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Figure 1. The ATCARS tower cab simulator, with a researcher adjusting the eye-tracking device.

Air Traffic Control Advanced Research Simulators (ATCARS) – The ATCARS laboratory was designed to enable research on the effects of equipment and procedures on controller workload, situation awareness, and performance.  ATCARS capabilities include a low to medium fidelity tower cab representation and high fidelity en route and TRACON workstation representations.  Controllers from the field and the FAA's Academy provide data while they control simulated traffic.  Data collection often includes the use of the Air Traffic Workload Input Technique (ATWIT), the Situation Present Awareness Method (SPAM), and eye-tracking and recording equipment.
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Figure 2. The ATCARS radar-based en route simulator.
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Figure 3.  The Mustang Very Light Jet Simulator.

Mustang Very Light Jet Simulator (Mustang) – The Mustang is a Frasca Flight Simulation Training Device (FSTD) for the Cessna Citation Mustang very light jet (VLJ). The flight training device (FTD) was built to an equivalent level 5 FTD, although the simulator will not officially be certified/qualified, and will be utilized to provide a research platform. The Frasca FSTD features an accurate Mustang jet flight deck with an actual Garmin G1000 avionics suite, plus it will be built with digital electric control loaders, and high fidelity digital surround system that will accurately replicate flight, engines, system, and environmental sounds. A graphical user station is provided that will allow the researchers to set and control all the aircraft systems and environmental conditions. Aerodynamic performance and control forces were measured by Frasca’s Flight Test Department, and will be validated before each experiment by an integrated auto-test utility. This high fidelity will minimize the burden of simulation orientation, training, and will allow researchers to focus on the pilot behaviors and interaction within the flight deck. With automated scenario execution and enhanced data recording, this FSTD will generate detail-rich reports for post-flight analyses. Seven megapixel IP cameras can be position to allow the researchers to capture various angles of the cockpit and pilot interactions with the controls and avionics. Flights can be replayed on both the FSTD and remote Debrief Station, including playback of audio communications, cockpit video and digital flight data collected from the real time flight model. The simulator is mated with a very high fidelity 225 degree spherical dome that gives the pilot a very large field-of-view. The system consists of six projectors that are driven from six high-end Intel server class computers that maintain 60 Hz update rates to the visual scene. The heart of the systems lies in the Image Processing control box which is an all-in-one image processing device that scales, warps, blends and color corrects content at zero frame latency. This high performance allows the system to provide a very smooth and realistic visual experience with no lag between pilot inputs and out-the-window response rate. 

Advanced General Aviation Research Simulator (AGARS) – AGARS is a reconfigurable flight simulator specifically designed for research applications.  It was originally designed to mimic the Piper Malibu, and was reconfigurable to a Cessna 172.  Modifications allow it to present reprogrammable Electronic Flight Instrumentation (EFIS) in the place of or along with legacy round-dial instrumentation, including Primary Flight Displays, multi-function displays, a head-up display, and various system and/or navigation displays.  It can be configured with conventional flight controls with appropriate force loading or a fly-by-wire side-arm 
Advanced General Aviation Research Simulator (AGARS) , continued 

performance control system.  It is representative of high-performance Technically Advanced Aircraft when in 
its glass-cockpit configuration.  It can be paired with a 150-degree out-the-window visual system or used with the Wide-Angle Visual System (WAVS – described elsewhere). Research using this device has included investigations of flight displays (terrain-depicting synthetic-vision PFDs, supplemental terrain displays, NEXRAD displays, head-up and head-down flight guidance highway-in-the-sky displays, primary and back-up attitude indicators, add-on or portable navigation displays), flight controls (conventional & fly-by-wire performance controls), pilot performance during failures (autopilot, autotrim, ADI fail to partial panel, recoveries from unusual attitudes), and pilot decision making (use of weather displays and/or information for severe weather and/or IMC avoidance).
[image: image4.jpg]



Figure 4.  The cab of the Advanced General Aviation Research Simulator (AGARS).

Basic General Aviation Research Simulator (BGARS) – BGARS is based upon a Microsoft Flight Simulator platform run on high-end personal computers and was the first flight simulator introduced to the CAMI Aerospace Human Factors Research Laboratory.  It can represent a number of single and twin-engine aircraft and has frequently been used in Cessna or Piper configurations.  It is a dual-controls device having standard instrumentation or any other instrumentation configurations available for this software platform.  It has been used with the UPS-AT multifunction display and with the Chelton two-display EFIS suite.  External visuals are presented via a large forward projection screen and four liquid-crystal displays, two to on each side of the cockpit.  Data collection provisions include approximately two dozen performance variables and audio and video data capture for subsequent analyses. Research conducted with this device has included comparison of integrated and separated displays for navigation, effects of hypoxia below 12,500 feet, pilot decision making, pilot use of plan-view map displays, and a number of other topics.
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Figure 5. The Basic General Aviation Research Simulator (BGARS).

Vertical General Aviation Research Simulator (VGARS) – VGARS is based upon a Microsoft Flight Simulator platform run on high-end personal computers to simulate both small (R-22) and medium (Bell 206) helicopters.  The fixed-base simulator incorporates standard helicopter flight controls along with conventional instrumentation beside a dual-EFIS installation incorporating a PFD with synthetic vision and a multi-function plan-view map display.  Its out-the-window visuals are presented on three large high-resolution liquid-crystal displays that together present a visual field of approximately 110 degrees horizontally and weather conditions can be varied according to provisions in the software.  Data-collection provisions allow approximately two dozen performance variables to be recorded for subsequent analysis, along with audio and video records of pilot actions/communications and display indications.  This device has been used in conjunction with the Head-Mounted Display Research System (described elsewhere) to perform research on head-mounted highway-in-the-sky guidance displays for helicopter EMS applications, helicopter pilot avoidance of obstacles with natural vision while using the HMD, and the use of HMD-based synthetic imagery for facilitating obstacle avoidance.
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Figure 6. The Vertical General Aviation Research Simulator (VGARS) with a night scene.

Head-mounted Display Research System – The head-mounted display research system consists of high-end personal computers used to generate graphics for driving various head-mounted display systems.  Presently it can support a monocular laser-based retinal-scan HMD and a stereoscopic LCD-based HMD, both see-through in nature.  It is capable of presenting both terrain information in various formats and synthetic imagery for guidance.  Recent research with this device has been in the VGARS, examining both guidance imagery and obstacle imagery.

CAMI Unmanned Aircraft Simulation Description – An unmanned aircraft simulation (UAS) was created using Microsoft Flight Simulator 2004 (MFS04) as the flight model. A separate UAS pilot control station was developed using a commercial software package that allows flight variables to be read from and written to MFS04. This software package is the Flight Simulator Universal Inter-Process Communication (FSUIPC) package.
Using the Visual Basic 6.0 software development environment, a UAS control station simulation was developed that could control an aircraft within MFS04 through the FSUIPC software module. Any aircraft flight model that can be hosted within MFS04 can be controlled using the UAS simulation, as long as the aircraft has an autopilot. Currently, the flight model utilized is a Cessna 172.

Figure 7 presents a picture of the control station. The control station simulation provides for 3 types of aircraft control. Manual control can be accomplished through use of the throttle and joystick. Vector control is done using the mouse and onscreen buttons for changing the altitude and heading of the aircraft. Waypoint control is accomplished by inputting a series of waypoints on the moving-map display and establishing altitude settings for each leg of the flight.
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Figure 7. UAS control station simulation used in the experiment.

CAMI Unmanned Aircraft Simulation Description, continued

The control station display interface consists of a moving map display that depicts ownship, flight waypoints and segments, and air and ground traffic. Two check boxes are available to remove the air traffic and/or ground traffic from the display. There are several boxes containing flight parameters and radio settings, and two boxes that indicate the commanded heading and altitude of the aircraft. There is also a box that indicates the data link status and is color coded as green, yellow, or red, with red indicating a failure of the data link. The pilot can change aircraft heading and altitude by clicking on command buttons using a mouse. Heading and altitude values can also be input using a keyboard.

During a flight there is an indicator of the current flight segment. When the aircraft comes within 0.8 miles of the next waypoint the flight segment number increases by 1. When the aircraft is being flown by waypoint control, new heading and altitude values are placed in the command boxes automatically by the system. Under vector control, the segment number increase is an indication to the pilot to input new heading and altitude values in the command boxes. Above the moving map display there is a box called “Flight Technical Error” indicating the distance that the aircraft is from the current flight segment. An increasing value in the box means that the aircraft is flying away from the segment and a decreasing value indicates the aircraft is flying toward the segment. The user can place the cursor on an object in the moving map display and two boxes depict the distance of the object from ownship and the bearing to that object.

There are potentially four types of failures that can be introduced during a flight by the experimenter. These are a loss of data link, an altitude control failure, a heading control failure, and an engine failure. Each failure is accompanied by a visual warning. This warning, except for the data link failure, is that the appropriate aircraft parameter readout numbers (altitude, heading, or engine revolutions per minute) turn red. A data link failure is indicated by the data link status box turning red. There can also be an auditory alarm. The same alarm (a continuous beeping sound) is used for each of the warnings. In addition, participants can also hear simulated engine noise during the simulation at the discretion of the experimenter. 

Displays can be easily reconfigured using Visual Basic. This allows the look and feel of the control station to be altered as needed by the experimenter. In addition, the selection of flight parameters and user actions that are recorded is easily reconfigured as well to accommodate the data collection needs of the experiment.

