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Vorführender
Präsentationsnotizen
Good Afternoon. As someone who has flown airplanes for 48 years I never imagined speaking at a noise abatement conference. I feel like a sinner coming to church to confess my sins. Perhaps I can receive forgiveness and do penance for my sins. This photo shows a pilot’s view of KSFO while conducting a GLS approach using a 737 Heads Up Display. We are on approach to runway 28R which closely parallels runway 28L. The runways are 750 feet apart measured from centerline to centerline.Delta Air Lines, United, Boeing, San Francisco International Airport and FAA controllers came together to demonstrate the potential benefits of the Ground Based Augmentation System and the associated GLS approaches. Today I will briefly describe the our flight demonstration and our findings.



 

 

 
 

 

Key Components 

Three Key Components 
1. Global Navigation Satellite System 

A. GPS/Galileo/GLONASS 
 

2. Ground Based Augmentation System 
A. FRA/SYD/EWR/IAH 
 

3. GLS Equipped Aircraft  
A. Airbus – A320/A320NEO, A330, A350 and A380 Optional 
B. Boeing - 737MAX, 747-8, 777X, 787 Baseline  
    737NG Optional 
 

Vorführender
Präsentationsnotizen
Three key components are necessary to realize the benefit of GLS approaches. While the first component is in place and growing, the second and third require investment by Airport and Airline Stakeholders. I see Germany and our host FRAPORT as a Global Leader in adopting GLS technology.



 

 

 
 

 

Airport-Based Elements 
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What is GBAS?  :: Airport-Based Elements       

Vorführender
Präsentationsnotizen
To successfully fly a GLS approach 3 components are required: A navigation satellite constellation (Galileo, GPS. GLOSNOSS), an airport operating a Ground Based Augmentation System (GBAS), and an aircraft equipped to receive the GBAS signal. This slide depicts GPS signals being received via 4 antennas forwarded to the terminal. The terminal compares the GPS signals received to the precisely known position of the GPS receivers and calculates a corrected position and path. This information is then transmitted to GLS equipped aircraft.
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Navigation Control Panel (2) 

Multi-Mode Receiver (2) 

FCC (2) 

DEU (2) 
GPS Antennas (2) 

Dual VOR/LOC Antenna  

ADIRUs (2)   

Control 
Surfaces 

FMCS  

HUD  

Aircraft Equipage 

What is GLS?  :: Aircraft Equipage Needed to Fly Approach       

Vorführender
Präsentationsnotizen
GLS = GNSS LANDING SYSTEM. To take advantage of the information generated by the GBAS and fly a GLS approach an aircraft must be appropriately equipped. The VHF Data Broadcast information is received via the Dual VOR/LOC Antenna and supplied to the aircraft’s Multi-mode Receiver. The Multi-Mode Receiver distributes the information to the Flight Control Computer, Aircraft Displays, Heads Up Display and the Flight Management Computer System. If the autopilot is in use, the signal will be transmitted to appropriate control surfaces. This allows the aircraft to precisely fly a GLS approach. GLOBAL NAVIGATION SATELLITE LANDING SYSTEM.



 

 

 
 

 

RNP to GLS Approach 

Vorführender
Präsentationsnotizen
This slide summaries the three previous slides. It depicts a GLS-Equipped aircraft receiving GNSS signals during an Required Navigation Performance (RNP) approach segment leading to a GLS approach. Required Navigation Performance is in widespread use today and uses GNSS data without augmentation. During the GLS approach the aircraft supplements GNSS data with more precise data received from the Ground Based Augmentation System. This combination of RNP and GLS is represented by the smooth, continuous path highlighted in blue and green. All four of our San Francisco approaches were built on this concept. A more traditional approach using radar vectors and ground based navaids is represented by the red line.



 

 

 
 

 

                                                                      

Benefits 
 

Eliminate ILS hold short lines 

No False or Mirror glideslopes 

No bending localizer 

Service Volume increased to 23 NM Dmax 

Increased Reliability 

Reduce TCAS RAs 

Reduce Fuel Burn 

Reduce Carbon Emissions 

Reduce Noise!!!! 
 

      

 
 

 

GLS BENEFITS     

Vorführender
Präsentationsnotizen
Benefits are in the eye of the beholder. Airlines, Airports, Pilots, Controllers, and Communities appreciate different benefits. Here are some benefits of GBAS. Obviously, today our primary focus is noise reduction. Please bear with me, while I explain how I envision GLS approaches will be introduced then discuss our KSFO GBAS Demonstration.
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Updated: April 1, 2014 

Three Phase Introduction 

GLS Introduction - 3 Phases 

 
• Phase I – Overlay current ILS approaches 

• Allow Pilots and Controllers to achieve comfort level 
• Phase II – Increase Glidepath (up to 3.25 degrees) 

• Reduce fuel burn/noise/carbon emissions 
• Phase III – Advanced Concepts Demonstrated at KSFO 

Vorführender
Präsentationsnotizen
GLS Approaches will be introduced in three phases. Phase I is currently underway here in Frankfurt and overlays existing ILS approaches allowing pilots and controllers to gain familiarity and a comfort level with GLS approaches. Procedural and Navigation Display similarities to ILS should make GLS approach adoption painless.Phase II involves increasing the GlideSlope - perhaps up to 3.25 degreesPhase III gets creative and is the subject of our SFO demonstration.



 

 

 
 

 

 

 

 

      

 
 

 

KSFO GBAS Demonstration 

SFO Challenges 

• Noise Abatement 
• Terrain 
• Airspace Constraints 
• Weather – Frequent Reduced Visibility 
• Runway Configuration 

• 2 Sets of parallel runways 750 feet apart 

Vorführender
Präsentationsnotizen
San Francisco International Airport was gracious enough to host our GBAS demonstration. Not only were GLS equipped aircraft available, but the airport offers a variety of challenges that made it an ideal location for our demonstration. As with most airports, noise is a concern. Terrain and airspace constraints limit operations. Reduced ceilings and fog are not uncommon. Operations are also constrained by the close proximity of two sets of parallel runways.



 

 

 
 

 

                                                                         

SFO Demonstration of Phase 3 Advanced Concepts 
 
 

 Reduce Noise, Fuel Burn, and Carbon Emissions & Add Precision Approaches 
 

 

KSFO GBAS Demonstration 

Vorführender
Präsentationsnotizen
We were attempting to demonstrate a variety of approach concepts seeking to reduce noise, fuel burn, and carbon emissions while also adding precision approaches to two runways where none exists today. Our focus for Runway 10L was to provide precision guidance on a terrain-challenged approach. Today only a RNAV (GPS) is available to 10L. We felt we could lower the current minimums of 1200 feet to about 300 feet. Unfortunately, a cloud deck prevented us from completing the approach.Next we successfully flew an approach to runway 19R. Our objective was to design a Constant Descent Approach that procedurally deconflicted with operations to Runway 12 at KOAK (Oakland). Currently, only a RNAV (GPS) approach is available to this runway. This approach is of greatest interest to this audience and we will examine it in greater detail later in the presentation.
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SIMULTANEOUS OFFSET INSTRUMENT APPROACHES   SFO 28L/R  

Vorführender
Präsentationsnotizen
SOIA.  Today’s RNAV version of this approach requires that pilots report clear of clouds by 1600 feet and accept responsibility for visual separation for parallel traffic landing on Runway 28L. This must occur before the separation between aircraft is reduced to less than 3000 feet. Air Traffic Controllers must “stagger the aircraft to ensure longitudinal separation. This creates a “wider window” of airspace for each arriving aircraft. There is also are requirement to staff the radar positions with two additional controllers. Using RNP to GLS the team hopes to reduce the clear of clouds requirement to as low as 1000 feet, a 600 foot improvement AND eliminate the need for 2 additional controllers.



 

 

 
 

 

SIMULTANEOUS OFFSET INSTRUMENT APPROACH 28L/R 

Vorführender
Präsentationsnotizen
The lead aircraft on the blue line is flying the existing ILS 28L with a 2.85 degree glideslope. The second trailing aircraft on the green line is flying an offset RNP to GLS approach. The offset approach path to 28R is designed so that when the aircraft on the green line reaches a point separated by 3000 feet from the parallel (blue) approach path it transitions to visual separation. At this point the pilot maneuvers to align the aircraft with runway 28R maintaining separation and avoiding wake turbulence. 
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Noise/Wake Turbulence Mitigation – Displaced Threshold & Angular Separation 

     

     

Copyright © 2015 Boeing All Rights Reserved 

Vorführender
Präsentationsnotizen
Here is a visual depiction of how we designed RNAV to GLS for parallel approaches to Runways 28L/R. RNAV is used to minimize ground tracks and avoid populated areas. The RNAV segment leads to a more closely spaced GLS final which is flown at a higher glideslope with a displaced threshold which mitigates wake turbulence through increased vertical separation. 
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VIEW FROM THE OFFICE – SFO 28R 

     

     

Vorführender
Präsentationsnotizen
Here is how that concept looks from the flight deck during our demonstration flight. This is the approach to 28R with a 2000 foot displaced threshold. Note we show High on the PAPI and our aimpoint lighting coincides with the end of the runway in-pavement lighting.



 

 

 
 

 

                                               got GLS?                            

 

 

 

      

 
 

 

GLS V 28R   CLOSELY SPACED PARALLEL OPERATIONS     

Vorführender
Präsentationsnotizen
In marginal weather down to CAT I minima, SFO can operate in another simultaneous approach concept called CLOSELY SPACED PARALLEL OPERATIONS. This approach chart depicts the GLS approach we designed for such operations. Closely Spaced Parallel Operations between 28L and 28R require 1.5 NM diagonal spacing between aircraft on the parallel runways. Currently, any aircraft larger than the 757 must “trail” a smaller aircraft while flying the approach to runway 28L. The current approach to runway 28L has a 2.85 degree glideslope while this GBAS Demonstration will fly a 3.25 degree glidepath. Our goal is to evaluate the increased vertical angular difference between these parallel approaches to mitigate wake turbulence. If successful diagonal space may be reduced to .6 NM AND the Larger aircraft can “lead” the approach to 28L or “follow” on 28R. This will reduce controller workload currently required to sort or sequence larger and smaller aircraft.



 

 

 
 

 

CLOSELY SPACED PARALLEL OPERATIONS 

Copyright © 2015 Boeing All Rights Reserved 

 

Vorführender
Präsentationsnotizen
Here is another depiction of the closely spaced parallel operations concept. Today diagonal spacing of 1.5 NM is required. This creates a “larger window” than the simultaneous offset instrument approaches. This “larger window” further reduces the number of departures on the intersecting runways. We are optimistic that the arrival AND departure rates can be increased by reducing this diagonal spacing. Based on our RNAV to GLS demonstration we see the potential to reduce spacing to .6 NM.



 

 

 
 

 

San Francisco RNP to GLS Demonstration – Final Report 
 

RNAV to GLS Final Report 

Copyright © 2015 Boeing All Rights Reserved 

Vorführender
Präsentationsnotizen
Our SFO GBAS Demo Final Report was published November 11th. Delta Air Lines has not yet taken a position or established policy based on the report. As a result, the remaining portion of my presentation expresses my personal views and not those of Delta Air Lines.Please note all the participants: San Francisco International Airport, Federal Aviation Administration Air Traffic Controllers, United and Delta Airlines, Boeing, and Jeppesen. This was a great team working together: San Francisco International Airport graciously hosted the Demonstration providing incredible support. A key team member from the airport is Bert Ganoung who presented earlier today. FAA controllers provided approach design input and great traffic management during our flight demonstration. United and Delta provided design input and 737-900s for the flight and QAR data for analysis. Boeing organized the effort, provided design input, and most importantly the post-flight analysis available in our Final Report. Last, but not least was the team at Jeppesen who built safe approaches based on input from the rest of the team. Jeppesen then created the approach charts and navigation data base necessary to fly the demonstration approaches. Our friends at Lufthansa hoped to participate with an A380, but ultimately were unable to do so.
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NOISE REDUCTION 19R – OPTIMIZE GROUND TRACK 

OPTIMIZE GROUND TRACK 

Copyright © 2015 Boeing All Rights Reserved 

Vorführender
Präsentationsnotizen
Our first important consideration in designing our noise sensitive approach was select the OPTIMUM GROUND TRACK. After reviewing the tracks of 260 approaches flown to runway 19R the results were synthesized into the tracks displayed in this slide. We created a baseline LONG VECTOR ROUTE in BLUE, a SHORT VECTOR ROUTE in RED, and our PROPOSED CONSTANT DESCENT APPROACH UTILIZING RNP TO GLS.



 

 

 
 

 

                                                

NOISE REDUCTION 19R             OPTIMIZE VERTICAL PATH 

OPTIMIZE VERTICAL PATH 

Vorführender
Präsentationsnotizen
The second important consideration in design of a noise sensitive approach is OPTIMIZING THE VERTICAL PATH while respecting the optimized flight track.



 

 

 
 

 

                                                                       

 

 

 

      

 
 

 

RNAV to GLS 19R – CONSTANT DESCENT APPROACH – FLY OPTIMIZED APPROACH 

 

FLAPS 2/180 KTS/IDLE 

FLAPS 5 Approaching COTE2 

GEAR DOWN/FLAPS 15 at 2000 FT AFE 

CONSTANT DESCENT APPROACH 
• Minimize Speedbrakes 
• Delay Configuring 

Procedural Separation Permits 
Simultaneous Operations at KSFO and 
KOAK 

Vorführender
Präsentationsnotizen
Our final consideration was how to best fly the approach.The WWAVS 1 RNAV Arrival ends at WESLA where the GLS R RWY 19R picks up. While only an RNAV approach exists for runway 19R it’s use disrupts operations at nearby Oakland International Airport. This demonstration approach procedure allows uninterrupted approaches at both SFO and OAK. The COTE2 waypoint is over the ILS approach at Oakland and procedurally separates aircraft on both approaches. If San Francisco International chooses to add appropriate lighting to 19R GLS CAT I would be available. A similar approach can be built to Runway 19L which currently has an ILS. 



  
  

  
 

  
 

 
 

   

 

   

  
 

 
 

   

 

   

  
 

   
 

 

 

 
 

 

NOISE REDUCTION IMPACT 

Noise Impact of Ground Track/Vertical Path  

Copyright © 2015 Boeing All Rights Reserved 

     

Vorführender
Präsentationsnotizen
Why does short vector route noise affect a greater population than the long vector route? Amelia Here we have a visual depiction of the reduced noise impact achieved through optimizing the approach ground track and vertical path.



 

 

 
 

 

                                                

Constant Descent Approach GLS R 19R 

Copyright © 2015 Boeing All Rights Reserved 

 



 

 

 
 

 

Three Key Components 

SUMMARY OF 19R RNP TO GLS BENEFITS 

Arrival Route to 19R Distance [nm] Estimated Fuel Burn [lbs] CO2 Emissions [lbs] 
Long Vector 40.3 980 3092 

Short Vector 36.3 792 2319 

GLS R 19R 20.5 424 1338 

Savings with GLS R 19R compared to the Long Vector 19.8 nm 556 lbs fuel 1754  lbs CO2  

• Copyright © 2015 Boeing All Rights Reserved 

 

     

Existing 
Procedure to 

Runway GLS R 
19R 

Delta Distance 
[nm] 

Delta Fuel Burn 
[lbs] 

Delta CO2 
Emissions [lbs] 

Noise Exposure 
[people] 

Baseline Long 
Vector +19.8 +556 +1,754 +249,200 

Baseline Short 
Vector +15.8 +368 +981 +282,300 
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Delta Air Lines        

Next Steps 

 

• Airports – Install GBAS 
• Airlines – GLS Equipped Aircraft 
• ATM – Build CDAs and Initiate At Higher Altitudes 
• Air Traffic Controllers – Accept GLS approaches  
• Pilots – Accept and Fly GLS approaches 
 

Vorführender
Präsentationsnotizen
To achieve the benefits of GLS approaches numerous stakeholders must work together.
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Benefits 
 
 
 

Reduced maintenance/flight inspection costs and impacts  

 - Results in increased availability of GLS approaches    

 - Less disruption to Ops     

 
 

 

Thank You!  
 
 
 
 
 
 
 
 
 
 
 

Any Questions? 
 
 
 
 
 
 
 
 

C.E. “Noah” Flood 
Project Pilot GBAS/GLS 

Flight Operations 
Delta Air Lines 

+1 540-687-0076 cell 
Noah.Flood@delta.com 

 
 
 



 

 

 
 

 

KSFO GBAS Demonstration 

Table 11 

 



 

 

 
 

 

                                                                         

Flying GLS Approaches 

 



 

 

 
 

 

Three Key Components 
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Flying GLS Approaches 
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