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ATOL 2-Crew Research Simulation Station 



The LaRC Air Traffic Operations Laboratory (ATOL) has a requirement for four (4) dedicated two-seat 777 glass-cockpit simulation stations for use as a medium fidelity two-crew research platform to support research for advanced and emerging air traffic operations technologies. The goal is to develop a low-cost, but fairly realistic, two-crew simulation environment, with controls that closely match those in the actual aircraft while providing the ability to implement Air Traffic Operations Simulation (ATOS) software and displays for advanced flight management technologies.
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	CHAPTER 1
	Conceptual Details 


Concept 

The requested simulation capability is built around a two-seat B777 glass-cockpit simulation station concept. The station shall be mounted inside an acoustic-isolation enclosure that is environmentally controlled, and has Out-the-Window (OTW) displays integrated in the enclosure. The acoustic enclosure includes functional interconnected rudder pedals, yoke, and ground steering tiller on both left and right pilot positions.
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Conceptual View of 2-Crew Simulation Station Interior
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Conceptual View of Acoustic Enclosure


Instrument panels 

The center pedestal contains the throttle quadrant, and the glare shield panel contains the switches, knobs, and indicators making up the aircraft's mode control panel. 
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Throttle Quadrant/Center Pedestal
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Interior Console View


The Contractor shall supply all hardware controls for Autopilot, MCDU, Radio, yoke and wheel, brake and rudder, throttle and flaps. 
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Autopilot Controls
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MCDU Display
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Radio Controls
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Yoke and Wheel Control
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Brake and Rudder Control
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Throttle/Flaps


The Contractor shall provide interface software to the ATOS Flight Management System software that reads the hardware controls and passes the values to the ATOS for flight management, while similarly reading data values back for display on the hardware indicators and the OTW displays.

Cockpit Display Units

The 777 is a “glass cockpit” aircraft, meaning that the instruments: Primary Flight Display (PFD), Navigation Display (ND), Engine Indication, Crew Alerting System (EICAS) and Control Display Units (CDU), are electronic or computer generated as part of the ATOS software. 
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Glass-Cockpit Displays


The station shall be implemented with software programs that emulate the aircraft instruments and drive high-resolution LCD displays.

Out-the-window (OTW) Displays

The station OTW displays will utilize Flight Simulation Display (FSD) software provided by the contractor. The Contractor shall also provide software that integrates the data from the flight controls to the ATOS Flight Management software, which then passes flight state information to FSD to control the OTW displays, while similarly reading data values back for display on the hardware indicators.
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The display system for the pilot’s out-the-window view will consist of three (36-inch minimum) front-mounted (forward of the acoustic enclosure) LCD displays, and two (36-inch minimum) side-mounted LCD displays, one each for the right and left views. A separate computer containing a hardware-accelerated graphics card and a separate instance of FSD should be utilized to drive each display. The views and flight state information must be coordinated between machines. 

Possible Research Uses 

As a dedicated resource of the ATOL, the medium-fidelity two-crew 777 simulation stations have the potential to be used for a variety of research activities. Whereas they are not expected to replace the high-fidelity research simulation environment of the Integrated Flight Deck (IFD), they can augment the ATOL in a variety of ways that would greatly expand the capability of the ATOL to be more generally applicable to a wider range of Air Traffic Operations.

· Since each simulation station has positions for two pilots, studies involving multiple crew interactions and task allocation are possible. Use in Human-in-the-loop (HITL) experiments can greatly enhance the testing of new flight procedures using multiple crews, simultaneously, thereby improving fidelity of data for comparison and analysis and reducing experiment costs. 

· This added capability will eliminate many of the compromises required in research due to lack of 2-crew simulation systems. Workload and Flight Procedure evaluations would have increased validity as compared to single-crew operations.

· Once the simulation stations are integrated into the Air Traffic Operations Lab (ATOL), they can be used as functionally co-piloted stations in experiments such as and the Enhanced Oceanic Operations-In-trail Procedure (EOO-ITP) experiment conducted Sept 2006 and the Flight-Deck based Merging and Spacing (FDMS) experiment scheduled for the summer of 2008. 

Although this purchase was not and will not be available for these particular experiments, this proposed capability would have greatly enhanced the ITP experiment and would greatly enhance the upcoming FDMS experiment. Currently, multi-crew testing must be done in a series of data-collection periods with rotating crews in the Integrated Flight Deck (IFD) simulation station rather than simultaneously with multiple crews flying during the same data-collection period. 

· The large-format OTW view should facilitate perception and attention-based experiments for Air-Portal and terminal-area research.

	CHAPTER

2
	General Overview


The Boeing 777 simulation station offers a compact solution for cockpit training and systems testing. The simulation station has been broken down into nine sections for this proposal.  They are: 

1. Instrument Panel and Software Instruments, 
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Glare shield Panel,

3. Pedestal, 

4. Flight Controls 

5. OTW Displays

6. Acoustic enclosure,

7. Electrical Requirements,

8. Installation and documentation.

The simulation station shall be designed to expedite disassembly, reassembly and mobility inside the ATOL Pilot’s Room.

All hardware and electronics shall be designed, manufactured, or customized for this simulation station by the contractor.  The Contractor shall utilize commercial off the shelf (COTS) hardware and software that has been approved by the FAA for other flight training devices wherever possible. 

The station shall be mounted inside an acoustic-isolation enclosure that is environmentally controlled, and has Out-the-Window (OTW) displays integrated to the enclosure. The OTW shall be displayed on three front-mounted and two side-mounted displays.  The enclosure and simulation-station components must be constructed in sectional units to provide mobility through lab doorways and each section shall not exceed 39.0in wide x 82.5in high. The acoustic enclosure shall be mounted on retractable wheels so the enclosure can rest solidly on the floor when wheels are retracted.
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Additional Requirements: 

· Ground steering tiller, mounted as standard for a B777.

· Side panels within the acoustic enclosure for mounting equipment such as EFB and ground steering tiller.

· Pilot and co-pilot class II EFB mounted on each side panel.

· Touch pad as in B777 with SW drivers for the ATOS software 

· Additional EFIS control panel buttons as described below.

· Working Brakes 

· Autopilot/auto-throttle disconnect and TO/GA buttons

· Environmental controls for acoustic enclosure

· Radio Control panel with headset plug in.

· IO Interface Documentation for Hardware Controls

· Overhead microphone and speaker for training and coordination with researchers

· Interface code (as mentioned above) to supply button press and knob values to code when requested, and to write out display window values and button lights to hardware for each panel process. NASA will provide C++ templates for panel processes. The Contractor shall provide code for actual HW interface to each template.
	CHAPTER

3
	Instrument Panel Overview


Flight Deck Displays and Software Instruments 

The 777 is a “glass cockpit” aircraft, meaning that the instruments: Primary Flight Display (PFD), Navigation Display (ND), Engine Indication, Crew Alerting System (EICAS) and Multi-function Control Display Units (MCDU), are electronic or computer generated as part of the ATOS software. The simulation station implements these with software programs that emulate the aircraft instruments and drive high-resolution LCD displays.

A goal for the simulation station is to host the ATOS generated PFD, ND, Primary EICAS, and MCDU as the primary flight deck displays. The other instruments play a supporting role in that they contribute to the verisimilitude of the simulation as a whole. 
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The Instrument panel shall contain the following features:

Displays:

· Pilot and Co-Pilot Flight Display

· Pilot and Co-Pilot Navigation Display

· Primary EICAS

· Secondary EICAS

· Alternate instrument for Airspeed, Attitude and Altitude 

Gauges

· Digital Chronometer (2)

Switches:

· Inboard Display 4 position rotary – PFD, ND, MFD, EICAS (2)

· Heading Reference (push button)

· Ground Proximity switches

· Glide Slope Inhibit

· Flap Override

· Gear Override

· Landing Gear Lever

· Alternate Landing Gear switch (with guard)

· Auto Brake Dial (8 position)

· FMS Dial (Left, Auto, Right)


Headset Phone Jacks

	CHAPTER

4
	Glare Shield Panel Overview


Glare Shield
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The Glare Shield Panel shall be divided into four items, Pilot and Co-Pilot EFIS, MCP, EICAS and Data Link.

EFIS Panel

The Pilot and Co-Pilot EFIS Panels shall be located at the left and right most sides of the glare shield panel.  The panel shall have the following appearance:
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All spare clutter button slots shall be populated with unmarked wired buttons in EFIS control panel.

MCP Panel

The MCP Panel is located in the center of the Glare Shield Panel.  This panel includes four independent numerical LED displays for airspeed, heading, vertical speed and altitude select.  The panel shall have the following appearance.
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The contractor shall provide interface code to supply button press and knob values to code when requested, and to write out display window values and button lights to hardware.

EICAS Panel

The EICAS Panel operates the EICAS display located on the instrument panel.  The panel shall have the following appearance.
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Data Link Panel

The Data Link Panel is located at the extreme outsides of the Glare Shield.  It contains illuminated buttons for Master Caution and Data Reject, Cancel and Accept.
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	CHAPTER

5
	Pedestal Overview
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A throttle quadrant in the simulation station shall provide all hardware/software interfaces to existing ATOS software processes via process templates provided by NASA.  The throttle quadrant will provide auto throttle and reverse thrust capability.

	CHAPTER
6
	Flight Controls Overview


Yoke 

The yokes are self-centering and designed after the Boeing 777. The pilot and copilot yokes are mechanically connected. The linkage is concealed below the floor. The yoke’s elevator motion shall move approximately 5 inches forward, 7 inches backwards (measured from the bottom of the column). The yoke’s aileron motion shall move 90 degrees from center. The wheel shall contain an elevator trim switch as well as a Push-To-Talk switch.

Rudder Pedals

Two mechanically linked, self-centering rudder pedals shall be mounted to the forward section of the Flight Deck Simulation station. The pedals shall be spaced apart 15.5 inches and have a sliding motion rather than a pivot motion. 

	CHAPTER

7
	OTW Visual System Overview


The visual system shall utilize five LCD displays - three 36-inch front-mounted (forward of the enclosure) LCD displays, and two 36-inch side-mounted LCD displays, one each for the right and left views.  These displays shall be integrated into the enclosure and the focal length adjusted for appropriate viewing.  The screens shall have, as a minimum, a tilt range of 0 to 20 degree slant inwards.

Each display shall operate through its own PC (provided by customer).  The computers will be linked thru a 100 base T Ethernet network.  The computer and network hub shall  be located on a shelf in the forward section of the enclosure, accessible though panel in the side of the enclosure. 

	CHAPTER

8
	Acoustic Enclosure Overview


The station shall be mounted inside an acoustic-isolation enclosure that is environmentally controlled, and has Out-the-Window (OTW) displays integrated in the enclosure. The enclosure and simulation-station components shall be constructed in sectional units to provide mobility through lab doorways and each section shall not exceed 39.0in wide x 82.5in high.

The acoustic enclosure shall include the following:

1. functional Interconnected rudder pedals, yoke on both left and right pilot positions,
2. 2 forward and 2 aft camera mounts with wiring for camera plug in,
3. two cameras,
4. overhead speaker and microphone for communicating with researcher or trainer,
5. air-conditioning unit sufficient for unit size,
6. removable door for viewability, 
7. retractable wheels for stability and movement

8. air-conditioning for environmental comfort,

9. interconnecting wiring-harness between sections.

	CHAPTER
9
	Electrical Requirements


The Contractor shall provide wiring for all delivered components, including Instrument Panel Displays, Out-the-window displays, throttle quadrant and center pedestal, cameras, speaker and microphone, AC, etc. as outlined above. All electrical system components will utilize 110-volt circuits or 5V TTL. All wiring shall be bundled for easy disconnect and reconnect. Final connection to power and Ethernet switches shall be through the forward end of the enclosure. Wiring shall be installed to reduce noise between 100V circuitry, sensors, and Ethernet lines.

	CHAPTER

10
	Installation and Documentation


The Contractor shall provide: 

· Setup and installation of simulation stations in the ATOL. 

· Software source and Documentation of all instrument interfaces.

· Reference Manuals for all hardware units.

· Wiring and circuit schematics for all fabricated instruments

NASA B777 Simulator Specifications
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