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(ABSTRACT)

This report will describe the process of transport delay measurement
along several points in the signal path for piloted flight simulators.
Measurements were made in both the frequency and time domain. A
new method for collecting data from video transitions was designed and
tested. The accuracy and ease of use of the new method was compared
to the previous data collection method. The transport delays for
individual pieces of equipment were determined as well as the delays
associated with the computational flow of two vehicle math models.
Hardware and software was then modified to significantly improve the
overall transport delay characteristics of the simulation.
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CHAPTER 1
INTRODUCTION

Flight Simulation

Since its inception flight simulation World War II, flight simulation
has evolved to meet the increasing demands placed upon it by the trainirig
and engineering communities.[ 1] The first flight simulators were small blue
boxes, with wings and instruments mounted on pedestals . Hence the
name, Blue Box. The Blue Box served as a training aid in flight instruction
for most of the war. Through its use it became apparent that simulation,
although quite crude at this stage, was extremely valuable in minimizing
in-flight instruction and in reducing training costs. As flight simulators
increased in accuracy and realism, engineering concepts for the design of
aircraft began to be tested on the simulator.

In the 1960s the flight simulator made the transition from analog
computers to digital computers. This enhancement meant that training
and engineering tasks could be made more realistic due to the relative ease
of reprogramming the computer. The training tasks could be more versatile
and now the engineering tasks had a method by which mathematical
models could be easily modified. This transition opened the door to
extensive use of flight simulation in many areas and as a result flight
simulation equipment (computers. Input/Output systems, visual systems,
etc.) began to rapidly evolve to meet the demands exerted by the flight
simulation community.

Today research is conducted in vehicle handling qualities, avionics,
stability and control, controls. human factors, displays and safety in the
flight simulator. Engineering simulators used in conjunction with wind
tunnels and flight test data add another dimension in the cost effective
development of new aeronautical, control and operational concepts for
aerospace vehicles. Such a simulation is achieved by mathematically
modeling a vehicle’s aerodynamics, controls, propulsion system, structures,
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avionics, and environmental characteristics and using computer controlled
displays and a control feel system to give the pilot the illusion of actual
flight.[2]

During the last twenty years the flight simulation equipment
evolution has lead to the development of equipment that can be integrated
into a simulation facility system. These facilities typically have several
subsystems such as the simulation computers, data transmission
networks, cockpits, visual systems for out-the-window scenery and
graphics equipment for cockpit instrumentation. |

Simulation Facilities

During the evolution of the flight simulator, NASA Langley Research
Center's Flight Simulation Facility (FSF) has been on the forefront of
simulation technology development. The simulation equipment at the FSF
has been through several upgrades and modifications since the early 1960s
leading to the simulation system that is currently in use today. The FSF,
similar to other facilities, is composed mainly of electronic, hydraulic and
pneumatic hardware controlled by software that is executed either on the
subsystem or on the main simulation computer. The composition of the
FSF system includes two main simulation computers; a data input/output
system capable of being configured into a Local-Area-Network (LAN); four
controller consoles, from which to operate the simulation; several different
kinds of cockpits; two motion base platforms, for cockpit acceleration cues;
two Computer Generated Imagery (CGI) systems, for out-the-window
visuals; three Calligraphic/Raster Display Systems (CRDS), for cockpit
instrumentation; and video and audio distribution networks. Figure 1
shows the functional layout of the FSF. The following is a description of
Figure 1.

Hardware.

All simulations ultimately utilize a central computer, or
computers, on which to start, operate and terminate the vehicle






