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The subject sat in a modeled AH-l (Cobra) copilot ’s crewstation which was
attached to the Multi-axis Helicopter Vibration Simulator (MAHVS). The MAHVS
vibration was programmed using an analog FM recording from x,y, z coaxial accel-
erometers mounted to the floor in the copilot ’s crewstation of an AH-1G. The
Cobra flew the same mission profile the MAHVS was to simulate . A light in the
center of a photocell array was used as a target for the subject to track. The
32x32 photocell array and target light moved in a quasi-random spherical path
wi th constant velocity and a constant distance of 80 inches from the subject’s
eye position. The target traversed an area of 1100 in azimuth and 45° in eleva-
tion. A beam of infrared li ght was projected from a small telescope mounted on
the subject’s helmet. This light beam was boresighted with the subject’s
reticle projector. As the subject tracked the target by superimposing his
reticle on it , the coincident beam of infrared light would energize the
appropriate photocell (s).

The data were analyzed as though two independent factoral experiments had
been conducted. The factors analyzed in case I were: eye dominance, helmet
weighting, target speed and subjects. The factors analyzed in case II were:
helmet suspens ion , helmet weighting, target speed and subjects. This paper
presents the major finding of the experiment and discusses the conclusion
and recommendations as presented to the hardware development agenc ies.
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iIEAD ~~~~~~~~~~~~ ACCURACY I~ A HELICOPTER E?WIROU IEUT
~obert W . Verona , CPT, SC, USA

US Arv~’ ~eroneu1cal ~esearch LaboratoryP. O. ~ox 577
Fort Pucker, Al abama 36362

I UTRODUCT I 0~
P~uch Interest has been generated In the aerospace coi~iunlty during

recen t years concerning visually coupled systems (VCS). A VCS can Le
defined as a closed—lo op tuclsnique utilizing the natural visual and
motor skills of the operator to control a system function. Tr,e develop—
mont of methods to accurately find remotely measure n~ad position Pasenabled ~~sign ~nqineers to use the head as a control d~v1ce. When the
head tracker Is used to orient an eluctro-optical (L—0) sensor whose
video Information is being viewed on a aisplay also mounted on the head,
a VCS Is achieved.

In airborne applications of VCS, some of the head—tracker and
display hardwa re must be mounted on the cre~~ember’s helmet; thus, theterms helmet mounted display (~~ )) ~nd helmet mounted si~ht (H:-S) are
used to Identi fy the display and tracker respecti vely. Since tne
helsae t -alone introduces considerable weight to the operator ’s head, the
additional wel~$it contributed by the VCS hardware must be kept to an
absolute minir~:u~. This restriction Is not only necessary so the aviator ’s
safety Is not compromised, but also so his perfo~nance Is not encu .bered.

PURPOSE

This experiment was conducted to measure man ’s head ai~dn~/tracking
capabilities using a helmet mounted slqhtlnq device. The Influences of
target speeds , helmet suspension types , sighting eye donin~r.ce, and
helmet weighting parameters were Investi ga ted. If accuracy was sensitive
to the manipulat ion of these nan-machine Interface parameters , then it
would seem to Indicate that Improved aiming/tracking accuracy could be
obtained by Improving the interface.

METHODOLOGY

A thorcu~h analysis of the en~,1r1caI data obtained from flignt
tests and static ~.iench tests of ~i~1S devices Indicates head almlng/tracking accuracies with a mean radial error of 13.3 mIlli radlans (mr)
have been outalned. In order to measure the man ’s capabili ty a~or.e, a
device was designed which would measure static aiming accuracies to
within 1.6 m r using a cooperative target. This d~vIce consists of a 32X 3~ photocell array.

The activating source was a quartz Iodi~ed lamp with an IR 140 rim
high pass filter. The energy from the lacip passed through a light
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weight non-coherent fiber-optic lightgulde to a light ~~~~~ telescope
mounted on t:ie subject ’s ~el~et. inc emerging beam of !~ iI’~ t was
boreslqhteu wi tn the subject ’s reticle. The beam of ii~~tt ~~s ~~/ J  + l/~Inch in diaz~ ter as It ii:2~ingt d oa the photocell array. i~e !~ ~ea:i was
not visible to tne subject. A lso mounted on the sabj ect ’ s helmet was a
sight reticle generator tnat provi .ed an Illuminatca reticie of a-ij~.st—
able Intensity. The collimated reticle could be viewed oy either eye.

A diffused miniature lamø Insta lled in the center of the ~hotoce1l
array was tne tar t. A co~nuter turned on the 1ar~p to indicate the
Ini tiatIon of a trackinq/ai~ inn trial and turned off the lamp at its
conclusion. 1n~ p~iococell toard w ith the lanp/target was moved in a
quasi-random direction at predete rmined comstant velocities. The speeds
of the target wt~re u°/sec , 4°/sec , arid ~°/sec. The tar~~t rioved at a
constant veloci ty throughout each iu second tracking trial, cut the
direction and ra~nItude of the. ~~celera tioa vectors were constai~tly V

changing. Tue targets traversed a spherical path fr ~b° in azimu th and +
JO• to —l~° elevation wi th a radius of ~.G’ from the crewmembers design
eye. The target servos fol lo%:ed comands generated by a hybrid c0:~puter.
The same quasi—random path was used for each subject.

A 45-minute tactical scenario was flown In an attack helicopter
(M—1 () with three ortnoc~ana1 acceloineters secured to the copilot/gunner
floor panel. The acceleration measured there was recorded as X , Y and Z
vibration components. This tape was recorded twice on a ~U—i~1nute tape
to be used througnout the test sequence. A tine code was added tO the
tape so that the iybrid computer could syncu~ronize the aii.~in’~i/~rack1nq
tasks with a vibration pattern according to a predetenuinea scnedule.

The six aviator subjects were fItted with form—fit helmets using
wax molds of the aviators’ heads from which plastic head forrs were
made. The foam liners for each SPH-4 helmet were then fitted to each
individual ’s head form. The hard foam liners were- covereu with soft
foam and leather. Absorbent cotton skull caps were worn by the subjects
to reduce neat discomfort.

Thc weight and center of gravity of the test 1~elmet were adjusted V

to conform to the wel tht and center of gravity of -the standard issue
SPH—4 during the syr~netr1cal1y weighted condition end the projectedIntegrated helmet display/sight (IuA~SS) weight and center of gravitywith the display uuring the asyi~ etr1cally weighted condition.

RESULTS

The Independent variables in this study were eye dominance, helm et
suspension, target speed, and helmet weighting. The depender,t variable
was a1ra1ng/trace~ir,g accuracy expressed in millIraaians (nr) root ciean
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square (RIS ) error. There were two levels of eye ~on1r~~cc , dominant
and non—dominant eye used for alr.;ing/ tracking; two 1~~~ s of i-.~lrc~suspenslo;i, form—fit and sling; and two levels of hel ~~i:ntin~,sy~z:ietrical ai~ asy~~etrlcal. There were four levels of t~rcet speed :
hlçh (target moving ~°/second ; subject vibrating). lc~i (t~r~~t ~~ving4 /second; sucj~ct vi bratin~), static (target static in one of thelocatlous; subj ect static), and test (target moving 4°/second , subject
static).

Six corbinatfons of eye dominance, helmet weighting, and helmet
suspension variables were a~uinistered to the six sui~jects. Lach
combination was considered a separate treatment. The six treatments
were:

A. Dominant eye, symetrical weighting and form-fit helmet suspens1or~.

B. ~ominant eye, asymetrical weightIng and sling helmet suspension.

C. :~on— dom1nant eye, symetrical weighting and forn—fit helmetsuspension. -

0. ~.on-dcminant eye, asyn~etrica1 weighting and form-fit helmet
suspension.

E. Dominant eye, synretrical weighting and sling helmet suspension.

F. Cor~inan t eye, asym~iietrical weighting and form—fit helmetsuspension.

A six by six Latin square order of presentation was used to minimize the
learning effects.

The almlnq/tracklng data collected during this study are analyzed
as though two separate experiments had been conducted. In Case I, eye
dominance data are analyzed in addi tion to hel~iet tzeinhtlng and target
speed. The f~nn fit suspension Is a constant factor for the Case I
analysis. The data for the Case I analysis are obtained from treatments
A, C, U, and F.

In Case II, hel~iet suspension data are analyzed In addition to
helwet wefuhtlng and target speed. The dominant eye is a constant
factor for the Case II analysis. The data for Case II analysis are
obtained from treatiients A, 3, E, and F.

In Case I and Case II, the factors were co.npletely crossed and the
treatments were counterbalanced. The p values less than 0.1 are con-
sidered statistically si ’nlficant. For Case I , the eye dorinance f~ctorIs statistically significant (p<u.uC9). but the helme t ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Is riot statistically significant. The tarqet speed fac~.or ~z.s u,’~r-wheliiing statistically si~j:~ff1cance (pcu.OOl). •~one of the inter-
actions are statistically signi ficant.
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For Case II , the helmet su5pension factor Is not statistically
significant (p<u.~~), and neither is the holmet weighting factor (p<~i.224).Again, the tarq~t speeu factor Is statistically significant (p<u.GGl).
I~one of the Interactions are statistically significant.

DISCUSSION

The experirenta l data were obtained to allow hardware decisions to
be trade based on obj~ctivG data ratner than s~eculat1ori. Wi th this
thought in t.~ind , the discussion wil l e~~has1ze the practical signi-
ficance of tne expcr1~ental results.

The ainiing/tracklnq performance of the subjects, althouah statIs-
tically better with the donlnant ceye, Is inprovo i on the average £.V1~~~

when the dominant eye rather than the non-dominant eye was used.

The moan performance using the syn~etr1cal1y arid asy;xietrically
weighted helrets was essentially the sane : no statistically sic~n1ficant
difference was observed. The sub.lects did cor.~pla in the asy~ietricallyweighted ~almet caused , t~ot spots’ and headaches. T~~re were usually
red Narks on tne forehead and around the left ear (we innt was over the
right ear) at the end of a day ’s testing when the subjects wore the
asyninetric heli~et. However, this discomfort did not degrade aimlng/tracking performance.

V ~1hen the target was static and the sub j~ct was static , the average
RIIS error was 3.D mr. .Iith target movement 4°/second . tIie error isi~creased to 11 r~r. When the subject experienced vibration too, the error
increased to 13.3 tar. An increase of target speed to ~,°/second causedthe accuracy to further dacline to lb.~ mr. The changes ~ere ~.Z, 2.u,and 3.7 fold, respectively, from the static condition.

The aiming/tracking performance was statistically different for the
four levels of the target speed factor (p<~.c’O1) fcr the Case II orialysisalso. Th~ cnanges for Case II were 2.6, 3.4. and 4.3 fold , re~pt~ t1ve-
ly, from the static cor~ itIon. In both cases , the target speed factor
accounted fcr an oven~helm1ng proportion of the data variability.

The aimina/trac’~1na performance was not statistically different forthe sling and form—fit helnet suspensions (p<O.32). the sub3ects
seeped to think they ~.ere performing better with the sling fit but the
novelty of the form-fit taay have Influenced their conrents.

CO?~CLUSIGUS

The only fattor showing nractlcal significance was target speed
although eye dcimissar~c~; a l so ~as s~.atistica1ly significant. The accuracy
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difference in the eye dortlnance factor was ~.l.- while the difference In
tne targ.~t ~~~~ factor ~as In the ~~) to 400;. rar~e. The data obtained
at eact~ of t~ f~~r levels of the tar~~et speed factor are considered of
practica l si~nif 1ca~ce. ~ua.~tif ication of the basic head aiming error
of about 3 to J.. nilliradians (pooling over al l ocher factors ) is a
relatively i:~porce~.t ~v~an perfomance capability to have dete~c~Ined.
This aii:~lieq error lrcreases crasticafly as the sui .icct is required to
track a t~ov1nc~ tarr~et; the trackine error increases r:~re than ~~ t1r~es.
data were not cclL�cted w ith the tar~ct static and the subject v1br~at—
ing. i~~e i:Icreased error contrlbut~d by the subj ect vibrating in
adeltion to t:: e tar~et r~ovir~ at 4~/sccond ai~ounts to only ~~ . The
psychomotor denanus of tracking a taroet wi th overt nead motion is ruch
more uer.lanuinq tha;i simply aining at a fixed tar~~et as one would exLect
a priori. The increased error caused by moving the target twice the
rate (fran 4°/second to 3°/ second) is about 2b.. -

The results of this study indicate that inprovinq the nan-r;achine
interfaca wi th more comfortable and better fittina helmets and select-
able slgnting eye wi l l ~ot enable man to signifi cdntly improve his headalming/trackin.j capability .
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