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Documentation of SenSory information in the 
operation of unmanneD aircraft SyStemS

INTrOduCTION

Under.the.strategy.to.establ�sh.standard.procedures.and.
gu�del�nes.for.general.av�at�on.operators.�s.an.�n�t�at�ve.
to.develop.pol�c�es,.procedures,.and.approval.processes.
to. enable. the.operat�on.of.unmanned.a�rcraft. systems.
(UASs).�n.the.Nat�onal.A�rspace.System.(NAS) ..UASs.are.
a.grow�ng.presence.�n.the.NAS,.serv�ng.such.funct�ons.as.
surve�llance,.mon�tor�ng,.and.research ..At.present,.UAS.
operat�ons.�n.the.NAS.requ�re.spec�al.approval.from.the.
Federal. Av�at�on. Adm�n�strat�on. (FAA) ..They. are. not.
able.to.“file.and.fly”.l�ke.manned.a�rcraft.because.un�que.
character�st�cs.of.UASs.potent�ally.present.safety.hazards.
that.have.not.yet.been.fully.�dent�fied ..

One.obv�ous.d�fference.between.UASs.and.manned.
a�rcraft.�s.that.the.p�lot.control.�nterface.(� .e .,.the.cock-
p�t).has.been.separated.from.the.a�rcraft ..Th�s.separat�on.
has. �mmed�ate. consequences. for. the.p�lot. �n. terms.of.
the.types.and.qual�ty.of.sensory.�nformat�on.ava�lable ..
Sensory.�nformat�on,.�n.th�s.paper,.�s.defined.as.�nforma-
t�on.about.the.state.and.health.of.the.a�rcraft.that.can.
be.ga�ned.through.the.var�ous.human.sensory.modes ..A.
human.sensory.mode.�s.one.of.several.phys�cal.processes.
that.allows.a.human.to.rece�ve.�nputs.from.the.env�ron-
ment ..For.example,.the.UAS.p�lot.typ�cally.cannot.hear.
the.eng�ne.of.the.a�rcraft,.feel.the.effect.of.aerodynam�c.
forces.on.the.controls.or.a�r.turbulence.on.the.a�rframe,.
or.see.from.the.po�nt.of.v�ew.of.the.a�rcraft.w�thout.the.
presence.of.compensatory.art�fic�al.sensors.and.d�splays ..
Compared.to.a.p�lot.onboard.the.a�rcraft,.the.unmanned.
a�rcraft.p�lot.rece�ves.much.less.d�rectly.sensed.�nforma-
t�on.dur�ng.a.fl�ght ..

Recent. research. has. suggested. the. �mportance. of.
hav�ng. mult�ple. types. of. sensory. �nformat�on. �n. the.
cockp�t ..There.�s.a.phenomenon.called.multi-modal re-
inforcement, �n.wh�ch.the.s�multaneous.presentat�on.of.
a.v�sual.and.aud�tory.�nput.re�nforces.the.percept�on.of.
both ..For.example,.people.have.more.trouble.perce�v�ng.
a.fl�cker�ng.po�nt.of. l�ght. as. the. �ntens�ty.of. the. l�ght.
�s.decreased ..However,.�f.the.l�ght.�s.accompan�ed.by.a.
sound,.the.ab�l�ty.to.perce�ve.the.l�ght.�mproves.(Kayser,.
2007) ..In.add�t�on,.bra�n.�mag�ng.stud�es.have.shown.
that.certa�n.reg�ons.of.the.bra�n.are.used.spec�fically.for.
the.�ntegrat�on.of.mult�ple.sensory.�nputs.and.that.many.
act�v�t�es,.such.as.the.local�zat�on.of.a.sound.�n.space,.
rely. on. mult�-sensory. �nputs. (Kayser,. Petkov,. Augath,.
&.Logothet�s;.2005) .

For.manned. a�rcraft,. the.presence.of.mult�-sensory.
�nputs.�s.a.g�ven ..P�lots.of.manned.a�rcraft.m�ght.not.even.
be.aware.of.the.ava�lab�l�ty.of.several.d�fferent.types.of.
sensory.�nputs.occurr�ng.at.the.same.t�me ..However,.�t.�s.
l�kely.that.each.type.of.�nput.has.a.re�nforc�ng.effect.on.
the.others.that.allows.for.a.rap�d.d�agnos�s.and.response.
of.both.normal.and.unusual.events.�n.the.cockp�t ..

The.s�tuat�on.for.the.p�lot.of.a.UAS.�s.much.d�ffer-
ent ..UAS.p�lots.rece�ve.�nformat�on.regard�ng.the.state.
and. health. of. the�r. a�rcraft. solely. through. electron�c.
d�splays .1.The.purpose.of.th�s.paper.�s.to.document.the.
types. of. sensory. �nformat�on. that. are.not. ava�lable. to.
the.UAS.p�lot,.compared.to.the.onboard.p�lot,.and.to.
d�scuss.how.d�fferences.m�ght.affect.the.operat�on.and.
safety.of.fl�ght.of.UASs ..In.add�t�on,.the.paper.w�ll.look.
for.ev�dence.of.the.degree.to.wh�ch.the.lack.of.mult�ple.
sensory.modes.has. led.to.UAS.acc�dents.and.how.the.
des�gn.of.var�ous.systems.attempts. to.overcome.mode.
defic�enc�es ..We.w�ll.look.at.research.that.has.proposed.
var�ous.ways.to.augment.sensory.�nformat�on.for.UAS.
p�lots.and.current.federal.regulat�ons.that.address.sensory.
�nformat�on.�n.manned.a�rcraft ..The.final.sect�on.of.the.
paper.w�ll.�nclude.recommendat�ons.for.system.des�gn.
for.UAS.control.stat�ons.and.tra�n�ng.that.w�ll.help.to.
address.problems.related.to.the.lack.of.mult�ple.modes.
of.sensory.�nformat�on .

Background on Human sensory Capabilities
Before.we.can. fully. apprec�ate. the. types.of. sensory.

�nformat�on. that. are. ava�lable. to. the. UAS. p�lot,. we.
must.develop.an.understand�ng.of.bas�c.human.sensory.
capab�l�t�es ..In.th�s.sect�on,.we.w�ll.rev�ew.the.types.of.
sensory.�nformat�on.that.are.ava�lable.to.the.p�lot.dur-
�ng.fl�ght.�n.manned.a�rcraft ..For.each.type.of.sensory.
�nformat�on,.�t.w�ll.be.noted.how.the.�nformat�on.�s.used.
to.ma�nta�n.safe.fl�ght .

Visual Information
By.far,.the.most.�mportant.and.most.used.sense.for.the.

p�lot.�s.v�s�on ..Even.when.fly�ng.�n.�nstrument.meteoro-
log�cal.cond�t�ons,.the.p�lot.rel�es.on.v�sual.�nformat�on.
from.the.d�splays.to.determ�ne.the.pos�t�on.and.att�tude.
of. the. a�rcraft .. When. fly�ng. �n. v�sual. meteorolog�cal.
cond�t�ons,.not.only.does.the.p�lot.rely.on.�nformat�on.
from. the.d�splays,. but. there. �s. also. a.wealth. of. v�sual.
1Note.that.th�s.analys�s.excludes.UASs.that.are.controlled.through.
v�sual.l�ne.of.s�ght .
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�nformat�on. ava�lable. by. look�ng. outs�de. the. a�rcraft ..
V�sual.�nformat�on.can.be.separated.�nto.four.categor�es:.
foveal.v�s�on,.v�sual.accommodat�on,.color.v�s�on,.and.
per�pheral.v�s�on ..Each.of.these.categor�es.�s.d�st�ngu�shed.
by.the.type.of.�nformat�on.�t.prov�des .

Foveal Vision
Foveal.v�s�on.prov�des.�nformat�on.to.the.p�lot.�n.the.

form.of.symbols.and.�mages.that.can.be.brought.�nto.focus.
w�th�n.the.v�sual.field.of.v�ew ..It.depends.on.the.ab�l�ty.to.
resolve.deta�l.w�th�n.the.v�sual.field.of.v�ew ..Th�s.ab�l�ty.
�s.generally.referred.to.as.v�sual.acu�ty ..The.resolut�on.of.
deta�l.pr�mar�ly.�nvolves.a.very.small.port�on.of.the.eye.
called.the.fovea,.wh�ch.corresponds.to.only.about.1.degree.
of.the.v�sual.field.of.v�ew.(Antuñano,.2002) ..

One.obv�ous.quest�on.that.ar�ses.w�th.a.d�scuss�on.of.
v�sual.acu�ty.�s.how.far.away.an.object.can.be.and.st�ll.be.
seen.by.an.observer ..The.most.common.answer.to.th�s.
quest�on.uses.the.angular.s�ze.of.an.object.�n.relat�on.to.
the.total.v�sual.angle.�mp�ng�ng.on.the.eye.at.any.g�ven.
moment ..When.expressed.�n.terms.of.angular.s�ze,.the.
most.commonly.accepted.resolv�ng.ab�l�ty.of.humans.�s.1.
m�n.of.v�sual.arc.(1/60th.of.a.degree).(O’Hare.&.Roscoe,.
1990) ..The.formula.for.comput�ng.angular.s�ze.�s:.tan.
θ.=.he�ght.(or.more.prec�sely.the.v�sual.cross-sect�on.of.
the.object).d�v�ded.by.d�stance.(of.the.object.from.the.
observer) ..For.example,.an.object.that.has.a.v�sual.cross-
sect�on.of.1.ft.and.�s.3,438.ft.from.an.observer.subtends.
1.m�n.of.v�sual.arc.(tan.θ =.1/3438.=. .00029;.tak�ng.the.
�nverse.tangent.of. .00029.y�elds. .016666,.wh�ch.�s.equal.
to.1/60.of.a.degree,.or.1.m�n.of.arc) ..In.more.d�rect.terms,.
an.object.that.has.a.1.ft.v�sual.cross-sect�on.can.theoret�-
cally.be.recogn�zed.from.as.far.away.as.3,438.ft ..The.v�sual.
cross-sect�on.of.an.object.�s.determ�ned.more.by.the.shape.
of.the.object.than.the.s�ze.of.the.object ..An.a�rcraft.w�th.
a.w�ngspan.of.20.ft,.for.example,.does.not.present.that.
much.area.to.an.observer.�f.looked.at.edge-on .

There.�s.a.d�rect.l�near.relat�onsh�p.between.the.v�sual.
cross-sect�on.of.the.object.and.the.v�sual.recogn�t�on.d�s-
tance ..Doubl�ng.the.v�sual.cross-sect�on.of.the.object.w�ll.
double.the.d�stance.at.wh�ch.�t.can.be.seen ..Halv�ng.the.
v�sual.cross-sect�on.w�ll.halve.the.d�stance,.and.so.on .

Of.course,.there.are.several.other.factors.that.�nfluence.
the.v�s�b�l�ty.of.objects ..For.example,.the.br�ghtness.of.an.
object.and.the.amount.of.contrast.an.object.has.aga�nst.�ts.
surround�ngs.both.affect.object.v�s�b�l�ty.and,.therefore,.
object. recogn�zab�l�ty .. In.add�t�on,.v�sual. acu�ty.drops.
rap�dly.as.an.object.falls.outs�de.the.1-degree.area.of.foveal.
v�s�on ..Harr�s.(1973),.for.example,.demonstrated.that.the.
probab�l�ty.of.detect�ng.a.DC-3.a�rcraft.at.a.range.of.5.m�.
was.100%.when.looked.at.d�rectly,.but.the.probab�l�ty.
dropped.to.less.than.20%.when.the.�mage.was.d�splaced.

10. degrees. from. the. center ..V�sual. acu�ty. can. also. be.
affected.by.phys�olog�cal. factors ..Alcohol.and. tobacco.
use,.low.blood.sugar,.and.sleep.depr�vat�on.can.�mpa�r.
v�s�on ..In.add�t�on,.�nfl�ght.exposure.to.low.barometr�c.
pressure.w�thout.the.use.of.supplemental.oxygen.(above.
10,000.ft.dur�ng.the.day.and.above.5,000.ft.at.n�ght).
can.result.�n.hypox�a.(low.blood.oxygen.levels),.wh�ch.
can.also.�mpa�r.v�s�on.(Antuñano,.2002) .

For.these.and.other.reasons,.the.Nat�onal.Transpor-
tat�on.Safety.Board.(NTSB).has.stated.that.an.a�rcraft.
must.subtend.at.least.12.m�n.of.v�sual.arc.before.there.
�s.a.reasonable.chance.of.see�ng.�t.(e .g .,.NTSB,.1987) ..
Furthermore,.a.report.by.the.Austral�an.Bureau.of.A�r.
Safety. Invest�gat�on. states. that. �n. sub-opt�mal. v�sual.
cond�t�ons.(� .e .,.low-l�ght,.low-contrast),.a.figure.of.24.
to.36.m�n.of.arc.�s.more.real�st�c.(BASI,.1991) ..Us�ng.
the.NTSB.value.of.12.m�n.of.v�sual.arc,.an.object.that.
spans.1.ft.of.v�sual.w�dth.could.be.seen.only.�f.�t.were.as.
close.as.286.ft ..In.sub-opt�mal.cond�t�ons.(requ�r�ng.36.
m�n.of.v�sual.arc),.th�s.same.object.would.only.be.seen.
�f.�t.were.w�th�n.95.ft.of.the.v�ewer .

In.terms.of.the.type.of.�nformat�on.that.foveal.v�s�on.
prov�des.to.the.p�lot,.very.prec�se.quant�tat�ve.data.can.
be.ga�ned.�n.a.very.br�ef.per�od.of.t�me ..Exact.�nforma-
t�on.regard�ng. the. speed,.att�tude,.head�ng,.and.other.
fl�ght.parameters.of.the.a�rcraft.�s.ava�lable.through.the.
cockp�t.d�splays.and.can.be.processed.rap�dly ..Also,.the.
�nformat�on.can.be.cont�nuous.�n.nature.(as.opposed.to.
categor�cal.�nformat�on.that.can.have.one.of.only.a.few.
d�fferent.values) ..On.the.other.hand,.access�ng.th�s.�nfor-
mat�on.requ�res.that.the.p�lot.focus.attent�on.d�rectly.at.a.
spec�fic.locat�on,.to.the.exclus�on.of.other.v�sual.�nforma-
t�on ..Th�s.�s.one.reason.p�lots.are.taught.the.�mportance.
of.�nstrument.scann�ng.techn�ques.so.that.�nformat�on.
that.�s.ava�lable.only.v�sually.�s.updated.regularly .

Visual Accommodation
It. �s. �nterest�ng. to. note. that,. wh�le. foveal. v�s�on. �s.

normally.measured.at.a.d�stance.of.20.ft,.us�ng.a.Snellen.
exam.eye.chart,.foveal.v�s�on.requ�rements.rarely.occur.at.
that.d�stance ..Most.fl�ght-related.v�sual.act�v�t�es.requ�re.
look�ng.at.d�splays.or.other.objects.w�th�n.the.cockp�t.that.
are.approx�mately.2.to.4.ft.from.the.observer ..Objects.of.
�nterest.located.outs�de.the.cockp�t.are.most.often.hun-
dreds.or.even.thousands.of.feet.away.from.the.observer ..
The.ab�l�ty.to.sh�ft.the.focus.of.the.eye.to.var�ous.d�stances.
�s.called.accommodat�on ..Accommodat�on.�s.affected.by.
age.and.fat�gue,.as.well.as.other.factors ..The.BASI.report.
(1991).suggests.that.the.average.p�lot.probably.takes.several.
seconds.to.accommodate.to.a.d�stant.object ..
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The.type.of.�nformat�on.that.�s.ava�lable.to.the.p�lot.
through. v�sual. accommodat�on. cons�sts. pr�mar�ly. of.
d�stance. data,. but. only. for. relat�vely. short. d�stances.
(approx�mately.30.ft.or.less) ..Access�ng.th�s.data.can.be.
rather. slow,.and. the.act.of.v�sual.accommodat�on.can.
make.�t.more.d�fficult.to.access.foveal.v�s�on.�nformat�on.
that.m�ght.be.ava�lable .

Color Vision
Accord�ng. to. O’Hare. and. Roscoe. (1990),. humans.

are.capable.of.d�st�ngu�sh�ng.approx�mately.130.d�ffer-
ent.colors.across.the.range.of.v�s�ble.l�ght ..However,.th�s.
number. �s. dependent. on. both. b�olog�cal. and. cultural.
factors ..In.add�t�on,.the.use.of.colors.to.convey.�nforma-
t�on.�n.d�splays.should.be.far.more.l�m�ted ..Most.human.
factors.gu�del�nes.suggest.us�ng.no.more.than.7.colors.
for.convey�ng.�nformat�on.(e .g .,.FAA,.2003) .

There.are.several.types.of.defic�enc�es.related.to.the.
sens�ng.of.spec�fic.ranges.of.colors ..The.use.of.colors.�n.
d�splays.to.present.spec�fic.�nformat�on.can.l�m�t.some.
people.from.perce�v�ng.that.�nformat�on ..It.�s.�mportant.
that.des�gners.of.d�splays. are. aware.of.wh�ch. types.of.
color. sens�ng.defic�enc�es.m�ght.preclude. full.use.of.a.
d�splay .

There. are. 2. major. types. of. color. defic�enc�es ..The.
most.common.�s.red-green.defic�ency,.mean�ng.d�fficulty.
�n.d�st�ngu�sh�ng.red.and.green.hues ..Th�s.defic�ency.�s.
present.�n.approx�mately.8-10%.of.the.male.populat�on ..
Blue-yellow.defic�ency.affects.another.1-2%.of.the.male.
populat�on ..Less.than.1%.of.females.have.any.type.of.
color.sens�ng.defic�ency.(Hoffman,.1999) .

Informat�on.ava�lable.through.color.sens�ng.�s.rap�dly.
access�ble.but.l�m�ted.to.categor�cal.values ..Attent�on.must.
be.d�rected.toward.the.�nformat�on.but.not.as.prec�sely.
as.�s.requ�red.for.foveal.v�s�on.�nformat�on ..Th�s.w�dened.
field.of.v�ew.�s.somet�mes.referred.to.as.parafoveal.v�s�on.
because. the. �nformat�on. can.be.processed.outs�de. the.
central.1-degree.field.of.v�ew.but.does.not.�nclude.the.
ent�re.v�sual.field.of.v�ew ..Est�mates.vary,.but.parafoveal.
v�s�on.�ncludes.approx�mately.the.central.10-degree.v�sual.
field.(G�lbert,.1950) .

Peripheral Vision
Wh�le.the.major�ty.of.v�sual.�nformat�on.�s.processed.

w�th�n.the.central.1-degree.vert�cal.and.hor�zontal.v�sual.
field,.the.ent�re.v�sual.field.of.the.eyes.�s.normally.about.
200.degrees.on.the.hor�zontal.plane.and.135.degrees.
on.the.vert�cal.plane ..The.non-central.field.of.v�ew.�s.
referred.to.as.per�pheral.v�s�on.(except,.as.noted.above,.
when.a.port�on.of.�t.�s.referred.to.as.parafoveal.v�s�on) ..
Most. of. the. �nformat�on. that. �s. conveyed. through.

per�pheral. v�s�on. �s. about. movement ..Th�s. �ncludes.
both. movement. of. objects. w�th�n. the. field. of. v�ew.
and.movement.of.the.�nd�v�dual.through.space ..Th�s.
�nformat�on.�s.not.very.prec�se.but.serves.more.to.at-
tract.the.attent�on.of.the.v�ewer.to.a.locat�on ..W�th�n.a.
cockp�t.env�ronment,.a.chang�ng.v�sual.st�mulus.such.
as.a.bl�nk�ng.l�ght.w�th�n.the.per�pheral.v�sual.field.can.
serve.as.a.means.to.attract.attent�on .

Auditory Information
Sound.can.be.descr�bed.�n.terms.of.three.var�ables:.

frequency.(or.p�tch);.�ntens�ty.(or.loudness);.and.durat�on ..
Sound.frequenc�es.that.are.aud�ble.to.humans.fall.�n.the.
range.of.20.to.20,000.cycles.per.second.or.hertz.(Hz),.
w�th.the.greatest.sens�t�v�ty.occurr�ng.�n.the.reg�on.of.1-3.
KHz.(O’Hare.&.Roscoe,.1990) ..The.reg�on.between.1-3.
KHz.�s.also.where.human.conversat�on.normally.occurs ..
Sound.�ntens�ty.�s.descr�bed.�n.dec�bels.(dB) ..A.dec�bel.
�s.bas�cally.a.measure.of.the.pressure.level.that.a.sound.
exerts.on.the.ear ..For.reference,.a.wh�sper.has.a.dec�bel.
level.between.20.and.30 ..The.cab�n.of.a.jet.a�rplane.has.
a.sound.�ntens�ty.between.60.and.88.dB ..The.cockp�t.
of.a.small.propeller-dr�ven.a�rcraft.has.a.sound.�ntens�ty.
between.70.and.90.dB ..Stand�ng.close.to.a.jet.eng�ne.
exposes.one.to.a.sound.�ntens�ty.between.130.and.160.
dB.(Antuñano.&.Spanyers,.1998) .

W�th�n. the.manned.a�rcraft. env�ronment,. sound. �s.
produced.from.a.var�ety.of.sources ..Sounds.are.produced.
by. a�rcraft. equ�pment,. such. as.powerplants,. transm�s-
s�on.systems,.jet.efflux,.propellers,.rotors,.hydraul�c.and.
electr�cal.actuators,.cab�n.cond�t�on�ng.and.pressur�za-
t�on.systems,.cockp�t.adv�sory.and.alert�ng.systems,.and.
commun�cat�ons.equ�pment ..Sound.�s.also.produced.by.
the.aerodynam�c. �nteract�on.between.amb�ent.a�r. and.
the.surface.of.the.a�rcraft.fuselage,.w�ng.control.surfaces,.
and. land�ng. gear .. P�lots,. w�th. some. exper�ence,. learn.
to.d�st�ngu�sh. the. var�ety.of. sounds. that. the�r. a�rcraft.
makes.under.normal.operat�ons,.such.as.the.pos�t�on�ng.
of.the.land�ng.gear.and.flaps ..A.change.�n.these.sounds.
�s.a.useful.clue.to.the.p�lot.that.a.malfunct�on.or.some.
other.anomalous.cond�t�on.has.occurred.(Antuñano.&.
Spanyers,.1998) ..

Informat�on.ava�lable.aurally.can.be.as.prec�se.as.foveal.
v�s�on.�nformat�on,.but.the.speed.of.transm�ss�on.�s.much.
slower ..For.example,.alt�tude.�nformat�on.can.be.trans-
m�tted.aurally.by.hav�ng.a.vo�ce.announce.the.alt�tude,.
but.the.update.rate.of.that.�nformat�on.would.be.much.
slower.than.a.v�sual.d�splay ..On.the.other.hand,.aural.
�nformat�on.does.not.requ�re.that.the.head.be.or�ented.
�n.a.part�cular.d�rect�on ..
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spatial Orientation/Vestibular Information
Spat�al.or�entat�on.refers.to.our.ab�l�ty.to.recogn�ze.

and.ma�nta�n.our.body.pos�t�on.relat�ve.to.the.env�ron-
ment ..Wh�le.the.v�sual.system.plays.a.key.role.�n.spat�al.
or�entat�on,.a.second.�mportant.source.of.�nformat�on.
comes.from.the.vest�bular.system ..Vest�bular. �nforma-
t�on. �s. der�ved. from. organs. w�th�n. the. �nner. ear,. the.
sem�c�rcular.canals,.and.the.otol�th.organ ..Movement.of.
the.body.through.space.�s.sensed.through.the.vest�bular.
system.so.as.to.allow.spat�al.or�entat�on.to.be.ma�nta�ned ..
As.w�th.aural.�nformat�on,.vest�bular.�nformat�on.does.
not. requ�re. that. the. p�lot’s. attent�on. be. d�rected. �n. a.
part�cular.d�rect�on .

Proprioceptive and Kinesthetic Information
Propr�ocept�on.�s.the.sens�ng.of.changes.�n.the.muscles.

and.tendons.of.the.body ..K�nesthet�c.�nformat�on.�s.�n-
format�on.regard�ng.body.movement,.as.perce�ved.by.the.
muscles,.tendons,.and.jo�nts.of.the.body ..In.the.cockp�t,.
most.propr�ocept�ve.and.k�nesthet�c.�nformat�on.�s.re-
ce�ved.as.a.result.of.movement.of.the.controls.(pr�mar�ly.
the.yoke.and.rudder.pedals).but.can.also.be.der�ved.from.
the.sens�ng.of.grav�tat�onal.and.accelerat�onal.forces.on.
the.body.as.the.a�rcraft.moves.through.the.a�r .

Wh�le.the.p�lot.needs.to.be.hold�ng.the.controls.to.
rece�ve.propr�ocept�ve.�nformat�on.from.them,.attent�on.
does.not.need.to.be.d�rected.at.the.controls ..A.change.
�n.the.expected.feel.of.the.controls.�s.suffic�ent.to.d�rect.
attent�on.to.the.propr�ocept�ve.�nformat�on .

Haptic Information
Hapt�c. �nformat�on. refers. to. the. sense. of. touch ..

Interface.des�gners.make.use.of.hapt�c.�nformat�on.�n.a.
var�ety.of.ways ..One.example.�s.found.on.most.computer.
keyboards,.where.there.�s.a.ra�sed.r�dge.on.the.“F”.and.
“J”.keys.on.the.keyboard.to.cue.users.where.to.place.the�r.
fingers.w�thout.hav�ng.to.look.at.the.keyboard ..Des�gners.
of.cockp�t.controls.make.use.of.hapt�c.�nformat�on.to.ass�st.
the.p�lot.�n.d�st�ngu�sh�ng.certa�n.controls.from.others ..
For.example,. the. shapes.and. textures.of.gear.and.flap.
levers.are.used.to.ass�st.the.p�lot.�n.d�st�ngu�sh�ng.these.
controls.from.others.located.nearby ..Hapt�c.�nformat�on.
also.�ncludes.v�brat�on,.e�ther.caused.by.a.system.anomaly.
or.purposely.generated.as.an.alert�ng.dev�ce .

S�m�lar.to.propr�ocept�ve.�nformat�on,.attent�on.does.
not.need.to.be.d�rected.toward.the.source.of.the.hapt�c.
�nformat�on.to.be.processed.(Ho,.Tan,.&.Spence,.2006) ..
However,.�t.�s.expected.that.the.hapt�c.�nformat�on.must.
be.suffic�ently.d�fferent.from.what.�s.expected.for.�t.to.
capture.attent�on,.although.no.spec�fic.research.on.th�s.
�ssue.could.be.found ..

sense of smell
Wh�le.not.usually.thought.of.as.cr�t�cal,.the.sense.of.

smell.can.nevertheless.prov�de.�mportant.�nformat�on.to.
the.p�lot ..Boser.(2002).reported.that.the.first.�nd�cat�on.
of.trouble.for.a.number.of.�n-fl�ght.fires.was.the.s�ght.
or.smell.of.smoke ..For.example,.�n.the.case.of.Sw�ssA�r.
Fl�ght.111.that.suffered.an.�n-fl�ght.fire.and.crashed.on.
September.2,.1998,.the.crew.smelled.smoke.�n.the.cockp�t.
a.full.3.m�n.pr�or.to.see�ng.smoke .

Negative Aspects of sensory Information in 
Manned Aircraft

Though.sensory.�nformat�on.�s.necessary.for.the.per-
formance.and.safety.of.a.fl�ght,.there.are.negat�ve.aspects.
to.sensory.�nformat�on.that.should.not.be.overlooked ..In.
an.analys�s.of.sensory.�nformat�on.for.unmanned.a�rcraft,.
�t.�s.�mportant.to.note.that.the.absence.of.certa�n.sensory.
st�mul�.m�ght.actually.have.a.pos�t�ve. effect. regard�ng.
the.safety.of.the.fl�ght.and.the.health.of.the.p�lot ..Th�s.
sect�on.w�ll.rev�ew.negat�ve.aspects.of.several.modes.of.
sensory.�nformat�on.and.w�ll.d�scuss.how.they.apply.to.
the.p�lot�ng.of.unmanned.a�rcraft .

Visual Accommodation
In.regard.to.v�sual.accommodat�on,.two.phenomena.

--. empty.field.myop�a. and. focal. traps. --. can. �nterfere.
w�th. the.ab�l�ty. to.accommodate. to.an.object ..Empty.
field.myop�a.occurs.when.there.�s.an.absence.of.v�sual.
cues.ava�lable,.such.as.when.look�ng.�nto.a.clear.blue.or.
overcast.gray.sky ..In.such.cases,.the.normal.response.of.
the.eyes.�s.to.accommodate.to.what.�s.called.the.“rest�ng.
state”.or.“dark.focus”.pos�t�on ..Th�s.pos�t�on.�s.typ�cally.
around.56.cm.(approx�mately.22.�n).(Roscoe.&.Hull,.
1982) ..However,.the.dark.focus.pos�t�on.of.the.eye.�n-
creases.w�th.age,.reach�ng.opt�cal.�nfin�ty.around.age.50.
(O’Hare.&.Roscoe,.1990) .

Empty.field.myop�a. can.be. a.problem. for.manned.
a�rcraft.p�lots.when.try�ng.to.scan.for.traffic ..It.can.also.
be.a.problem.for.UAS.p�lots.who.control.the�r.a�rcraft.
through.v�sual.l�ne.of.s�ght ..In.add�t�on,.�t.can.be.a.prob-
lem.for.v�sual.observers.that.are.needed.to.separate.the.
UAS.from.other.a�rcraft.�n.the.area ..Interest�ngly,.because.
dark.focus.pos�t�on.�ncreases.w�th.age,.�t.suggests.older.
people.w�ll.be.less.affected.by.empty.field.myop�a.than.
younger.people ..However,.other.age-related.v�s�on.defic�ts.
most.l�kely.offset.th�s.advantage ..UAS.p�lots.that.do.not.
control.through.v�sual.l�ne.of.s�ght.w�ll.not.be.affected.
w�th.�ssues.related.to.v�sual.accommodat�on .

A.focal.trap,.also.known.as.the.Mandelbaum.effect,.
occurs.when.an.object. located.close. to. the.dark. focus.
pos�t�on.of.the.eye.causes.the.eye.to.�nvoluntar�ly.focus.
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at.that.pos�t�on,.mak�ng.�t.d�fficult.to.see.more.d�stant.
objects ..W�ndow.posts.and.d�rty.w�ndscreens.are.par-
t�cularly.l�kely.to.produce.the.Mandelbaum.effect,.thus.
�nterfer�ng.w�th.the.task.of.scann�ng.for.traffic.(BASI,.
1991) .. As. w�th. empty. field. myop�a,. UAS. p�lots. that.
requ�re. v�sual. l�ne.of. s�ght.would.be. affected.by. focal.
traps,.but.those.that.do.not.requ�re.v�sual.l�ne.of.s�ght.
would.not.be.affected ..

Visual Illusions
Wh�le. v�s�on. �s. essent�al. to. the. safe. and. effect�ve.

operat�on.of.an.a�rcraft,.there.are.t�mes.when.the.v�sual.
�nformat�on.that.�s.rece�ved.by.p�lots.of.manned.a�rcraft.
can.be.m�s�nterpreted ..Several.potent�al.v�sual.�llus�ons.
have.been.�dent�fied.that.could.m�sd�rect.the.p�lot.dur�ng.
a.fl�ght.(FAA,.2000a) ..For.example,.an.�llus�on.can.be.
exper�enced.dur�ng.land�ng.when.the.shape.and/or.slope.
of.a.runway.�s.not.�n.agreement.w�th.p�lot.expectat�ons ..
Through.exper�ence,.p�lots.develop.an.expected.�mage.
of.the.shape.of.a.runway.and.use.th�s.�mage.to.judge.the.
appropr�ate.approach.angle.(Mertens,.1979) ..When.ap-
proach�ng.an.upslop�ng.runway,.p�lots.can.m�s�nterpret.
the.runway.�mage.as.an.�nd�cat�on.that.the�r.approach.�s.
too.h�gh ..Th�s.would.be.espec�ally.problemat�c.at.n�ght,.
where.a.lack.of.other.v�sual.references.m�ght.lead.them.
to. descend. too. soon,. result�ng. �n. an. acc�dent. (FAA,.
2000a) .

A.second.type.of.v�sual.�llus�on.occurs.when.the.p�lot.
rece�ves.false.v�sual.references.dur�ng.a.fl�ght ..These.�llu-
s�ons.can.be.caused.by.fly�ng.over.a.banked.cloud,.n�ght.
fly�ng.over.featureless.terra�n.w�th.ground.l�ghts.that.are.
�nd�st�ngu�shable. from.a.dark. sky.w�th. stars,. or.n�ght.
fly�ng. over. a. featureless. terra�n. w�th. a. clearly. defined.
pattern.of.ground.l�ghts.and.a.dark,.starless.sky.(FAA,.
2000a) ..For.example,.under.appropr�ate.l�ght�ng.cond�-
t�ons,.a.long,.stra�ght.road.�n.a.desert.when.approached.
from.the.s�de.m�ght.appear.as.a.hor�zon.l�ne.to.a.p�lot,.
thus.g�v�ng.the.�llus�on.that.the.hor�zon.was.lower.than.
was.the.actual.case,.wh�ch.could.lead.to.�mpact�ng.the.
terra�n.�nadvertently .

In.general,.UAS.p�lots.that.rely.on.an.out-the-w�ndow.
v�ew.to.p�lot.the�r.a�rcraft.could.st�ll.be.affected.by.the.
v�sual. �llus�ons.descr�bed.above ..However,.because.the.
out-the-w�ndow.v�ew.�s.d�splayed.electron�cally,.�t.m�ght.
be.poss�ble.to.add.�nformat�on.to.the.scene.that.would.
prevent.these.�llus�ons.from.occurr�ng ..Research.look�ng.
at.enhanc�ng. the.electron�c.out-the-w�ndow.d�splay. �s.
d�scussed.�n.a.later.sect�on.of.th�s.paper ..In.add�t�on,.a.
large.number.of.UASs.do.not.rely.on.an.out-the-w�ndow.
d�splay.for.p�lot.control.of.the.a�rcraft,.so.p�lots.of.these.
systems.would.not.be.�mpacted.by.such.�llus�ons .

Auditory Information
Exposure. to. h�gh. levels. of. sound. for. long. per�ods.

of.t�me.can.result. �n.hear�ng.loss ..The.federal.govern-
ment.has.establ�shed.exposure.l�m�ts.for.var�ous.sound.
levels.�n.the.workplace ..These.Occupat�onal.Safety.and.
Health.Adm�n�strat�on.(OSHA).l�m�ts.vary.from.8.hrs.
per.day.for.90.dB.to.as.l�ttle.as.15.m�n.per.day.for.115.
dB.(Antuñano.&.Spanyers,.1998) ..Research.at.the.FAA.
C�v�l.Aerospace.Med�cal.Inst�tute.exam�ned.how.no�se.
exposure.from.a�rcraft.eng�nes.can.affect.p�lots’.hear�ng.
(Ber�nger.&.Harr�s,.2005),..show�ng.that.p�lots.suffered.
more.s�gn�ficant.hear�ng.loss.relat�ve.to.non-p�lots ..Im-
portantly,.the.hear�ng.loss.was.most.severe.for.sounds.�n.
the.1-3.Khz.range,.wh�ch.�s.the.range.of.sound.for.the.
human.vo�ce ..The.find�ngs.are.�mportant.�n.regard.to.
the.development.of.alerts.and.alarms.�n.the.cockp�t.and.
�n.the.ab�l�ty.of.older.p�lots.to.recogn�ze.and.respond.to.
vo�ce.commun�cat�ons .

The.types.and.levels.of.sound.vary.greatly.for.p�lots.of.
UASs ..However,.�n.general,.UAS.p�lots.are.not.exposed.
to.the.same.level.of.no�se.as.manned.a�rcraft.p�lots.be-
cause.they.do.not.have.to.be.�n.close.prox�m�ty.to.the.
a�rcraft.eng�nes,.wh�ch.are.usually.the.loudest.source.of.
no�se.for.p�lots .

spatial Orientation/Vestibular Information
Ord�nar�ly,. the. vest�bular. system. performs. excep-

t�onally.well.�n.help�ng.to.ma�nta�n.spat�al.or�entat�on ..
However,. the. �nformat�on. rece�ved. by. the. vest�bular.
system.can.somet�mes.cause.confus�on.and.d�sor�enta-
t�on ..A. recent.FAA.publ�cat�on. states. that.5. -10%.of.
general. av�at�on. acc�dents. can. be. attr�buted. to. spat�al.
d�sor�entat�on.and.that.90%.of.those.acc�dents.are.fatal.
(Antuñano,.2003) .

The.cause.of.vest�bular.�llus�ons.for.p�lots.of.manned.
a�rcraft.�s.a.d�screpancy.between.the.movement.and.pos�-
t�on.of.the.a�rcraft.�nd�cated.by.what.the.vest�bular.system.
�s.exper�enc�ng.and.the.actual.movement.and.pos�t�on.of.
the.a�rcraft ..These.�llus�ons.are.most.dangerous.when.there.
are.no.rel�able.external.v�sual.references.ava�lable.to.the.
p�lot.that.could.prov�de.a.separate.source.of.�nformat�on.
regard�ng.the.movement.and.pos�t�on.of.the.a�rcraft,.such.
as.when.fly�ng.�n.�nstrument.meteorolog�cal.cond�t�ons ..
The.follow�ng.vest�bular.�llus�ons.pr�mar�ly.�nvolve.the.
sem�c�rcular.canals:

The.Leans.–.Th�s.�llus�on.�s.caused.by.a.gradual.
and.prolonged.turn.that.�s.not.not�ced.by.the.p�lot.
because.�t.�s.below.the.rotat�onal.accelerat�on.(of.
about.2.degrees.per.sec).requ�red.for.detect�on.
by. the. sem�c�rcular. canals ..The. �llus�on. occurs.
after.the.w�ngs.are.leveled;.the.p�lot.then.exper�-
ences.the.feel�ng.that.the.a�rcraft. �s.bank�ng.�n.

•
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the.oppos�te.d�rect�on ..The.p�lot’s.normal.react�on.
to.th�s.exper�ence.�s.to.lean.�n.the.d�rect�on.of.the.
or�g�nal.turn .
The.Graveyard.Sp�n.and.Graveyard.Sp�ral.–.Both.
the.Graveyard.Sp�n.and.Graveyard.Sp�ral.are.caused.
when.the.sensat�on.caused.by.a.sp�n.or.turn.progres-
s�vely.decreases.unt�l.�t.cannot.be.felt ..At.th�s.po�nt,.
�f.the.turn.or.sp�n.�s.halted,.the.p�lot.w�ll.feel.that.
the.a�rcraft.�s.turn�ng.�n.the.oppos�te.d�rect�on .
The.Cor�ol�s.Illus�on.–.Th�s.�llus�on.�s.caused.by.the.
s�multaneous.st�mulat�on.of.2.sem�c�rcular.canals,.
usually. by. t�lt�ng. the. head. forward. or. backward.
wh�le. the.a�rcraft. �s. turn�ng ..Th�s. leads. to.a.per-
ce�ved.cl�mb,.p�tch,.or.roll.d�sor�entat�on.for.the.
p�lot.and.the.potent�al.to.lose.control.of.the.a�rcraft ..
Improper.placement.of.nav�gat�on.d�splays.could.
result.�n.a.s�tuat�on.where.the.p�lot.�s.requ�red.to.
t�lt.h�s/her.head.forward.dur�ng.a.turn�ng.maneuver.
(W�ll�ams,.1999) .

Vest�bular. �llus�ons. �nvolv�ng. pr�mar�ly. the. otol�th.
organs.are.as.follows:

The.Invers�on.Illus�on.–.Th�s.�llus�on.�nvolves.a.steep.
ascent.�n.a.h�gh-performance.a�rcraft,.followed.by.a.
sudden.return.to.level.fl�ght ..Th�s.causes.an.�llus�on.
that.the.a�rcraft.�s.�n.�nverted.fl�ght .
The. Head-Up. and. Head-Down. Illus�on. –. The.
Head-Up.and.Head-Down.�llus�ons.�nvolve.a.l�near.
accelerat�on.or.decelerat�on.dur�ng.level.fl�ght ..The.
accelerat�on.results.�n.the.percept�on.that.the.nose.
of.the.a�rcraft.�s.p�tch�ng.up ..A.l�near.decelerat�on.
results.�n.the.percept�on.that.the.nose.of.the.a�rcraft.
�s.p�tch�ng.down .

In.general,.UAS.p�lots.w�ll.not.be.subjected.to.move-
ment.that.could.lead.to.any.of.the.vest�bular.�llus�ons.
descr�bed.above ..However,.there.m�ght.be.occas�ons.where.
a.p�lot.�s.mov�ng.wh�le.controll�ng.the.UAS ..Self,.Ercol�ne,.
Olson,.and.Tvaryanas.(2006).have.pred�cted.that.p�lot�ng.
a.manually.controlled.UA.from.a.mov�ng.platform.w�ll.be.
spat�ally.d�sor�ent�ng ..In.add�t�on,.an.analys�s.of.acc�dent.
data.has.shown.that.10%.of.UA.acc�dents.were.�n.part.
due.to.the.m�spercept�on.of.the.locat�on.and.att�tude.of.
the.a�rcraft.(Tvaryanas,.Thompson,.&.Constable,.2005) ..
One.explanat�on.of.the.cause.of.th�s.m�spercept�on.�s.a.
m�smatch.between.v�sual.and.vest�bular.or.propr�ocept�ve.
st�mul�.(Reed,.1977) .

Advantages and disadvantages of sensory Modes
G�ven.the.preced�ng.analys�s,.several.conclus�ons.can.

be. drawn. regard�ng. the. advantages. and. d�sadvantages.
of.the.var�ous.sensory.modes.�n.manned.a�rcraft ..Foveal.

•

•

•

•

v�s�on.�s.by.far.the.most.effic�ent.way.of.rece�v�ng.large.
amounts.of.�nformat�on.very.qu�ckly ..In.add�t�on,.�nde-
pendent.p�eces.of.�nformat�on.can.be.d�splayed.v�sually.
at. the. same. t�me. w�thout. �nterfer�ng. w�th. each. other.
(e .g .,.alt�tude,.a�rspeed,.and.head�ng.can.all.be.d�splayed.
s�multaneously.on.d�fferent.port�ons.of.the.d�splay.area) ..
The.pr�mary.d�sadvantage.of.foveal.v�s�on.�s.that.the.eyes.
must.be.focused.on.a.part�cular.locat�on.for.the.�nforma-
t�on.from.that.locat�on.to.be.processed .

V�sual.accommodat�on,.color.v�s�on,.and.per�pheral.
v�s�on.have.l�m�ted.bandw�th.capab�l�t�es ..Color.v�s�on.can.
be.useful.as.a.means.to.prov�de.add�t�onal.or.redundant.
cod�ng. to. the.p�lot,.but.care.must.be. taken. to.ensure.
that.p�lots.w�th.color.defic�enc�es.do.not.have.problems.
w�th.the.process�ng.of.that.�nformat�on.�f.cr�t�cal.fl�ght.
�nformat�on.�s.coded.only.by.color .

In.contrast.w�th.v�sual.�nformat�on,.aud�tory.�nforma-
t�on.can.come.from.any.d�rect�on.relat�ve.to.the.observer.
and. st�ll. be.heard. and.processed ..On. the.other.hand,.
separate.s�multaneous.aud�tory.s�gnals.w�ll.�nterfere.w�th.
each.other ..Th�s.fact,.along.w�th.the.fact.that.aud�tory.
�nformat�on.does.not.have.the.same.bandw�dth.capac-
�ty.as.v�sual.�nformat�on,.means.that.aud�tory.d�splays.
could.not.be.used.as.the.sole.method.for.mon�tor�ng.and.
controll�ng.a�rcraft.pos�t�on.and.status .

Vest�bular,.propr�ocept�ve,.and.hapt�c.�nformat�on.do.
not.have.the.bandw�dth.or.prec�s�on.of.v�sual.or.aud�tory.
�nformat�on,.although.hapt�c.cod�ng.schemes.have.been.
developed.for.language.commun�cat�on.(e .g .,.Geldard,.
1957) ..Vest�bular.�nformat�on.also.has.the.d�sadvantage.
of.prov�d�ng.m�slead�ng.�nformat�on.to.the.p�lot.under.
certa�n.c�rcumstances ..However,.these.�nformat�on.modes.
have.the.advantage.of.not.requ�r�ng.the.p�lot.to.focus.
attent�on.on.a.part�cular.locat�on ..

Pilot sensory Information for Anomalous Events
The.prevalence.and.�mportance.of.sensory.�nformat�on.

for.p�lots.can.be.�llustrated.by.look�ng.at.how.sensory.
�nformat�on.contr�butes.to.the.recogn�t�on.and.d�agnos�s.
of.var�ous.anomalous.events ..Th�s.sect�on.w�ll.look.at.6.
anomalous.events.to.demonstrate.the.range.of.sensory.
modes.ava�lable.to.the.p�lot.dur�ng.those.events ..Informa-
t�on.regard�ng.these.events.comes.pr�mar�ly.from.adv�sory.
c�rculars.or.other.FAA.documents.that.address.part�cular.
anomalous.events.but.also.�ncludes.�nformat�on.collected.
from.p�lots.and.other.av�at�on.experts .

Loss of Engine
At.first.blush,.�t.would.seem.that.the.loss.of.an.eng�ne,.

espec�ally.�n.a.s�ngle-eng�ne.a�rcraft,.would.be.more.than.
obv�ous. to. the.p�lot. �n. terms.of.a.dramat�c.change. �n.
sound ..P�lots.fly�ng.most.s�ngle-eng�ne.propeller.a�rcraft.
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can. also. see. the. propeller .. However,. eng�nes. can. fa�l.
w�thout.se�z�ng.up.altogether ..In.add�t�on,.for.p�lots.of.
mult�-eng�ne.a�rcraft,.the.recogn�t�on.of.eng�ne.loss.can.
be.more.d�fficult ..The.symptoms.of.an.eng�ne.problem.
vary.accord�ng.to.the.type.of.eng�ne,.the.number.of.en-
g�nes,.and.the�r.placement.on.the.a�rcraft ..As.an.example.
of.the.var�ety.of.ways.a�rcraft.eng�nes.can.fa�l.and.the.
sensory.�nd�cat�ons.of.those.fa�lures,.Table.1.(below).�s.
taken. from.an.FAA. report. ent�tled. “Turbofan.Eng�ne.
Malfunct�on.Recogn�t�on.and.Response.F�nal.Report”.
(FAA,.2000b) ..Table.1.represents.only.a.port�on.of.the.
table. appear�ng. �n. the. report .. It. l�sts. the.first.7.of.24.

d�fferent.types.of.eng�ne.malfunct�ons.that.were.�dent�-
fied ..These.7.malfunct�ons.were.assoc�ated.w�th.54.of.79.
acc�dents.or.�nc�dents.assoc�ated.w�th.a.turbofan.eng�ne.
malfunct�on ..It.�s.reproduced.�n.part.here.to.�llustrate.
several.�mportant.po�nts .

F�rst,.there.are.many.ways.an.eng�ne.can.fa�l,.and.they.
all.have.somewhat.d�fferent.symptoms ..However,.most.
of.the.fa�lures.are.accompan�ed.by.a.d�st�nct.sound,.de-
scr�bed.�n.the.table.as.a.“bang .”.In.add�t�on.to.th�s.sound,.
many.of.the.fa�lures.are.accompan�ed.by.a.v�brat�on.of.
the.a�rcraft.(hapt�c.�nformat�on),.a�rcraft.yaw.for.a�rcraft.
w�th.mult�ple.eng�nes.(vest�bular.�nformat�on),.a�rcraft.

Table 1. Types and symptoms of a variety of turbofan engine malfunctions. 

PROBLEM  
FLIGHT PHASE SYMPTOM TRAINING ACTION 

SURGE TAKEOFF  > V1 LOUD BANG. 
(repetitive)

N1/N2 Drop, EGT 
Increase,

AIRCRAFT 
VIBRATION, P0SSIBLE 
YAW 

SIMULATE LOUD NOISE, SUDDEN AIRCRAFT 
SHUDDER,    FLUCTUATION OF ENGINE PARAMETERS 
N1, N2, & EPR DECREASING, EGT INCREASING, TRAIN 
TO KEEP CONTROL OF THE AIRCRAFT, CONTINUE 
TAKEOFF, CLIMB TO A SAFE ALTITUE THEN 
THROTTLE BACK TO CLEAR SURGES AND REAPPLY 
POWER AND TROUBLESHOOT PER CHECKLISTS 

SURGE TAKEOFF  < V1 LOUD BANG (usually 1 
or 2).

N1/N2 drop,  EGT 
increase, AIRCRAFT 
VIBRATION,  YAW 

SIMULATE LOUD NOISE,  SUDDEN AIRCRAFT 
SHUDDER, FLUCTUATION OF ENGINE PARAMETERS 
N1 & N2 & EPR DECREASE WHILE EGT INCREASES, 
TRAIN TO REJECT THE TAKEOFF 

SURGE TAKEOFF  > V1 LOUD BANG (usually 1 
or 2).

N1/N2 drop,  EGT 
increase, AIRCRAFT 
VIBRATION,  YAW 

 SIMULATE LOUD NOISE,  SUDDEN AIRCRAFT 
SHUDDER, FLUCTUATION OF ENGINE PARAMETERS 
N1 & N2 & EPR DECREASE WHILE EGT INCREASES, 
TRAIN KEEP CONTROL OF THE AIRCRAFT AND CLIMB 
TO A SAFE ALTITUDE BEFORE ATTEMPTING TO 
TROUBLESHOOT. 

SURGE INITIAL CLIMB LOUD BANG (usually 1 
or 2).

N1/N2 drop,  EGT 
increase, AIRCRAFT 
VIBRATION,  YAW 

 SIMULATE LOUD NOISE, SUDDEN AIRCRAFT 
SHUDDER,  FLUCTUATION OF ENGINE PARAMETERS 
N1 & N2 & EPR DECREASE WHILE EGT INCREASES, 
TRAIN KEEP CONTROL OF THE AIRCRAFT AND CLIMB 
TO A SAFE ALTITUDE BEFORE ATTEMPTING TO 
TROUBLESHOOT 

SURGE CRUISE Quiet bang (possibly 
repetitive PARAMETER 
FLUCTUATION (may 
be only momentary), 
AIRCRAFT 
VIBRATION,

 SIMULATE LOUD NOISE, SUDDEN AIRCRAFT 
SHUDDER, FLUCTUATION OF ENGINE PARAMETERS 
N1 & N2 & EPR DECREASE WHILE EGT INCREASES, 
TRAIN TO KEEP CONTROL OF THE AIRCRAFT AND 
CLIMB TO A SAFE ALTITUDE  BEFORE ATTEMPTING 
TO TROUBLESHOOT 

POWER LOSS 
single engine 

INITIAL CLIMB Bang or fire warning or 
very severe vibration, 
aircraft yaw, high EGT 

SIMULATE LOUD NOISE, SUDDEN AIRCRAFT 
SHUDDER, FLUCTUATION OF ENGINE PARAMETERS 
N1 & N2 & EPR DECREASE WHILE EGT INCREASES, 
TRAIN TO KEEP CONTROL OF THE AIRCRAFT AND 
CLIMB TO A SAFE ALTITUDE  BEFORE ATTEMPTING 
TO TROUBLESHOOT 

 POWER LOSS 
single engine 

APPROACH

/LANDING

Parameter spool down. 
Services (generators) 
drop off line

 SIMULATE AIRCRAFT REACTION TO AND FLIGHT 
DECK PANEL CHANGES FOR LOSS OF SINGLE 
ENGINE. TRAIN RECOGNIZE THE SITUATION AND TO 
MAINTAIN AIRCRAFT CONTROL DURING LANDING OR 
GO-AROUND 
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eng�ne.d�splay.�nd�cat�ons,.and.changes.�n.the.feel.and.
movement.of.the.controls.(propr�ocept�ve.�nformat�on) ..
Wh�le. th�s. table. was. created. spec�fically. for. turbofan.
eng�ne.malfunct�ons,.the.general.sensory.�nd�cat�ons.are.
s�m�lar.across.a.w�de.var�ety.of.eng�ne.types .

Icing
FAA.Adv�sory.C�rcular.91-74,.P�lot.Gu�de.to.Fl�ght.

�n.Ic�ng.Cond�t�ons.(AC-91-74),.prov�des.�nformat�on.
regard�ng.the.recogn�t�on.of.�c�ng.cond�t�ons.�n.manned.
a�rcraft ..Ind�cat�ons.of.�c�ng.are.as.follows:

Loss.of.power.–.More.power.�s.requ�red.to.ma�n-
ta�n.a�rspeed ..Loss.of.power.�s.not�ceable.through.
a.change.�n.the.sound.of.the.eng�ne.and.through.
eng�ne.power.d�splays .
V�s�ble.accumulat�on.of.�ce.on.surfaces.of.the.a�rcraft ..
Some.port�ons.of.the.a�rcraft.are.more.v�s�ble.to.the.
p�lot.than.others ..Spec�f�c.parts.such.as.w�ndsh�eld.
w�pers,.pod.pylons,.or.land�ng.l�ghts.w�ll.be.more.
not�ceable.to.the.p�lot .
Controls.become.more.d�ff�cult.to.move.for.those.
a�rcraft. w�th. mechan�cal. l�nkages. between. the.
controls. and. the. a�rcraft. surfaces. (propr�ocept�ve.
�nformat�on) .
Some.a�rcraft.are.equ�pped.w�th.sensors.that.can.
detect. �c�ng. cond�t�ons .. These. sensors. can. then.
tr�gger.an.aud�tory.and/or.v�sual.warn�ng.d�splay.
for.the.p�lot .

stall
FAA.Adv�sory.C�rcular.61-67B,.“Stall.and.Sp�n.Aware-

ness.Tra�n�ng,”.prov�des.the.follow�ng.descr�pt�on.of.the.
sensory.�nd�cat�ons.assoc�ated.w�th.a.stall:

One. �nd�cat�on. of. a. stall. �s. a. mushy. feel�ng. �n. the.
controls. and. less. control. effect. as. the. a�rcraft’s. speed. �s.
reduced ..Th�s.reduct�on.�n.control.effect�veness.�s.attr�buted.
�n.part.to.reduced.a�rflow.over.the.fl�ght.control.surfaces ..
In.fixed-p�tch.propeller.a�rplanes,.a.loss.of.revolut�ons.per.
m�nute.(RPM).may.be.ev�dent.when.approach�ng.a.stall.
�n.power-on.cond�t�ons ..For.both.a�rplanes.and.gl�ders,.a.
reduct�on.�n.the.sound.of.a�r.flow�ng.along.the.fuselage.
�s.usually.ev�dent ..Just.before.the.stall.occurs,.buffet�ng,.
uncontrollable.p�tch�ng,.or.v�brat�ons.may.beg�n ..Many.
a�rcraft.are.equ�pped.w�th.stall.warn�ng.dev�ces.that.w�ll.
alert.the.p�lot.when.the.a�rflow.over.the.w�ng(s).approaches.
a.po�nt. that.w�ll.not. allow. l�ft. to.be. susta�ned ..F�nally,.
k�nesthes�a.(the.sens�ng.of.changes.�n.d�rect�on.or.speed.
of.mot�on),.when.properly. learned.and.developed,.w�ll.
warn.the.p�lot.of.a.decrease.�n.speed.or.the.beg�nn�ng.of.
a.“mush�ng”.of.the.a�rcraft ..These.prel�m�nary.�nd�cat�ons.
serve.as.a.warn�ng.to.the.p�lot.to.�ncrease.a�rspeed.by.add-
�ng.power,.and/or.lower�ng.the.nose,.and/or.decreas�ng.the.
angle.of.bank.(p ..3) .

•

•

•

•

From.th�s.paragraph,.�t.�s.clear.that.the.sensory.�n-
format�on. related. to. stall. recogn�t�on. �ncludes. hapt�c,.
propr�ocept�ve.and.k�nesthet�c.cues,.aud�tory.cues,.both.
from.aud�tory.d�splays.and.from.amb�ent.a�rflow.sounds,.
vest�bular.cues,.and.v�sual.cues.from.eng�ne.d�splays.and.
perhaps.v�sual.out-the-w�ndow.cues.related.to.changes.
�n.veloc�ty.or.p�tch .

Turbulence
FAA.Adv�sory.C�rcular.120-88A.(FAA,.2006).descr�bes.

turbulence.�n.terms.of.both.durat�on.and.�ntens�ty ..Tur-
bulence.durat�on.�s.descr�bed.as.occas�onal,.�nterm�ttent,.
or. cont�nuous ..Turbulence. �ntens�ty. �s. descr�bed.on. a.
6-po�nt.scale.of.l�ght.chop,.l�ght.turbulence,.moderate.
chop,. moderate. turbulence,. severe,. and. extreme ..The.
first.4.levels.of.�ntens�ty.are.usually.dangerous.only.to.
passenger.and.crew.w�th�n.the.a�rcraft,.not.to.the.a�rcraft.
�tself ..Severe.turbulence.can.cause.the.momentary.loss.of.
control.of.the.a�rcraft,.and.extreme.turbulence.can.result.
�n.damage.to.the.structure.of.the.a�rcraft ..Ind�cat�ons.of.
turbulence,. of. course,. are.pr�mar�ly. vest�bular,.hapt�c,.
k�nesthet�c,. and. propr�ocept�ve. �n. nature .. However,.
sudden.movements.of. the.a�rcraft.can.also.be.not�ced.
v�sually.as.well ..

unusual Attitude
Earl�er.we.d�scussed.the.many.types.of.vest�bular.�llu-

s�ons.that.can.be.exper�enced.�n.an.a�rcraft ..In.the.case.of.
unusual.att�tudes,.sensory.�nformat�on.such.as.vest�bular.
�nformat�on. and. certa�n. types. of. v�sual. �nformat�on.
can.contr�bute.to.or.exacerbate.the.problem.of.fl�ght.�n.
unusual.att�tudes ..When.fly�ng.�n.clouds,.out-the-w�n-
dow.v�sual.�nformat�on.can.g�ve.the.false.�mpress�on.of.
changes.�n.att�tude.of.the.a�rcraft.or.can.mask.changes.�n.
att�tude ..False.vest�bular.�nformat�on.can.contr�bute.to.
those.�mpress�ons ..The.only.accurate.sensory.�nformat�on.
ava�lable.to.the.p�lot.under.these.cond�t�ons.�s.through.
the.pr�mary.fl�ght.d�splays ..

Loss of Onboard Electrical system
The.�nd�cat�ons.for.the.loss.of.the.onboard.electr�cal.

system.would.be.pr�mar�ly.v�sual,.although.some.a�rcraft.
are.equ�pped.w�th.an.aud�tory.alarm ..No.other.sensory.
modes.would.prov�de.useful.�nformat�on.to.the.p�lot.for.
th�s.anomaly .

uAs sensory Information for Anomalous Events
Unl�ke. manned. a�rcraft,. UASs. can. only. prov�de.

sensory. �nformat�on. to. the. p�lot. through. the. control.
stat�on.controls.and.d�splays ..Wh�le.these.controls.and.
d�splays.can.theoret�cally.act.through.any.of.the.sensory.
modal�t�es.d�scussed.�n.th�s.paper,.they.most.commonly.
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are.v�sual.and.aud�tory.�n.nature ..Because.most.current.
UASs.restr�ct.the.number.of.sensory.modal�t�es.ava�lable.
to.the.p�lot.relat�ve.to.manned.a�rcraft,.�t.�s.�mportant.to.
understand.the.effect.th�s.m�ght.have.on.the.UAS.p�lot ..For.
compar�son.w�th.anomalous.events.�n.manned.a�rcraft,.a.
quest�onna�re.was.sent.to.several.manufacturers.sol�c�t�ng.
responses.�n.regard.to.spec�fic.systems ..The.quest�onna�re.
asked.p�lots.or.others.fam�l�ar.w�th.a.part�cular.UAS.what.
types.of.sensory.�nformat�on.were.ava�lable.to.p�lots.dur�ng.
spec�fic.anomalous.events ..Respondents.were.asked.what.
d�splay.�nd�cat�ons.were.ava�lable.to.p�lots.under.these.
cond�t�ons.and.what.k�nd.of.tra�n�ng.was.g�ven.to.p�lots.
for.the.recogn�t�on.of.these.events ..A.l�st�ng.of.responses.
to.th�s.quest�onna�re.�s.prov�ded.�n.Append�x.A .

Loss of data Link
Th�s. anomalous. event. �s. assoc�ated. only. w�th. un-

manned.a�rcraft ..However,.because.�t.�s.extremely.cr�t�cal.
to.UAS.safety,.an.analys�s.of.the.types.of.sensory.�nfor-
mat�on.ava�lable.to.UAS.p�lots.�s.warranted ..All.UASs.
have.v�sual.d�splay.�nd�cat�ons.of.a.loss.of.data.l�nk ..In.
add�t�on,.some.also.have.an.aud�tory.warn�ng ..For.the.
v�sual.d�splays,.there.�s.usually.an.�nd�cat�on.of.strength.
of.the.data.l�nk.connect�on,.e�ther.�n.the.form.of.a.s�gnal.
strength.meter.for.analog.s�gnals.or.a.packet.counter.for.
d�g�tal.s�gnals ..There.�s.also.a.d�splay.�nd�cat�on.when.
the.data.l�nk.s�gnal.falls.below.a.predeterm�ned.cr�ter�on.

for.a.certa�n.length.of.t�me ..Th�s.�nd�cat�on.�s.usually.a.
text.warn�ng.that.�s.somet�mes.accompan�ed.by.a.change.
�n. color. of. the. d�splay. or. other. v�sual. �nd�cat�on .. As.
an.example,.F�gure.1.shows.the.d�splay.for.the.SkyEye.
UAS ..Data.l�nk.�nformat�on.�s.presented.us�ng.a.l�ght.
that.�s.colored.red.or.green.(separately.for.the.upl�nk.and.
downl�nk).�n.the.upper.left.corner.of.the.d�splay.and.a.
s�gnal.strength.�nd�cator.d�rectly.below.these.l�ghts ..It.�s.
�nterest�ng.to.note.that.these.status.l�ghts.are.e�ther.green.
or.red,.recall�ng.that.green-red.color.defic�ency.�s.the.most.
commonly.found.�n.the.general.populat�on .

Loss of Engine
UASs.w�th.an.out-the-w�ndow.camera.v�ew.for.the.p�lot.

have.an.external.v�sual.�nd�cat�on.of.certa�n.anomalous.
events.l�ke.a.loss.of.eng�ne,.though.the.�nd�cat�on.�s.�nd�rect,.
such.as.the.nose.of.the.a�rcraft.d�pp�ng.momentar�ly ..UASs.
also.have.eng�ne.d�splay.�nd�cat�ons.ava�lable ..Because.the.
d�splays.for.UASs.are.electron�c,.�t.�s.qu�te.common.�n.
many.of.these.systems.that.the.d�splays.themselves.w�ll.
change. color,. �n. add�t�on. to. hav�ng. a. warn�ng. appear.
separately ..For.example,. �n.the.Hunter.control.stat�on,.
the. RPM. values. w�ll. change. color. �f. they. fall. outs�de.
preset.boundary.levels ..Th�s.prov�des.a.separate.source.of.
�nformat�on.to.the.p�lot,.�n.add�t�on.to.whatever.warn-
�ng.messages.m�ght.be.ava�lable ..What.th�s.method.does.
not.prov�de.�s.an.�nd�cat�on.to.the.p�lot.that.the.RPM.�s.

Figure 1. SkyEye pilot display. 
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approach�ng.a.certa�n.boundary.level,.as.�s.ava�lable.�n.
trad�t�onal.a�rcraft.d�splays.through.the.use.of.colored.arcs.
located.on.the.outs�de.of.the.RPM.�nd�cator .

Add�t�onally,.some.UASs.have.an.aud�tory.alarm.for.
loss. of. an. eng�ne ..However,. the. alarm. �s. somet�mes. a.
general.warn�ng.and.does.not.prov�de.a.d�rect.�nd�cat�on.
of.the.problem ..For.example,.the.crash.of.a.Predator.B.
UAS.�n.Apr�l.2006.�ncluded.an.aud�tory.alarm ..But.as.
the.acc�dent.report.�nd�cates,.the.alarm.d�d.not.�nd�cate.
the. exact. nature. of. the. problem ..The. acc�dent. report.
descr�bes.�t.th�s.way:

There. �s.an.aud�ble.warn�ng.when.an.eng�ne.fa�lure.
occurs ..However,.the.same.tone.�s.used.for.every.warn�ng;.
the.sound.was.not.d�st�nct�ve.for.a.loss.of.eng�ne.power ..
The.av�on�cs.techn�c�an.stated.that.he.heard.the.warn�ng,.
but.thought.�t.was.act�vat�ng.because.they.lost.the.Ir�d�um.
satell�te ..In.add�t�on.to.the.aural.warn�ng,.the.p�lot.should.
have.seen.a.loss.of.torque.and.an.exhaust.gas.temperature.
warn�ng.on.the.heads-down.d�splay.(NTSB.Acc�dent.Rpt#.
CHI06MA121,.p .5) .

Icing
In.UASs,.�c�ng.�s.�nd�cated.�nd�rectly.through.the.v�sual.

d�splays,. spec�fically. through.an.eng�ne.power.d�splay ..
Also,.�f.the.a�rcraft.has.a.camera.that.can.be.po�nted.at.
the.a�rcraft. surfaces,. �t.m�ght.be.poss�ble. to.detect. �ce.
�n.that.manner ..In.add�t�on,.�ce.m�ght.be.not�ceable.on.
the.camera.lens.�tself ..However,.�t.should.be.noted.that.
payload.cameras.are.not.well-su�ted.for.the.detect�on.of.
�c�ng.because.they.are.not.usually.operated.by.the.p�lot.
and.are.ded�cated.to.a.task.other.than.controll�ng.of.the.
a�rcraft.and.mon�tor�ng.of.a�rcraft.status .

stall
Ind�cat�ons.of.stall.�n.a.UAS.are.extremely.l�m�ted.and.

cons�st.of.noth�ng.more.than.v�sual.d�splay.�nd�cat�ons.
related.to.a�rcraft.a�rspeed.and.power ..The.automated.

nature.of.most.UAS.would.prevent.most. �nstances.of.
stalls ..However,.certa�n.types.of.fa�lures.m�ght.force.the.
a�rcraft.to.stall.desp�te.the.presence.of.automat�on .

Turbulence
UAS.�nd�cat�ons.of.turbulence.are.generally.l�m�ted.

to. v�sual. d�splays. or. an. out-the-w�ndow. camera. v�ew ..
However,.some.systems.have.been.equ�pped.w�th.a.d�splay.
that.�nd�cates.turbulent.cond�t�ons .

unusual Attitudes
Unusual.att�tudes.�n.UASs.have.the.benefit.that.the.

p�lot.would.not.be.subjected.to.m�slead�ng.vest�bular.cues ..
However,.�t.�s.not.clear.how.qu�ckly.a.UAS.p�lot.m�ght.
not�ce.that.the.a�rcraft.was.chang�ng.att�tude.w�thout.the.
presence.of.vest�bular.and.propr�ocept�ve.cues.to.alert.
that.an.anomalous.event.was.occurr�ng .

Comparing sensory Information for Anomalous 
and Normal Events

A.summary.of.the.compar�son.of.sensory.�nformat�on.
ava�lable. to. manned. and. unmanned. a�rcraft. p�lots. �s.
shown.�n.the.follow�ng.tables ..For.UASs,.manufacturers.
have.the.opt�on.of.prov�d�ng.sensory.�nformat�on.that.
s�mulates.what. the.p�lot.onboard. the.a�rcraft. rece�ves ..
For.example,.some.systems.prov�de.a.nose.camera.v�ew.
that.s�mulates.what.a.p�lot. look�ng.out.of.the.cockp�t.
would. see .. However,. th�s. electron�c. s�mulat�on. of. an.
out-the-w�ndow.v�ew.would.not.exactly.match.the.v�ew.
that.the.onboard.p�lot.would.see ..Manufacturers.can.also.
s�mulate.vest�bular,.aud�tory,.propr�ocept�ve,.and.hapt�c.
�nformat�on.as.well ..But.note.that.“s�mulat�on”.�n.th�s.
context. �s.not.merely.prov�d�ng. that.mode.of. sensory.
�nformat�on.to.the.p�lot ..Instead,.“s�mulat�on”.refers.to.
the.attempt.to.repl�cate.the.sensory.�nformat�on.ava�lable.
to.the.onboard.p�lot .

Table 2. Comparing sensory information for loss of engine. 

Sensory Information Manned Unmanned

Engine noise Yes No 

Engine displays Yes Yes 

Auditory warning Yes Yes 

Aircraft yaw (for multiengine aircraft) Yes No 

Aircraft vibration Yes No 

Change in feel of control forces Yes No 
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Table 3. Comparing sensory information for aircraft icing. 

Sensory Information Manned Unmanned

Engine sound change Yes No 

Change in sound of airflow over wings 
and fuselage Yes No 

Engine displays Yes Yes 

Visible accumulation of ice on aircraft Yes No 

Aircraft vibration Yes No 

Change in feel of control forces Yes No 

Table 4. Comparing sensory information for aircraft stall. 

Sensory Information Manned Unmanned

“Mushy” feeling in the controls 
(proprioceptive information) Yes No 

Display of airspeed and engine power Yes Yes 

Change in sound of air flow on fuselage Yes No 

Aircraft vibration (haptic information) Yes No 

Auditory stall warning Yes Yes 

Change in direction or speed of motion 
(kinesthetic and vestibular information) Yes No 

Table 5. Comparing sensory information for turbulence. 

Sensory Information Manned Unmanned

Rapid change in altitude or heading 
(vestibular, kinesthetic information) Yes No 

Flight displays (altitude, airspeed, 
attitude) Yes Yes 

Change in feel of control forces Yes No 

Visual out-the-window indications Yes No 

Turbulence warning display No Yes 
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Table 6. Comparing sensory information for unusual attitudes. 

Sensory Information Manned Unmanned

Vestibular and kinesthetic sensations 
from changes in aircraft attitude and 
speed

Yes No 

Aircraft displays of attitude, airspeed, 
and altitude Yes Yes 

Visual out-the-window indications Yes No 

Change in feel of control forces Yes No 

Table 7. Comparing sensory information for change in flap setting. 

Sensory Information Manned Unmanned

Sound of flap movement Yes No 

Aircraft display of flap setting and 
airspeed Yes Yes 

Change in speed of aircraft (kinesthetic 
information Yes No 

Visual out-the-window indications of 
change in speed Yes No 

Table 8. Comparing sensory information for change in power setting. 

Sensory Information Manned Unmanned

Change in sound of engine Yes No 

Aircraft display of power setting, 
airspeed and attitude Yes Yes 

Change in speed of aircraft (kinesthetic 
information Yes No 

Visual out-the-window indications of 
change in speed Yes No 
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Note.that.v�s�ble.accumulat�on.of.�ce.on.the.a�rcraft.
could.be.seen.by.an.onboard.camera.that.was.capable.
of.look�ng.at.the.a�rcraft.w�ngs.and.fuselage ..In.fact,.�ce.
accumulat�on.could.also.occur.on.the.camera.lens.�tself,.
wh�ch.would.be.v�s�ble.to.the.camera.operator ..However,.
not.all.unmanned.a�rcraft.have.onboard.cameras,.and.the.
purpose.of.the.camera.�s.not.to.detect.�c�ng.cond�t�ons.on.
the.a�rcraft ..Thus,.the.expectat�on.of.the.effect�veness.of.
an.onboard.camera.to.detect.�c�ng.accumulat�on.�s.low .

Aga�n,.as.w�th.the.�c�ng.example,.an.onboard.camera.
could.prov�de.v�sual.�nd�cat�ons.of.turbulent.cond�t�ons,.
but.only.�f.the.camera.d�splay.were.�nterpreted.correctly ..
W�thout.the.presence.of.the.other.sensory.cues,.the.shak�ng.
of.the.camera.could.be.m�s�nterpreted.as.a.d�stort�on.of.
the.camera.s�gnal.or.perhaps.as.the.shak�ng.of.the.camera.
�ndependently.of. the.a�rcraft. (because.the.camera.had.
come.loose.from.�ts.hous�ng.perhaps) .

In.add�t�on.to.anomalous.events,.there.�s.also.a.d�ffer-
ence.�n.sensory.�nformat�on.assoc�ated.w�th.normal.fl�ght.
events ..Tables.7.and.8.compare.the.sensory.�nformat�on.
ava�lable.to.the.p�lot.of.manned.and.unmanned.a�rcraft.
for.normal.fl�ght.events .

As.seen.�n.these.tables,.the.number.of.types.of.sensory.
�nformat�on.ava�lable.to.manned.a�rcraft.p�lots.�s.always.
greater.than.for.unmanned.a�rcraft.p�lots ..For.some.types.
of.events,.there.are.4.or.5.more.var�et�es.of.�nformat�on.
ava�lable.for.the.detect�on.and.�dent�ficat�on.of.the.event.
for.the.p�lots.of.manned.a�rcraft ..More.�mportantly,.the.
types.of.�nformat�on.that.are.lack�ng.�n.UASs.are.those.
that.do.not.requ�re.the.spec�fic.attent�on.of.the.p�lot.to.
rece�ve.that.�nformat�on ..The.p�lot.of.a.UAS.�s.l�m�ted.
almost.ent�rely.to.v�sual. �nformat�on.from.the.control.
stat�on.d�splays,.wh�ch.requ�res.that.the.p�lot.be.look�ng.
at.the.proper.locat�on.(although.some.systems.do.have.
aud�tory.d�splays) .

In.the.case.of.anomalous.events,.mult�-sensory.�nputs.
can.serve.to.alert.the.p�lot.that.an.event.�s.occurr�ng.and.
can.ass�st.the.p�lot.�n.d�agnos�ng.the.event ..For.normal.
events,.mult�-sensory.�nputs.ass�st.the.p�lot.�n.mon�tor-
�ng.the.event.to.ensure.that.a�rcraft.parameters.rema�n.
w�th�n.the�r.normal.bounds ..In.most.cases,.there.�s.no.
expl�c�t.tra�n�ng.for.the.recogn�t�on.of.the.mean�ng.of.
these.�nputs ..They.are.learned.through.exper�ence.w�th.
fly�ng.the.a�rcraft .

How sensory deficiencies Affect Accidents of  
unmanned Aircraft

Now.that.we.have.establ�shed.that.p�lots.of.unmanned.
a�rcraft.rece�ve.fewer.types.of.sensory.�nputs.than.p�lots.
onboard.the.a�rcraft,.the.next.quest�on.�s.whether.there.
�s.any.ev�dence.that.th�s.lack.of.sensory.�nputs.for.UAS.
p�lots.has.led.to.acc�dents ..Research.that.has.looked.at.
UAS.acc�dent.causal.factors.has.suggested.that.sensory.

defic�enc�es.have.played.a.role.�n.UAS.acc�dents.(Tvaryanas.
et.al .,.2005) ..For.example,.as.reported.earl�er,.Tvaryanas.
et.al ..stated.that.10%.of.UAS.acc�dents.across.all.ser-
v�ces.were.�nfluenced.by.a.m�spercept�on.of.the.locat�on.
and/or.att�tude.of.the.a�rcraft ..Add�t�onally,.they.found.
that. 26 .5%. of. the. Predator. acc�dents. they. rev�ewed.
had.problems.assoc�ated.w�th.the.�nstrumentat�on.and.
sensory.feedback.systems ..However,. for.other.m�l�tary.
systems,.the.presence.of.sensory.feedback.as.a.factor.�n.
the.acc�dents.was.not.as.read�ly.apparent ..Tvaryanas.et.
al ..speculate.that.the.d�fference.could.be.that.A�r.Force.
UAS.p�lots.are.more.l�kely.to.not�ce.the.lack.of.sensory.
�nformat�on.relat�ve.to.manned.a�rcraft.because.of.the�r.
greater.exper�ence.w�th.manned.a�rcraft.operat�ons ..UAS.
p�lots. �n. other. m�l�tary. branches. are. not. requ�red. to.
have.manned.a�rcraft.exper�ence ..However,.just.because.
UAS. p�lots. do. not. report. problems. assoc�ated. w�th. a.
lack.of.sensory.�nformat�on.does.not.mean.that.no.such.
problems.ex�st .

To.expand.on.these.data,.a.rev�ew.was.conducted.of.
acc�dent.�nformat�on.that.was.reported.by.th�s.author.on.
several.m�l�tary.UASs.(W�ll�ams,.2004) ..Unfortunately,.
the.acc�dent.reports.that.were.used.�n.the.or�g�nal.study.
d�d.not.conta�n.suffic�ent.deta�l. �n.all.cases.to.make.a.
defin�t�ve.judgment.regard�ng.whether.a.lack.of.sensory.
�nformat�on.played.a.role.�n.the.acc�dents ..For.example,.
there.were.a.large.number.of.P�oneer.acc�dents.that.were.
attr�buted.to.an.electr�cal.or.mechan�cal.fa�lure ..It.was.not.
known.for.those.acc�dents.how.qu�ckly.the.UAS.p�lots.
became.aware.of.the.fa�lure.and.whether.they.m�ght.have.
been.able.to.prevent.the.acc�dent.had.they.been.g�ven.
enough.t�me.to.react.to.the.c�rcumstances ..Nevertheless,.
the.reports.were.analyzed.to.obta�n.a.general.�nd�cat�on.
of.how.prevalent.a.role.the.lack.of.sensory.�nformat�on.
played.�n.the.acc�dents .

Four.systems.were.rev�ewed.from.the.or�g�nal.data:.
Navy/Mar�ne.P�oneer;.Army.Shadow.and.Hunter;.and.
A�r.Force.Predator ..F�gure.2.shows.the.acc�dent.rate.for.
each.system.where.�t.was.determ�ned.that.a.lack.of.sensory.
�nformat�on.played.a.role.�n.the.acc�dent,.as.a.percentage.
of.the.total.number.of.acc�dents.for.that.system.and.as.a.
percentage.of.the.number.of.acc�dents.that.were.�dent�-
fied.as.related.to.human.factors .

Look�ng. at. F�gure. 2,. �t. �s. �nterest�ng. to. note. that.
the.percentage.of.Predator.acc�dents.�n.wh�ch.a.lack.of.
sensory.�nformat�on.contr�buted.to.the.acc�dent.�s.very.
s�m�lar.to.the.results.reported.�n.the.Tvaryanas.et.al ..study,.
espec�ally.g�ven.the.fact.that.the.2.stud�es.used.d�fferent.
sets.of.acc�dent.data ..However,.whereas.Tvaryanas.et.al ..
d�d.not.note.any.acc�dents.related.to.a.lack.of.sensory.
�nformat�on. for. other. UASs,. the. data. from. W�ll�ams.
(2004).showed.that.both.the.Shadow.and.Hunter.UASs.
have.h�gher.percentages.of.sensory-related.acc�dents.(for.
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those.acc�dents.related.to.human.factors) ..In.part�cular,.
4.out.of.5.human.factors-related.Shadow.acc�dents.were.
cons�dered.to.have.been.�nfluenced.to.some.degree.by.
the.lack.of.sensory.�nformat�on.ava�lable.to.the.Shadow.
UAS.p�lots ..Although,.as.was.ment�oned,.the.data.used.
for.the.stud�es.were.not.the.same,.th�s.�s.probably.not.
the.ent�re.explanat�on ..Unl�ke.Tvaryanas.et.al .(2005),.
the. data. from. W�ll�ams. (2004). d�d. not. rely. on. p�lot.
self-report�ng,.and.so.would.not.have.been.�nfluenced.
by.pr�or.operat�onal.exper�ence.w�th.manned.a�rcraft.as.
was.noted.earl�er .

An.example.of.a.recent.acc�dent.�n.wh�ch.the.lack.of.
sensory. �nformat�on.played.a. role.was. the.Apr�l.2006.

crash.of.a.Predator.B.UA.(F�gure.3).�n.the.Ar�zona.desert ..
Th�s. acc�dent. occurred. after. the. �nadvertent. shutt�ng.
off.of.the.eng�ne.by.the.p�lot.wh�le.try�ng.to.hand.off.
control. of. the. a�rcraft. from. the. left. to. the. r�ght. p�lot.
stat�on.(F�gure.4) .

After.the.eng�ne.was.first.shut.off,.the.a�rcraft.nose.
d�pped.momentar�ly.before.onboard.automat�on.stab�-
l�zed.the.descent ..The.d�pp�ng.of.the.nose.could.be.seen.
on.the.forward.out-the-w�ndow.v�ew.screen.�n.the.control.
stat�on.(lower.left.screen.�n.F�gure.4),.but.�t.was.not.ac-
compan�ed.by.k�nesthet�c.and.vest�bular.�nputs.that.the.
p�lot.of.a.manned.a�rcraft.would.normally.encounter ..
The.p�lot.m�s�nterpreted. the.d�pp�ng.of. the.nose.as.a.

Figure 3. Predator B unmanned aircraft. 
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loss.of.data.l�nk.from.the.control.stat�on.to.the.a�rcraft ..
Earl�er.�n.th�s.paper,.�t.was.shown.that.for.manned.a�r-
craft.a.loss.of.eng�ne.�s.almost.always.accompan�ed.by.a.
change.�n.sound,.vest�bular,.and.k�nesthet�c.sensat�ons ..
The.Predator.p�lot,.be�ng.an.exper�enced.manned.a�rcraft.
p�lot,.m�ght.have.m�s�nterpreted.the.loss.of.the.eng�ne.
at.least.�n.part.because.the.v�sual.�nformat�on.presented.
�n.the.forward.out-the-w�ndow.v�ew.(the.d�pp�ng.of.the.
nose.of.the.a�rcraft).was.not.accompan�ed.by.these.other.
sensat�ons,.wh�ch.�s.what.the.p�lot.of.a.manned.a�rcraft.
would.expect ..One.quest�on.that.ar�ses.here.�s.whether.
remov�ng.the.forward.out-the-w�ndow.v�ew.m�ght.have.
changed.the.p�lot’s.expectat�ons.�n.such.a.way.that.would.
have.prevented.a.m�s�nterpretat�on.of.the.�nformat�on,.

allow�ng.the.p�lot.to.focus.more.on.other.ava�lable.d�splay.
�nd�cat�ons.that.would.have.led.to.the.correct.d�agnos�s.
of.the.event .

Examples of remediations From the Current uAs 
Inventory

For.the.most.part,.UAS.manufacturers.have.done.l�ttle.
�n.the.way.of.compensat�ng.for.the.reduced.sensory.�n-
format�on.ava�lable.to.the.UA.p�lot,.although.the.general.
trend.toward.automat�on.can.be.cons�dered.a.response.to.
sensory.�nformat�on.defic�enc�es ..One.example.where.a.
remed�at�on.was.�mplemented.was.w�th.the.control.stat�on.
for.the.Hel�os.UAS,.manufactured.by.Aerov�ronment,.
Inc ..(F�gure.5) .

Figure 4. Predator control station. 

Figure 5. Helios UAS. 
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An.acc�dent.of.a.Hel�os.occurred.�n.June.2003.dur-
�ng.a.fl�ght.test ..The.a�rcraft.flew.�nto.turbulence.that.
exceeded.the.max�mum.capab�l�ty.of.the.a�rcraft,.and.�t.
broke.apart,.crash�ng.�nto.the.ocean.and.totally.destroyed.
the.a�rcraft.(Noll.et.al .,.2004;.W�ll�ams,.2006) .

As.a.result.of.that.acc�dent,.a.new.d�splay.was.added.to.
the.control.stat�on.of.the.Hel�os.that.alerted.the.p�lot.to.
excess�ve.stresses.on.the.a�rframe ..Whether.the.presence.
of. the.d�splay.would.actually.allow.a.p�lot. to.respond.
appropr�ately.to.turbulence.rema�ns.to.be.tested ..How-
ever,.there.�s.no.record.of.a.Hel�os.acc�dent.caused.by.
turbulence.s�nce.the.�nclus�on.of.the.d�splay .

As. ment�oned. earl�er,. one. other. method. that. UA.
manufacturers.have.adopted.to.compensate.for.reduced.
sensory.�nformat�on.�s.the.use.of.colors.on.the.d�splays ..
For.example,.several.systems.w�ll.d�splay.certa�n.�nfor-
mat�on.such.as.eng�ne.RPM.or.a�rspeed.�n.yellow.or.red.
when.those.values.fall.outs�de.of.spec�fied.values ..A.loss.
of.data.l�nk.�s.s�gnaled.�n.the.Hunter.UA.when.the.data.
l�nk.d�splay.turns.orange.(see.Append�x.A) ..A.s�m�lar.loss.
of.data.l�nk.�n.the.Shadow.UA.�s.s�gnaled.by.all.of.the.
fl�ght.d�splays.turn�ng.orange .

Wh�le.the.use.of.color.w�th.textual.�nformat�on.can.
effect�vely.draw.the.attent�on.of.the.p�lot.to.abnormal.fl�ght.
parameters,.�t.can.lead.to.a.loss.of.useful.�nformat�on.at.
t�mes ..For.example,.for.some.systems,.a�rspeed.values.are.
presented.�n.text.on.the.out-the-w�ndow.d�splay ..These.
numbers.w�ll.change.to.yellow.and.red.when.a�rspeed.
values.exceed.certa�n.l�m�ts ..Th�s.�s.useful.�nformat�on.
to.the.p�lot;.however,.what.�s.m�ss�ng.�s.an.�nd�cat�on.of.
the.range.of.a�rspeeds.that.are.w�th�n.l�m�tat�ons.and.how.
qu�ckly. the.values.m�ght.be.approach�ng. those. l�m�ts ..
W�th.trad�t�onal.cockp�t.�nstrumentat�on,.these.l�m�ts.are.
�nd�cated.as.colored.arcs.on.the.outs�de.of.the.a�rspeed.
�nd�cator ..By.color�ng.the.text,.some.of.the.�nformat�on.
prov�ded.by.the.arcs.�s.now.lost .

research Efforts to Improve sensory Information in 
unmanned Aircraft

One.means.of.cop�ng.w�th.the.loss.or.degradat�on.of.
sensory.�nformat�on.�s.through.the.use.of.other.sensory.
modes. or. by. the. enhancement. of. v�sual. d�splays .. For.
example,. researchers. have. suggested. the. use. of. hapt�c.
cues.to.enhance.p�lot.awareness.of.events.�n.the.a�rcraft.
(Cheung.et.al .,.2004;.Draper,.Ruff,.Repperger,.&.Lu,.
2000;.McGrath,.Estrada,.Bra�thwa�te,.Raj,.&.Rupert,.
2004;.Ruff,.Draper,.Lu,.Poole,.&.Repperger,.2000;.Sklar.
&.Sarter,.1999) ..In.part�cular,.Draper.and.colleagues.have.
suggested.the.use.of.hapt�c.cues.to.�nd�cate.the.onset.of.
turbulence.to.operators.of.UA ..

In.the.research.of.Draper.et.al ..(2000),.p�lots.rece�ved.
4.types.of.warn�ngs.regard�ng.the.onset.of.turbulence:.1).
v�sual;.2).v�sual.w�th.hapt�c;.3).v�sual.w�th.aud�tory;.and.

4).v�sual,.hapt�c.and.aud�tory ..The.v�sual.cue.cons�sted.
of.a.perturbat�on.of.the.nose-camera.�magery.cons�stent.
w�th.a.turbulence.event ..The.hapt�c.cue.cons�sted.of.a.
1-sec. v�brat�on. of. the. p�lot’s. joyst�ck. fl�ght. controller ..
The.aud�tory.warn�ng.was.a.1-sec.pure.tone ..All.3.cues.
began.at.the.onset.of.the.turbulence.event .

The.ab�l�ty.of.the.p�lots.to.handle.the.�n-fl�ght.tur-
bulence.was.measured.by.how.accurately. they. landed.
the.a�rcraft,.subject�ve.assessments.of.awareness.of.the.
turbulence.event.on.a.scale.of.1.to.5,.accuracy.�n.deter-
m�n�ng.the.pr�mary.turbulence.mot�on.(e�ther.along.the.
p�tch.or.roll.ax�s),.and.by.post-hoc.workload.subject�ve.
rat�ngs ..The.results.showed.that.the.hapt�c.feedback.was.
an.effect�ve.alert�ng.cue,.and.that.�t.was.more.effect�ve.
than.the.v�sual.or.v�sual.plus.aud�tory.cues ..

However,.wh�le.exper�ments.test�ng.th�s.�dea.have.been.
support�ve,.there.are.quest�ons.regard�ng.how.an.onboard.
sensor.would.detect.the.�n�t�al.onset.of.turbulence ..To.
d�st�ngu�sh.from.a.“bump”.there.would.need.to.be.some.
pers�stence.and.level.of.sever�ty.to.the.turbulence ..How.
long.would.the.turbulent.mot�ons.need.to.pers�st,.and.
how.severe.would.they.need.to.be.to.tr�gger.an.alarm?.
A.turbulence.alarm.would.run.the.r�sk.of.becom�ng.a.
nu�sance.�f.�t.were.constantly.be�ng.tr�ggered ..One.solu-
t�on.to.th�s.problem.w�th.hapt�c.feedback.�s.to.focus.on.
the.use.of.such.feedback.as.a.general.warn�ng.or.alert�ng.
system.(Sklar.&.Sarter,.1999) .

A.second.type.of.sensory.�nformat�on.that.has.been.
used.to.enhance.UAS.p�lot.�nformat�on.�s.propr�ocept�ve.
�nformat�on.(Lam,.Mulder,.&.van.Paassen,.2007) ..In.an.
exper�ment.conducted.by.Lam.et.al .,.part�c�pants.were.
asked.to.fly.a.s�mulated.UAS.around.and.among.some.
bu�ld�ngs ..Propr�ocept�ve.�nformat�on.was.prov�ded.to.
the. p�lots. by. �mpos�ng. control. forces. on. the. joyst�ck.
that. corresponded. to. the. prox�m�ty. of. the. a�rcraft. to.
the.bu�ld�ngs ..S�mply.put,.the.p�lot.would.find.�t.more.
d�fficult. to. turn. toward. a.bu�ld�ng.because.of. control.
forces.on. the. joyst�ck. that.would.push. the. joyst�ck. �n.
the.oppos�te.d�rect�on ..The.exper�ments.showed.that.the.
�mpos�t�on.of.th�s.propr�ocept�ve.�nformat�on.resulted.
�n.fewer.coll�s�ons .

A.th�rd.type.of.sensory.�nformat�on.that.has.been.sug-
gested.�s.the.use.of.spat�al.aud�tory.d�splays.(S�mpson,.
Bol�a,. &. Draper,. 2004) .. More. than. just. an. aud�tory.
warn�ng,.a.spat�al.aud�tory.d�splay.prov�des.pos�t�on.cues,.
as.well.as.aud�tory.cues.to.the.operator ..Th�s.allows.for.
more.complex.cod�ng.of.the.cues.and.the.presentat�on.of.
more.�nformat�on ..In.add�t�on,.spat�al.aud�tory.d�splays.
prov�de.more.of.a.sense.of.presence.to.the.operator,.�m-
mers�ng.the.operator.v�rtually.w�th.a.feel�ng.of.be�ng.w�th.
the.a�rcraft ..Th�s.sense.of.presence.has.�mpl�cat�ons.for.
h�ghly. automated. systems,.where. the.operators.m�ght.
have.a.tendency.to.become.out-of-the-loop .
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A.fourth.method.for.�mprov�ng.sensory.�nformat�on.
�n.unmanned.a�rcraft.that.has.been.researched.�s.through.
the.enhancement.of.v�sual.d�splays.(Calhoun,.Draper,.
Abernathy,.et.al .,.2005;.Draper,.Nelson,.Abernathy,.&.
Calhoun,.2004) ..Th�s.method.�nvolves.the.use.of.enhanced.
or.synthet�c.v�s�on.d�splays.that.are.comb�ned.w�th.an.
actual.camera.v�ew.of.a.scene.to.prov�de.more.and.better.
�nformat�on.to.the.p�lot.and/or.sensor.operator ..F�gure.6.
shows.the.use.of.synthet�c.v�s�on.�nformat�on.to.enhance.
a.camera.v�ew ..Although.much.of.th�s.research.has.been.
focused.on.�mprov�ng.s�tuat�on.awareness.for.the.payload.
operator,. there. �s.no. reason.why. the. same. technology.
cannot.also.be.used.to.ass�st.the.p�lot .

An. add�t�onal.use.of. synthet�c. v�s�on. system. �nfor-
mat�on.�n.a.UA.control.stat�on.fl�ght.d�splay.�s.w�th.a.
p�cture-�n-p�cture.concept.(Calhoun.et.al .,.2005) ..The.
approach.w�th.th�s.concept.�s.to.present.an.actual.camera.
v�ew.embedded.�n.a.larger.synthet�c.v�sual.d�splay ..The.
use.of.synthet�c.v�s�on.prov�des.a.larger.field.of.v�ew.than.
would.be.ava�lable.w�th.a.camera ..In.add�t�on,.synthet�c.
�magery.can.�nclude.add�t�onal.�nformat�on,.such.as.names.
of.landmarks.and.boundar�es.that.can.be.used.to.enhance.
the.fl�ght.awareness.of.the.p�lot ..F�gure.7.demonstrates.
the.use.of.the.p�cture-�n-p�cture.concept .

The.research.efforts.to.enhance.mult�-sensory.�nforma-
t�on.�n.UASs.have.focused.on.the.use.of.mult�-sensory.
�nformat�on.�n.a.d�splay.format,.rather.than.an.attempt.to.
s�mulate.actual.mult�-sensory.exper�ences.of.the.onboard.
p�lot ..There.may.be.several.reasons.for.th�s,.but.the.stron-
gest.reason.�s.probably.the.cost.�nvolved.�n.s�mulat�on ..
The.s�mulat�on.of.k�nesthet�c.and.vest�bular.�nputs.would.
requ�re.a.mov�ng.platform,.and.the.benefit.to.do�ng.th�s.
�s.probably.far.outwe�ghed.by.the.cost,.espec�ally.�f.other.
methods.can.be.shown.to.effect�vely.cue.and/or.�nform.
the.p�lot.of.the.status.of.the.a�rcraft .

Federal regulations Pertaining to sensory Informa-
tion in the Cockpit

One.final.�ssue.that.needs.to.be.d�scussed.�s.how.well.
current.cockp�t.des�gn.regulat�ons.address.mult�-sensory.
�nformat�on. requ�rements .. There. are. several. sect�ons.
found.�n.T�tle.14.of.the.Code.of.Federal.Regulat�ons.(14.
CFR).that.�dent�fy.sensory.�nformat�on.requ�rements.�n.
the.cockp�t ..These.regulat�ons.do.not.necessar�ly.perta�n.
to.v�sual.or.aud�tory.�nformat�on,.though.most.do ..In.
add�t�on.to.the.v�sual.or.aud�tory.d�splay.of.�nformat�on,.
there.are.regulat�ons.that.affect.the.�nformat�on.rece�ved.
by.the.p�lot.through.other.sensory.modes ..For.example,.

Figure 6. Synthetic threat and pathway information overlaid on a simulated nose camera 
imagery. From Calhoun et al., 2005. Reprinted with permission. 
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the.regulat�on.of.the.shape.and.texture.of.controls.affects.
the.hapt�c.�nformat�on.ava�lable.to.the.p�lot ..The.regula-
t�on.of.phys�cal.force.requ�rements.for.control.movement.
affects. the.propr�ocept�ve. �nformat�on.ava�lable. to. the.
p�lot ..Wh�le.the.major�ty.of.the.regulat�ons.perta�n.to.
cockp�t.d�splays.and.controls,. some.of. the.regulat�ons.
deal.w�th.external.(� .e .,.com�ng.from.outs�de.the.cockp�t).
�nformat�on,.such.as.the.ab�l�ty.of.the.p�lot.to.see.outs�de.
the.a�rcraft ..In.add�t�on,.2.regulat�ons.perta�n.to.the.use.
of.sensory.�nformat�on.by.the.fl�ght.crew.�n.regard.to.the.
recogn�t�on.and.correct�on.of.anomalous.events ..Table.9.
l�sts.the.regulat�ons.that.perta�n.to.p�lot.sensory.�nforma-
t�on ..The.complete.14.CFR.text.relevant.to.each.of.the.
sect�ons.can.be.found.�n.Append�x.B .

The. first. column. �n. Table. 9. �nd�cates. the. type. of.
sensory. �nformat�on. that. the. regulat�on. covers .. Th�s.
column.�s.d�v�ded.�nto.3.ma�n.sect�ons ..The.first.sect�on.
l�sts.regulat�ons.that.perta�n.to.sensory.�nformat�on.�n.
the.cockp�t ..Cockp�t.�nformat�on.�s.further.d�v�ded.�nto.
v�sual,.aud�tory,.hapt�c,.propr�ocept�ve,.and.regulat�ons.
that.do.not.spec�fy.the.mode.of.the.�nformat�on ..Many.
of.the.regulat�ons.l�sted.under.“v�sual”.do.not.spec�fically.
�nd�cate.that.the.sensory.�nformat�on.needs.to.be.v�sual.
�n.nature,.but.aspects.of.the.regulat�on.strongly.�mply.
the.v�sual.mode .

Figure 7. Use of synthetic imagery with a picture-in-picture to increase pilot awareness. From 
Calhoun et al., 2005. Reprinted with permission. Imagery courtesy of Rapid Imagery Software, 
Inc. 

The. second. sect�on. l�sts. regulat�ons. that.perta�n. to.
sensory. �nformat�on.external. to. the.cockp�t ..Th�s. sec-
t�on. �s. further. d�v�ded. �nto. v�sual. and. propr�ocept�ve.
�nformat�on ..The. final. sect�on. l�sts. 2. regulat�ons. that.
perta�n.to.the.use.of.sensory.�nformat�on.�n.recogn�z�ng.
anomalous.events .

As.should.be.expected,.the.major�ty.of.the.regulat�ons.
relate.to.the.presentat�on.of.v�sual.�nformat�on.to.the.p�lot,.
pr�mar�ly.through.a�rcraft.d�splays ..Wh�le.the.regulat�ons.
focus.on.v�sual.�nformat�on,.they.do.not.expl�c�tly.exclude.
us�ng.other.sensory.modes.that.prov�de.�nformat�on.to.
the.p�lot ..For.example,.the.use.of.a.v�bro-tact�le.(hapt�c).
d�splay.�s.not.proscr�bed.by.the.regulat�ons .

Probably. one. of. the. most. relevant. regulat�ons. to.
the.current.d�scuss�on.�s.the.last.one.l�sted.�n.the.table,.
23 .1309 ..Spec�fically,. sect�on.23 .1309.d�rects. that. the.
des�gn. of. warn�ng. cues. for. the. p�lot. (crew). needs. to.
�nclude.an.assessment.of.the.p�lot’s.ab�l�ty.to.determ�ne.
the.fault.that.�s.caus�ng.the.need.for.that.warn�ng ..For.
the.des�gn.of.unmanned. a�rcraft. control. stat�ons,. th�s.
assessment.needs.an.awareness.of.how.the.lack.of.sensory.
�nformat�on.alters. the.ab�l�ty. to.determ�ne.anomalous.
a�rcraft.cond�t�ons.and.what.add�t�onal.cues.m�ght.need.
to.be.�ncluded.�n.the.control.stat�on.to.ensure.the.t�mely.
and.accurate.d�agnos�s.of.an.anomaly ..
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Table 9. Federal regulations pertaining to pilot sensory information. 

Type of Sensory Information 14 CFR 
Section Notes 

Cockpit Information   
Visual 23.1303 Flight and navigation instruments – some warning requirements 

are auditory 
 23.1305 Powerplant instruments – some warnings have unspecified mode 
 23.1311 Electronic displays 
 23.1321 Arrangement and visibility of flight displays 
 23.1322 Warning, caution, and advisory lights 
 23.1326 Pitot heat indication systems – could use other modes but must 

include amber light 
 23.1331 Instrument power indicator 
 23.1335 Flight director mode indicator – selector switch position not 

acceptable
 23.1337 Fuel and oil quantity indications 
 23.1351 Generator/alternator quantities and failure – failure warning not 

mode specific 
 23.1381 Instrument lights 
 23.1416 Pneumatic de-icer boot system function indication 
 23.1543 Instrument markings: General 
 23.1545 Airspeed indicator markings 
 23.1549 Powerplant instrument markings 
 23.1551 Oil quantity indicator markings 
 23.1553 Fuel quantity indicator markings 
 23.1555 Cockpit control markings 
 91.205 Airworthiness instrument and equipment requirements 

Auditory 23.703 Takeoff warning system 
 23.729 Landing gear extension and retraction warnings and indicators – 

note that indicators are not mode-specific 
 23.1431 Cockpit communications 

Haptic 23.781 Control knob shape 
Proprioceptive 23.143 Control force limits 

 23.255 Control force response 
Non-specific 23.679 Control system lock warning 

 23.699 Wing flap position indicator 
 23.207 Stall warning – requirement does not specify mode, but visual-

only not allowed 
 23.1309 Unsafe operating condition alerts 
External   

Visual 23.773 Pilot compartment view 
 23.775 Windshields and windows 
 23.1383 Glare and halation from taxi and landing lights 
 23.1419 Monitoring icing 

Proprioceptive 23.251 Vibration and buffeting 
Sensory Information Usage   
 63 App C Flight engineer training course requirements 
 23.1309 Development of crew warning cues must consider crew’s 

capability of determining faults 
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CONCLusIONs ANd 
rECOMMENdATIONs

Sensory.�nformat�on.that.�s.ava�lable.to.the.p�lot.of.a.
manned.a�rcraft.�ncludes.v�sual.out-the-w�ndow.�nforma-
t�on,.amb�ent.aud�tory.�nformat�on,.v�sual.and.aud�tory.
d�splay.�nformat�on,.vest�bular,.hapt�c,.propr�ocept�ve,.
and.k�nesthet�c.�nformat�on ..Th�s.analys�s.has.shown.that.
much.of.th�s.�nformat�on.can.be.used.for.the.detect�on.
and.d�agnos�s.of.anomalous.events.dur�ng.fl�ght,.as.well.
as.the.mon�tor�ng.of.normal.fl�ght.events ..Add�t�onally,.
most.of.th�s.�nformat�on.serves.to.alert.the.p�lot.and.d�rect.
attent�on.to.a.part�cular.a�rcraft.system.or.cond�t�on ..For.
most.(but.not.all).types.of.events,.the.�nformat�on.from.
d�fferent.modes.re�nforces.each.other.�n.ass�st�ng.the.p�lot.
�n.detect�ng.and.d�agnos�ng .

The.p�lot.of.an.unmanned.a�rcraft,.on.the.other.hand,.
usually.has.far.fewer.p�eces.of.�nformat�on.to.work.w�th,.
and.usually.th�s.�nformat�on.�s.only.�n.v�sual.form ..Th�s.
puts. the. UA. p�lot. at. a. d�sadvantage. �n. be�ng. able. to.
d�agnose.and. respond. to. system.anomal�es ..For.many.
anomal�es,.the.p�lot.must.be.look�ng.at.the.r�ght.�nd�ca-
t�ons.to.be.able.to.recogn�ze.and.d�agnose.problems ..In.
add�t�on,.the.p�lot.has.less.sensory.�nformat�on.ava�lable.
dur�ng.the.normal.operat�on.of.the.a�rcraft ..The.effect.
that.th�s.has.on.a.p�lot’s.awareness.of.fl�ght.parameters.
�s.not.clear .

There.�s.some.ev�dence.that.th�s.lack.of.sensory.�nfor-
mat�on.has.an.�mpact.on.the.safety.of.the.fl�ght ..Analyses.
of.UAS.acc�dents.suggest.that.between.15%.and.25%.
of.UAS.acc�dents,.across.several.systems,.are.due.at.least.
�n.part.to.a. lack.of.sensory. �nformat�on ..Add�t�onally,.
when.focus�ng.on.those.acc�dents.w�th.a.human.factors.
component.(� .e .,.el�m�nat�ng.acc�dents.that.are.due.to.
mechan�cal,.electr�cal,.or.structural.fa�lures),.the.percent-
age.of.acc�dents.that.are.at.least.�n.part.due.to.sensory.
defic�enc�es.�s.much.h�gher .

Therefore,.UAS.des�gners,.operators,.tra�ners,.regu-
lators,. etc .,. should. cons�der. p�lot. sensory. defic�enc�es.
assoc�ated.w�th.UAS.vs ..manned.a�rcraft ...Wh�le.more.
research.�s.needed.to.determ�ne.the.spec�fic.appropr�ate.
remed�at�ons,.�n�t�al.research.suggests.some.alternat�ves.
that.mer�t.further.�nvest�gat�on .

One. recommendat�on. �s. that. UAS. control. stat�on.
d�splays. should. �nclude,. when. poss�ble. and. econom�-
cally.feas�ble,.warn�ngs.of.cr�t�cal.anomalous.events.that.
�nvolve.more.than.one.type.of.sensory.mode.(e .g .,.both.
an. aud�tory. and. v�sual. warn�ng. of. cr�t�cal. anomalous.
events) ..The.false.alarm.rate.�n.the.tr�gger�ng.of.an.aud�-
tory.warn�ng.should.be.extremely.low.so.that.p�lots.are.
not.tempted.to.�gnore.the.warn�ng.or.find.some.way.to.
d�sable.the.warn�ng ..A.corollary.suggest�on.�s.that.des�gn-
ers.of.UAS.control.stat�on.d�splays.make.greater.use.of.

mult�ple. sensory.modes. �n.the.presentat�on.of.a�rcraft.
fl�ght.parameters ..For.example,.�n.add�t�on.to.a.v�sual.
d�splay.of.eng�ne.RPM,.there.could.also.be.a.s�mulated.
eng�ne.no�se.that.corresponds.to.the.RPM.sett�ng ..Th�s.
would.not.have.to.be.the.actual.no�se.from.the.a�rcraft.
eng�ne.transm�tted.to.the.control.stat�on.(although.that.
would.prov�de.add�t�onal.useful.�nformat�on.to.the.p�lot).
but.could.s�mply.be.an.art�fic�ally.generated.sound.that.
corresponds.to.the.eng�ne.sett�ng ..The.funct�on.of.such.
aud�tory.�nformat�on.would.be.to.prov�de.an.�nd�cat�on.
of.eng�ne.status.that.would.not.have.to.be.consc�ously.
mon�tored.on.a.regular.bas�s.by.the.p�lot.and.to.prov�de.
an. aud�tory. s�gnal. that. would. be. d�rectly. related. to. a.
part�cular.a�rcraft.cond�t�on,.�nstead.of.hav�ng.a.general.
warn�ng.that.requ�res.further.d�agnos�s .

The.use.of.other.types.of.sensory.�nput.such.as.hapt�c.
�nput.to.fl�ght.controls.could.also.be.used.to.supplement.
v�sual.and/or.aud�tory.�nformat�on ..However,.for.many.
UASs,. the.p�lot.does.not.necessar�ly.have.to.ma�nta�n.
h�s/her.hands.on.the.controls.at.all.t�mes.due.to.the.h�ghly.
automated.nature.of.the�r.control.systems .

A.second.recommendat�on.�s.that.advantage.should.
be.taken.of.the.ava�lable.v�sual.d�splay.space.�n.alert�ng.
a.p�lot.to.a.cr�t�cal.a�rcraft.cond�t�on ..Some.systems.have.
already.�ncorporated.th�s.strategy.by.turn�ng.all.of.the.
pr�mary.fl�ght.d�splays.orange.to.�nd�cate.a.loss.of.data.
l�nk ..Because.all.UASs.use.electron�c.fl�ght.d�splays,.there.
�s.no.reason.that.cr�t�cal.fl�ght.�nformat�on.has.to.be.re-
str�cted.to.a.part�cular.fl�ght.d�splay ..For.example,.even.�f.
there.�s.a.ded�cated.a�rspeed.�nd�cator,.cr�t�cal.overspeed.
or.underspeed.values.do.not.have.to.be.restr�cted.to.that.
a�rspeed. �nd�cator .. System. des�gners. could. prov�de. a.
v�sual.warn�ng.that.extends.across.a.large.port�on.of.the.
normal.v�sual.scan.to.ensure.that.the.p�lot.�s.fully.aware.
of.a.potent�al.or.actual.problem ..Th�s.may.help.offset.
the.lack.of.�nformat�on.ava�lable.to.the.p�lot.from.other.
sensory.modes .

As.ment�oned.earl�er,.there.�s.a.quest�on.�n.regard.to.
whether.the.exper�ence.of.p�lot�ng.a.manned.a�rcraft.�s.
detr�mental.to.p�lot�ng.a.UAS.�n.terms.of.the.recogn�t�on.
of.anomalous.events ..It.could.be,.based.on.the.analys�s.
�n.th�s.paper,.that.th�s.�s.the.case ..However,.how.a.p�lot.
trans�t�ons. �nto. an. unmanned. a�rcraft. and. the. des�gn.
of. the. control. stat�on. would. both. have. an. effect. on.
the.p�lot’s.ab�l�ty.to.cope.w�th.a.reduced.set.of.sensory.
�nformat�on.types .

In. add�t�on,. developers. of. p�lot. tra�n�ng. should. be.
aware.of.the.cr�t�cal.�mportance.of.tra�n�ng.p�lots.�n.the.
recogn�t�on.and.d�agnos�s.of.anomalous.events ..In.par-
t�cular,.emphas�s.needs.to.be.placed.on.the.�dea.that.the.
restr�ct�on.�n.sensory.�nformat�on.makes.both.recogn�-
t�on.and.d�agnos�s.more.d�fficult.for.the.UAS.p�lot ..The.
p�lot.should.be.fully.aware.of.all.the.resources.that.are.
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.ava�lable.dur�ng.the.fl�ght,.and.should.have.exper�ence.
w�th.var�ous.anomalous.events.through.s�mulat�ons ..These.
s�mulat�ons.should.requ�re.not.only.that.the.p�lot.know.
how.to.respond.to.a.part�cular.type.of.anomalous.event.
but.�s.also.able.to.recogn�ze.and.d�agnose.wh�ch.type.of.
anomalous.event.�s.occurr�ng .

As. was. ment�oned. earl�er,. current. regulat�ons. (� .e .,.
23 .1309).d�rect.that.the.des�gn.of.warn�ng.cues.for.the.
p�lot.(crew).needs.to.�nclude.an.assessment.of.the.p�lot’s.
ab�l�ty.to.determ�ne.the.fault.that.�s.caus�ng.the.need.for.
that.warn�ng ..Such.an.assessment.requ�res.a.clear.under-
stand�ng.of.how.the.lack.of.sensory.�nformat�on.alters.
the.ab�l�ty.to.determ�ne.anomalous.a�rcraft.cond�t�ons.
and.what.add�t�onal.cues.m�ght.need.to.be.�ncluded.�n.
the. control. stat�on. to. ensure. the. t�mely. and. accurate.
d�agnos�s.of.an.anomaly .

F�nally,.there.�s.a.need.for.more.emp�r�cal.research.on.
th�s.top�c ..Some.potent�al.research.quest�ons.�nclude.(from.
M�ke.L�negang,.FAA,.personal.commun�cat�on):

Is.there.a.d�fference.�n.p�lot.ab�l�t�es.to.detect.and.
d�agnose. �c�ng,. eng�ne. fa�lure,. stall,. turbulence,.
unusual.att�tude,.and.electr�cal.system.anomal�es.
�n.manned.and.unmanned.a�rcraft?..
Are.the.d�fferences.�n.performance.large.enough.to.
requ�re.some.type.of.safety.m�t�gat�on?..
What.aspects.of.the.sensory.def�c�enc�es.contr�bute.
most.to.d�fferences.�n.performance?
How.effect�ve.are.var�ous.strateg�es.for.prov�d�ng.
supplemental.�nformat�on?
Is.tra�n�ng.an.appropr�ate.m�t�gat�on.techn�que.for.
some.aspects.of.the.sensory.def�c�ency.problem?
Are.there.d�fferences.�n.sensory.def�c�ency.effects.
for.UAS.p�lots.that.have.no.manned.av�at�on.back-
ground.vs ..UAS.p�lots.that.have.exper�ence.�n.the.
sensory-r�ch.env�ronment.of.manned.av�at�on?

Data.from.these.types.of.stud�es.w�ll.support.defin�-
t�on.of.appropr�ate.standards.for.UAS.control.stat�ons.
and.UAS.p�lots ..

•

•

•

•

•

•
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APPENDIX A 
UAS Sensory Information Interviews 

Interview Questions for Documenting Sensory Information Available for Unmanned Aircraft Systems 

Date: _____25 August 2006___________ 

System:________Hunter__________________  Manufacturer: ________NGC/IAI__________________ 

Position (e.g., pilot, engineer, etc.) _____pilot___________________  Years Experience w/system: ___13______ 

Datalink 
1.  What are the different kinds of links being used for UA control: for example, telecommand/up, telemetry/down, 
ATC communications? 
C band datalink. Uplink commands, downlink telemetry and video. 

2.  What are the performance indicators for each link; that is, is there an indication of signal strength, error (dropout) 
rate, or simply a light indicating a connection? 
Signal strength meters and warnings if up or downlink is lost. 

3.  How are these performance indicators displayed, including alerts? Include visual, aural, other, and the alert 
criteria (e.g., elapsed time) if known. 
Meter on the ground station display. Also a warning for lost or weak up or down link and total loss of link 
plus return home warning. 

4.  In the event of lost telemetry (i.e., downlink of aircraft parameters), what happens to the information (e.g., 
attitude) at the control station? For example, is it extrapolated for a fixed time?  Does it freeze at the last known 
state?  Do the displays blank? 
The display is frozen. 

5.  What is the normal system response to a lost link? That is, what is the aircraft supposed to do under lost link 
events? 
Lost uplink will put the AV in a Return Home mode. It will fly at a preset airspeed and altitude to a 
designated point. If link is not regained it will circle there until it runs out of gas then deploy a recovery 
parachute. 

6.  During operation, how often are there link-related issues? Are link alerts common?  Is it normal to have telemetry 
drop-outs for, say, 10 seconds?  Is a pre-programmed procedure to regain link or return-to-base a rare event? 
There are occasional short instances of link loss, both up and down during normal operations specifically 
at really close ranges or at the edge of the link range limits, often caused by maneuvering. Not often do 
they last for 10 seconds. Mostly just momentary hits. 

7. What type of training is given to system pilots for recognizing lost link? 
Standard part of training. Simulated link loss situations are practiced. Students are taught to manipulate 
the uplink to attempt to re-establish it after uplink loss and we practice “no report” recoveries if downlink is 
lost. 

Engine Failure 
1. What are the performance indicators for engine function (e.g., rpm, manifold pressure, etc.)? 

RPMs, Oil temp, CHT (cylinder head temp), bus voltage plus written warnings for oil pressure. 

2. In the event of an engine failure, how do these performance indicators react, including aural alerts? 
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In newer software versions the software changes the color of the readout depending on its value. For 
example, normal range values are green but if it gets into the caution zone the readout changes to yellow, 
then red for the danger zone. 

3 What type of training is given to system pilots for recognizing an engine failure? 
Normal part of training to practice engine fail or overheat situations. A good instrument scan is essential 
to recognize a problem if display is not color-coded or no warnings are displayed until the danger zone is 
reached that may generate a warning. Symptoms of various problems are taught and operators are 
trained to watch for them. 

In-Flight Icing 
1. What indications would the pilot receive in the control station if the aircraft were to experience in-flight icing? 
The Hunter has no ice sensors. This can be very difficult to spot. A loss of altitude with an increase of 
engine rpms to try to maintain commanded altitude could be a good clue. Knowing the weather conditions 
and forecasts should also be a clue. If the pitot system ices up it can cause loss of pitch control. The 
onboard camera system can be used to look at leading edges to check for ice buildup. In severe cases 
the camera lens will freeze over and there will be no useable video. Prevention is best here. Know the 
freezing level and avoid visible moisture. 

2. What type of training is given to system pilots for recognizing in-flight icing? 
Weather training and avoidance primarily. Back up modes to the pitot (airspeed sensor) system are 
practiced. 

Stall 
1. What indications would the pilot receive in the control station if the aircraft were to experience a stall? 
Slow airspeed, excessive pitch, wing rock, loss of altitude. No specific warnings, just recognition of the 
condition on the instrument panel. 

2. What actions would the pilot make to recover from a stall? 
Increase airspeed, which lowers pitch. Increase altitude to raise rpms. 

3. What type of training is given to system pilots for recognizing a stall? 
Instrument scan. 

Turbulence
1. What indications would the pilot receive in the control station if the aircraft were to experience moderate to 
severe turbulence? 
Attitude indicator would display excessive pitch and roll maneuvers. If really strong, a VGU (vertical gyro 
unit) failure if the VGU limits are exceeded. 

2. What actions would the pilot make to the aircraft under such conditions? 
Adjust airspeed to the maneuver speed and change altitude and try to fly away from the area. 

3. What type of training is given to system pilots for recognizing turbulence? 
Instrument scan to watch for excessive movement. Weather training. 
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Interview Questions for Documenting Sensory Information Available for Unmanned Aircraft Systems 

Date: 28 August 2006 

System: Hunter RQ-5A / MQ-5B Manufacturer: Northrop Grumman 

Position (e.g., pilot, engineer, etc.) Pilot Years Experience w/system: 12 Years 

Datalink 
1.  What are the different kinds of links being used for UA control: for example, telecommand/up, telemetry/down, 
ATC communications?  

C-Band. ATC communications has nothing to do with UA control. We communicate with ATC on UHF, 
VHF, and or FM.  

2.  What are the performance indicators for each link; that is, is there an indication of signal strength, error (dropout) 
rate, or simply a light indicating a connection?  

We have “thermometer” style gauges with corresponding digital numbers for uplinks (primary and 
secondary), downlinks (primary and secondary), and reflective power (primary and secondary). The 
downlink displays will turn orange in color if the link quality degrades below a preset limit.  

3.  How are these performance indicators displayed, including alerts? Include visual, aural, other, and the alert 
criteria (e.g., elapsed time) if known.  

Uplink / Downlink “thermometer” style gauges are displayed on 2 panels that are directly related to the 
primary and secondary link functions. If link quality drops below the preset limit or a link related problem 
exists, a warning will appear in the warnings panel indicating the active warning(s). Warnings that are 
related to a link level display parameter type warnings which indicate that a level has been exceeded, the 
current level, and the worst level. All warnings in the Hunter system stay illuminated until the warning 
condition no longer exists at which time the pilot must take action to “refresh” the warning list.  

4.  In the event of lost telemetry (i.e., downlink of aircraft parameters), what happens to the information (e.g., 
attitude) at the control station? For example, is it extrapolated for a fixed time?  Does it freeze at the last known 
state?  Do the displays blank? 

If the Hunter UAV loses downlink, the appropriate downlink warnings will appear in the warnings panel 
and the downlink displays turn orange indicating a total downlink loss exists. The telemetry will freeze at 
the last reported values. A new AV position icon will appear and move in the last reported direction and 
airspeed. The standard icon will remain frozen at the last reported position. When downlink is regained all 
telemetry is updated to the current reports.    

5.  What is the normal system response to a lost link? That is, what is the aircraft supposed to do under lost link 
events? 

If the Hunter UAV loses downlink the AV will still respond to all commands but will not report its actions 
until downlink is regained. If the Hunter UAV loses uplink the AV will either enter its “Return Home” plan 
or it will enter “Glide” mode depending on the scenario. “Return Home” is used during all loss of uplink 
scenarios except for approximately the first thirty seconds after takeoff and the last thirty seconds during 
landing. While in “Return Home” the Hunter UAV flies to a specified coordinate(s) at a specified altitude 
and airspeed.  Upon arrival the AV enters a left hand orbit around a specified coordinate at a specified 
altitude and airspeed until uplink is regained or until it runs out of gas at which time the Emergency 
Recovery System (parachute) is deployed.  
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6.  During operation, how often are there link-related issues? Are link alerts common?  Is it normal to have telemetry 
drop-outs for, say, 10 seconds?  Is a pre-programmed procedure to regain link or return-to-base a rare event? 

During normal operations, true link issues are not common. We occasionally see intermittent downlink 
during local flight operations because of the attitude and altitude of the AV. Normally the warnings will 
appear for a few seconds and then go away. It is not normal for us to see downlink losses for more than a 
few seconds depending on the situation. If we are flying near the limit of our line of site because of terrain 
or range, intermittent link losses will be the first indication. As described above, Hunter uses a “Return 
Home” plan to return to base during an uplink loss. While in “Return Home” the AV uses logic in an 
attempt to regain uplink on its own.   

7. What type of training is given to system pilots for recognizing lost link? 

Pilots are given several simulator flights where virtually all failures / responses can be discussed, 
demonstrated, and performed. During flight training the pilot’s system knowledge to include data link 
management is verbally tested. Instructors can also purposely turn off uplink / downlink to demonstrate 
the effects on the AV.  

Engine Failure 
1. What are the performance indicators for engine function (e.g., rpm, manifold pressure, etc.)? 

The Hunter UAV reports RPM, Oil Temp, Cylinder Head Temp, Fuel Flow, and Bus Voltage or RPM, 
Water Temp, Exhaust Gas Temp, Fuel Flow and Bus Voltage depending on which model is being flown.   

2. In the event of an engine failure, how do these performance indicators react, including aural alerts? 

If the Hunter UAV experiences an engine failure the RPM digital report turns red and a few red warnings 
directly related to the engine failure appears in the warnings panel. Forward and or aft engine cut, 
Forward and or AFT RPM <500 Current: XX Worst: YY, Forward and or Aft Generator Fail, Forward and 
or Aft Oil Pressure Failure, and Fuel Pump Failure. ( The and or type warnings are actually individual 
warnings that I combined for your sake) 

3. What type of training is given to system pilots for recognizing an engine failure? 

As described above with regard to the lost link training, a similar training approach trains pilots to 
recognize and react to an engine(s) failure. During simulator flights the instructor will cut an engine(s) to 
discuss, demonstrate, and perform the proper response to an engine failure. During flight training engines 
are not cut due to the risk incurred however instructors regularly “simulate a single / dual engine failure” to 
ensure the student reacts appropriately. Instructors also give scenarios based on the AV range, altitude, 
and the field elevation to ensure the pilot knows how to figure out if the AV is capable of returning to the 
landing site or if the parachute needs to be deployed.    

In-Flight Icing 
1. What indications would the pilot receive in the control station if the aircraft were to experience in-flight icing? 

The Hunter UAV doesn’t have a deicing capability. Pitch oscillations as the AV autopilot attempts to 
maintain the commanded airspeed, inability to maintain altitude as ice builds on the AV, and or loss of 
control of the AV. The IR camera can be used to determine if ice is building on the AV.  

2. What type of training is given to system pilots for recognizing in-flight icing? 

Our pilots are trained that flight into known or forecasted icing conditions is prohibited. Our pilots are 
trained that if the AV is flown into icing conditions the aircraft could start pitch oscillations due to the Pitot 
tube freezing and the commanded airspeed not being achieved. The aircraft might also start to have 
difficulty in maintaining altitude do to ice build up on the wing. Eventually the AV could become 
uncontrollable and force the pilot to deploy the parachute. The IR camera can also be used to look at the 
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AV and determine if icing is a factor. If icing is suspected the pilot should descend if able. Avoid bank 
angles or greater than 15 degrees and command 70 knots. Avoid abrupt airspeed command changes.  

Stall 
1. What indications would the pilot receive in the control station if the aircraft were to experience a stall? 

There are no specific stall indications the pilot would receive in the control station. The pilot could notice a 
loss of control however might not be able to determine if it was due to a stall. 

2. What actions would the pilot make to recover from a stall? 

Assuming the AV became uncontrollable; the pilot would match commands and reports and determine if 
the AV has become controllable. Matching commands in an uncontrollable situation would typically result 
in increasing the airspeed since the AV would likely be descending at an airspeed greater than was being 
flown prior to the stall.  

3. What type of training is given to system pilots for recognizing a stall? 

The Hunter UAV system prevents the pilot from stalling the AV in most cases when the internal pilot is in 
control. The bank angle and airspeed commands are limited to values that would prevent a stall in most 
cases. The external pilot is used for takeoff and landings and has different limits to commands and is 
more susceptible to stalling due to the airspeeds required to takeoff and land. All of the pilots are trained 
on reading the AV performance charts which include the stall speed at various weights and bank angles.   

Turbulence
1. What indications would the pilot receive in the control station if the aircraft were to experience moderate to 
severe turbulence? 

Fluctuations in the attitude indicator and pitch (more than 5 degrees), roll, and climb rate reports. Severe 
turbulence could cause damage to the AV resulting in the AV becoming uncontrollable.   

2. What actions would the pilot make to the aircraft under such conditions? 

Avoid bank angles or greater than 15 degrees and command 70 knots. Avoid abrupt airspeed command 
changes. Depart the area where the turbulence is being experienced.  

3. What type of training is given to system pilots for recognizing turbulence? 

Pilots are trained that flight into known or forecasted severe turbulence is prohibited and what to do if they 
experience turbulence during a flight. They are also trained that turbulence can lead to structural damage 
and lead to a loss of control of the AV.  
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Interview Questions for Documenting Sensory Information Available for Unmanned Aircraft Systems 

Date: 21/09/2006 

System: TWINaIR                                                                     Manufacturer: TeleFlight Technologies LTD  

Position (e.g., pilot, engineer, etc.) CTO                                   Years Experience w/system: >20 

Datalink 
1.  What are the different kinds of links being used for UA control: for example, telecommand/up, telemetry/down, 
ATC communications? 

We are using a completely redundant unit for data/control that works as follows: 
We have two data/control systems that can operate in frequencies starting at 400MHz all the way to 
5.8GHz.  The unit has three data link options that can be set by the user  

  Line of sight  900MHz-5.8GHz 
  Beyond Line of sight  390-450MHz short-mid range 
  Beyond Line of sight Urban area GSM GPRS 
  Beyond Line of sight Long range satellite  

All up and down links can be configured individually to work on different frequencies, we use FHSS 
systems for better noise immunity.  
We use automatic bandwidth and output power setting by the radio base-band.  

2. What are the performance indicators for each link; that is, is there an indication of signal strength, error 
(dropout) rate, or simply a light indicating a connection? 

All links have an RSSI indication as well as bad/good massage count, we also use an alarm 
indication at the GCS. As mentioned above, as soon as we have an indication that the BER is bad 
and the RSSI is bad we take action to try and improve the link.  

If we completely lose the link we have a failsafe model that we believe is bulletproof. 

3. How are these performance indicators displayed, including alerts? Include visual, aural, other, and the alert 
criteria (e.g., elapsed time) if known. 

The indications for loss of signal are both audible and visual, and are also divided into critical and 
noncritical categories. Each category has min and max limits defined by the manufacturer of the 
equipment and can be defined per UV system depending on the performance required.     

4. In the event of lost telemetry (i.e., downlink of aircraft parameters), what happens to the information (e.g., 
attitude) at the control station? For example, is it extrapolated for a fixed time?  Does it freeze at the last 
known state?  Do the displays blank? 

When loss of telemetry occurs we do both extrapolation of the estimated location of the UV and 
marking of the last known location of the UV.  
Within the UV a complete failsafe procedure starts to operate in order to try and bring the UV back on 
line and if not successful bring the UV home safely.  

5. What is the normal system response to a lost link? That is, what is the aircraft supposed to do under lost 
link events? 
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We start by reducing the bandwidth, and increasing the RF output power while in parallel performing 
a BIT of the COM system. The system switches between the different frequencies based on a known 
sequence and time algorithm, switching to GSM or even satellite based on the equipment installed on 
the UV.
It depends on the program.  If all the indications from the mechanical systems seem to be OK we can 
gain altitude to regain communications and continue the mission or go back home. 
In order to gain altitude we operate a see and avoid system, or if operating in an urban area, we have 
a data base of all approved UV and civil flights to make sure that we don't interfere. We can also 
instruct the UV to move to a safe landing base on the map database loaded into the mission 
computer.   
There is a lot more. If you need to know please let me know.   

6. During operation, how often are there link-related issues? Are link alerts common?  Is it normal to have 
telemetry drop-outs for, say, 10 seconds?  Is a pre-programmed procedure to regain link or return-to-base a 
rare event? 

Although we operate UV's almost every day we rarely get a COM fail problem, even in urban areas or 
jammed areas.  
See above for the second question  

7. What type of training is given to system pilots for recognizing lost link? 

Because we think that command and control is one of the most important features for a pilot we 
invest a lot in improving his skills to recognize a problem before it occurs and try to fix it. 
We also make sure that the GCS indications are clear and loud. In any case of failure we are guiding 
the pilot via a driven menu that is displayed and verbally sounded that will take the pilot through the 
correct procedure.  

Engine Failure 
1. What are the performance indicators for engine function (e.g., rpm, manifold pressure, etc.)? 

Depending on the TYPE of the UV Electrical or combustion (GAS) we have different types of sensors 
starting with RPM battery gas flow etc.  
We also calculate the point of no return and clearly indicate it to the pilot at all times. We are both 
calculating the Point of no return during the mission planning and actually during the mission. 
On combustion engines we have an automatic procedure to keep the engine running embedded into the 
control computer and the means to start the engine in the air with the correct procedure for different 
engines. 

2. In the event of an engine failure, how do these performance indicators react, including aural alerts? 

In case of an engine cut the indicators will both flash and will make a sound as well as the failing part will 
be illuminated on the UV image on the main screen  

3 What type of training is given to system pilots for recognizing an engine failure? 

We think that mechanical is one of the most common failures, and the most difficult to recover from.  So 
we invest a lot in improving pilot's skills to recognize a problem before it occurs and try to fix it. Or if it 
occurs we give him help via driven menus and verbal help for each problem. 
We also make sure that the GCS indications are clear and loud.  
In any case of failure we are guiding the pilot via a driven menu that is displayed and verbally sounded 
that will take the pilot through the correct procedure. 

In-Flight Icing 
1. What indications would the pilot receive in the control station if the aircraft were to experience in-flight icing? 
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We have never had to deal with icing. 

2. What type of training is given to system pilots for recognizing in-flight icing? 

Stall 
1. What indications would the pilot receive in the control station if the aircraft were to experience a stall? 

We have different procedures to deal with stall conditions depending on altitude and population 
conditions.
The AP will recognize and GCS will indicate that the UV is coming close to stalling and will either 
recommend or will take over depending on the mode that the AP is in at the time of the stall. 
As stall is an emergency procedure the pilot is trained to handle such a problem, and is given all the 
required help from the GCS both via driven menus and verbally. 
The GCS will indicate the altitude, speed, RPM, and turn rate of the UV and will give proper instructions 
based on the UV parameter data base stored in the control computer. 

2. What actions would the pilot make to recover from a stall? 

It really depends on the position and altitude of the UV and the conditions of the propulsion system. 

3. What type of training is given to system pilots for recognizing a stall? 

As Stall is an emergency procedure the pilot is well trained in all the stall possibilities and what he needs 
to do in order to regain air speed and normal flight conditions. 
I can elaborate more about each specific condition if you need. 

Turbulence
1. What indications would the pilot receive in the control station if the aircraft were to experience moderate to 
severe turbulence? 

No real indication is given to the AP of the UV regarding severe turbulence but we can add this indication 
from the ground and update the data base for each zone. 

2. What actions would the pilot make to the aircraft under such conditions? 

The actions depend on the speed and altitude of the UV. 
I can elaborate more if required  

3. What type of training is given to system pilots for recognizing turbulence? 

As turbulence is not considered an emergency procedure the pilot is given notice for the existence of 
such turbulence, and an indication of how to behave in different airflow conditions.  
I can elaborate more about each specific condition if you need. 

Unusual Attitude 
1. What indications would the pilot receive in the control station if the aircraft were to experience an unusual 
attitude? 

There are a large number of alarms indicating loss of altitude. The indication is both visual and verbal, 
and it will appear immediately as such an action takes place. 
A bunch of recovery actions are taken in the AP to recover from such an emergency. 
If telemetry is in place the pilot can gain control over the UV and safely control the UV to a safe altitude. 
The alarms are going to be activated on every screen so no matter what the pilot is doing he will know 
that an unusual attitude has occurred. The pilot can set the alarm margins as he feels.    

2. What actions would the pilot make to the aircraft under such conditions? 
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It depends on if the pilot is in control or the AP is in control, but there are a couple of known procedures 
that enable the pilot to control the UV for both increasing the altitude and decreasing the altitude.  

3. What type of training is given to system pilots for recognizing unusual attitude? 

The pilot is trained to understand the alarms and to decide what is required to do in order to regain 
normal flight conditions.  

Loss of Onboard Electrical Power 
1. What indications would the pilot receive in the control station if the aircraft were to experience a loss of electrical 
power? 

In case of a complete power loss the pilot is going to see that the communication with the UV is not in 
order.  

2. What actions would the pilot make to the aircraft under such conditions? 

There is a little that the pilot can do for a total electrical failure, but the onboard back up system will 
perform couple of actions to resolve the problem without any human losses.  

3. What type of training is given to system pilots for recognizing a loss of electrical power? 

As the pilot cannot do anything in this condition no training is given but to report the last location of the 
UV and condition of the UV before it was lost. 
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Interview Questions for Documenting Sensory Information Available for Unmanned Aircraft Systems 

Date: ___9/26/06_____________ 

System:__Skyeye® UAV________________________  Manufacturer: ___BAE Systems_____________ 

Position (e.g., pilot, engineer, etc.) Program Manager/Safety Observer/Engineer__________________  Years 
Experience w/system: _18____ 

Datalink 
1.  What are the different kinds of links being used for UA control: for example, telecommand/up, telemetry/down, 
ATC communications?  
Redundant uplink command (clear L band, frequency hopping C band).  Single downlink (S band) with 
telemetry and real time digitized and scrambled video.   

2.  What are the performance indicators for each link; that is, is there an indication of signal strength, error (dropout) 
rate, or simply a light indicating a connection? 
Uplink has a green or red light to show presence or absence of uplink.   
An analog bar shows uplink signal strength 
Downlink has a green or red light to show presence or absence of downlink. 

3.  How are these performance indicators displayed, including alerts? Include visual, aural, other, and the alert 
criteria (e.g., elapsed time) if known. 
Visual (color and graph) 

4.  In the event of lost telemetry (i.e., downlink of aircraft parameters), what happens to the information (e.g., 
attitude) at the control station? For example, is it extrapolated for a fixed time?  Does it freeze at the last known 
state?  Do the displays blank? 
If telemetry is lost, the displays freeze at last known good data.  No extrapolation, no “blanking” of display. 

5.  What is the normal system response to a lost link? That is, what is the aircraft supposed to do under lost link 
events? 
The AV flies straight ahead for 10 seconds.  If link is not re-established it enters the pre-programmed 
waypoint table.  If no table is loaded, the AV goes home and circles overhead for a predetermined length 
of time.  After this loiter, if link is not reestablished, the AV will automatically land at the predetermined 
location (could be “home” or some other location).  Alternately, the AV can be preprogrammed to fly to an 
alternate point and deploy the unguided parachute.  All “predetermined” points, including the choice of 
autolanding or parachute deployment, can be made during flight if uplink and downlink are both 
acceptable. 

6.  During operation, how often are there link-related issues? Are link alerts common?  Is it normal to have telemetry 
drop-outs for, say, 10 seconds?  Is a pre-programmed procedure to regain link or return-to-base a rare event? 
The frequency of link alerts depends on range, altitude, and topography.  Normal diligence in mission 
planning reduces frequency of link problems.  Total loss of link and return to base without reestablishing 
link is a very rare event. 

7. What type of training is given to system pilots for recognizing lost link? 
Approximately 16 hours of simulator time with instructor-inserted faults, including loss of uplink or 
downlink or both. 

Engine Failure 
1. What are the performance indicators for engine function (e.g., rpm, manifold pressure, etc.)? 
There is a vertical, colored bar graph, with a digital readout for engine RPM.  There is a digital readout for 
fuel flow and fuel remaining. 
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2. In the event of an engine failure, how do these performance indicators react, including aural alerts? 

Upon engine failure, the RPM bar graph drops to the bottom of the scale, the display turns red, and the 
digital readout goes to zero.  Fuel flow drops to zero and goes red.  If the engine kill has been 
commanded, the bar graph goes to full scale, the display turns red, and the digital readout goes to full 
scale. The “ENGINE KILL indicator also illuminates red. No aural indicator 

3 What type of training is given to system pilots for recognizing an engine failure? 

Approximately 16 hours of simulator time with instructor-inserted faults, including engine out, engine stuck 
at present position, engine stuck at full, engine operating normally with no engine RPM indication 

In-Flight Icing 
1. What indications would the pilot receive in the control station if the aircraft were to experience in-flight icing? 
None – this AV operates in a non-icing environment 

2. What type of training is given to system pilots for recognizing in-flight icing? 

Stall 
1. What indications would the pilot receive in the control station if the aircraft were to experience a stall? 

Same as a manned aircraft – if flying in “manual mode” (direct control of the flight surfaces), the controls 
get less effective as stall approaches.  At stall, the nose drops and airspeed rises to recover.  Stall in this 
AV is very gentle.  There is no dedicated stall warning.  In autopilot modes (the standard flight modes), 
the autopilot prevents conditions that could result in a stall.  The airspeed is presented in an analog dial 
gauge.  The gauge is colored in segments.  Green is the normal operating range.  Yellow is the highest 
allowable speed range.  Red is overspeed.  White is below the allowable operating range. 

2. What actions would the pilot make to recover from a stall? 

Same as a manned aircraft – if flying in “manual mode” (direct control of the flight surfaces), the controls 
get less effective as stall approaches.  The pilot can drop the nose and add power to recover from stall.  
Stall in this AV is very gentle 

3. What type of training is given to system pilots for recognizing a stall? 

Approximately 16 hours of simulator time with instructor-inserted faults, including flying in manual mode 
with no autopilot aiding.  Stalls are induced for pilot familiarity. 

Turbulence
1. What indications would the pilot receive in the control station if the aircraft were to experience moderate to 
severe turbulence? 
No telemetry indication, but turbulence can be seen in the downlinked video if the payload is in certain 
modes. 

2. What actions would the pilot make to the aircraft under such conditions? 

None – the AV is rated for plus/minus 10g 

3. What type of training is given to system pilots for recognizing turbulence? 

Approximately 16 hours of simulator time with instructor-inserted faults, including moderate turbulence 
and gusting winds on landing 
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Unusual Attitude 
1. What indications would the pilot receive in the control station if the aircraft were to experience an unusual 
attitude? 
Aside from the “pilot’s view” camera, the most prominent instrument is the combination compass/artificial 
horizon.  The AV icon would duplicate the unusual attitude.  Aside from the AV icon, the artificial horizon 
is split into blue/brown (sky/earth).  Unusual attitudes are immediately apparent. 
In the event of gyro failure, the display can be random (usually hard over one way or the other).  An 
unusual attitude can be recognized or disregarded by the pilot using the onboard electro-optical camera 
in “pilot’s view”. 

2. What actions would the pilot make to the aircraft under such conditions? 
If flying in manual mode, the pilot can engage any of the autopilot modes and the AV will self correct.  If 
flying in one of the autopilot modes and a failure results in an unusual attitude, the pilot can take full 
control in manual mode and attempt to fly the AV manually with no autopilot aiding.  Alternately, or if the 
pilot’s view camera and artificial horizon disagree and the pilot can’t discern which is correct, the pilot can 
command emergency parachute deployment. 

3. What type of training is given to system pilots for recognizing unusual attitude? 
Approximately 16 hours of simulator time with instructor-inserted faults, including various combinations of 
failed instruments (a failed aileron servo can drive a bank until the pilot applies enough stick to 
compensate with the other aileron, a failed gyro in one of the autopilot modes can result in a random 
display with unusual attitude). 

Loss of Onboard Electrical Power 
1. What indications would the pilot receive in the control station if the aircraft were to experience a loss of electrical 
power? 
There is a horizontal bar graph with a pointer and a digital readout for system voltage.  If system voltage 
falls below a predetermined level, the display turns red.  The pilot is trained to recognize proper system 
voltage.

2. What actions would the pilot make to the aircraft under such conditions? 
At first loss of on-board electrical generation, emergency procedures call for the pilot and navigator to 
identify and navigate to a safe landing area.  Once the voltage falls further to a lower predetermined level, 
the emergency procedures instruct the pilot to command an emergency parachute deployment. 

3. What type of training is given to system pilots for recognizing a loss of electrical power? 

Approximately 16 hours of simulator time with instructor-inserted faults, including alternator failure. 
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APPENDIX B 
Federal Regulations Pertaining to Pilot Sensory Information

Note that these regulations were all taken from the Code of Federal Regulations (CFR) Part 14. 
Also, in listing the regulation, sometimes the entire regulation is not listed for purposes of saving space if 
portions of the regulation were not considered relevant to the issue of pilot sensory information. These 
deletions are noted by an ellipsis (…). 

Controllability and Maneuverability 
23.143 General. 

(a) The airplane must be safely controllable and maneuverable during 
all flight phases including— 
(1) Takeoff; 
(2) Climb; 
(3) Level flight; 
(4) Descent; 
(5) Go-around; and 
(6) Landing (power on and power off) with the wing flaps extended and 
retracted.
(b) It must be possible to make a smooth transition from one flight 
condition to another (including turns and slips) without danger of 
exceeding the limit load factor, under any probable operating 
condition (including, for multiengine airplanes, those conditions 
normally encountered in the sudden failure of any engine). 
(c) If marginal conditions exist with regard to required pilot 
strength, the control forces necessary must be determined by 
quantitative tests. In no case may the control forces under the 
conditions specified in paragraphs (a) and (b) of this section exceed 
those prescribed in the following table: 

Values in pounds force applied to the relevant control Pitch Roll Yaw 
(a) for temporary application:    

Stick 60 30  
Wheel (Two hands on rim) 75 50  
Wheel (One hand on rim) 50 25  
Rudder Pedal   150 

(b) For prolonged application 10 5 20 

23.155
Elevator control force in maneuvers. 

…
(c) There must be no excessive decrease in the gradient of the curve 
of stick force versus maneuvering load factor with increasing load 
factor.
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Sec. 23.207
Stall warning. 
(a) There must be a clear and distinctive stall warning, with the 
flaps and landing gear in any normal position, in straight and turning 
flight.
(b) The stall warning may be furnished either through the inherent 
aerodynamic qualities of the airplane or by a device that will give 
clearly distinguishable indications under expected conditions of 
flight. However, a visual stall warning device that requires the 
attention of the crew within the cockpit is not acceptable by itself.
[(c) During the stall tests required by Sec. 23.201(b) and Sec. 
23.203(a)(1), the stall warning must begin at a speed exceeding the 
stalling speed by a margin of not less than 5 knots and must continue 
until the stall occurs. 
(d) When following procedures furnished in accordance with Sec. 
23.1585, the stall warning must not occur during a takeoff with all 
engines operating, a takeoff continued with one engine inoperative, or 
during an approach to landing. 
(e) During the stall tests required by Sec. 23.203(a)(2), the stall 
warning must begin sufficiently in advance of the stall for the stall 
to be averted by pilot action taken after the stall warning first 
occurs.
(f) For acrobatic category airplanes, an artificial stall warning may 
be mutable, provided that it is armed automatically during takeoff and 
rearmed automatically in the approach configuration.

Sec. 23.251 
Vibration and buffeting. 

There must be no vibration or buffeting severe enough to result in 
structural damage, and each part of the airplane must be free from 
excessive vibration, under any appropriate speed and power conditions 
up to VD/MD. In addition, there must be no buffeting in any normal 
flight condition severe enough to interfere with the satisfactory 
control of the airplane or cause excessive fatigue to the flightcrew. 
Stall warning buffeting within these limits is allowable.

23.679
Control system locks. 

If there is a device to lock the control system on the ground or 
water:
(a) There must be a means to— 
(1) Give unmistakable warning to the pilot when lock is engaged; or 
(2) Automatically disengage the device when the pilot operates the 
primary flight controls in a normal manner. 
(b) The device must be installed to limit the operation of the 
airplane so that, when the device is engaged, the pilot receives 
unmistakable warning at the start of the takeoff. 
…
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23.699
Wing flap position indicator. 
There must be a wing flap position indicator for— 
(a) Flap installations with only the retracted and fully extended 
position, unless— 
(1) A direct operating mechanism provides a sense of “feel” and 
position (such as when a mechanical linkage is employed); or 
(2) The flap position is readily determined without seriously 
detracting from other piloting duties under any flight condition, day 
or night; and 
(b) Flap installation with intermediate flap positions if— 
(1) Any flap position other than retracted or fully extended is used 
to show compliance with the performance requirements of this part; and 
(2) The flap installation does not meet the requirements of paragraph 
(a)(1) of this section. 

23.703
Takeoff warning system. 

For commuter category airplanes, unless it can be shown that a lift or 
longitudinal trim device that affects the takeoff performance of the 
aircraft would not give an unsafe takeoff configuration when selection 
out of an approved takeoff position, a takeoff warning system must be 
installed and meet the following requirements: 
(a) The system must provide to the pilots an aural warning that is 
automatically activated during the initial portion of the takeoff role 
if the airplane is in a configuration that would not allow a safe 
takeoff. The warning must continue until— 
(1) The configuration is changed to allow safe takeoff, or 
(2) Action is taken by the pilot to abandon the takeoff roll. 
(b) The means used to activate the system must function properly for 
all authorized takeoff power settings and procedures and throughout 
the ranges of takeoff weights, altitudes, and temperatures for which 
certification is requested. 

23.729
Landing gear extension and retraction system. 

(a) General. For airplanes with retractable landing gear, the 
following apply: 
…
(e) Position indicator. If a retractable landing gear is used, there 
must be a landing gear position indicator (as well as necessary 
switches to actuate the indicator) or other means to inform the pilot 
that each gear is secured in the extended (or retracted) position. If 
switches are used, they must be located and coupled to the landing 
gear mechanical system in a manner that prevents an erroneous 
indication of either “down and locked” if each gear is not in the 
fully extended position, or “up and locked” if each landing gear is 
not in the fully retracted position. 
(f) Landing gear warning. For landplanes, the following aural or 
equally effective landing gear warning devices must be provided: 
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(1) A device that functions continuously when one or more throttles 
are closed beyond the power settings normally used for landing 
approach if the landing gear is not fully extended and locked. A 
throttle stop may not be used in place of an aural device. If there is 
a manual shutoff for the warning device prescribed in this paragraph, 
the warning system must be designed so that when the warning has been 
suspended after one or more throttles are closed, subsequent 
retardation of any throttle to, or beyond, the position for normal 
landing approach will activate the warning device. 
(2) A device that functions continuously when the wing flaps are 
extended beyond the maximum approach flap position, using a normal 
landing procedure, if the landing gear is not fully extended and 
locked. There may not be a manual shutoff for this warning device. The 
flap position sensing unit may be installed at any suitable location. 
The system for this device may use any part of the system (including 
the aural warning device) for the device required in paragraph (f)(1) 
of this section. 

Sec. 23.773
Pilot compartment view. 

(a) Each pilot compartment must be— 
(1) Arranged with sufficiently extensive, clear and undistorted view 
to enable the pilot to safely taxi, takeoff, approach, land, and 
perform any maneuvers within the operating limitations of the 
airplane.
(2) Free from glare and reflections that could interfere with the 
pilot's vision. Compliance must be shown in all operations for which 
certification is requested; and 
(3) Designed so that each pilot is protected from the elements so that 
moderate rain conditions do not unduly impair the pilot's view of the 
flight path in normal flight and while landing. 
(b) Each pilot compartment must have a means to either remove or 
prevent the formation of fog or frost on an area of the internal 
portion of the windshield and side windows sufficiently large to 
provide the view specified in paragraph (a)(1) of this section. 
Compliance must be shown under all expected external and internal 
ambient operating conditions, unless it can be shown that the 
windshield and side windows can be easily cleared by the pilot without 
interruption of normal pilot duties. 

Sec. 23.775
Windshields and windows. 

…
(f) Unless operation in known or forecast icing conditions is 
prohibited by operating limitations, a means must be provided to 
prevent or to clear accumulations of ice from the windshield so that 
the pilot has adequate view for taxi, takeoff, approach, landing, and 
to perform any maneuvers within the operating limitations of the 
airplane.
…
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(h) In addition, for commuter category airplanes, the following 
applies:
…
(2) The windshield panels in front of the pilots must be arranged so 
that, assuming the loss of vision through any one panel, one or more 
panels remain available for use by a pilot seated at a pilot station 
to permit continued safe flight and landing. 

23.781
Cockpit control knob shape. 

(a) Flap and landing gear control knobs must conform to the general 
shapes (but not necessarily the exact sizes or specific proportions) 
in the following figure: 
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(b) Powerplant control knobs must conform to the general shapes (but 
not necessarily the exact sizes or specific proportions) in the 
following figure: 

23.1303
Flight and navigation instruments. 

The following are the minimum required flight and navigation 
instruments:
(a) An airspeed indicator. 
(b) An altimeter. 
(c) A direction indicator (nonstabilized magnetic compass). 
(d) For reciprocating engine-powered airplanes of more than 6,000 
pounds maximum weight and turbine engine powered airplanes, a free air 
temperature indicator or an air-temperature indicator which provides 
indications that are convertible to free-air. 
(e) A speed warning device for— 
(1) Turbine engine powered airplanes; and 
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(2) Other airplanes for whichVmo/MmoandVd/Mdare established under 
23.335(b)(4) and 23.1505(c) ifVmo/Mmois greater than 0.8Vd/Md. 
The speed warning device must give effective aural warning (differing 
distinctively from aural warnings used for other purposes) to the 
pilots whenever the speed exceeds Vmoplus 6 knots or Mmo+0.01. The 
upper limit of the production tolerance for the warning device may not 
exceed the prescribed warning speed. The lower limit of the warning 
device must be set to minimize nuisance warning; 
(f) When an attitude display is installed, the instrument design must 
not provide any means, accessible to the flight crew, of adjusting the 
relative positions of the attitude reference symbol and the horizon 
line beyond that necessary for parallax correction. 
(g) In addition, for commuter category airplanes: 
(1) If airspeed limitations vary with altitude, the airspeed indicator 
must have a maximum allowable airspeed indicator showing the variation 
of VMO with altitude. 
(2) The altimeter must be a sensitive type. 
(3) Having a passenger seating configuration of 10 or more, excluding 
the pilot's seats and that are approved for IFR operations, a third 
attitude instrument must be provided that: 
(i) Is powered from a source independent of the electrical generating 
system;
(ii) Continues reliable operation for a minimum of 30 minutes after 
total failure of the electrical generating system; 
(iii) Operates independently of any other attitude indicating system; 
(iv) Is operative without selection after total failure of the 
electrical generating system; 
(v) Is located on the instrument panel in a position acceptable to the 
Administrator that will make it plainly visible to and usable by any 
pilot at the pilot's station; and 
(vi) Is appropriately lighted during all phases of operation. 

23.1305
Powerplant instruments. 

The following are required powerplant instruments: 
(a) For all airplanes. (1) A fuel quantity indicator for each fuel 
tank, installed in accordance with 23.1337(b). 
(2) An oil pressure indicator for each engine. 
(3) An oil temperature indicator for each engine. 
(4) An oil quantity measuring device for each oil tank which meets the 
requirements of §23.1337(d). 
(5) A fire warning means for those airplanes required to comply with 
23.1203.
(b) For reciprocating engine-powered airplanes. In addition to the 
powerplant instruments required by paragraph (a) of this section, the 
following powerplant instruments are required: 
(1) An induction system air temperature indicator for each engine 
equipped with a preheater and having induction air temperature 
limitations that can be exceeded with preheat. 
(2) A tachometer indicator for each engine. 
(3) A cylinder head temperature indicator for— 
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(i) Each air-cooled engine with cowl flaps; 
(ii) [Reserved] 
(iii) Each commuter category airplane. 
(4) For each pump-fed engine, a means: 
(i) That continuously indicates, to the pilot, the fuel pressure or 
fuel flow; or 
(ii) That continuously monitors the fuel system and warns the pilot of 
any fuel flow trend that could lead to engine failure. 
(5) A manifold pressure indicator for each altitude engine and for 
each engine with a controllable propeller. 
(6) For each turbocharger installation: 
(i) If limitations are established for either carburetor (or manifold) 
air inlet temperature or exhaust gas or turbocharger turbine inlet 
temperature, indicators must be furnished for each temperature for 
which the limitation is established unless it is shown that the 
limitation will not be exceeded in all intended operations. 
(ii) If its oil system is separate from the engine oil system, oil 
pressure and oil temperature indicators must be provided. 
(7) A coolant temperature indicator for each liquid-cooled engine. 
(c) For turbine engine-powered airplanes. In addition to the 
powerplant instruments required by paragraph (a) of this section, the 
following powerplant instruments are required: 
(1) A gas temperature indicator for each engine. 
(2) A fuel flowmeter indicator for each engine. 
(3) A fuel low pressure warning means for each engine. 
(4) A fuel low level warning means for any fuel tank that should not 
be depleted of fuel in normal operations. 
(5) A tachometer indicator (to indicate the speed of the rotors with 
established limiting speeds) for each engine. 
(6) An oil low pressure warning means for each engine. 
(7) An indicating means to indicate the functioning of the powerplant 
ice protection system for each engine. 
(8) For each engine, an indicating means for the fuel strainer or 
filter required by 23.997 to indicate the occurrence of contamination 
of the strainer or filter before it reaches the capacity established 
in accordance with 23.997(d). 
(9) For each engine, a warning means for the oil strainer or filter 
required by 23.1019, if it has no bypass, to warn the pilot of the 
occurrence of contamination of the strainer or filter screen before it 
reaches the capacity established in accordance with 23.1019(a)(5). 
(10) An indicating means to indicate the functioning of any heater 
used to prevent ice clogging of fuel system components. 
(d) For turbojet/turbofan engine-powered airplanes. In addition to the 
powerplant instruments required by paragraphs (a) and (c) of this 
section, the following powerplant instruments are required: 
(1) For each engine, an indicator to indicate thrust or to indicate a 
parameter that can be related to thrust, including a free air 
temperature indicator if needed for this purpose. 
(2) For each engine, a position indicating means to indicate to the 
flight crew when the thrust reverser, if installed, is in the reverse 
thrust position. 
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(e) For turbopropeller-powered airplanes. In addition to the 
powerplant instruments required by paragraphs (a) and (c) of this 
section, the following powerplant instruments are required: 
(1) A torque indicator for each engine. 
(2) A position indicating means to indicate to the flight crew when 
the propeller blade angle is below the flight low pitch position, for 
each propeller, unless it can be shown that such occurrence is highly 
improbable.

23.1309
Equipment, systems, and installations. 

…
(b)…
…
(3) Warning information must be provided to alert the crew to unsafe 
system operating conditions and to enable them to take appropriate 
corrective action. Systems, controls, and associated monitoring and 
warning means must be designed to minimize crew errors that could 
create additional hazards. 
(4) Compliance with the requirements of paragraph (b)(2) of this 
section may be shown by analysis and, where necessary, by appropriate 
ground, flight, or simulator tests. The analysis must consider— 
…
(iv) The crew warning cues, corrective action required, and the crew's 
capability of determining faults. 
…

23.1311
Electronic display instrument systems. 

(a) Electronic display indicators, including those with features that 
make isolation and independence between powerplant instrument systems 
impractical, must: 
(1) Meet the arrangement and visibility requirements of 23.1321. 
(2) Be easily legible under all lighting conditions encountered in the 
cockpit, including direct sunlight, considering the expected 
electronic display brightness level at the end of an electronic 
display indictor's useful life. Specific limitations on display system 
useful life must be contained in the Instructions for Continued 
Airworthiness required by 23.1529. 
(3) Not inhibit the primary display of attitude, airspeed, altitude, 
or powerplant parameters needed by any pilot to set power within 
established limitations, in any normal mode of operation. 
(4) Not inhibit the primary display of engine parameters needed by any 
pilot to properly set or monitor powerplant limitations during the 
engine starting mode of operation. 
(5) Have an independent magnetic direction indicator and either an 
independent secondary mechanical altimeter, airspeed indicator, and 
attitude instrument or individual electronic display indicators for 
the altitude, airspeed, and attitude that are independent from the 
airplane's primary electrical power system. These secondary 
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instruments may be installed in panel positions that are displaced 
from the primary positions specified by 23.1321(d), but must be 
located where they meet the pilot's visibility requirements of 
23.1321(a).
(6) Incorporate sensory cues for the pilot that are equivalent to 
those in the instrument being replaced by the electronic display 
indicators.
(7) Incorporate visual displays of instrument markings, required by 
23.1541 through 23.1553, or visual displays that alert the pilot to 
abnormal operational values or approaches to established limitation 
values, for each parameter required to be displayed by this part. 
(b) The electronic display indicators, including their systems and 
installations, and considering other airplane systems, must be 
designed so that one display of information essential for continued 
safe flight and landing will remain available to the crew, without 
need for immediate action by any pilot for continued safe operation, 
after any single failure or probable combination of failures. 
(c) As used in this section, “instrument” includes devices that are 
physically contained in one unit, and devices that are composed of two 
or more physically separate units or components connected together 
(such as a remote indicating gyroscopic direction indicator that 
includes a magnetic sensing element, a gyroscopic unit, an amplifier, 
and an indicator connected together). As used in this section, 
“primary” display refers to the display of a parameter that is located 
in the instrument panel such that the pilot looks at it first when 
wanting to view that parameter. 

23.1321
Arrangement and visibility. 

(a) Each flight, navigation, and powerplant instrument for use by any 
required pilot during takeoff, initial climb, final approach, and 
landing must be located so that any pilot seated at the controls can 
monitor the airplane's flight path and these instruments with minimum 
head and eye movement. The powerplant instruments for these flight 
conditions are those needed to set power within powerplant 
limitations.
(b) For each multiengine airplane, identical powerplant instruments 
must be located so as to prevent confusion as to which engine each 
instrument relates. 
(c) Instrument panel vibration may not damage, or impair the accuracy 
of, any instrument. 
(d) For each airplane, the flight instruments required by 23.1303, 
and, as applicable, by the operating rules of this chapter, must be 
grouped on the instrument panel and centered as nearly as practicable 
about the vertical plane of each required pilot's forward vision. In 
addition:
(1) The instrument that most effectively indicates the attitude must 
be on the panel in the top center position; 
(2) The instrument that most effectively indicates airspeed must be 
adjacent to and directly to the left of the instrument in the top 
center position; 
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(3) The instrument that most effectively indicates altitude must be 
adjacent to and directly to the right of the instrument in the top 
center position; 
(4) The instrument that most effectively indicates direction of 
flight, other than the magnetic direction indicator required by 
§23.1303(c), must be adjacent to and directly below the instrument in 
the top center position; and 
(5) Electronic display indicators may be used for compliance with 
paragraphs (d)(1) through (d)(4) of this section when such displays 
comply with requirements in §23.1311. 
(e) If a visual indicator is provided to indicate malfunction of an 
instrument, it must be effective under all probable cockpit lighting 
conditions.

23.1322
Warning, caution, and advisory lights. 

If warning, caution, or advisory lights are installed in the cockpit, 
they must, unless otherwise approved by the Administrator, be— 
(a) Red, for warning lights (lights indicating a hazard which may 
require immediate corrective action); 
(b) Amber, for caution lights (lights indicating the possible need for 
future corrective action); 
(c) Green, for safe operation lights; and 
(d) Any other color, including white, for lights not described in 
paragraphs (a) through (c) of this section, provided the color differs 
sufficiently from the colors prescribed in paragraphs (a) through (c) 
of this section to avoid possible confusion. 
(e) Effective under all probable cockpit lighting conditions. 

23.1326 Pitot heat indication systems. 

If a flight instrument pitot heating system is installed to meet the 
requirements specified in 23.1323(d), an indication system must be 
provided to indicate to the flight crew when that pitot heating system 
is not operating. The indication system must comply with the following 
requirements:
(a) The indication provided must incorporate an amber light that is in 
clear view of a flightcrew member. 
(b) The indication provided must be designed to alert the flight crew 
if either of the following conditions exist: 
(1) The pitot heating system is switched “off.” 
(2) The pitot heating system is switched “on” and any pitot tube 
heating element is inoperative. 

23.1331 Instruments using a power source. 

For each instrument that uses a power source, the following apply: 
(a) Each instrument must have an integral visual power annunciator or 
separate power indicator to indicate when power is not adequate to 
sustain proper instrument performance. If a separate indicator is 
used, it must be located so that the pilot using the instruments can 
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monitor the indicator with minimum head and eye movement. The power 
must be sensed at or near the point where it enters the instrument. 
For electric and vacuum/pressure instruments, the power is considered 
to be adequate when the voltage or the vacuum/pressure, respectively, 
is within approved limits. 
…

23.1335 Flight director systems. 

If a flight director system is installed, means must be provided to 
indicate to the flight crew its current mode of operation. Selector 
switch position is not acceptable as a means of indication. 

23.1337 Powerplant instruments installation. 

…
(b) Fuel quantity indication. There must be a means to indicate to the 
flightcrew members the quantity of usable fuel in each tank during 
flight. An indicator calibrated in appropriate units and clearly 
marked to indicate those units must be used. In addition: 
(1) Each fuel quantity indicator must be calibrated to read “zero” 
during level flight when the quantity of fuel remaining in the tank is 
equal to the unusable fuel supply determined under 23.959(a); 
…
(d) Oil quantity indicator. There must be a means to indicate the 
quantity of oil in each tank— 
(1) On the ground (such as by a stick gauge); and 
(2) In flight, to the flight crew members, if there is an oil transfer 
system or a reserve oil supply system. 

Electrical Systems and Equipment 
23.1351 General. 

…
(c) Generating system. There must be at least one generator/alternator 
if the electrical system supplies power to load circuits essential for 
safe operation. In addition— 
…
(4) There must be a means to give immediate warning to the flight crew 
of a failure of any generator/alternator. 
…
(d) Instruments. A means must exist to indicate to appropriate flight 
crewmembers the electric power system quantities essential for safe 
operation.
(1) For normal, utility, and acrobatic category airplanes with direct 
current systems, an ammeter that can be switched into each generator 
feeder may be used and, if only one generator exists, the ammeter may 
be in the battery feeder. 
(2) For commuter category airplanes, the essential electric power 
system quantities include the voltage and current supplied by each 
generator.
…
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23.1381 Instrument lights. 

The instrument lights must— 
(a) Make each instrument and control easily readable and discernible; 
(b) Be installed so that their direct rays, and rays reflected from 
the windshield or other surface, are shielded from the pilot's eyes; 
and
…
A cabin dome light is not an instrument light. 

23.1383 Taxi and landing lights. 

Each taxi and landing light must be designed and installed so that: 
(a) No dangerous glare is visible to the pilots. 
(b) The pilot is not seriously affected by halation. 
(c) It provides enough light for night operations. 
…

23.1416 Pneumatic de-icer boot system. 

If certification with ice protection provisions is desired and a 
pneumatic de-icer boot system is installed— 
…
(c) Means to indicate to the flight crew that the pneumatic de-icer 
boot system is receiving adequate pressure and is functioning normally 
must be provided. 

23.1419 Ice protection. 

If certification with ice protection provisions is desired, compliance 
with the requirements of this section and other applicable sections of 
this part must be shown: 
…
(d) A means must be identified or provided for determining the 
formation of ice on the critical parts of the airplane. Adequate 
lighting must be provided for the use of this means during night 
operation. Also, when monitoring of the external surfaces of the 
airplane by the flight crew is required for operation of the ice 
protection equipment, external lighting must be provided that is 
adequate to enable the monitoring to be done at night. Any 
illumination that is used must be of a type that will not cause glare 
or reflection that would handicap crewmembers in the performance of 
their duties. The Airplane Flight Manual or other approved manual 
material must describe the means of determining ice formation and must 
contain information for the safe operation of the airplane in icing 
conditions.
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23.1431 Electronic equipment. 
…
(c) For those airplanes required to have more than one flightcrew 
member, or whose operation will require more than one flightcrew 
member, the cockpit must be evaluated to determine if the flightcrew 
members, when seated at their duty station, can converse without 
difficulty under the actual cockpit noise conditions when the airplane 
is being operated. If the airplane design includes provision for the 
use of communication headsets, the evaluation must also consider 
conditions where headsets are being used. If the evaluation shows 
conditions under which it will be difficult to converse, an 
intercommunication system must be provided. 
…
(e) If provisions for the use of communication headsets are provided, 
it must be demonstrated that the flightcrew members will receive all 
aural warnings under the actual cockpit noise conditions when the 
airplane is being operated when any headset is being used. 

23.1543 Instrument markings: General. 

For each instrument— 
(a) When markings are on the cover glass of the instrument, there must 
be means to maintain the correct alignment of the glass cover with the 
face of the dial; and 
(b) Each arc and line must be wide enough and located to be clearly 
visible to the pilot. 
(c) All related instruments must be calibrated in compatible units. 

23.1545 Airspeed indicator. 

(a) Each airspeed indicator must be marked as specified in paragraph 
(b) of this section, with the marks located at the corresponding 
indicated airspeeds. 
(b) The following markings must be made: 
(1) For the never-exceed speed V NE,a radial red line. 
(2) For the caution range, a yellow arc extending from the red line 
specified in paragraph (b)(1) of this section to the upper limit of 
the green arc specified in paragraph (b)(3) of this section. 
(3) For the normal operating range, a green arc with the lower limit 
at V S1with maximum weight and with landing gear and wing flaps 
retracted, and the upper limit at the maximum structural cruising 
speed V NO established under 23.1505(b). 
(4) For the flap operating range, a white arc with the lower limit at 
V S0at the maximum weight, and the upper limit at the flaps-extended 
speed V FE established under 23.1511. 
(5) For reciprocating multiengine-powered airplanes of 6,000 pounds or 
less maximum weight, for the speed at which compliance has been shown 
with 23.69(b) relating to rate of climb at maximum weight and at sea 
level, a blue radial line. 
(6) For reciprocating multiengine-powered airplanes of 6,000 pounds or 
less maximum weight, for the maximum value of minimum control speed, 
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VMC, (one-engine-inoperative) determined under 23.149(b), a red radial 
line.
(c) If V NE or V NO vary with altitude, there must be means to 
indicate to the pilot the appropriate limitations throughout the 
operating altitude range. 
(d) Paragraphs (b)(1) through (b)(3) and paragraph (c) of this section 
do not apply to aircraft for which a maximum operating speed V MO/ M
MO is established under 23.1505(c). For those aircraft there must 
either be a maximum allowable airspeed indication showing the 
variation of V MO/ M MO with altitude or compressibility limitations 
(as appropriate), or a radial red line marking for V MO/ M MO must be 
made at lowest value of V MO/ M MO established for any altitude up to 
the maximum operating altitude for the airplane. 

23.1549 Powerplant and auxiliary power unit instruments. 

For each required powerplant and auxiliary power unit instrument, as 
appropriate to the type of instruments— 
(a) Each maximum and, if applicable, minimum safe operating limit must 
be marked with a red radial or a red line; 
(b) Each normal operating range must be marked with a green arc or 
green line, not extending beyond the maximum and minimum safe limits; 
(c) Each takeoff and precautionary range must be marked with a yellow 
arc or a yellow line; and 
(d) Each engine, auxiliary power unit, or propeller range that is 
restricted because of excessive vibration stresses must be marked with 
red arcs or red lines. 

23.1551 Oil quantity indicator. 

Each oil quantity indicator must be marked in sufficient increments to 
indicate readily and accurately the quantity of oil. 

23.1553 Fuel quantity indicator. 

A red radial line must be marked on each indicator at the calibrated 
zero reading, as specified in 23.1337(b)(1). 

23.1555 Control markings. 

(a) Each cockpit control, other than primary flight controls and 
simple push button type starter switches, must be plainly marked as to 
its function and method of operation. 
(b) Each secondary control must be suitably marked. 
(c) For powerplant fuel controls— 
(1) Each fuel tank selector control must be marked to indicate the 
position corresponding to each tank and to each existing cross feed 
position;
(2) If safe operation requires the use of any tanks in a specific 
sequence, that sequence must be marked on or near the selector for 
those tanks; 
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(3) The conditions under which the full amount of usable fuel in any 
restricted usage fuel tank can safely be used must be stated on a 
placard adjacent to the selector valve for that tank; and 
(4) Each valve control for any engine of a multiengine airplane must 
be marked to indicate the position corresponding to each engine 
controlled.
(d) Usable fuel capacity must be marked as follows: 
(1) For fuel systems having no selector controls, the usable fuel 
capacity of the system must be indicated at the fuel quantity 
indicator.
(2) For fuel systems having selector controls, the usable fuel 
capacity available at each selector control position must be indicated 
near the selector control. 
(e) For accessory, auxiliary, and emergency controls— 
(1) If retractable landing gear is used, the indicator required by 
23.729 must be marked so that the pilot can, at any time, ascertain 
that the wheels are secured in the extreme positions; and 
(2) Each emergency control must be red and must be marked as to method 
of operation. No control other than an emergency control, or a control 
that serves an emergency function in addition to its other functions, 
shall be this color. 

Sec. 91.205 
Powered civil aircraft with standard category U.S. airworthiness 
certificates: Instrument and equipment requirements. 

(a) General. Except as provided in paragraphs (c)(3) and (e) of this 
section, no person may operate a powered civil aircraft with a 
standard category U.S. airworthiness certificate in any operation 
described in paragraphs (b) through (f) of this section unless that 
aircraft contains the instruments and equipment specified in those 
paragraphs (or FAA-approved equivalents) for that type of operation, 
and those instruments and items of equipment are in operable 
condition.
(b) Visual-flight rules (day). For VFR flight during the day, the 
following instruments and equipment are required: 
(1) Airspeed indicator. 
(2) Altimeter. 
(3) Magnetic direction indicator. 
(4) Tachometer for each engine. 
(5) Oil pressure gauge for each engine using pressure system. 
(6) Temperature gauge for each liquid-cooled engine. 
(7) Oil temperature gauge for each air-cooled engine. 
(8) Manifold pressure gauge for each altitude engine. 
(9) Fuel gauge indicating the quantity of fuel in each tank. 
(10) Landing gear position indicator, if the aircraft has a 
retractable landing gear. 
…
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(d) Instrument flight rules. For IFR flight, the following instruments 
and equipment are required: 
(1) Instruments and equipment specified in paragraph (b) of this 
section, and, for night flight, instruments and equipment specified in 
paragraph (c) of this section. 
(2) Two-way radio communications system and navigational equipment 
appropriate to the ground facilities to be used. 
(3) Gyroscopic rate-of-turn indicator, except on the following 
aircraft:
(i) Airplanes with a third attitude instrument system usable through 
flight attitudes of 360 degrees of pitch and roll and installed in 
accordance with the instrument requirements prescribed in Sec. 
121.305(j) of this chapter; and 
(ii) Rotorcraft with a third attitude instrument system usable through 
flight attitudes of ±80 degrees of pitch and ±120 degrees of roll and 
installed in accordance with Sec. 29.1303(g) of this chapter. 
(4) Slip-skid indicator. 
(5) Sensitive altimeter adjustable for barometric pressure. 
(6) A clock displaying hours, minutes, and seconds with a sweep-second 
pointer or digital presentation. 
(7) Generator or alternator of adequate capacity. 
(8) Gyroscopic pitch and bank indicator (artificial horizon). 
(9) Gyroscopic direction indicator (directional gyro or equivalent). 
(e) Flight at and above 24,000 ft. MSL (FL 240). If VOR navigational 
equipment is required under paragraph (d)(2) of this section, no 
person may operate a U.S.-registered civil aircraft within the 50 
states and the District of Columbia at or above FL 240 unless that 
aircraft is equipped with approved distance measuring equipment (DME). 
When DME required by this paragraph fails at and above FL 240, the 
pilot in command of the aircraft shall notify ATC immediately, and 
then may continue operations at and above FL 240 to the next airport 
of intended landing at which repairs or replacement of the equipment 
can be made. 
(f) Category II operations. The requirements for Category II 
operations are the instruments and equipment specified in— 
(1) Paragraph (d) of this section; and 
(2) Appendix A to this part. 
(g) Category III operations. The instruments and equipment required 
for Category III operations are specified in paragraph (d) of this 
section.
(h) Exclusions. Paragraphs (f) and (g) of this section do not apply to 
operations conducted by a holder of a certificate issued under part 
121 or part 135 of this chapter. 
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APPENDIX C 
Part 63 -- Flight Engineer Training Course Requirements 

(3) Flight Course Outline. (i) The flight training 
curriculum must include at least 10 hours of flight 
instruction in an airplane specified in §63.37(a). The 
flight time required for the practical test may not be 
credited as part of the required flight instruction.
(ii) All of the flight training must be given in the same 
type airplane.
(iii) As appropriate to the airplane type, the following 
subjects must be taught in the flight training course:
SUBJECT

RECOGNITION AND CORRECTION OF IN-FLIGHT MALFUNCTIONS 

To include:
Analysis of abnormal engine operation.
Analysis of abnormal operation of all systems.
Corrective action. 


