
Federal Aviation 
Administration 

Spatial Orientation 
Define~ out nanua.l ability to mainrain our body orientation and/or J>Oi'" 

ture in !dation to the sunound.ing envilonment {physical spaa:) at test and 
during motion. Genetically speaking, hWIWlll are dnigoed. to maintain spa­
tial orienudon on the ground. The ~ensi.ona.l envilonment of flight 
is unf,.mjljar to the human body. treating seDSOry oonfiku and illusions chat 
make 1patial oric:nm:ion difficult, and 10mecimel impoRible to achieve. Sta· 
tiatic:s show that betwt£.1 5 to 10% of all general avialion wcidena can be 
attributed to spatial dimrienudon. 90% of which are f.ual. 

Spatial Orientation in Flight 
Spatial orimtatian in flight is difficub: to achieve bcanv numerous liCIIliOIY 

stimuli (visual, 'ftltibular, and propri.cx:eptive) wry in magnitude, direction, 
and frequency. Any dil:1.'eren.oes or~ between visual, vestibular, and 
p.toprioc:eptM I'CIIIO.ty inpuu n:sult in a re:tiiO.ty m ;..., .. ,.n mat ca.ll produa: 
illuaious and lead to spatial disorientation. Good spatial orientation .relies on 
the effective perception. integration and interpretation of visual, 'ftltibular 
(orpru of ecruillbrium loca~ in the inner ear) and proprioceptive (~toH 
loca~ in the skin. mwdu, tc:ndo11.5, and joints) sensory infOrmation. 
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Vestibular Aspeea of Spatial Orientation 

The innu car amtaios the VI:Stibular qsu:m, which il also known a the 
organ of equilibrium. About the size of an pencil uuer. the vestibular aymm 
conbins two distinct st:rucllU't.S: the .cemicircular Clll121a, which detect c:banrP 
in a.ogult.t ac:Wcn.don, and the orolith OtpDS (the utriwle and the aaa:uie), 
which detect changrs in linear acx:dcntion and gn;vity. Both the xmici.rcular 
canals and the otolith organs provide information to the brain repding our 
body'& pocition and DlO'Imlent. A oonnection between the vatibular aymm 
and the cyu help& to maintain balance and J.eep the eyes focused on an objea 
while the head is moving or while the body is rotating. 

The Semlclrcul• Canals 
The aemid.milar c:anak arc three half-cin:ular, intcrwnneacd tubet !oat· 

ed inside each car that are the equivaleat of three ~pet located in three 
planes perpendicular (at right angles) to each other. Each plane oorresponds 
to the rolling, pitching. or yawing motious of a.n alrc:Cili:. 
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Each canal is filled with a fluid called endolymph and contains a motion 
sensor with little hairs whose ends are embedded in a gelatinous structure 
called the cupula. The cupula and the hairs move as the fluid moves inside the 
canal in response to an angular acceleration. 

The movement of the hairs is similar to the movement of seaweed caused 
by ocean currents or that of wheat fields moved by wind gusts. When the 
head is still and the airplane is straight and level, the fluid in the canals does 
not move and the hairs stand straight up, indicating to the brain that there is 
no rotational acceleration (a tum). 

If you tum either your aircraft or your head, the canal moves with your head, but 
the fluid inside does not move because of its .in.e.rtia. As the canal moves, the hairs 
inside also move with it and are bent in the opposite direction of the acceleration by 
the stationary fluid (A). This hair movement sends a signal to the brain to indicate 
that the head has turned. The problem starts when you continue turning your air~ 
craft at a constant rate (as in a coordinated tum) for more than 20 seconds. 

In this kind of tum, the fluid inside the canal starts moving initially, then 
friction causes it to catch up with the walls of the rotating canal (B). When 
this happens, the hairs inside the canal will return to their straight up position, 
sending an enoncous signal to the brain that the turn has stopped-when, in 
fact, the turn continues. 

If you then start rolling out of the turn to go back to level flight, the fluid 
inside the canal will continue to move (because of its inertia), and the hairs will 
now move in the opposite direction (C), sending an erroneous signal to the brain 
indicating that you are turning in the opposite direction, when in fact, you are 
actually slowing down from the original tum. 
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Vestibular Illusions 
(Somatogyral - Semicircular Canals) 

Illusions involving the semicircular canals of the vestibular system occur 
primarily under conditions of unreliable or unavailable external visual refer­
ences and. result in false sensations of rotation. These include the Leans, the 
Graveyard Spin and Spiral, and the Coriolis Illusion. 

The Leans. This is the most common illusion during 
by a sudden return to level .Right following a and~~~ 
went unnoticed by the pilot. 

The reason a pilot can be unaware of such 
a gradual turn is that human exposure to a 
rotational acceleration of 2 degrees per sec­
ond or lower is below the detection thresh­
old of the semicircular canals. Leveling the 
wings after such a turn may cause an illusion 
that the aircraft is banking in the opposite 
direction. In response to such an illusion, a 
pilot may lean in the direction of the origi­
nal turn in a corrective attempt to regain the 
perception of a correct vertical posture. 

The Graveyard Spin is an illusion that can occur to a pilot who inten­
tionally or unintentionally enters a spin. For example, a pilot who enters 
a spin to the left will initially 
have a sensation of spinning in 
the same direction. However, if 
the left spin continues the pilot 
will have the sensation that the 
spin is progressively decreasing. 
At. this point, if the pilot applies 
right rudder to stop the left spin, 
the pilot will suddenly sense a 
spin in the opposite direction (to 
the right). If the pilot believes 
that the airplane is spinning to _..__ 
the right, the response will be to apply left rudder to counteract the sensation 
of a right spin. However, by applying left rudder the pilot will unknowingly 
re-enter the original left spin. If the pilot cross checks the turn indicator, he/ 
she would see the turn needle indicating a left turn while he/she senses a 
right turn. This creates a sensory conflict between what the pilot sees on the 
instruments and what the pilot feels. If the pilot believes the body sensations 
instead of trusting the instruments, the left spin will continue. If enough 
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altitude is lost before this illusion is recognized and corrective action .is taken, 
impact with. terrain .is inevitable. 

The Graveyard Spiral is more 
common than the Graveyard Spin, 
and it is associated with a return to 
level flight following an intentional 
or unintentional prolonged bank 
twn. For example, a pilot who en­
ters a banking twn to the left will 
initially have a sensation of a nun in 
the same direction. If the left turn 
continues (..-20 seconds or more), 
the pilot will experience the sensa­
tion that the airplane is no longer 
twning to the left. At this point, if L---'.&.---__;.;:sj '---"'-'-'­

the pilot attempts to level the wings 
this action will produce a sensation that the airplane is turning and banking 
in the opposite direction (to the right). If the pilot believes the illusion of a 
right turn (which can be very compelling), he/she will reenter the original left 
nun in an attempt to COWlteract the sensation of a right turn. Unfortunately, 
while this is happening, the airplane .is still turning to the left and losing alti­
tude. Pulling the control yoke/stick and applying power while turning would 
not be a good idea-because it would only make the left turn tighter. If the 
pilot f.ills to recognize the illusion and does not level the wings, the airplane 
will continue turning left and losing altitude until it impacts the ground. 

The Coriolls Wusion involves the simultaneous stimulation of two semi­
circular can.als and .is associated 
with. a sudden tilting (forward 
or backwards) of the pilot's head 
while the aircraft is turning. This 
can occur when you tilt you head 
down (to look at an approach. 

·~~~ chart or to write a note on your 
knee pad), or tilt it up (to look 
at an overhead instrument or 

.._ __ ___. switch) or tilt it sideways. This 
produces an almost Wlbearahle sensation that the aircraft is rolling, pitching, 
and yawing all at the same rime, which can be compared with the sensation 
of rolling down on a hillside. This illusion can make the pilot quickly become 
disoriented and lose control of the aircraft. 
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The Otolith Organs 

Cupula 

Macula 

Otoconia 

Hair Cell Filaments 

Vtrk:ular or Saocular Nerve 

Two otolith organs, the saccule and utricle, are located in each ear and are 
set at right angles to each other. The utricle detects changes in linear accelera­
tion in the horizontal plane, while the saccule detects gravity changes in the 
vertical plane. However, the inertial forces resulting from linear accelerations 
cannot be distinguished from the force of gravity; therefore, gravity can also 
produce stimulation of the utricle and saccule. These organs are located at 
the base (vestibule) of the semicircular canals, and their structure consists of 
small sacs (maculas) covered by hair cell filaments that project into an overly­
ing gelatinous membrane (cupula) tipped by tiny, cbalkplike calcium stones 
called otoconia. 

Change in Gravity 
When the head is tilted, the weight of the otoconia of the saccule pulls the 

cupula, which in turn bends the hairs that send a signal to the brain indicatp 
ing that the head has changed position. A similar response will occur during 
a vertical take-off in a helicopter or following the sudden opening of a para-
chute after a.;.&:::=e:=:.e .=fal:::::l::.... ______ _ 

FORWARD ACCELERATION 

LI]')Ei\R 
1\CC&LEAATION 

INERTIAL 
FORCE 

BACKWARD ACCELERATION 

IN ERTIAL 
FORC£ 

LINEAR 
ACCELERATION 

Change in Linear Acceleration 
The inertial forces resulting &om a forward linear acceleration (take·off. 

increased acceleration during level flight, vertical climb) produce a backward 
displacement of the otoconia of the utricle that pulls the cupula, which in 
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The Inversion Illusion 

The Head-Up Illusion 

The Head-Down Illusion 
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Other Pilot Safety Brochures Available 

Number Tide 
AM-400-94/2 Alcohol and Flying: A Deadly Combination 
AM-400-95/2 Altitude Decompression Sickness 
OKOS-0270 Carbon Monoxide: A Deadly Threat 
AM-400-03/2 Deep Vein Thrombosis and Travd 
AM-400-98/3 Hearing and Noise in Aviation 
AM-400-97/1 Introduction to Human Factors in Aviation 
OKOS-0005 Medications and Flying 
AM-400-01/1 Physiological Training Courses for Civil Aviation Pilots 
AM-400-98/2 Pilot Vtsion 
AM-400-91/2 Seat Bdts and Shoulder Harnesses 
AM-400-95/1 Smoke! 
AM-400-00/1 Spatial Disorientation: ViSual Illusions 
AM-400-03/1 Spatial Disorientation: Why You Shouldn't Fly By the Seat of Your Pants 
AM-400-05/1 Sunglasses for Pilots: Beyond the Image 

To view these pilot and passenger safety brochures, visit the Federal Aviation Ad­
ministration's Web Site 

www.faa.gov/pilots/safety/pilotsafetybrochures/ 

Physiological Training Classes for Pilots 

If you are interested in taking a one-day aviation physiological training 
course with altitude chamber and vertigo demonstrations or a one-day sur­
vival course, learn about how to sign up for these courses that are offered at 
14locations across the U.S. by visiting this FM Web site: 

www.faa.gov/pilotsltraininglairman_education/aerospace_physiology/index.cfin 




