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Abstract

This paper presents an overview of the unique capabili-

ties and historical significance of the Remotely Augmented

Vehicle (RAV) Laboratory at the NASA Dryden Flight Re-

searchFacility. The report reviews the role of the RAV

Laboratory in enhancing flight test programs and efficient

testing of new aircraft control laws. The history of the

RAV Laboratory is discussed with a sample of its applica-

tion using the X-29 aircraft. The RAV Laboratory allows

for closed- or open-loop augmentation of the research air-

craft while in flight using ground-based, high performance
real-time computers. Telemetry systems transfer sensor and

control data between the ground and the aircraft. The RAV

capability provides for enhanced computational power, im-

proved flight data quality, and alternate methods for the test-

ing of control system concepts. The Laboratory is easily

reconfigured to reflect changes within a flight program and

can be adapted to new flight programs.

Nomenclature

ASCII

CADRE

CL

CRT

FSW

HiMAT

JSC

PCM

RAV

American Standard Code for Informa-

tion Interchange

cooperative advanced research

experiment

control law

cathode-ray tube

forward-swept wing

highly maneuverable aircraft technology

Johnson Space Center

pulse code modulated

remotely augmented vehicle
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RAVES

RCD

RPV

SRV

TACT

WATR

Remotely Augmented Vehicle Expert

System

remotely computed display

remotely piloted vehicle

spin research vehicle

transonic aircraft technology

Western Aeronautical Test Range

Introduction

The NASA Dryden Flight Research Facility (Dryden)

strives to enhance its flight test programs by providing su-

perior data and testingnew controllaw concepts safely

and economicallywith high-qualityresults.Accomplish-

ingtheseobjectivesefficientlycallsforminimal flighthard-

ware and software modifications and the use of computa-

tional power availablefrom state-of-the-artground-based

computers.

In response to theseneeds, the Remotely Augmented

Vehicle (RAV) Laboratory evolved to support flight test

programs at Dryden. The RAV Laboratory's capabilities

encompass three main areas: (1) research with a remotely

piloted vehicle (RI'V), (2) research with a RAV, and (3) re-

motely computed displays (RCDs) ('Fig. 1). These remote

computation techniques help reduce the time and cost nec-
essary to complete a desired flight mission and improve the

quality of flight research data.

Research with RPVs may be necessary due to flight safety

reasons, cost limitations, or unavailability of a man-rated

aircraft. The control laws for RPVs can be implemented

in either the ground or onboard control law (CL) comput-

ers with a cockpit in the RAV Laboratory. Pilot inputs from

the cockpit are fed through the ground-based CL computers

and the resulting outputs are uplinked to the aircraft to drive

the flight control surfaces. When the control laws are imple-

mented onboard the RPV, the pilot's commands are uplinked

to the aircraft. The visual cues for the pilot on the ground are

provided through the RAV cockpit instruments and cameras

either onboard the RPV or from a chase plane.



Remotely augmented vehicles provide new methods of

testing control law system concepts by implementing the

new control laws on the ground-based computers for more

computational capability. Onboard primary control laws
are then remotely augmented by ground computers which

uplink surface commands to add to existing pilot inputs.
The RAV computers can also uplink frequency sweeps,

step inputs, or other commands for cleaner data collection
than conventional methods. Individual surfaces can also

be driven with this technique, which may not be possi-

ble solely through conventional pilot inputs to the onboard

controllaws.

The ground-basedcomputersprovidetrajectoryguidance

throughRCDs. These RCD techniquesletgroundcomput-

ersuse downlinked aircraftparameterstocalculatethe er-

rorsbetween theactualand desiredflightconditions;thepi-

lotmay not be abletomentallycompute such errorsbased

on conventionalflightinstruments.These ground-computed

directionalcuesareuplinkedtoacockpitdisplaytodecrease

thepilotworkload requiredtoachievea desiredflightcon-

dition.Insome instances,RCDs make itpossibletoachieve

flightprofilesthatcould not have been attainedby other
means. 1

History of the Remotely Augmented

Vehicle Laboratory

The current RAV Laboratory capabilities have evolved

beyond those of its predecessor, the Remotely Piloted

Research Vehicle Facility created in 1971. In 1983, the

Facility was combined with the Simulation Facility and in-

corix_ated remotely computed display techniques to form

the Simulation/Remotely Controlled Vehicle and Display

Laboratory. Presen0y, it is called the RAV Laboratory and

it encompasses remote augmentation capabilities, whether

open- or closed-loop, developed for a test vehicle.

The technologyfor remote control,augmentation,and

displays were derived from programs like the F-15

spin research vehicle (SRV), the F-8 cooperativead-

vanced research experiment (CADRE), and the F-Ill

transonicaircrai_technology (TACT). The RPV, RAV,

and RCD capabilitieshave since been applied,indi-

viduallyand collectively,to other flighttestprograms

aswell.

The need foran RPV capabilityemerged from the F-15

SRV program which investigatedstalland spincharacteris-

tics.Due tohighcostand therisksinvolvedwitha full-scale

flightvehicleprogram,theprojectwas conductedwithare-

motelycontrolled3/g-scaleprototypeofthe aircraft.Both

theprimary and secondaryflightcontrolsand pilotinputs

were implemented throughtheRAV Laboratory.2

The F-8 CADRE was aremotelyaugmented vehicleused

to developnonlinearpitchflightcontrolalgorithms.The

CADRE used FORTRAN controllaws implementationby

ground-basedcomputerstoavoidadditionsofonboardsys-

tems forthetask. Also,sincethe controllaw algorithms

were selectedwithoutpreviouspilotknowledge and initi-

ated from the ground,thepilotevaluationofaircrafthan-

diingqualitieswas notbiased.3,4

The F-IllTACT, designedwitha supcrcriticalwing for

transonicmaneuvers,was thefirstflightprogram toexperi-

ment withtheremotelycomputed displaysconcept.Ground

computers calculatedthe necessarytrajectorycorrection

based on downiinked flightdata.This correctionwas up-

linkedtotheaircrafttohelpthepilotaccomplishthedesired

maneuvers.Betterqualitydatawcrc obtainedwithlesstime

and cost.

Since these initial programs, the RAV Laboratory capa-
bilities have been used in other flight test programs. The

RPV techniques have been used in the highly maneuverable

aircrafttechnology(HiMAT) program and the B-720 con-

trolledimpact demonstration,among others.Research ve-

hiclesliketheX-29 forward-sweptwing (FSW), theF-Ill

missionadaptivewing, and the F-18 high angle-of-attack

researchvehicleused RAV capabilities.These programs,

along with otherssuch as the F-15 highlyintegrateddigi-

talelectroniccontroland theF-104 aircraft,alsoused RCD

capabilitiestohelpcarryouttheirrespectiveresearch.I,s.6,7

Remotely Augmented Vehicle Laboratory

System in Hight Testing

The RAV Laboratory'srolein flighttestingisto sup-

portany flighttestmissionthatrequiresclosed-loopremote

augmentationcapabilitiessuch as RAV and RPV applica-

lions,oropen-loopcapabilitiesasdemonstratedintheuse of

RCDs (Fig.2). The Laboratoryprovidestheground-based

computationalpower necessaryfor remotely augmented

vehiclemissions. The RAV Laboratoryisalsoequipped

with itsown raw data processingand flightmonitoring

capabilities.

The RAV LaboratoryinterfaceswithotherDryden flight

testfacilitiestoaccomplishitsmissions.The downlink sig-

nalisreceivedfrom theWestern AeronauticalTestRange

0,VATR), and the Laboratory sends back to the WATR

the uplink parameters to be transmitted to the test aircraft

(Fig. 3). The RAV Laboratory provides WATR with the pro-

cessed downlink data and the calculated control law param-

eters for real-time recording. The Laboratory also interacts

with the Dryden Mission Control Center, a facility within

WATR which manages communication, conducts real-time

analyses, and produces displays for flight safety.

Laboratory Hardware Description

The RAV Laboratory computer components include a

data processing computer, a eL computer, and an expert

flight monitoring system. Local recording hardware in-

cludes tape drives, printers, and strip charts (Fig. 3). A



MIL-STD-1553B bus control unit distributes data through-
out the RAV Laboratory, while an uplink encoder and down-
link driver permit access to WATR.

The RAV Laboratory uses two Encore 32/6750 (Encore,
Fort Lauderdale, Florida) real-time computers with shared
memory to handle the pulse code modulated (PCM) data
processing and CL computations. These computers receive
downlink telemetry from the aircraft through the WATR.
The PCM computer converts raw parameter data into engi-
neering units and exchanges the data with the CL computer
through shared memory. The PCM computer also sends
raw data to the monitoring terminals and the Remotely Aug-
mented Vehicle Expert System (RAVES). These computers
also have direct lines to the magnetic tape drive and a printer.

The MIL-STD-1553B bus is linked to the Encore shared

memory region by a bus control/remote terminal unit and
distributes the processed data to the expert monitoring sys-
tem, stripcharts, uplink encoder, and data formatter. Uplink
data are sent from the uplink encoder through WATR trans-
mitters to the test aircraR. Downiink data from the PCM

computer and CL-computed parameters are sent through the
data formatter to WATR to be recorded. Communication

with both the pilot and other flight personnel is possible
through a radio network handled through Mission Control.

The RAVES is interfaced to the 1553 bus by way of a
decommutation system. The decommutation system moni-
tors the raw PCM data stream and the 1553 bus to provide
RAVES with the necessary flight and synchronization data
for telemetry monitoring. The decommutation system also
provides limited mathematical capability for the preprocess-
ing of data for RAVES. The workstation can command the
decommutation system using a serial port link.

Pulse Code Modulated and

Control Law Software

The PCM software is designed to decommutate and
calibrate downlink and uplink fright data, while the CL
software calculates the control law algorithms or supple-
mentary guidance systems to implement on the research air-
craft. Each software is built from a generic skeleton that can
be specifically reconfigured to operate with a specific flight
program. The code structure includes a background task that
does initialization and dynamically updates the cathode-ray

tube (CRT) display pages on a time-available basis. These
display pages output parameter information to give the op-
eratora way of interfacing with the software systems. Each
software also manages an interrupt-driven real-time loop
which carries out the higher priority real-time tasks)

The PCM real-time tasks include synchronization checks,
parameter decommutation and calibration, downLink dis-
crete processing, and outputting of uplink parameters
(Fig. 4). The CL real-time loop inputs the downlink pa-
rameters and executes the necessary front-end caiculations,

validity tests, and mission-specific tasks such as guidance
needle calculations or control surface inputs (Fig. 5).

For flight programs that require RAV capabilities, the de-
sired downlink or uplink parameters are pre-specified. The
PCM computer extracts these parameters from the frames of
data telemetered between the test aircraft and the ground.

Information necessary to decommutate and calibrate
these specified parameters are contained in an input file
which is read by the PCM software during initialization.
This file is generated for each flight program and is updated
and re-released to accommodate changes. The instructions
for each parameter include the parameter name, sampling
rate, frame of data where it first appears, word position
within the frames, and buffer destination. For the calibra-
tion, the PClVlsoftware also requires the type of parameter

(uplink or downlink), method of calibration to be conducted
(curve fit or tabular), and corresponding calibration scaling.

Discretes require no calibration and are loaded into a dis-
crete buffer to be processed and sent to the CL computer
as an integer array. The PCM computer also receives radar
data from the WATR which are convened to integer format

in a separate interrupt-driven loop.

The CL software ground-computes the alternate control
law algorithms implemented for the test aircraft. For RAV
research, the CL computer can calculate pre-determined sur-
face commands such as frequency sweeps, pulses, or indi-
vidual surface deflections to add onto the existing pilot in-

puts. For RPVs, the CL computer handles the control laws
for the aircraft as it is piloted from the ground and uplinks
the output commands to drive the corresponding onboard
control surfaces. For RCDs, the CL software determines
differences between desired flight conditions and the ac-
tual conditions from the downlinked flight data. These dif-
ferences are then uplinked and displayed onboard the test
aircraft.

The PCM and CL computers perform real-time tests to
trackthedatatransferstatusbetweentheaircraft,theRAV

Laboratory, and other systems in the loop. Each computer
observes the executionstatusofthe other system, performs

data synchronization checks, and monitors data transfer fail-
ures between the two computers.

The PCM computer passes its interrupt counter through
shared memory to the CL computer to indicate whether or
not its real-time loop is still executing. Should the PCM fail,
flags will be set in shared memory and subsequently sent to
the uplink encoder to inform the aircraft of its downlink and
uplink status with the RAV Laboratory. Likewise, the PCM
computer can monitor the CL real-time loop counter which
is placed in shared memory.

Synchronization checks determine if the PCM computer
is in sync with the PCM data stream. If the sync fails, the



downlink data stream processing is bypassed and a flag sig-

nals the aircraft and the CL computer of the situation.

The PCM computer also performs window tests and limit

checks on the incoming data to ensure that the data do not
fall outside the specified range.

Other tests that are conducted by the CL software in-

clude wraparound tests, pilot override, radar sync, and any
maneuver/mode/limits/reasonableness tests that vary with

the flight mission. These validity tests are conducted before
the calculated outputs from the CL computer are placed in

shared memory.

All RAV software is validated to confirm that the software

meets its specification, and verifications are conducted to
show that the soRware running is the correct version. SoR-
ware validation for the PCM software can be done with the

use of pre-recorded flight data (in the case of an existing
flight program), actual flight data, or other ways of generat-

ing an input PCM stream such as a PCM formatter to pro-
vide "artificial" downiink data. The downlink data are fed

into the PCM software that carries through the conversions.

Data output from the PCM software are then monitored from
the CRT display pages. The CL software is validated by in-

terfacing with a real-time simulation of the aircraft. Com-

bined systems tests are conducted, incorporating all of the
hardware into the loop with the aircraft on the ground. Once
validated and released for use, the software is then verified

by check sums produced by a cataioger and bit comparisons

to the same program on a tape.

A section of pre-flight checks is also dedicated to veri-

fication of RAV operations. These checks ensure that the
aircraft link to RAV is operational, that the RAV laboratory

is sending and receiving commands, and that the pilot can

disengage RAV if necessary.

Remotely Augmented Vehicle Expert

System Software

The RAVES in the RAV Laboratory was designed to make

the monitoring of RAV flights easier. The system gives

the operator more effective displays using color thresholds,

graphical representations of aircraft systems, and other vi-

sual cues. Before RAVES, the displays used for flight mon-

itoring in the RAV Laboratory were limited to black and

white CRT displays with ASCII outputs and no mouse con-
trol. Newer technology has upgraded the monitoring capa-

bilities of criticalparameters in the Laboratory by providing

color graphics and mouse capabilities to improve human-
computer interface (Fig. 6). 9

The RAVES is based upon the Johnson Space Center's

(JSC's) Real-'13me Display System, a C-langnage program

that supports the space shuttle, t° Benefits arise from using
the JSC software because (1) concurrent developments by

®Data-Views, DVDraw,and DVToolsareregisteredtrademarksof the
Visual IntelligenceCorporation, Amherst,Massachusetts.

NASA, JSC, and the AJr Force can be shared to improve

the system, (2) a large base of users is already associated

with the software, and (3) the collective effort fosters col-

laboration among the government branches. The program-

ming methodology of the data acquisition, a round robin-

style ring, is taken from JSC's program, aiong with some of
the graphics for monitoring the data acquisition. The actual

data acquisition is through a decommutation system with the

ability to monitor the raw PCM and 1553B bus.

The RAVES display graphics for flight parameter

monitoring uses DataViews ®. a generic graphics pack-

age. DataViews ® includes two packages: DVDraw ®,

an interactive drawing package that allows for dynam-

ics: and DVTools ®, the programming graphics language.

DVDraw ® lets users design new displays without the de-

mand for coding by a programmer. Modifications of an

existing display or creation of a new display can then be

quickly done without recompiling the RAVES software.

The RAVES has four major display features: a monitor-

ing window, a status line, a fault message window, and an

expert system interface. The primary window displays user-
designed pages that monitor flight parameters. The status

line shows the current flight number, date, time, and data ac-

quisition status. The fault message window has time-tagged

and color-coded messages that are also logged to a file. The

expert system includes notification of a dangerous or un-
usual occurrence within the fault message. Also, as an op-

tional feature, the system lists appropriate actions to take in

a popup window.

The RAVES uses a standardized color-coding technique

to indicate status for critical and noncritical parameters as
well as selection modes for various features (Fig. 7). Colors

let the monitoring engineer quickly note flight status. This
standardization also lets engineers go from project to project

with the same color scheme, thereby lowering the learning

curve on a new project.

The RAVES also has a local data-logging feature. This

feature, if enabled, allows RAVES to continuously take data
received and write it to a round robin file. When an inter-

esting condition occurs, the user can tell RAVES to save the

current contents of the round robin file to a permanent log

file of selectable size. In addition to this log file, RAVF_

also creates three files containing the time of the save, pa-

rameters accessed by direct memory, and corresponding

fault messages. Up to 10 unique sets of log files can be saved
for each run of RAVES.

Tests are conducted for RAVES to verify the calculation

algorithm for each parameter, the fault messages, the param-

eter limits, all changes of color, the changes of sign, and the

expert system messages. This series of tests follows on the

completion of PCM and CL verification and validation.



Laboratory Application in Flight Testing:
The X-29 Flight Program

TheX-29FSWprogram,astudyof newflightcontrol
laws and aerodynamic concepts, relied on the RAV Labora-

tory's abilities to remotely augment vehicle configurations

and uplink remotely computed displays. The RAV Labora-
tory's computers provided a series of guidance parameters

for an onboard RAV pilot steering system to help the pilot

achieve desired flight maneuvers and control. The RAV sys-

tems also added pre-calculated control surface and stick or

pedal commands to the existing pilot inputs for studies in

aircraft flight responses.

When assisting the pilot in the guidance task, the CL com-

puter compared the actual flight data to a reference flight

profile as selected by the ground operator. The CL computer
then calculated the differences and uplinked them to a set of

vertical, horizontal,and Mach guidanceneedlesonboard the

aircraft to cue the pilot.

The eL computer also generated a series of pre-set input

commands for uplink to the aixcrafl control surfaces, pitch

or roll stick and directional pedal. The X-29 program must

be able to run a series of different step inputs sequentially to

the same or different surface or pilot command. These step

inputs can be selected by the ground operator from a CRT

menu of pre-calculated and pre-tested step inputs once RAV

has been enabled by the pilot. Similarly, frequency sweeps

can either be initiated by the ground operator or engaged
by the pilot. Such ground-computed inputs are added to the

existing pilot commands and therefore the pilot is never re-

moved from the loop. These remote inputs also give cleaner
flight data results.

The RAVES was first used during the X-29 flight test pro-
gram to monitor the RAV operations. Engineers were able

to detect RAV operation failures more quickly with the pro-
gram's graphics capabilities. The RAVES also offered a

practical local recording technique in its logging feature.

The most pronounced benefit of RAVES is in the speed

at which the engineer can see, and therefore react to, a fail-

ure. Before RAVES, a failure could be noted in two ways:

by a fight-emitting diode light on a control panel, or by a

logical discrete (true or false) on an ASCII display. The

RAVES offers two alternate methods to quickly recognize

failures: a color change on the display, or a notice posted

in the fault message window. For example, RAVES sig-

naled a RAV command uplink failure by changing the color

of the parameter from green to redand outputting a red fault
message. In another instance, the incorrect radar switch feed

was discovered through fault messages.

The RAVES logging feature allows quick access to crit-

ical flight segments to help determine what may have oc-

curred during the flight. Also, logging allows data files to

be saved and replayed without the need of a flight tape and
having the entire laboratory operational. In one instance, a

flight was aborted because of failures to maintain RAV com-

munications with the X-29 test aircraft. A log made during

flight was replayed through RAVES, requiring only the pres-
ence of the RAVES workstation where the data file resides.

The cause for failure was easily detected and flight resumed

the following day.

The RAV capabilities provided the X-29 program with a

way to accomplish missions which may not have been con-
ceivable otherwise. Manipulation of individual surfaces, for

instance, would not have been possible solely through pi-

lot inputs because the primary control laws move multiple

surfaces simultaneously. Cleaner aircraft responses were
also obtained through the ground-computed inputs. Also,

thesteering guidancecues gave pilots an easier and faster

way ofaccomplishingthe desiredflightprofiles.The RAV

systems provide for efficient flight test operations and high-

quality research data at the lowest possible costs.

Systems Development, Adaptation, and

Integration for New Fright Programs

Adapting RAV operations to a new flight test program

requires both software and hardware modifications to re-
flect the aircraft and its mission. Because the foundation

for the RAV software packages are already established, any

changes need only reflect those required by the flight test

program. Hardware modifications are necessary for the air-

craft to accommodate basic RAV operations, with more ex-

tensive ground hardware modifications necessary for RPV

purposes.

Modifications of data processing information necessary
for the PCM software are required for the flight program's

specific needs. The PCM software engineer regenerates the
data file that contains the instructions for decommutation

and calibration of each flight parameter to include instruc-

tions for the new research program. Validation tests are

again conducted to assure "flight-readiness" of the software

for actual flight operations.

The CL software modifications may be more extensive

and are highly dependent on the flight test objectives. Al-

though the skeleton of the CL software remains the same,

new front-end calculations are implemented to accommo-

date RPV, RAV, or RCD applications. The CL software can

emulate the control system, be a separate system with aug-

mentation, or take the downlinked onboard outputs, pro-

cess them, and then send them back to the plane (by-

passing the onboard system). Validation for this software

is primarily done through the simulation and is further
checkedalongwith thePCM softwareduringthecombined

systemstests.

There are three major effortsneede,d to add a new

flightprogram module to RAVES: reprogramming the

de,commutation system, designing new displays,and

calculatingany parameters specificto the flightpro-



gram. Once these are completed, it is only neces-
sary to test and verify the accuracy of the displays and

parameters.

The RAVES displays can be designed by a project en-

gineer on any workstationrunningDVDraw @. The decom-

mutationsystemrequiresprogramming oftheparameterlist,

which can be saved to diskette.A programmer takesthe

designeddisplaysand parameterreleasedocuments forthe

projecttodevisethemain menu displayand code parame-

tercalculationwithappropriatemessages.Once theupdates

arecompleted,theprogrammer and otherengineerson the

projectwilldecideiftherearcany unusualconditionsorsets

of conditionsto beware of. This knowledge isthen inte-

gratedintotheexpertinterfaceand faultmessage window.

Onboard softwaremodificationsareprogram dependent.

The softwarehooks forRCD, RAV, and RPV applications

must beadded toremotelydrivethevehicleinstrumentsand

surfaces.InRCD, thesoftwareismodifiedtotaketheup-

linksignaland displayiton an instrumentas a "fly-to"in-
dicator.For RAV and researchwith RPV, theonboard CL

softwareisadjustedtotaketheuplinkand conductscalings,
limitchecks,and errordetectionsbeforeapplyingthesignal

tothesurface.There alsoisa provisionina pilotedRAV

foran automaticand pilotdisengageof RAV Laboratory

commands.

Remotely pilotedvehicleoperationwillalsoneed addi-

tionalground hardware toprovideredundancyas wellasa

ground stationforremote piloting.The redundantsystem

consists of an additional set of PCM/CL stations and com-

puters thatserveas the standbysystem iftheactivecom-

putersfail.The pilotstationusuallyconsistsof a cockpit

withfullinstrumentationand videoequipmentforadditional

visual suplxxt. The stick computer allows selection of the

stick and rudder characteristics and provides the interface

between the pilot's controls and the CL computers.

Hardware modifications onboard the test aircraft are nec-

essary for all RCD, RPV, and RAV applications. For any

application by the RAV Laboratory, a dedicated receiver is
installed on the aircraft to acquire the uplink signal. Some-

times a frequency (diversity) combiner is used to main-

taln blanket coverage for continuous uplink contact with the
aircraft.

Modification for use of RCD involves using the uplink

to drive displays onboard the aircraft. The output of the

uplink on the aircraft is tied to a display device on the air-

craft. This device may be a pre-existing onboard instrument

or the aircraft may require the installation of a new display
mechanism.

For RAV missions, the output of the uplink is fed into ei-

ther an autopilot or the control system. Hardware provisions
are needed to receive and feed these commands into the con-

®DVDraw is • mgis_'e.d trademark of the Visual IntelligenceCorpora-

tion,Amherst, Massachttsetts.

trol system. Hardware and software systems checks ensure

control and flight safety.

Aircraft modifications for RPV operation are similar to

those in RAV operation. In RPV applications, the combiner

is always used and there are more systems checks in both
the hardware and software to ensure control and safety. The

RPV operation has a ground-based backup system in case

of a failure in the primary system. Visual cues are provided

by cockpit instruments and the camera onboard the RPV or

the chase plane. A backup system can also be placed on-
board the RPV in case the uplink signal from the ground is

lost. This onboard backup can be controlled from a chase

aircraft which allows the chase pilot to land the RPV or di-

rect it away from any populated area. If both systems are

employed, the control authority can be switched between

the ground or the chase plane backup system, as required.

Future Applications and Expansion

of Capabilities for RAV

Other applications and expansions of RAV capabilities
are continually being explored. Currently, computer graph-

ics is being examined.

Asidefrom computervisuals,which onlyindicateaircraft

trajectorieson a map, new 3-D computer graphicsshowing

an aircraftmodel and itsflightattitudeshave been designed

and interfacedwith ground simulations(Fig.g). These vi-

sualizationcapabilitiesare easilytransferabletothe RAV

Laboratory. The RAV data can be routed to the 3-D visual

system to show the aircraft's motions during flight.

The future for RAVES includes the making of displays

on-the-fly and an X-window interface. These capabilities
are available in another package using the same graph-

ics and operating in conjunction with the current Dryden
simulations.

Also, two-way communication and control, currently

supplied by the CL displays, can also be developed for the

RAVES workstation by way of the decommutation system.

This capability would allow users to command as well as

monitor flights from RAVES.

Conduding Remarks

The Remotely Augmented Vehicle Laboratory at the

NASA Dryden Flight Research Facility is unique in its abil-

ity to offer remotely piloted vehicle, remotely augmented

vehicle, and remotely computed display capabilities in a
single facility. These capabilities have helped the Facility

to efficiently conduct its flight test programs, to provide bet-

ter quality data, and to conduct tests that may not have been

possible otherwise.

The ground-based computers in the Remotely Aug-

merited Vehicle Laboratory add computational power and
minimize the aircraft software and hardware modifications



requiredforflighttestingofa researchvehicle.Remotely

pilotedvehicletechnologyhas allowedflighttestingon ve-

hiclessuch as the highly maneuverable aircrafttechnol-

ogy vehiclewhere advanced aircraftsystemsrequiredun-

manned operations.Remote augmentationof vehiclesof-

fersa rapid method to testalternativecontrollaw con-

cepts.Remotely computed displayshave proven invalu-

ableby assistingthepilotinperformingdifficultflighttest

maneuvers.

The wealth of past flight test experience with the Re-

motely Augmented Vehicle Laboratory has demonstrated
the Laboratory's ability to quickly accommodate new re-

search programs with a minimum of time and effort.

References

Meyer, Robert R., Jr., and Schneider, Edward T., Real-
lime Pilot Guidance System for Improved Flight Maneu-

vers, NASA TM-84922, 1984.

2petersen, Kevin L., "Review of the 3/Sth Scale F-15

Remotely Piloted Research Vehicle Program," presented at

Meeting No. 38 of SAE Aerospace Control and Guidance

Systems Committee, Sept. 22-24, 1976. Also published as
NASA TN D-8216, 1976.

3Larson, Richard R., Smith, Rogers E., and Krambeer,

Keith D., "Flight-Test Results Using Nonlinear Control

With the F-8C Digital Fly-By-Wire Aircraft," AIAA 83-

2174, Aug. 1983.

4 sharer, Mary, Flight Investigation of Various Con-

trol Inputs Intended for Parameter Estimation, NASA
TM-85901, 1984.

SPetersen, Kevin L., "Flight Control Systems De-

velopment of Highly Maneuverable Aircraft Technology

(HiMAT) Vehicle," AIAA 79-1789, Aug. 1979.

6 Horton, Timothy W., and Kempel, Robert W., "Flight

Test Experience and Controlled Impact of a Remotely
Piloted Jet Transport Aircraft," NASA TM-4084, 1988.

7Kempel, Robert W., Phillips, Paul W., Fullerton,
C. Gordon, and Bresina, John J., "Operational Flight Eval-

uation Technique Using Uplink Pilot Command Cues," pre-
sented at the 20th Annual SFIE Symposium, Reno, NV,

Sept. 18-21, 1989.

SEvans, Martha, and Schilling, Lawrence J., The Role of

Simulation in the Development and Flight Test of the HiMAT

Vehicle, NASA TM-84912, 1984.

9Mackall, Dale, McBride, David, and Cohen, Dorothea,

Overview of the NASA Ames-Dryden Integrated Test Facil-

ity, NASA TM-101720, 1990.

l°Muratore, John E, "Trends in Space Shuttle Teleme-

try Applications," Proceedings of the 1987 International

Telemetering Conference, San Diego, CA, Oct. 1987,

pp. 283-290.



lh

Laboratory cockpit

Actuators

Downlink

PCMCL decommutationsystem system

(a) Remotely piloted vehicle.

Uplink

8045

Flight Actuators
Sensors system

Downlink

system

PCM
decommutatlon

system

Co) Remotely augmented vehicle.

Pilot's displays I Sensom

Uplink

I isplaysystem

PCM
decommutation

system

(c) Remotely computed display.

Fig. 1. RAV configurations.

Downllnk

8O47



ORIGINAL PAGE

BLACK AND WHITE PHOTOGRAPI_

Downllnk Uplink

\ /

Telemetry system Cockpit

Fig. 2. RAV laboratory elements.

Ground-based

flight computers
• Control laws

• Monitoring



WATR

ownlink
data

i i---

Uplink to

ircraft

RAV Laboratory

__ Mission
Control
Center

time

recording

Communications

laboratory components

PCM computer

Magnetic
tape

Printer

CL computer

RAVES

Data ]formatter <

Strip J<charts

Uplink _encoder

1553 bus

910131

Fig. 3. RAV Laboratory block diagram.

?
I Sync checks J

calibration of PCM data I
I

?
iWindowlind limit check i

T
discrete processing iI Downlink

11553 formatted output [

(_ 910132

Fig. 4. PCM software structure.

10



Wait for Iinterrupt

Input Iparameters

1
Front-end Icalculations

iv.,,o.,,.,,i

Yes

.o _

needles

®

Yes

Yes

No 4

-, ,-. j [ 1"_I calculations parameters

Fig. 5. CL software structure for full RAV application.

Calculate
surface
inputs

Calculate
surface
inputs

910133

]1



ALL D2$PLAy

FSW RAV FLZGHT RAVVALI T S ZER8 ALL GA|N$

;NTRCL
F ZNTRPC
F |NTRRD

F Z3YNCR

F ZDSC_D

ZDSC_U

DBWNL_NK DATA
! F PAD

a r _D
3 F ANZD

q F PD

$ F ALPD

6 F THAD

7 F PHZD

8 F BTAD

9 AOZMD

10 RVSURD

_1 AOXHD

12 AD)VD

13 AGC!

lq AGC2

0 CALCULATED VALUES
O F HPT

0 XMACHT
0 ;BAR

0000 ALPHAT

0000 KNTDLY

,O000E+O0

DOOO0[_O0 RADAR DATA

DOOOOE+O0 1F RADT

eOOOOE_O0 Z F RADX

,O00OE+O0 3 F RADY

,0000[_00 q F RADZ
,O000E*O0 5 F RADVX

,O000E÷O0 6 F RADVY

.O000E+O0 7 F RADVZ
,O000E+O00PLZNK DATA

,O000E*O0 1 F XMACH

,O00OE*O0 2 F SURF

_O000E+O0 ] F HgRZZ

,O000E+O0 4 F VERT

REVI RAVO0004

F $RFL_M F
,OOOOE_O0 F REASBN F
,O000E+O0 F HRDBVR F

,O000E+O0 F NZL|H r

,O000[eO0 F NZFAZL F

0 F D;SSSM F

F ANASSM
SYNCF F

F ARMQCE F
,O000E*O0 F DRMeC[ F

,O000E÷O0 F DEGNRM F

,O000E*O0 F RATLZM F

.O000E*o0 TBFAZL F

,0000E*00 F XF[ReK F

,O000E*O0 F XFERFL F

10000E*00 LRVBVR F

RAVACT F

.O000E_O0 RAVVAL T

.3668E-_9 WSWALL F

eO000[+O0 PZDgFF F

jOOOOE_O0 RAVEN; F

1S;O8:ql

LNED T

LSTEP F
LFREG F

LRUNUP F

(a) Comuo]law display in s_odardblack endwMtc ASCH formal

Co) RAVES display.

Fig. 6. RAVES display in contrast to a CL display page.

Ecgo O010..(X)6

12



ammeter

Critical Noncritical

OK

Failing

Failed

GREEN BLACK

YELLOW YELLOW

RED RED

Mode

Color

(a) Designated colors highlighting critical and noncritical
flight parameters based on status.

Fig. 7. RAVES color-coding scheme.

Selected Not selected

BLUE BLACK

Co) Color scheme used for flight modes showing selection
status.

EC90 0084-2

Fig. 8. Computer-generated 3-D model of the X-29A aircraft showing its flight attitudes.

ORIGINAL PAGf

BLACK AND WHITE PHOTOGRAPH

13



FormAppromd
REPORT DOCUMENTATION PAGE _ so 0_,_,u

Pu(_c _nln 0 Ix#tRn lot _ aolk_ton of Inflwmo_onIs esumaMclto averaee 1 how per m. tnelu_ng the lime lot m_wtng Immmumm, _amhlng exming a.uu,eoumm.
I_ and aatg_l_ing I_e dill nee4ed. Imd maplolq ircl mvbwlng Ihe wledtwt ol N_ Dend eomM _qplNIng INs INJqlentttslle or shyMltor lilptcl ot the
cmtmlon _ _tonn-qo,. _ su_mmom _. _ng INs _ to W_tn_nn _eaWlua_ Se_. Oimuo_e __ m_ Opermms _ f_epom. 1;.S JeeWqmn
Davm I_. 8un` 1204. Abllng_m, VA 22;L,02-4102.sndto Ute Office of Mana0emem and IkxlEeL Pamm_d_ Ftecluctlon_ro m (0794-011;8).WmNnglon, I)(3 20605.

1. AGENCY USE ONLY (L_ve b/rank) 2. REPORT DATE | 3. REPORT TYPE AND DATES COVERED

September 1991 [ Tcchnical Mcrnorandum
4. TITLE AiqD SUBTITLE 6. FUNDING NUMBERS

The Role of the Remotely Augmented Vehicle (RAV) Laboratory in

High( Rese_m.h

6. AUTHOR(S)

Dorothea Cohen and Jcaucttc H. Le

I

7. PERFORMINGORGANIZATIONNAME(S) ANDADDRESS(Ell)

NASA Dryden FlightRcscarchFacili_
P.O.Box 273

Edwards, California 93523-0273

L

s. RPOHSOmNG_UC_ITORINa AGENCYNAMECS)AND ADDRESseES)

National Aeronautics and SpaceAdministration

w_ DC 20546-0001

WU-505-68-27

|. PERFORMING ORGANIZATION
REPORT NUMBER

H-1728

10. SPONSORING/MONITORING
AGENCY REPORT NUMBER

NASA TM-I04235

11. 8UPPLEMENTARY NOTES

Plma_ m'theAIAAl:ii_ SimulaioaTa:tldol_ _ a-d Exl_'_ _g'w OdmL I.A, Aag_ 12-14,1991.

I

12S. DISTRIBUTION/AVAILABILITY STATEMENT

Un_fied _ Unlimited

SubjectCategory 05

lS. ABSTRACT (Maximum ZOO words)

_ "IN'

I

12b. DISTRIBUTION CODE

This paper4mwen_ an overview of the unique capabilities and historical silpfificance of theRemotely

Augmented Vehicle (RAV) Laboratory at the NASA Dryden Flight _ F_ilRy. _

roleoftheKAV Laboratoryin_ flighttestprograms and efliciautestingofnew &ircr_conm)llaws.

The history of the RAV Laboratory is discussed wRh a _mple of its application using _ X-29 _ The RAV

Laboratory allows for closed- or opewloop augmentation of the n_atr_ aircr_ while in flight using ground-

based, high performance real-time compmen. Telemeu_ _ mmfer sensor and control data between the

ground and the aircraft. The RAV capability provides for enhanced computational power, improved flight data

quali_, and altema_ methods for fl_e testing of control system conceit. The Laboratory is easily reconfigured

to reflect changes within a flight program and can be adapted to new flight programs.

_4. SUSJECTTERMS

CL, PCM, RAV, RAVES (Remotely Augmented Vehicle Expert System),
RCD, RPV

17. 8ECUNITY CkASSIFICATION
OF REPORT

Unclassified
I

N_N 7540-O1-280-5500

18. SECURITY CLASSIFICATION 111. SECURITY CLASSIFICATION
OF THIS PAGE OF ABSTRACT

Unclassified

14. NUMSER OF PAGES

]6
16. PRICE CODE

A02

20. LiMITATiON OF ABSTRACT

SmndarclForm _ (Rev. 2_SS)
PmN_ I_ AN_I INd. Zm-S e
Ims-lm


