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Many people, from pilot novices to enthusiasts, log hours in virtual worlds flying aircraft simulators, such
as Microsoft Flight Simulator (MSFS). There are many different aircraft types available for use as well as
a number of Flight Management System (FMS)
simulators available to purchase as add-ons to
MSFS. Virtual pilots can use these FMS simulators
to navigate along procedures, such as Standard
Terminal Arrival (STAR) or Standard Instrument
Departure procedures. For some pilots, especially
those that participate in the Virtual Air Traffic
Simulation Network (VATSIM), realism is very
important. VATSIM is an online virtual community
dedicated to simulating air traffic operations.
Users participate as pilots and air traffic controllers
and are held to standards which ensure the
operations are as realistic as possible. This

dedication to realism makes VATSIM an attractive
environment for conducting real aviation research.

The MITRE Corporation’s Center for Advanced Aviation System Development (MITRE/CAASD) is a
Federally Funded Research and Development Center (FFRDC) that supports the FAA and other civil
aviation authorities around the world. The MITRE Corporation is a private, independent, not-for-profit
organization, chartered to work in the public interest. MITRE manages two other FFRDCs along with
CAASD: one for the Department of Defense (known as the DoD Command, Control, Communications
and Intelligence FFRDC) and one for the Internal Revenue Service and U.S. Department of Veterans
Affairs (the Center for Enterprise Modernization). As a national resource, MITRE applies expertise in
systems engineering, information technology, operational concepts, and enterprise modernization to
address its sponsors’ critical needs.

MITRE also has its own independent research and development program that explores new technologies
and new uses of technologies to solve its sponsors’ problems in the near-term and in the future. In
2007, under this MITRE-sponsored research, MITRE initiated an investigation into using VATSIM for
aviation research. Since the realism of FMS simulators could affect the results of an experiment using
VATSIM, this research is assessing the ability of FMS simulators to model real FMS operations. The
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project has simulated flights with four different FMS simulators and compared those with data from real

flights using real FMSs.

Simulated tracks were collected using the following four commercially available FMS simulators: Level-D
767, Precision Manuals Development Group (PMDG) 737-800/900, PMDG 737-600/700, and PMDG
747-400. All were programmed with the same STAR which contained a number of altitude restrictions.
Separately, track data from real Boeing 757-200 and Boeing 737-800 flights were collected during actual
operations into Miami International Airport using the same STAR. These real flights were part of an
operational test and so are very limited in number.

Figure 1 shows the vertical profiles of the PMDG 737-800/900 simulations and the actual Boeing
737-800 flights. The x-axis represents the along-track distance as measured from the runway. Notice
that a number of different cruise altitudes are included. The simulated flights started from one of three
cruise altitudes: 40,000 feet (ft) (FL400), 36,000 ft (FL360), or 24,000 ft (FL240). The actual flights
started the procedure from 38,000 ft (FL380), FL360, or FL240. Figure 1 illustrates significant similarities
between the simulated and actual profiles. Note also that several of the real flights crossed MILSY at
16,000 ft. This was due to an incorrect interpretation of the procedure during the operational test
causing some pilots to program an additional 16,000 ft constraint at MILSY into the FMS. This issue was
clarified mid-way through the operational test and the constraint at MILSY was not included in the FMS
simulations. Removing this unnecessary constraint produced a more optimal descent profile as
demonstrated by other flights which transitioned cleanly through MILSY.

— RealTracks:Boeing 737-800

Figure 1: Vertical Profiles for Real and Simulated 737-800/900s [1]

Figure 2 depicts the altitude deviations from the specified altitude constraints for all flights, simulated
and real, at the constrained waypoints along the STAR. Three of the constraints are soft constraints
meaning either a lower or upper bound is specified (e.g., cross at or above 11,000 ft). The constraints at
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POZER and PABQY are hard constraints (e.g., cross at 3,000 ft). A 300 ft deviation beyond the constraint
is generally considered acceptable by controllers monitoring altitudes on radar displays. The light green
bars indicate the acceptable deviation from the constraint using this tolerance. The royal blue Xs and
cyan pluses represent the difference between the recorded altitude of the real flights, Boeing 737-800
and Boeing 757-200 respectively, and the altitude constraint (hard or soft). The red triangles, yellow
diamonds, pink squares, and green dots represent the altitude difference between the simulated FMS
flight tracks for the Level-D 767, PMDG 737-600, PMDG 737-800/900, and PMDG 747-400 simulators,
respectively, and the altitude constraints.
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Figure 2: Altitude Comparison at Constrained Waypoints [1]

All of the real flight tracks and most of the simulated flight tracks conformed to the procedure
constraints. Three PMDG 737-800/900 runs produced tracks that were below the “at or above”
restriction at CLYON by 400 to 500 ft. A similar behavior was also recorded for the Level-D 767 at POZER
for one run, while a second run of the Level-D 767 was 1,000 ft too high at POZER.

Based on this initial analysis, it appears that the FMS simulators generally performed well. The Level-D

767 and the PMDG 737-800/900 simulators each had difficulty conforming to the restriction at CLYON or
POZER. The simulation pilots noted that speed brakes were often needed to achieve the required speed
between CLYON and POZER and that this often disengaged the Vertical Navigation (VNAV) portion of the
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autopilot which then had to be re-engaged manually. The simulations pilots responded slightly
differently to these situations between each run. The vertical conformance data suggests a sensitivity to
these differences. Interestingly, real pilots reported that speed brakes were occasionally needed during
this portion of the flight.

These findings indicate that when specific FMS functions are important for a given VATSIM experiment
or event, the performance of these FMS simulator functions should be studied and well understood.
Limitations or issues, such as the need to manually re-engage VNAV or apply speed brakes, should be
identified prior to the experiment and clearly communicated to the VATSIM participants. Unlike
traditional experimental settings which have tight experimental controls, the incorporation of this type
of information into the actions of online participants may be more complicated and should be carefully
understood by researchers.
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