05

Safety 1.00E-04
(% SRO + Wake Turbulence

36

The ROQA simulation and a study done by CATSR have shown
that there is an inverse relationship of throughput and safety.
The results differ in the way they were obtained. ROQA
simulation measured SRO and Wake vortex encounters.

Safetv VS. ThrOUghPUt (b) Runway related safety

-

I I — \ f f
Mean ATC Buffer=12.5 — | | | | | |
— ~—
Sogs L 4‘ : : - L JI,
Mean ATC Buffer =10 < o=y 7*7*‘77*‘****I****f**\i\k***I****
~ | | I | I I
— | | | | | |
0%+ - — = — === — == — = — = — + — — — —
e [ | I [ I
Mean ATC Buffer = 7.5 '} - | | 1 | 1 1
u | | | I | |
] Il e ol i M
Mean ATC Buffer=5 # = | | | | | | \
w | | I | I I
092 | b | | t t
32 37
. Mean ATC Buffer = 2.5 7 7.5 8 . 8.5 9 9.5 10 10.5
Throughput (Aircrafts per hour) Arrivals per quarter hour

Jeddi, Babak G. A Statistical Analysis of the Aircraft Landing Praiesg UK:
Journal of Industrial and Systems Engineering, Fall 2009. PDF.



Results (Change in Mean and StdDev

of ATC Buffer)

ATC Buffer
Mean(sec) Std.dev(sec)
2.5
5
7 5 2.5
10
12.5

37

RESULTS

%(SRO +Sep Violation)

3.4*10-4

8*10-

4*105

2*10-3

Throughput

39.62

37.89

36.74

34.75

32.87



Current Technology - Safety vs. Throughput (ATC Buffer Std dev 5)

1.00E-06

1.00E-05

Mean ATC Buffer>r\25\

Safety 1.00E-04
(% SRO + Wake Turbulence

Mean ATC Buffer =10 @

Mean ATC Buffer = 7.

Expon. (TrendLine)

Encounter)
1.00E-03
=== Linear (Acceptable
Mean ATC Buffer [ | Safety)
1.00E-02
32 37 = 1.6706x
. Mean ATC Buffer = 2.5 [l y = 1E-30e
1.00E-O1 Throughput (Aircrafts per hour) R? = 0.9853
NextGen - Safety vs. Throughput (ATC Buffer Std dev 2.5)
1.00E-06 L
Medn ATC Buffer}l%ﬁ\
1.00E-05
Mean ATC Buffer = 10 B Trendline

Safety 1.00E-04
(% SRO + Wake Turbulence

Encounter) Mean ATC Buffer = 20
1.00E-03
1.00E-02
32 37
1.00E-01 Throughput (Aircrafts perI hour)
38 A Reduction in the ATC Buffer Stddev from 5 to 2.5 reduced the

Mean ATC Buffer = 7.5

rate of runway risk as the ATC buffer mean was increased

Acceptable Safety

Expon. (TrendLine)

=== linear (Acceptable
Safety)

y = QFE-1 8e0.7907x
R2 = 0.9339
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Conclusions

ATC buffer mean affects throughput and SRO/ WV encounters

Throughput is not affected by standard deviation of ATC buffer or ROT
(within range examined)

SRO & Separation decreases as standard deviation decreases
IAT dominates capacity (IAT > ROT)
To reduce variance, we need NextGen ADS-B

To reduce mean, we need new separation standards or new ATC buffer-
This is a change in procedures (no technology required)

The only way to increase capacity while maintaining proper safety is to
reduce the

variance of IAT and ROT first, then reduce the mean of IAT.



Conclusions
N

ROT vs. IAT
0.045 1 ROT
—_— T
0.04 1 - ROTMaxGan
0035 — o AT Max Tan
005
0.025 1
0.02 -
0.015 1
0.01
0,005 |
0 : .
0 50 200

To increase capacity
1. Reduce ATC buffer and ROT variance (ADS-B)
2. Reduce ATC buffer mean
40
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Future work

Increase the number of simulation runs to get o
more accurate safety level when changing
parameters

Add a runway class so we could have multiple
runways that intersect or are parallel to represent
busier airports like ATL

Study other airport fleet mixes & runway approach
paths to see how changing those variables changes
the safety level
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ROT vs. IAT
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Simulation: Class Diagram

Aircraft

Driver

trajArray4Lead:Arraylist()
trajArray4Follow:ArrayList()
lead:Aircraft
follow:Aircraft
current:Aircraft
numAircraft:double
airType:String
comp:double

exp:double

atcBuffer:int

ntype:double
type,speed,rot,sep:Random

type:String
speed:int
rot:int
sep:double
iat:double
next:Aircraft
prev:Aircraft
Trajectory:t

Trajectory

getNext():Aircraft
setNext(Aircraft):void
getPrev():Aircraft
setPrev(Aircraft):void
setSep(double):void
setlAT(double):void

altitude:double = 1584
dist2run:double = 6
glideAngle:int = 3
time:int = O

speed:int

t = ArrayList(100)

app2grd(int):double
k2nmps(double):double

main() fly(int):ArrayList getTraj():ArrayList
Creates a linked list on n# \ \
aircrafts and then compares Creates an aircraft with a type . .
Trajectory between lead /follow (“H”,”L”, "M, "") AT EIETE) AR RIeE i

Aircraft to determine if sep
violation or SRO has occurred

runway occupancy time (sec)

runway threshold
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Agenda

Background
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Project Plan and Budget






Schedule

T

| september 1

[Movember 1 |lanuary 1

| March 1 [May 1
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Task Task Name - |Duration Start - |Finish - |Predecessors
Mode

5o | = ICAQ and FAA Regul: 17 days Thu 8/30/12  Tue9/25/12

60 & = Airport Operations Is days Mon 9/24/12  Wed 10/3/12

61 | = Statistics 6 days Mon 10/1/12 Mon 10/8/12

62 - Separation & wake v 11 days Thu 10/4/12  Thu10/18/12

63 = Airport Operations 8 days Thu 10/4/12  Mon 10/15/12

64 B T Airport Env.(ATL) 3.2 days Wed 10/17/12 Mon 10/22/12

55 | = Runway Incursions 4 days Thu9/20/12 'Wed9/26/12

66 " = Runway capacity 3 days Mon 10/22/12 Wed 10/24/12

&7 + = Design 46 days Mon 10/15/12 Mon 12/17/12

68 - Mission Reguiremen 21 days Mon 10/15/12 Tue 11/13/12

69 o Alternatives & days Tue 10/30/12 'Wed 11/7/12 384

70 + Derived Requiremen 9.57 days  Tue 11/13/12 Tue11/27/12 68

71 o = Modeling 122days  Tue10/9/12 Wed 3/27/13

72 |E = Pilot-ATC loop 4 days Wed 10/10/12 Tue 10/16/12 63

73 < Arrival Process 32 days Sun 12/9/12 Tue1/29/13 59,63,66

74 o ROQA-Prototype 19 days Fri 3/1/13 Wed 3/27/13

75 = = Analysis 133.31days Tue9/11f12  Fri3/15/13

76 < Trade-Off 10.31days  Fri3f1/13 Fri 3/15/13 73

77 + = Arrival Process 41.5days  Mon12/10/12 Tue 2/5/13

78 o ROT 5 days Tue9/25/12 Tuel0/2/12 59

79 < SRO 1day Mon 12/10/12 Mon 12/10/12 59

B0 o AT 9.24days  Tue12/25/12 Mon1/7/13  53,65,66,64

81 o = Context Analysis 74 days Tue9/11/12  Fri12/21/12

B2 " = Problem Statemer 2.1 days Thu9/20/12 Tued/25/12 57

) ﬁT‘ + Meed Statement (1.7 davs Thu9/27/12  Thuln/a/12 57 ,

8/s | 9/2 [ 9/30 [10/28]11/25[12/23] 1/20 | 2/17 | 3/17 | 414 | 5/12 |
| : :

0 days

¢

© 126 days

118 days

=

42.8 days

60 days

P8.69 days
14.37 days

| 1
—

56 days

—-ﬂ 12.69 days

Bl . 12.69 days

89.7 days
40.5 days
20,95 days



Budget (Earned Value and Planed Value )

Task Name

ROQA
Management
Research
Design
Analysis
Final Report

48

Planned Value - PVEarned Value - EV

(BCWS) (BCWP)
$70,008 $64,769
$15,649 $13,206
$27,949 $27,949
$1,944 $1,944
$19,842 $17,047
$4,622 $4,622



Earned value(cont.)
.

Earned Value Over Time Report
@wtmoEarned Value @@ Planned Value
80000
70000
60000 -
50000
% 40000
(O]
30000
20000
10000
0
Week 1 | Week 2 | Week 3 | Week 4 | Week 5 | Week 6 | Week 7 | Week 8 | Week 9 |Week 10|Week11
Q3 Q4 Q1
2012 2013
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CPI and SPI

1.05

0.95
0.9
0.85
0.8

0.75

50

/ w0 CPI

/ ~—SPI

1 2 3 4 5 6

Activities
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Project Risk

Risk: Not getting simulation completed(coding) by the
due date

Encountering difficulties processing arrival data

Coding and debugging simulation
Contingency plan: Allocate more time for completing
simulation by due date

Risk — Not getting enough time to run simulation to
1076
Contingency Plan: Use multiple computers to get the
desired number of runs.



ATC Manager Display

]
1.00E-06
1.00E-05 i while
throughput is not T
i ized maintaining
Risk  1.00E-04
(% SRO + Wake Turbulence
Encounter) Undesired
1.00E-03
1.00e-02
1.00e-01

Throughput [Aircrafts per hour)
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Gap (Demand vs Safety)
—

Demand vs Safety
300

250

Safety / ¢ — Gap

100 Current
standards
50 T T T T 1
2,250,000 2,350,000 2,450,000 2,550,000 2,650,000 2,750,000

Demand (Departures)
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Compare Trajectories (Large /Large)
-

Lead: Ground Speed = 130, ROT = 60sec Follow: Ground Speed = 130, ROT = 60sec

Runway Runway
0 6 0 6

1 5.97 1 5.97
3.93 2 5.93
5.89 3 5.89
/75 2.97 75 2.97
76 2.94 76 2.94
140 .05 140 05
141 .00 141 00
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Arrival Trajectories (Large/Large)
S

1 Arrival Event

Arrival Event occurs at
time (t) —t in sec

t - Arrival time
ROT — runway occupancy time

Generate s,— separation time between aircraft
occupancy (required by the FAA )
time=time t +

ROT

LP (t) - the number of aircrafts in waiting
to land

LS (t) —the number of aircrafts on the

runway
Increase LP (1)

A - Arrival event to runway

Generate Separation Collect data and start

Timet + S arrival process again
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ASDE_X block diagram

ASDE-X SPECIFICATION AUGUST 27.2009
FAA-E-2942 VERSION 6.0 PRELIMINARY
Surveillance / Semsor User Interfaces
Data Sources Data/Integration
Termina Pasition (f
apyNiad i)
Arrrvad EDpht 1)
N face Pusinion
Posivion and ID
GPS Pasition asd 1D

Figure 1- ASDE-X Functional Block Diagram
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ATC




Runway Incursions
—

Figure 4:
Distribution Across Runway
Incursion Type (FY 2009)

Incursion type

o1 Operational Errors on (OE/D)

o1 Action of an air traffic controller that
results in less than required minimum
separation between two or between
two or more aircraft

o1 Pilot Deviations (PD)

o Action of a pilot that violates any
Federal Aviation Regulation

71 Vehicle /Pedestrian Deviation (V/PD

o Pedestrian or vehicles entering any
portion of the airport movement area
without authorization

Only consider Operational Errors
and Pilot Deviations
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Pilot — ATC interaction
Arrival process

Pilot-Controller Communication Loop:
The Confirmation/Correction Process

¢ NCCloamnce >

Acingeiotys T
4!
N
T Liston
,//;-.lon:rda' - ——
\M‘:nd) ( Plots O\
e ._Asadback _/
LEmon el

Transmt

iy

ATC = Alr traffic cantrol

Eourca: Figit Salety Foundation Appeoach-and-landing Accicant
Rodaction (ALAR) Task Forco

0 M5 TIF 4D

Figure 3. A Buffer Spacing Added by ATC j to
the MS

ATC will provide the pilot on an IFR
clearance with separation from other
IFR traffic. This separation is
provided:

1. Vertically—by assignment of
different altitudes.

2. Longitudinally—Dby controlling
time separation between aircraft on
the same course.

3. Laterally—by assignment of
different flight paths.

4. By radar—including all of the
above.

There is delay because transmissions
are not instant

A buffer space is added to make up
for this = loss in capacity
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Wake Vortex

Vortex that forms behind an aircrafts wings as it
passes through the air

Caused by the air pressure at the top of the wing
and at the bottom of the wing meeting at the tip
which forms a vortex effect




Runway Separation Violation

Simulation
I

1 How often do airplane violations occur?
2 1000 ft
o 500 ft
2 100 ft
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Wake Vortex Separation Minima

1 Separation

The circulation strength and
duration of the wake vortex
largely depends on the size of
the leading and following

aircraft

Larger aircrafts produce strongg

vortices

Separation between aircraft
depends on the size of the
leading and trailing aircraft

1 Decay

Factors

Atmospheric turbulence
Viscous interactions
Buoyancy

Vortex Instability

The table above shows the minimum separation based on the size
of the aircraft


http://www.faa.gov/air_traffic/nas_redesign/regional_guidance/eastern_reg/nynjphl_redesign/documentation/dei_statement/vol_2/media/fig_1_04_AircraftSeparation.pdf
http://www.faa.gov/air_traffic/nas_redesign/regional_guidance/eastern_reg/nynjphl_redesign/documentation/dei_statement/vol_2/media/fig_1_04_AircraftSeparation.pdf
http://www.faa.gov/air_traffic/nas_redesign/regional_guidance/eastern_reg/nynjphl_redesign/documentation/dei_statement/vol_2/media/fig_1_04_AircraftSeparation.pdf
http://www.faa.gov/training_testing/training/media/wake/04SEC2.PDF
http://catsr.ite.gmu.edu/pubs/DASC06_Jeddi_Header.pdf
http://catsr.ite.gmu.edu/pubs/DASC06_Jeddi_Header.pdf
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Who benefits from ROQAZ?

FAA

ATO( Air traffic Organization)---safety

Office of Airport Safety and Standards —airport safety
Airports

capacity on the runway

Improved Runway and Safety design to reduce ROT
based on the out put from the system

Airlines

Increase capacity is an increase in revenue



Stakeholder Interactions with ROQA

A FAA

A ATO(Air Traffic Organization )

A (ASO)Federal Aviation Safety
Officer

\ A Office of safety and standards

ATC AIRPORT

p\-

A\

control Provide the service of

Regulations to

movements on the landing and takeoff

keep the runway

runway safe

Enable to increase
aircraft movements o
the runway

Primary users
of the runway

Airlines
(Flight
operations)

Use the runway

Work for the airlines
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FAA Money Flow

Aviation
Manage aircraft at

the highest levels
over the U.S. and
far out into the
Atlantic and Pacific

En Route and oceans

Oceanic Services

taxes

Congress

Provides a safe, secure
and efficient customer-

System Operations focused air

Services transportation system

Air Traffic
Organization(ATO)

Supports the delivery
and efficient flight
services to customers

Secure and éfficient air _
traffic management Deployment O f Ter IIT'II

services and — automation, surveillance
aeronavtical Safety and Technical and facilities projects

information Training

Safety on the runway
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FAA Operations
N

Provide safe and effective

lifecycle management of
the NAS

Terminal Services ATC Facilities

Air Traffic

Organization(ATO)
Safety & Operations
Federal Aviation Support
Safety Officer (ASO)

Safety and Technical
Training

Safety on the runway

Office of Airport Safety
and Standards

Primary responsibility for all airport
program matters related to standards
for airport design, construction,

68 maintenance, operations, safety

Source: faa.gov
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ASDE-X Data

Airport Surface Detection Equipment, Model X
Runway-safety tool that is used by ATC

Uses surface movement radar and multilateration
sensors to track movement of aircraft on and within
30 to 40 miles of an airport [9]

Obtains identification information of aircraft using
transponders

Updates every second



Prototype Design
N

Scheduled Arrival

FUDIE p—————i
s P e T
ATC Buffer wsimeeram. .| B = Risk (prob. Of
F& Savasme s | L‘t\\qn\ accident)
IAT 5 - \'\i::
ATC Pilot Loop i comt ---'-'Eﬁ""“ <= Flights per hour
r-_J'T-—j

— ROT 3| =
é "

iia
L :?
i
l -
-
3‘5....'
.

http: / /thumbnail.craftkeys.com /t/336x280/d528ab3c018af1aé074e43d6b3a3a0431fcbaf
.jpgeuri=semmo.net



http://thumbnail.craftkeys.com/t/336x280/d528ab3c018af1a6074e43d6b3a3a0431fcbaf53.jpg?uri=semmo.net
http://thumbnail.craftkeys.com/t/336x280/d528ab3c018af1a6074e43d6b3a3a0431fcbaf53.jpg?uri=semmo.net

Pilot-ATC control loop

L1 i

1

Step Transport Gain Transfer Fon
Delay

e -

5

Integrator

Scope

Gain1 \

A Represents the response time delay
between the pilot and ATC interactions
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Earned value

Planned Value - PV Earned Value - EV

72

CPIl —cost performance index

EAC- estimate at completion

Task Name (BCWS) (BCWP) CPI BAC EAC

ROQA $48,528.45 $38,707.46 0.98 $133,973.25 $136,119.36
Management $5,566.25 $5,566.25 0.87 $14,849.50 $16,983.72
Research $30,703.53 $25,426.89 1 $30,703.53 $30,703.59
Design $1,891.50 $676.80 1 $14,144.00 $14,144.00
Modeling $1,091.53 $911.53 1.25 $37,811.53 $30,344.84
Analysis $6,755.65 $3,606.00 1 $31,842.70 $31,842.70
Final Report $2,520.00 $2,520.00 1 $4,622.00 $4,622.00
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Problem Statement

The |IAT of an aircraft to a runway is currently measured as
discrete event but it needs to be measured as a stochastic
distribution. The FAA has employed measures to reduce
runway incursions but as of right now there are no statistical
methods that properly measure the safety and flow of
aircraft on a runway in real time. With an increase in
demand for air transportation comes a demand to decrease
|AT distributions and maintain safety probabilities. FAA
regulations on runway capacity and runway occupancy
stand 1 n the way of 1 ncrea
proper methodology for estimating safety probability and
flow can be used to increase capacity of a system while
maintaining runway safety.
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Hypothesis

Current standards used for landing could be
improved to have a higher aircraft throughput while
maintaining proper safety because separation
standards set by the FAA are based on old radar
technology

Possible variables to change
Runway Occupancy Time (ROT)
FAA separation standards



Decrease in Safety
-

51% of fatal aviation accidents
occur during the initial

approach, final approach, and Demand VS SafEtv
landing phases 200

Safety data taken from FAA

fety statisti
rUI‘lWCI)’ sdaTte )’ STATISTICS 950

200 ¢ 3
Runway Safety incidents *
(Operational Errors & ¢

pilots deviations on the 150 4
runway)
100
50 | | | | |

2,250,000 2,350,000 2,450,000 2,550,000 2,650,000 2,750,000

Demand (Departures)

¢ Demand vs Safety (safety incidences vs
departures)

——Linear (Demand vs Safety (safety incidences
vs departures))

http:/ /www.boeing.com /news /techissues/pdf /statsum.pdf
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Arrival Process(cont.)

Event

PDF

A

A

Inter Arrival Time(lIAT)

Inter Arrival Time of
aircraft to final
approach fix

Detroit Metropolitan
Wayne County, 2007

ocoal
oois)-
0ota

ooz) |
i 0.0

0.008 o \ 4
0.008 | R
0.004 \ —
0.002 d
9, “5 30 4‘5 a0 ".5 20 IC‘E 150 1as 150
IATS minus 75 (s)
Landing Time intervalLLTI) o022 N = 1623
A  Interval between o0 s T Range [39, 233]
successive aircrafts at ooia /{"‘ _______ tggw""" Mean 102
a runway threshold B Std 32
A Based on the current §°»°‘= P=.72
separation standards | / Cl = 76%6cC
A Homogeneous fleet
mix 0.004 S
A  Detroit Metropolitan | A TS e aoet
Wayne County, 2007 % a5 50 75 100 125 150 175 200
LTI3 minus 40 (second)

Runway Occupancy Time =zn. Bimodal due to
(ROT) 100l j# [ ROT : mired bota distibution | mix of small and
e It is the length of time dBN large aircraft
required for an arriving uo {7 Y N = 1098

aircraft to proceed ' Mean = 47
from the runway i o |/ T Std = 9.3s
threshold to a point 40 A 1| Ccl =95%
clear of the runway [,

- Detroit Metropolitan 201 ,,) .
Wayne County, 2007 __r,_[l RIS

- %5 L ao 50 - B0 70 a0

Time (s)
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What is ROQAZ?

Runway Operational Quality Assurance

Stochastic data collection and analysis system which
could be used by FAA and Air Traffic Control(ATC)

ROQA would receive surveillance data and
compute it to provide FAA ATC with stochastic metric

for runway performance



Class Diagram
-

Driver
trajarray4Lead: ArrayList()
trajarray4Follow:ArrayList()
lead:Aircraft
follow:Aircraft n
currentAircraf, Creates a linked list of n# aircrafts and
numAircraftdouble Lo Lo . then compares Trajectory between leadifollow
airType:String to determine if sep violation or SRO has
type,speed,rot sep:Random occured
comp:.double
exp.double
atcBufferint=0
ntype:double
main{)
Aircraft
type:String
speed:int
rotint
e e Grteor et e LS
nextAircraft speed (knots), runway occupancy time (sec)
prev:Aircraft
Trajectory t
gethext(), setMext(Aircraft), getPrev(), gethext{Aircraft),
setSep(double), setlAT(double), fly(int)

Trajectory
altitude:double = 1584
distZrun:double = G
glideAnglesint=3
timelint=0
speed:int
t=ArrayList(100)
79 app2grdiint), kZnmps(double), getTraj(}

-------------- Aircraft landingfapproach to threshold j




Preliminary Results
N
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