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CATSRCATSRProblem

• Air traffic congestion is a widespread 
phenomenon within the US

• Bottleneck of the NAS is at the airports
• Arrival demand exceeds capacity at peak 

hours
• Increasing arrival slots is not an option
• Resulting delays (airborne or ground)



CATSRCATSRScope
• Efficiency is defined as maximizing all available 

airplane landing capacity at an airport
• Capacity is measured by aircraft arrival rates (AAR)
• When the weather deteriorates, controllers increase 

the separation between aircraft (decrease the AAR)
• When the system is congested, the FAA slows down 

the flow of arrivals into an affected airport by 
imposing a Ground Delay Program (GDP) at 
appropriate departure airport



CATSRCATSRSolutions

• Intent is NOT to increase airport capacity
• Provide an improved network planning framework
• Better proactive plan to major network 

perturbations
• Predict when AAR will be decreased
• Present solutions to alleviate excess demand
• Emphasis on major hub airports because of the 

amplified effect on the overall network delay 
performance



CATSRCATSRBenefits of Research
• For the Air Traffic Control System Command Center 

(ATCSCC), adapting the Military Decision Making Process 
to air traffic management will produce a systematic and 
consistent procedure for planning an operational day in the 
NAS

• Both the ATCSCC and the airlines can use a tool that inputs 
the current Terminal Aerodrome Forecast (TAF) and 
produces airport capacity predictions hours in advance

• Increase the available planning time to create an evaluate 
potential courses of action (branch plans)

• Gives insight to how controllers react to forecasts and can 
further be used in simulations that require operational 
effects of weather
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CATSRCATSRIntelligence
• What is the enemy to traffic flow?

• Bad weather
• Scheduled congestion

• Simulation techniques can be used to predict congestion
• Weather

• Stochastic
• Forecasts

– Time
– Chance

• Forecast gives us a decision point – time and place 
• Create a branch plan?

• Predict effect on operations – GDP, AAR ect.
• Formulate a plan to counter the effects

• Solution – use Terminal Aerodrome Forecast (TAF) to predict 
effect on operations



CATSRCATSRWhat is the TAF?
• TAF = Intelligence
• TAF - a concise statement of the expected meteorological 

conditions at an airport during a specified period (usually 24 
hours)

• A TAF report contains the following sequence of elements in 
the following order:
• Type of Report 
• ICAO Station Identifier 
• Date and Time of Origin 
• Valid Period Date and Time 
• Forecast Meteorological Conditions
• Written in TAF “code”

• Produced at least every 6 hours



CATSRCATSRTAF Example

TAF KEWR 161732Z 161818 24017G27KT P6SM SCT040 BKN250 
FM1930 29018G32KT 4SM TSRA BR BKN040CB 
FM2200 22009KT 6SM SHRA BR OVC040CB 
FM0400 33006KT 6SM -SHRA BR OVC040 
FM0800 34006KT 6SM BR OVC040 
FM1400 26005KT P6SM BKN040 

To a computer this is a vector!



CATSRCATSRDecision Support Tool

• Use TAF to predict
• Aircraft Arrival Rates
• GDPs
• Delays

• GDPs are determined based on AAR rates at specific 
time during the day

• Delays are estimated based on the AARs and the 
demand

• Traffic flow managers develop a plan based on the 
prediction



CATSRCATSR
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CATSRCATSREstimated AAR Chart
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CATSRCATSRMethod

1. Convert TAF format to a vector data set
2. Use a pattern recognition tool called the 

support vector machine (SVM)
3. SVM is trained with past data (’02-’06)
4. Develop functions to present day data to 

predict outcomes



CATSRCATSRExtracted Data
• Time periods

• 1100 Zulu
• 1500 Zulu
• 1900 Zulu
• 2300 Zulu

• Wind speed
• Visibility
•Ceiling

• Overcast
• Scattered
• Broken
• Few

• Cross Wind

• Binary variables
• Rain
• Snow
• Showers
• Thunderstorms
• Fog
• Mist
• Freezing



CATSRCATSRCrosswind
• Newark Airport
• Primary 4 – 22 R/L
• Crosswind runway 29/11
• Direction and wind is the 

deciding factor
• Assumed crosswind 

anywhere between 270 and 
350 and between 170 and 
90

• Example – Boeing aircraft 
have a maximum crosswind 
landing constraint less than 
or equal to 25 kts



CATSRCATSRVector Data Set
Wind 
Speed

Visibility 
(mi)

Rain 
(Y/N)

Snow 
(Y/N)

Showers 
(Y/N)

Thunder 
storms 
(Y/N) Fog (Y/N) Mist (Y/N)

Freezing 
(Y/N)

Overcast 
Ceiling

Scattered 
Ceiling

Broken 
Ceiling

Few 
Ceiling

Cross 
Winds

Date
1 7 6 0 0 0 0 0 0 0 150 0
2 12 6 0 0 0 0 0 0 0 250 0
3 6 6 0 0 0 0 0 0 0 150 0
4 5 5 0 0 0 0 0 0 0 120 60 0
5 6 4 1 0 1 0 0 1 0 60 0
6 8 6 0 0 1 0 0 0 0 60 25 35 0
7 9 6 0 0 0 0 0 0 0 90 1
8 5 6 0 0 0 0 0 0 0 250 0
9 5 6 0 0 0 0 0 0 0 120 250 0

10 6 6 0 0 0 0 0 0 0 100 250 0
11 10 6 0 0 0 0 0 1 0 0
12 6 4 0 0 0 0 0 0 0 15 0
13 11 6 0 0 0 0 0 0 0 50 80 1
14 4 6 0 0 0 0 0 0 0 0
15 3 6 0 0 0 0 0 1 0 250 0
16 4 6 0 0 0 0 0 0 0 0
17 4 6 0 0 0 0 0 0 0 1
18 7 6 0 0 0 0 0 0 0 250 0
19 6 6 0 0 0 0 0 0 0 40 100 0
20 10 6 0 0 0 0 0 1 0 20 0
21 5 5 0 0 0 0 0 1 0 0
22 8 2 0 0 0 0 0 1 0 15 0
23 12 6 0 0 0 0 0 1 0 25 0
24 5 6 0 0 0 0 0 0 0 1
25 6 6 0 0 0 0 0 0 0 250 0
26 5 6 0 0 0 0 0 0 0 250 0
27 7 6 0 0 0 0 0 0 0 250 0
28 6 6 0 0 0 0 0 0 0 90 5 0
29 8 6 0 0 0 0 0 0 0 1
30 4 6 0 0 0 0 0 0 0 50 100 1
31 7 6 0 0 0 0 0 0 0 250 0



CATSRCATSRSupport Vector Machine

• Supervised learning method 
• Generates input-output mapping 

functions from training data
• Decision plane separates between a set of 

objects having different class 
membership



CATSRCATSRGraphic Example



CATSRCATSRExample (cont.)



CATSRCATSR

Linearly Inseparable Case: Supporting Plane 
Method
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CATSRCATSRData Collection
• TAF Data from National Climatic Data Center

• Use Excel macro to convert to linear data
• Used data from 2002 and 2006

• Bureau of Transportation Statistics
• Airline System Performance Metrics (ASPM)
• Airports

• Newark (EWR)
• O’Hare (ORD)
• Atlanta (ATL)
• Philadelphia (PHL)
• LaGuardia (LGA)
• New York - Kennedy (JFK)
• Reagan National (DCA)
• Dulles (IAD)



CATSRCATSRPredicting AAR
• Collect TAF data as the independent variable
• Quadratic program loaded into AMPL
• TAF data is transformed into the integer vector 

x
• AAR indicator variable y

• -1 indicates negative test
• 1 indicates positive test

• Program output
• Solution w vector
• Linear y-intercept vector b

• Prediction equation bxw i
T
i +



CATSRCATSRPHL Example
•Philadelphia is a “pacing” airport (FAA 2006)
•Determine peak hours based on demand

• Average demand for 2002 through 2006
• Peak hour are used to choose time period to analyze

•Group the AARs based on a common set

•Chose 4 of the six peaks
• 0800
• 1200
• 1600
• 1800

•Common AARs
• 52
• 48
• 36



CATSRCATSRPredicting AAR

• Determine 8 SVM prediction 
functions
• Test 2 AAR divider points
• 4 time periods

• SVM runs determine whether or not 
there will be an AAR less than x

• Use predictor function to predict 
future days
• If less than 48, then 36
• else If less than 52, then 48
• else 52



CATSRCATSR

PHL Training Data 
(Jan 2002 – Dec 2006)

Time AAR

% of 
Predictions 

Correct

% of Actual 
AAR 

Occurrence
800 36 72% 12%

48 41% 18%
52 78% 70%

1200 36 64% 9%
48 46% 17%
52 74% 74%

1600 36 75% 6%
48 40% 18%
52 76% 76%

1800 36 75% 6%
48 39% 18%
52 75% 76%



CATSRCATSR

PHL Testing Data
(Jan 2007 – Jun 2007)

Time AAR

% of 
Predictions 

Correct

% of Actual 
AAR 

Occurrence
800 36 76% 14%

48 25% 7%
52 79% 80%

1200 36 92% 7%
48 30% 11%
52 77% 82%

1600 36 77% 7%
48 29% 9%
52 83% 84%

1800 36 73% 6%
48 28% 10%
52 81% 84%



CATSRCATSRLaGuardia Results



CATSRCATSRLaGuardia Results



CATSRCATSRLaGuardia Results

Time AAR

% of 
Predictions 

Correct

% of Actual 
AAR 

Occurrence
700 32 66% 20%

37 39% 57%
40 73% 23%

1000 32 64% 26%
37 38% 50%
40 71% 24%

1400 32 67% 21%
37 34% 64%
40 68% 15%

1800 32 67% 15%
37 31% 80%
40 73% 5%

LGA Training Data 2002-2006

Time AAR

% of 
Predictions 

Correct

% of Actual 
AAR 

Occurrence
700 32 43% 4%

37 29% 4%
40 33% 92%

1000 32 67% 5%
37 33% 3%
40 30% 92%

1400 32 75% 7%
37 33% 22%
40 27% 71%

1800 32 64% 8%
37 49% 65%
40 46% 28%

LGA Testing Data Jan-Jun 2007



CATSRCATSRAirport Summary

•ATL has had numerous 
infrastructure improvements
•LGA 

• congestion issues due to 
heavy demand

• two runway configuration 
affects operations

•IAD historical data affected 
by runway renovation

Airport Training Test
PHL 69% 75%
EWR 59% 51%
ORD 71% 70%
ATL 52% 34%
LGA 47% 36%
DCA 75% 58%
IAD 45% 32%
JFK 49% 62%

% of Predictions Correct



CATSRCATSRAir Traffic Management Planning

• Schedule congestion can be predicted based 
on available tools

• Weather prediction tool will predict weather 
delays caused by reduced capacity

• Tool provides time
• Managers have more time to formulate response
• More time to move resources



CATSRCATSRSummary
• To make the National Airspace System run 

more efficiently, techniques to more 
effectively use the limited airport capacity 
must be developed

• Limited time is available to plan out alternate 
options that may better alleviate flow 
problems

• Predictive tools are required to provide 
advance notice of future air traffic delays.



CATSRCATSRConclusions: DST
• SVM predicts three capacity level

• Normal operations - Green
• Moderately reduced operations –Amber 
• Severely reduced operations – Red

• Model allows GDP to be derived from AARs for specific 
time periods
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CATSRCATSRFuture Work
• Proper data size set

• More data points typically improve performance for training data
• More data points over-fit the data

• New York area airports
• Runway configuration and congestion at LGA cause delays
• JFK has an inconsistent AAR because of noise requirements
• Use Newark to predict JFK and LGA

• Factors other than weather
• This research focused on weather factors only
• Additional factors could lead to over-fit

• Data Mining 
• Researchers can analyze controller actions based on a given 

forecast
• Are controllers allowing a appropriate amount of risk to support

current technology
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Questions?
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CATSRCATSRLagrangian Duality

•L must be minimized with respect to w and b and 
maximized with respect to nonnegative α
•The objective function and the constraint are convex 
and KKT conditions are necessary and sufficient 
conditions for a maximum of the equation
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CATSRCATSRLagrangian Duality (cont.)
At the solution point the products between dual 
variables and constraints equals zero

Substituting (2) and (3) into (1)
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CATSRCATSRPlanning Staff

• TFM Commander – responsible for the NAS
• Chief of Staff – supervises the staff
• Operations Officer – execution of the plan
• Intelligence Officer – maintains awareness of 

obstacles
• Personnel Officer – personnel status
• Resource Officer – equipment status



CATSRCATSRResults – Training Data

• Sensitivity – Of all GDP airports how many are identified by the 
SVM

• Specificity – Proportion of non-GDP airports that are identified 
by the SVM

• Positive predictive value – Probability that if the SVM predicts a 
GDP that one actually occurs

• Negative predictive value – Probability that if the SVM predicts 
no GDP that one does not occur

Sensitivity Specificity PPV NPV % Correct
EWR 0.53 0.85 0.71 0.72 0.72
ORD 0.29 0.95 0.69 0.79 0.78
ATL 0.77 0.70 0.74 0.74 0.74
PHL 0.46 0.95 0.77 0.82 0.81
LGA 0.71 0.71 0.75 0.67 0.71
JFK 0.83 0.90 0.93 0.77 0.86
DCA 0.34 0.96 0.70 0.85 0.84
IAD 0.20 0.96 0.71 0.71 0.71
Overall 0.41 0.89 0.78 0.77 0.77



CATSRCATSRNonlinear Method
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CATSRCATSRNewark Results



CATSRCATSRNewark Results

Time AAR

% of 
Predictions 

Correct

% of Actual 
AAR 

Occurrence
800 37 69% 17%

42 30% 34%
45 74% 48%

1000 37 73% 15%
42 29% 35%
45 75% 50%

1600 37 74% 19%
42 20% 16%
47 64% 65%

1900 37 72% 20%
42 24% 21%
47 67% 59%

EWR Training Data 2002-2006

Time AAR

% of 
Predictions 

Correct

% of Actual 
AAR 

Occurrence
800 37 68% 11%

42 0% 1%
45 48% 89%

1000 37 83% 10%
42 0% 1%
45 49% 90%

1600 37 100% 11%
42 0% 4%
47 52% 85%

1900 37 91% 12%
42 0% 1%
47 43% 87%

EWR Testing Data Jan-Jun 2007



CATSRCATSRNewark Results (cont.)

Training Test



CATSRCATSRO’Hare Results



CATSRCATSRO’Hare Results (cont.)

Training Test



CATSRCATSRAtlanta Results

Time AAR

% of 
Predictions 

Correct

% of Actual 
AAR 

Occurrence
800 104 74% 33%

120 36% 35%
128 65% 31%

1100 104 72% 31%
120 37% 37%
128 64% 32%

1600 104 69% 30%
120 40% 68%
128 67% 2%

2000 104 68% 11%
120 42% 87%
128 59% 2%

ATL Training Data 2002-2006

Time AAR

% of 
Predictions 

Correct

% of Actual 
AAR 

Occurrence
800 104 67% 15%

120 22% 52%
128 63% 33%

1100 104 76% 16%
120 17% 45%
128 46% 40%

1600 104 68% 20%
120 18% 77%
128 60% 3%

2000 104 80% 6%
120 20% 92%
128 60% 3%

ATL Testing Data Jan-Jun 2007



CATSRCATSRAtlanta Results (cont.)

Training Test



CATSRCATSRLaGuardia Results



CATSRCATSRLaGuardia Results (cont.)

Training Test



CATSRCATSRJFK Results



CATSRCATSRJFK Results (cont.)

Training Test



CATSRCATSRReagan Results



CATSRCATSRReagan Results (cont.)

Training Test



CATSRCATSRDulles Results



CATSRCATSRDulles Results (cont.)

Training Test



CATSRCATSRSVM Accuracy

• Sensitivity – Of all GDP airports how many are identified by the 
SVM

• Specificity – Proportion of non-GDP airports that are identified 
by the SVM

• Positive predictive value – Probability that if the SVM predicts a 
GDP that one actually occurs

• Negative predictive value – Probability that if the SVM predicts 
no GDP that one does not occur

Sensitivity Specificity PPV NPV % Correct
EWR 0.53 0.85 0.71 0.72 0.72
ORD 0.29 0.95 0.69 0.79 0.78
ATL 0.77 0.70 0.74 0.74 0.74
PHL 0.46 0.95 0.77 0.82 0.81
LGA 0.71 0.71 0.75 0.67 0.71
JFK 0.83 0.90 0.93 0.77 0.86
DCA 0.34 0.96 0.70 0.85 0.84
IAD 0.20 0.96 0.71 0.71 0.71
Overall 0.41 0.89 0.78 0.77 0.77


