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32x32 photocell array and target light moved in a quasi-random spherical path
with constant velocity and a constant distance of 80 inches from the subject's
eye position. The target traversed an area of 110° in azimuth and 45° in eleva-
tion. A beam of infrared light 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 suspension, helmet weighting, target speed and subjects. This paper
presents the major finding of the experiment and discusses the conclusion
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HEAD AIAING/TRACKING ACCURACY IN A HELICOPTER ENVIRONMENT
Robert W. Verona, CPT, SC, USA
US Army Aeronedical Research Laboratory
?.0. Box 577
Fort Rucker, Alabama 3€362

INTRODUCTION

luch interest has been generated in the aerospace commwunity during
recent vears concerning visually coupled systems (VCS). A VCS can be
definad as a ciosed=loop technique utilizing the natural visual and
motor skills of the operator to control a system function. Tne develop-
ment of methods to accurately and remotely measure nhead position has
enabled design engineers to use tne head as a control device. lhen the
nead tracker is used to orient an electro-optical {L-0) sensor whose
video information 1s being viewed on a display 2lso mounted on the head,
a VCS 1s achieved.

In airborne applications of VCS, some of the head-tracker and
display haruware nust be mounied on the crewmember's helmet; thus, the
terms heliet mounted display (Hii2) end helmet mounted sicht (HiS) are
used to fdentify the display and tracker resvectively. Since the
heliaet aione introduces considerable weight to the onerator's head, the
additional weiynt contributed by the VCS hardwere must be kept to an
absolute mininmum. This restriction is not only niecessary so the aviator's
safety is not compromised, but also so his performance 1s not encuuberad,

PURPOSE

This experiment was conducted to rmeasure man's head atiinc/tracking
capabflities using a helmet mounced sighting device. Tne influences of
target speeds, helmet suspension types, Sigihting eye domimance, and
helwet weighting paramaters were investigated. If accuracy was seasitive
to the manipulation of these man-machine interface paramcters, then it
would seem to indicate that improved aiming/tracking accuracy could be
obtained by improving the interface.

HETHODOLOGY

A thorcugh analysis of the emsirical data obtained from fligat
tests and static vench tasts of S devices indicates icad aiming/
tracking accuracies with a mean radial error of 13.5 milliradfans (mr)
have been obtained. In order to mcasure the man's capability alone, a
device was desicned which would measure statfc aiming accuracies to
within 1.6 mr using a ccoverative target. This device consists of a 32
X 32 photocell array.

The activating source was a quartz fodized lamp with an IR 74C nm
high pass filter. The energy from the laop passed through a light
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velant non-coherent fiber-optic 1i{ghtquide to a 1ight wgicht telescope
mounted on the subject's nelwet. Tne emeraing Leam of IR iisht was
Loresigintea witn the subject's reticle. The beam of 11 uC was /0 + 1/8
fnch ia diamater as it impinged oa the photocell array. ine IR Lean was
not visitle to the subject. Also mounted on the subject's helmet was a
sight reticle geierator tnat provived an flluminatea reticie of adjust-
able intensity. The collinated reticle could be viewed by either eye.

A diffused nminfature lamp installed in the center of tie photocell
array was tie targat. A coirputer turned on the lamp to indicate the
fnitiation of a tracking/aiuing trial and turned off tne lamp at its
conclusion. Tna photoceil Loard with tihe lamp/target was moved in a
quasi-random direction at predetermined constant velocities. Tihe speeds
of the target were U°/sec, 4°/sec, ana &°/sec. The tarnet moved at a
constant velocity thrcoughout each 3u seccnd tracking trial, put the
direction arnd nagnitude of the peceleration vectors were constantly
changing. Tne targets traversed a spherical path * %0° in azimuth and +
J0® to -15° elevation with a radius of &0 from the crewmembers design
eye. The target servos followed commands qenerated by a hybrid computer.
The same quasi-random path was used for each subject.

A 45-minute tactical scenario was flown in an attack helicopter
(AH-16G) with three ortirocanal accelomneters secured to the copilot/qunner
floor panel. The acceleration umeasured there was recorded as X, Y and £
vibration components. This tape was recorded twice on a YU-minute tape
to be used througnout the test sequence. A time ccde was added te the
tape so that the hybrid computer could syncuronize thie ainina/iracking
tasks with a vicration pattern according to a predeterminea scnedule.

The six aviator subjects were fitted with form-fit helmets using
wax molds of the aviators' nheads frow whicn plastic head forms were
made. The foam liners for each SPH-4 helmet were then fitted to each
individual's head form. The hard foam liners were-covered with soft
foam and leather. Absortent cotton skull caps were worn by tie subjects
to reduce neat disconfort.

The weicht and center of aravity of the test helmet were adjusted
to confoma to the wefaht and center of aravity of the standard issue
SPit-4 during the syrmetrically weighted condition and the prejected
fntegrated helrat display/sigint (IHADSS) weight and center of cravity
with the display during the asyrmetrically weighted condition.

RESULTS

The independent variables in this study woere eye dominance, helmet
suspension, target speed, and helmet weiahting. The dependent variable
was aiming/tracking accuracy expressed in milliradians (rr) root cean
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squara (RI1S) error. There were two levels of eye cominance, dominant
and non-dominant cye used for aiming/ tracking; tvwo Tcvels of helmet
suspension, form-fit and sling; and two levels of heluet weianting,
symietrical ana asymietrical. 7nere were four levels of tarcet speed:
nigh (target moving 1°/second; subject vibrating), low (tarset woving
4°/second; subject vibrating), static (target static in one of tie
loca§i3ns; subject static), and test (tarcet moving 4°/second, subject
static).

Six corbinations of eye dominance, helmet weighting, and helmet
suspension variables were aguinisterad to tne six suijects. Lach
combination was considered a secparate treatment. ihe six treatments
were:

A. Oominant eye, symmetrical weighting and form-fit helmet suspension.
8. Cominant eye, asyrmetrical weighting and siing helmet suspension.

. €. Gon-doninant eye, syrmetrical weighting and form-fit heliet
suspension. :

D. iHon-dominant cye, asymmetrical weighting and form-fit helmet
suspension.

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

F. Cominant eye, asymmetrical weighting and forn-fit helmet
suspension.

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

The atning/tracking data collected during this study are analyzed
as though two separate experiments had been conducted. In Case I, eye
dominance data are analyzed in addition to helmet weiainting and target
speed. Tue form fit suspension 1s a constant facter for the Case |
analysis. The data for the Case | analysis are cbtained from treatrments
A, C, D, and F.

In Case 11, helwet suspension data are analyzed in addition to
heluet wefahting and target speed. The dominant eye is a constant
factor for the Case Il analysis. The data for Case Il analysis ave
obtained from treatments A, 3, €, and F.

In Case I and Case [I, the factors were comnletely crossed and the
treatments were countertalanced. The p values less than 0.1 are con-
sidered statistically sionificant. For Case I, the eye dominance factor
1s statistically significant (p<u.uCY), but the helmet vefonting fenlor
fs not statisticaliy significant. The target speed faclor Las uver-
whelning statistically siquificance (p<u.001). ione of the inter-
actions are statistically significant.
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For Casc II, the helmet suspension factor is not statistically
sfgnificant (p<u.3l), and neither 1s the helmet weignting factor (p<iy.223).
Again, the taract speed factor is statistically significant (p<¢.0G1).
iione of the interactions are statistically significant.

CISCUSSICH

The experimental data were obtained to allew hardware decisions to
be made based on objectivc data ratner than speculation. Hith this
thought in wind, the discussion will emohasize the practical signi-
ficance of the experimental results.

The aiming/tracking performance of the subjects, althouah statis-
tically better with the dominantceye, 1s improved on the average 6.1
when the dominant eye rather than the non-cdominant eye was used.

The mean perforriance using the symmetrically and asyimetrically
wefahted helmets was essentially the same: no statistically siaonificant
difference was otserved. The subiects did corplain the asyimetrically
weighted helmet caused “hot spots” and nieadaches. Thare were usually
red marks on the forehead and around the left ear (weiant was over the
right ear) at the end of a day's testing when the subjects wore the
asymmetric helwet. However, this discomfort did rot desrade aiming/
tracking performance.

When the target was static and the subjecct was static, the avarage
RIS error was 3.5 mr. Jith target movemeat 4°/second, the error in-
creased to 11 mr. ‘hen the subject experienced vibration too, the 2rrovr -
fncreased to 13.3 mir. £An increase of target speed to °/second caused
the accuracy to further decline to 16.5 mr. The cihanges were .2, 2.6,
and 3.7 fold, respectively, from the static conditfon.

The aiming/tracking performance was statistically different for the
four levcls of the tarcet speed factor (p<i:.C01) for the Case Il eonalysis
also. The changes for Case II were 2.6, 3.4, and 4.2 fold, respective-
1y, from the static condition. In both cases, the tarcet speed factor
accounted fer an overwhelming proportion of tha data variabiifty.

The aiming/trackina perfomnance was not statistically different for
the sling and form-fit Lelmet suspensions (p<i.32). The cubjects
seemed to think they vwere performing better with the slina fit tut the
novelty of the form-fit way have influenced their comments.

CONCLUSIGHS

The only factor showing nractical sfgnificance was target speed
although eye dominance also was statistically sfgnificant. Tie accuracy




difference in the eye dominance factor was ¢.17 while the differeice in
the tarcet speed factor vas in the 200 to 400L rance. The data cbtained
at each of the four leveis of the tarcet speed factor are considered of
practical sinnlficance. Juantification of the basic head aiming error
of atout 3 to J.o milifradians (pooling over all ciher factors; is a
relatively inportant nusan perforrance capavility to have detevumined.
This aiming error increases crastically as the subicct is required to
track a wovina tarqet; tle tracking error increases more than ¢.9 times.
vata were not cellected with the tarcet static and the subject vibrat-
ina. e increased error coatributed by the subject vitrating in
adcition to tig tarcat rovine at 4°/sccond amounts to only 2G. . The
psychiomotor demands of tracking a taraet with overt iiead motion 1s wuch
nore deranding thaa simply aining at a fixed tarscet as one would exvect
a priori. inc increased error causcd ty roving the target twice the
rate (from 4°/second to 8°/ second) is avout 2t:..

Tie rasults of tiis study indicate that improving the man-machine
interface with more comfortable and better fittine helmets and select-
abla sighting eye will not enable man to significantly fmprove his head
aiming/tracking capability.
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