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SUMMARY

This experiment was conducted to measure man ’s head aiming !
tracking capability using a helmet mounted sighting device . The
influences of target speed , helmet suspension types , and helmet
weighting parameters on head aiming/tracking were investigated .
If the aiming/tracking accuracy was sensitive to manipulation of
these man-machine interface parameters , then it would seem to
indicate that improved aiming/tracking accuracy could be obtained
by improving the interface.

The subject sat -in a model ed AH-l (Cobra) copilot ’s crewstation
which was attached to the Multi -Axis Helicopter Vibration Simulator
(MAHVS). The MAI1VS vibration was programed using an analog FM
recording from x , y, z coaxial accelerometers 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 1100 azimuth and 450 in elevation . A beam of infrared light
was projected from a smal l 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 appropr iate photocell(s).

The output of the photocell board was sampled at 1 ,000 Hz and
recorded digitally. Ten percent of the data was analyzed after each

• tracking period ; this analysis was used to insure proper functioning
of the electrical and mechanical systems.

The factors analyzed were eye dominance , helmet weighting , tar-
get speed , and helmet suspension . The eye dominance, helmet weight-
ing , and target speed factors were statistically significant ; however ,
the only factor of practical significance was target speed . A sub-.
ject aiming at a static target wi th his head had an RMS error of
about 3 milliradians . When the target began to move 4°/second , the
error increased to about 10.5 milliradiar is. When the subject began
to vibrate too , the error increased to 13 mi lhiradians. When the
target speed doubled , the vibrating error increased to 16.8
milliradians.
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INTRODUCTION

Much interest has been generated in the aerospace community
during recent years concerning Visually Coupled Systems (VCS). A
VCS can be defined as a closed-loop technique utilizing the natural• visual and motor skills of the operator to control a system function .
The development of methods to accura tely and remotely measure head
position has enabled engineers to use the head as a control device.
When the head tracker is used to orient an electro-optica l (E-O)
sensor whose video information is being viewed on a display also
mounted on the head , a VCS is achieved .

VISUALL Y-COUPLED SYSTEM

/
/

~~~~—~ CON1SO~ PA114

I NILMET _________________- SIGHT

OPEEATO I 
CONT~ OtLE D

~~~~~~~~~~~~~~~~~~~ UEDSA~~~ PMH 4... ~~~~~~~~~

”

FIGURE 1 . A Visual-Coup led System Block Diagram .

In airborne applications of VCS , some of the headtracker and
display hardware must be mounted on the crewmember ’ s helmet; thus ,
the terms “Helmet Mounted Dis play (HMD)” and “Helmet Mounted Sight
(HMS)” are used to identify the display and tracker , respectively.
Since the helmet alone introduces considerable weight to the opera-
tor ’s head , the additional wei ght contributed by the VCS hardware
must be kept to an absolute minimum . This restriction is not only
necessary so the aviator ’s safety is not compromised , but also so
his performance is not encumbered .

13

‘U 



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

PURPOSE

• - This experiment was conducted to measure man ’s head aiming !
tracking capability using a helmet mounted sighting device. The
influences of target speeds , helmet suspension types , and helmet
wei ghting parameters on head aiminq /trackin g accuracy were investi-
gated. If the aiming/tracking accuracy was sensitive to man ipulation
of these man-machine interface parameters , then it would seem to
indicate that improved aiming /trackin g accuracy could be obtained by
improving the interface,

LITERATURE REVIEW

The only systematic perceptual-motor experiment conducted to
measure the a bi lity of the neck and shoulder muscles to effect head
aiming/tracking was performed by Honeywel l Systems and Research
Division. This study , conducted in 1965 by R. Nicholson (1966), was
to investigate the feasibility of using the HMS as a means of aiming
an arma ment system. A three-phase experiment program was conducted.
In Phase I a laboratory experiment measured static sighting accuracy .
In Phase II tracking accuracies were obtained using mov iriq targets.
The last phase was conducted to obtain field test data for hi gh speed ,
low altitude flights. The series of tests indicated that the accuracy
of the sighting process can be expected to vary between a fraction of
a degree and four deg rees , depending on the target angular rate and
the target sighting angle.

Other tests have been conducted to ascertain the performance
characteristics of specific HMS systems under specific conditions
(Haywood 1975, Polhemus 1976 , Sawamura 1976). Bench tests were con-
ducted at the Aerospace Medical Research Laboratory , Wri ght-Patterson
A ir Force Base (WPAFB), Ohio , using the Volna Test Station to obtain
aimi ng performance data without the man in the system . Fli ght tests
were con duc ted i n hi gh per formance aircra ft to obtain trackin q/ai mi nq
performance data during tactica l operating conditions (Grossman 1974).

An anal ysis of the previousl y referenced bench tes ts i nd i ca te that
a iming accuracies are a function of the off-boresight ang le and can be
expec ted to vary from 0.01 degree for the forward quadrant to 1r for
the rear quadrant (Polhemus 1975). An analysis of the fli ght test data
indicates a median radial error of 0.8° and tha t 9O~ of the time theradial error was less than 2•2 r over all off-boresight anales , a-loads
and an gular rates . However , rather than the performance of specific
systems , the measu res of interest in the presen t ex periment were the
l imitations imposed by the man and man-machine interface.
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The results of Nicholson ’s experiment indicate that the head can
be used as a very effective aiming device. However , N icholson used a
very limited range of target motion parameters which highlighted the
capabilities rather than the limitations of the aiming functions. The
maximum off-boresight angle for targets during the static aiming tests
was only 100 . The reaction times vary among the three subjects , the
avera ge being 2.04 seconds with .81 second standard deviation. This
indicates that , given sufficient time , a target can be held within a

• cross hair over small angular ranges with much less than 1° circular
error probability (CEP). However , if targets appear greater than 10°
from boresight , which woul d be a less restrictive and more realistic
situation , the CEP is not known . During the dynami c portion of the
testing , cons tant errors were introduced due to tracking/aimin g bias
errors of the observer and alignment errors of the measurement equipment.
The author removed these errors from the data before analyzing it. The
technique used to remove this error also tended to smooth the data .

METHODOLOGY

SIGHT SYSTEM
• A thorough analysis of the empirical data obtained from flight

tests and static bench tests of ElMS devices indicated head aiming!
tracking accuracies with a mean radial error of 13.6 rnflhi rad ians (mr)
had been obtained . In order to measure the man ’s capabilities alone ,
a device was designed which would measure static aimin g accuracies to
wi th in 1.6 mr using a cooperative target. This device consists of a
32x32 photocell array (Figure 2). The photocells were positioned with
their centers on 1/2 inch increments in X and V.

Each photocell had two sensing elements , one activated the X
axis and the other activated the Y axis (Figure 3). When a photocell
was activa ted , it turned on CMOS swi tches--one for X position and
the other for V position. The switches activated voltage dividers
and the position of the activated photocell was uniquely determined
by the X , V vo ’tages . If two photocells were activated simultaneously,
the arithmetic mean of the two cells was determined . This means the
resolut ion of the array was 1/4 inch provided the activating source
was approximately 3/4 inch in diameter. (The actual diameter was
determined empirically.)

15
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PHOTOCELL BOARD

FIGURE 2. Shown is a 4x4 photocell section of
the enti re 32x 32 photocell board . The nominal
3/4 inch d iameter beam of light coul d fllumi-
nate at mos t four photocells.
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FIGURE 3. Schematic diagram of the photocell target showing
photocells , CMOS swi tches , and voltage dividers for a 4x4
section of the entire 32x32 photocell array .
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The activatin g source was a PBL 150 watt quartz iodide lamp
wi th an IR 740 nm high pass filter (Figure 4). The energy from the -

•
lam p passed through a lightweight , noncoheren t fiber-optic light
guide to a telescope mounted on the subject’s helmet . The emerging
beam of in frared (IR) light was boresi ghted with the subject ’s
reticle . The beam of light was 5/8 + 1/8 inch in diameter as it
impinged on the photocell array (Figure 5). The IR beam was not
read ily visible to the subject.

SP OT P R OJECT OR

,N c . A a S O  yaus

~

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
H 

))

• FIGURE 4. The li ghtweight spot projector shown was mounted
to the subject ’s helmet . A 1/8 inch diameter , six foot long,
very fl exi ble glass fiber-optic light guide prov ided the
light for the projector from a tungsten source located behind
the subject ’s seat .
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FIGURE 5. Sketch shows target board being illuminated by
infrared spot projector mounted on subject’s helmet.

Also mounted on the subject ’s helmet was a Sperry Rand sight
reticle generator. This device generated an illuminated reticle a

of adjustable intensity ; the collimated reticle could be viewed
by either the right or left eye (Figure 6).

18
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FIGURE 6. Subjec t i s shown wi th reticle genera tor pos iti oned
in front of right eye and spot project mounted to subject’s
helmet. The target , photocell array , and movin g tar get sys tem
(MTS) can be seen in the background .

Pr ior to starting each testing session , the subjec t ’s re ti cle
and the spot of light from the helmet mounted projector were bore-
si ghted at 80 inches . As the subject aligned his reticle with the
illumina ted target , the experimentors adjusted the spot projector
until it was centered on the illuminated target. The accuracy of
the boresi ght was checked by observing the X , Y monitor and
displaye d voltage levels. Corrections to the mechanical adjustment
were made electrically and statistically and will be described in
more detail in the procedures section .
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Target

A miniature lamp with a translucent white filter was installed
in the center of the photocell array . This lamp was the target.
The intensity of the lamp was controllable. The computer turned
on the lamp to indicate the initiation of a tracking/aiming trial
and turned off the lamp to indicate the conclusion of a trial. The
ph otocell boar d w it h the lam p/ target firml y aff ixe d to it s cen ter
was moved in a quasi-random direction at pre-deter m ined constant
velocities. The speeds of the target were 0°/secon d , 4°/second ,
and 8°/second . The target moved at a constant velocity throughout
each 30-second tracking trial , but the d irec t ion and ma gn it udes of
the accelerat ion vectors were constantl y chan gi ng . The tar get trans-
versed a spherical path + 50° in azimuth and +30G -l5~ elevation with
a ra d ius of 80 inches from the crewmem bers des i gn eye . The device
that moved the array was called the moving target system (MIS).
The Hybrid computer generated commands for the MTS servos to follow
(Figure 7). The same quasi—random path was used for each subject
since the same random numbers (therefore quasi-random) were generated
each ex per imental sess i on .

FIGURE 7. A typical series of target paths is
shown on this storage display . Scaling factors
were used to define target movement limits and
rates .
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Da ta Ac quisit i on

The X and V channels coming from the vol tage dividers on the
photocell array were observed on an X , V mon itor. These signals
were simul taneousl y recorded for h is torical purposes on 14 channel
FM instrumentation recorder and fed to the Hybrid computer.

S i nce the beam was cons tan tly in motion , even when the target
and the cock pit were i n a s ta ti c cond it ion , some no i se was i ntro-
duced into the analo g channels from the pho tocell array. To corn-
pensate for the noise generated in the photocell array and lines
from the array to the analog port ion of the Hybr id computer , a series
of threshold levels were used by the computer to improve the signal
to no i se ra t io. These threshold levels also com pensate d for non-
l inearities in the voltage dividers . As a penalty , the stat i c reso-
lu t ion of the photocell array was degraded , but the dynamic accuracy
was not seriousl y affected . Thirty-two threshold levels were estab-
liste d in the X and Y channels (3.2 nir). The output of the photocell
board was compared to the threshold levels and the result recorded
at 1 ,000 Hz. A probability density histogram was generated from the
600 data points obtained in each axis during the 30-second tracking
period. The statistics presented in this report were obtained from
the anal ysis of these histo grams .

The subject response switches , target servo position feedbacks ,
t ime co de , i ntercom , target drive commands , and simulator accelera-
t i ons were s i multaneousl y di s played on oscil loscopes and recorded on
the 14 channel recorder . The subject response switches , targe t servo
pos i tion fee dbacks , and time and time code were also sampled and
recorded by the computer. At the conclusion of each 30-second track-
ing trial , the computer would analyze 10 percent of the tracking data
and provide its analysis within seconds to the test director on a
video disp l~ v and hard copy. This procedure proved also to be an
invaluable tool in troubleshooting the data acquisition hardware .

V ib ra ti on Env i ronment

A 45-minu te tactical scenario was flown in an attack helicopter
(AH-lG) with three orthogonally mounted accelerometers secured to
the co p ilot/gunner ’s floor panel . Simulated TOW and live 7.6 mm , 40
mm, and 2.75-inch rockets were fired . The accelerations measured at
the copilot /gunner ’ s floor pane l were recorded as X , Y , and Z vibra-
tion components as indicated in Figure 8. The crew ’s communications
were recorded also.
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Z A H-IG (COBRA)

- ___

HELICOPTER A XIS

FI GURE 8. AH- lG (Cobra ) showing coordinate axis orientations.

This 45-minute program was recorded twice on each of three 90-
m inute master tapes to be used throughout the test sequence . A time
code was add ed to the tapes so the USAARL Hyb rid com puter coul d syn-
chronize the aiming/tracking tasks with the vibration according to
a predetermined schedule. Small sections of the vibration tapes were
b lanke d s i nce the accelerometers overloa d dur ing gun f i r i ng. Mas ter
ta pe I was p layed for all data collect i on tes ts so tha t the Multi-
Axis Helico pter Vibration System (MAHVS) replicated the helicopter
vi bra tions ex perience d by the co p ilot/gunner dur i ng the act ual fl ig ht
and each subsequent simulator flight. Each tracking sequence and
target movement was also repeated at the same time based on the time
code information synchronized with the vibration signals.

Subjects

Six Army aviators were used as subjects . Three were instructor
pilots for the Cobra Transiticn Course at the US Army Aviation CenLer
and two were US Army Aeromedical Research Laboratory pilots . The

22

-- -- -- - -~~~~~ -~~~~~~~~~~~~~~~~~ - — -- ~~~• • --~~~~~ - - - • - -  ~----—-



- • •~~~~~.-

sixth aviator had more than 1 ,000 hours of gunship experience in the
Republic of Vietnam. All six subjects passed the standard static
acuity and the dynamic acuity tests administered by an optometrist
and research psycholo gist , respectively. The subjects were also given
an eye dominance test described in Appendix A , Eye Dominance Test.
One of the aviators wore glasses.

Helme ts

The six aviator subjects were fitted for form fit helmets by
Protection Incorporated personnel . Wax mob s were made of the avia-
tors ’ heads and plaster head forms were made from the molds. The
foam liners for each SPH-4 lightwei ght helmet were then fitted to a
particular individual ’s head form . The hard foam liners were covered
with soft foam and leather and the backs were reinforced with fiber-
glass. The fiberglass reinforcement enabled the helme t technician to
remove an d i nsert the foam li ners i n the tes t helme t w it hou t d amag e
to the delicate foani inserts (Figure 9). Absorbent cotton skull caps
were worn by the subjects to reduce po ssible heat discomfort.

, 

— ~~~~~~~~~~

I

(A) Ins ide (B) Outside

FIGURE 9. Form fit inserts used to customize the experimental helmet
to a specific subject ’ s head shape : (A) Inside; (B) Outside.
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The weight and center of gravity (cg) of the test helme t were
adjusted to conform to the weight and center of gravity of the stand-
ard issue SPH-4 during the symmetrically weighte d condition and to the
projected integrated helmet display/sig ht system (IHADSS) wei ght and
cg with the display dur ing the asymmetrically weighted conditio n
(Figure 10). See Appendi x B , Hel met Center of Gravity (CG) Determina-
tion , for we ig ht/cg details.

FIGURE 10. Test helmet shown wi thout custom foam
i nser ts . Lea d weigh ts we re used to ach i eve the
desired wei ght an d cg characteristics.
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Cockpit

A metal mock-up of an AH— 1G copil ot/gunner crewst ation less
canopy was fabricated and installed on t~e MAHVS (Finure ii).

~~~~~~~~~~ ~ika
~~~

~I~~~ L

FIGURE 11. A meta l mock -up of an AH- 1G cockpit secured to
the Multi-Axis Helicopter Vibration Simulator.

The crews tation geometry , seat , ins trument panel , and pedals we re
authent ic . The cyclic con trol , however , was moun ted on the floor , as
in the pilot ’ s crewsta ti on , instea d of its norma l location. The trig-
ger switch on the cyclic was used by the pilot to indicate when he
began to track the target and his trackin g confidence. The pilots
were d irected to squeeze the tri gger switch on the cycl i c to the firs t
detent as soon as they saw the target illuminate . The computer began
tak ing and scoring data at this time . The subjects were directed also
to squeeze the tri gger to the second detent as long as they had enough
confi dence to “fire ” a poin t-fire weapon at the target. The computer
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graded this data as “high confidence ” data . The information contained
in this report is based on the sum of all the data without regard to
tracking confidence .

Procedures

Testing sessions were conducted 4 days a week from 1300 hours
to 1530 hours ; no sessions were conducted on Friday . Subjects were
schedule d at leas t 1 week in advance w i th no less than 1 day
between successive sessions . Equ ip ment ma i ntenance , chec k-out , and
cal i bra tion were conduc ted each morn i ng.

The test helme t was configured and fit for the condition to be
tested during the day ’s session . USAARL ’s life support equipment
specialist personally fit and checked each subject before and after
each session . The subject also signed the consent forms and had
hi s neck measured and marked prior to enterin g the simula tor .

The timekeeper insured all systems were operational and in the
proper status before the subject mounted the crewstation . After
al l stat i ons reported , the subject was assisted into the crewstation ,
the room l ights were extinguished , and the subject ’s reticle and spot
projector were boresighted with the help of the controller and test
director. The timekeeper then reviewed the subject’s control func-
tions and instruction. The controller , when directed by the time-
keeper , would move the target/photocell array to the upper right
corner of the MIS (45° AZ , 50° EL) and activate the target light.
Also , at the command of the timekeeper (Figure 12), the subject woul d

U .
) 

~~~~~~~~~~~~
— 
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FIGURE 12. Controller and timekeeper , shown near
and far respecti vely , prepare to beg in experiment .
Tape recorders and X , V monitor are shown in background.
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aim at the target and squeeze the trigger on the collective , and the
computer terminal operator (Figure 13) would initiate data collection .
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FIGURE 13. Terminal operator initializes computer program ,
monitors computer operations , notifies test personnel of
error messages , and insures completeness of “quick -look”
data at the end of each data trial . Hard copy of data is
generated at this pos ition also.

When the 30 seconds of data were collected , the computer would
extinguish the target light and the subject would relax. In the
same manner , data were collec ted from the center ~~ AZ , 0° EL)
position and l ower left (-30° AZ , -5O~ EL) position . The controller
wa tched the X , V monitor and oscilloscopes to insure system opera-
tion , and the test director reviewed the computer data summary for
each tr i al .
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At the conclusion of the static tests , the dynamic tests began.
The timekeeper would check with the MAHVS operator to insure all MAHVS
systems were operational and the medical monitor was on ca ll (Figure
14). When affirmed , the timekeeper would initiate the program tape and

r

~~~~

FIGURE 14. The Mul ti-Axis Helicopter Vibrati on Simulator (MAHVS)
operator monitors system performance. In the event of a system
ma l function , the operator must disarm hydraulic systems , correct
deficiency , and reinitialize simulator. Controller , timekeeper ,
and subject stations shown in background .

time-code decoder. When the time-code on the tape began counting,
the computer terminal operator was directed to synchronize the com-
puter to the program tape. Within seconds the experiment would beg in .
The MAHVS operator was then directed by the timekeeper to put the
MAHVS in computer operator mode. The controller was likewise directed
to put the MTS in computer operator mode (Figure 15).
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FIGURE 15. Computer programmer inserts program
board into PACER 600 Analog Computer. The Analog
Computer , under control of the SEL 8500 Di g ital
Computer , controls mov ing target system (MTS),
data acquis it ion , Mul ti-Axis Helicopter Vibratio n
System (M14HVS), and monitors all control functions
and in d ica tors .

Ten seconds prior to each tracking sequence , the timekeeper would
notify the subject that a sequence was about to beg in . The firs t and
twenty-first track occurred when the MAHVS was static. These are
called test tracks; the target moved at 4°/second but the MAHVS was
static. The tracking events schedule is shown in Table 1. At the
conclusion of the dynamic tracking test , the static tests were
repeated .
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TABLE 1

TABLE OF EVENTS

EVENT DESCRIPTION

Static - Subject static , target (+45, -50)
2 Static - Subject static , target (0, 0)
3 Static - Subject static , target (—30 , +50)
4 Test - Subject static , target 4°/secon d
5 Hi - Subject vibrating , target 8°/seco nd

• 6 Lo - Subject vibrating, target 4°/second
7 Hi - Subject vibrating, target 8w/second
8 Lo - Subject vibrating, target 4°/secon d
9 Lo - Subject vi brating , target 4°/second
10 Hi - Subject vibrating, target 8°/second
11 Lo - Subject vibrating , target 4°/second
12 Hi - Subject vibrating, target 8°/second
1 3 Hi — Subject vibrating, target 8°/second
14 Lo - Subject vibrating, target 4~/secon d
15 Hi - Subject vibrating, target 8°/second
16 Hi — Subject vibrating, target 8d /second
17 Lo - Subject vibrating, target 4°/second
18 Hi - Subject vibrating, target 8°/second
19 Hi - Subject v i bratin g, target 8°/second
20 Hi - Subject vibrating , target 8°/second
21 Lo - Subject vibrating, target 4°/second
22 Lo - Subject vi brating , target 4°/second
23 Lo - Subject vibrating, target 4°/second
24 Lo - Subject vibrating, target 4°/second
25 Test - Subject static , target 4°/second
26 Static - Subject static , target (45, 50)
27 Static - Subject static , target (0, 0)
28 Static - Subject static , target (-30, -50)
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Use of clever computer prog ramming techniques enabled thi s
experiment to be conducted without disrupting norma l data crunching
opera tions . The com pu ter had a d i sk file wit h the schedule of
track i ng event and an assoc iated ti me for each even t. It woul d
moni tor the ti me co de be i ng read from the analo g vi b ra ti on mas ter
tape discussed earlier. Thirty seconds before a data trial was to
begin , the program woul d start eas i ng other uses ou t of the cen tral
processing unit (CPU). Any hard liners would be aborted 10 seconds
before the da ta tri al was to begi n . The moni tor would then load the
lar ger program. After the 30 seconds of data was collected and
partially analyzed , the program would determine how bong before
another data trial . If the time exceeded 1 minute , the large
program would exit , leav i ng the moni tor to determ i ne when to reloa d
again (Fi gure 16).

When the tests were comple ted , the subject was debriefed by
the test director and his neck was again measured . The neck mea-
surement , vibration time , and debriefing information were logged .

F~~~ 

~~~~~~~~~~ ‘~: 
- 

FIGURE 16. Computer
- 

. - . p rogrammer mounts tape
to collect d igi ti zed
aimin g/trackin g da ta

- - genera ted during
- experiment.
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Safety

A mul titude of precautions were taken to insure the subject ’s
safety during the experiment. The MAHVS is equipped with a sophis-
ticated fail-safe system that shuts down the hydraulic systems at
the slightest irregularity . The subject held a fail-safe switch
close d during the periods the MAHVS was operating . If the subject
rel eased the swi tch , the system would immediately shut down .

The inter-communications systems provided the subject with a
“hot mike ” so that all personnel in the area could monitor him.
A closed circuit , low li ght level television camera was trained on
the subject so that his actions could be viewed by the MAHVS
operator and recorded . These tapes were retained for historical
documen tation.

A sophisticated radio communications system was also installed
so the MAHVS operator could notify an on-cal l flight surgeon and
the hospital emergency room if an accident occurred .

RESULTS

DATA

The independent variables in this study were eye dominance ,
helmet suspension, targe t s peed , and helme t weighting. The depend-
ent variable was aiming/tracking accuracy , E, expressed in milli-
radian (mr) root mean squared (RMS) error. There were two levels
of eye dominance , right and left ; two levels of helme t suspension ,
formfit and sling; two levels of helmet weigh ting, symmetrical and
asymmetrical; an d four levels of target speed : hi gh (target movin g —

8°/second ; subject vibrating), low (target moving 4°/second ; sub-
ject vibrating), stat ic (target static in one of three locations ;
subject static), and test (target moving 4°/second ; subject static).

Six comb i nations of the eye dominance , helmet weighting and
helmet suspension variables were administered to the six subjects ;
each combination was considered a separate treatment. The six treat-
ments were :

A. Dominant eye, symmetric helmet weightin g and formfit helmet
Suspension .
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B. Dominant eye, asymmetric helmet wei ghting and sling helmet
sus pension .

C. Non-dominant eye , symmetric helmet weighting and formfit
helmet suspension .

0. Non-dominant eye , asymmetr i c helmet wei ghtin g and formfi t
helmet suspension .

E. Dom inant eye , symmetric helmet weighting and sling helmet
suspens i on .

F. Dominant eye, asymmetric helmet weighting and formfit hel-
met sus pension .

The treatments were administered in the order indicated in
Table 2. The combination of non-dominant eye viewing and sling hel-
met suspension was not administered to the subjects during the study .
This limitation was imposed because of schedule constraints for the
MAHVS; adding this condition would have extended the data collection
sessions two more weeks .

TABLE 2

EXPERIMENTAL DESIGN *

DOM INANT EVE NON-DOMINANT EYE
FORMFIT SLING FORMFIT

TREATMENT SVM ASY SYM ASY SYM ASY
(A) (F) (E) (B) (C) (D)

1 6 3 4 5 2

S2 2 5 6 1 3 4

S~ 3 4 2 5 1 6
• S~ 4 3 5 2 6

S~ 5 2 1 6 4 3

S~ 6 1 4 3 2 5

*Four target speeds for each treatment not shown .
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The 6x6 Latin Square order of presentation was used to minimize
the learn i ng effects.

The aim ing/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 weighting , —

tar get speed , and subject variables. The formfi t suspension is a
constant factor f~r the Case I analysis. The data for the Case I
analysis are obtained from treatments A , C , 0, and F . The raw
data for Case I anal ysis are shown in Table 3.

In Case II , helme t suspension data are analyzed in addition
to helmet weighting, target speed , and subject variables. The
dominant eye is a constant factor for the Case II analysis. The
data for Case II anal ysi s are obtai ned from treatments A , B , E , and
F. The raw da ta for Case II analysis are shown in Table 4.

The figures in Tables 3 and 4 were calculated from the line-of-
sight (LOS) data obta ined from photocell board X and V output
voltages ; the position of the light beam on the photocell board pro-
duced the output voltages . These outputs were sampled and recorded
each millisecon d during the 30-second aiming/tracking trial . The
mean and standard deviation of the 30,000 and 30 ,000 photocell
coordinates were calculated using the following equations:

30 ,000
(1) ~ = Xi

i=l 30,000

30 ,000
(2) V = Vi

i=l 30,000

30 ,000
(3) ~~2 = (Xi —

X i=l 30,000

30 ,000
(4) ~~2 =  

~ (Vi —
~~~~~)

i=l 30,000
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- The standard deviation of the photocell coordinates were then

converted to subt ended v i sual an gles using the following equation :

(5) Tan ’ s = 0
d

For: d = 80 inches subject to target distance
s = 0.5 i nches di s tance between pho tocell cen ters
0 = 0.358° = 6.088mr

The x and y stan dard devia ti ons were then conver ted i nto radi al values .
The photocell coordi na tes were trans formed i nto su btended v i sual
angles by rnultip ]ying the photocell coordinates by 6.088 mr/photocell.
Si nce the X and V were app roximatel y eaual to zero :

(6) r2 = -i~~ . = (Y-
~~~~~~

) 2  + ( V+5 y ) 2  = ( 2  + ~
2y)

The values were then avera ged over the num ber of rep l i cates on
the same condition; the mean and standard deviations of are listed
i n Tables 3 and 4. The result i ng values of 

~r 
are somewha t in fla ted

by using the equations and techniques discussed above. The X and Y
values are treated independently rather than as paired values , i.e.,
X 1 , V 1 . For comparison purposes , however , the da ta techni ques use d
are cons id ered acce ptab le .

STATISTICS

Two stat i sti cal anal ysi s techn iq ues were app l i ed to both Case I
and Case II data . The first analysis was a 2x2x4 factorial analysis
with repeated measures . The second analysis , a 2x2x4x6 factorial
anal ysis wit h repeated measures , used su bjects as a factor . In Case
I and Case II the factors were completely crossed and the treatments
were coun terbalanced . Analysis of Variance (ANOVA) computer programs
and manual techn iq ues were used to anal yze the data . The two computer
statistical analysis packages used were “Revise d MANOVA Program ” by
Elliot Cr~rier (197~ ) and E~ion ed ic~ l Stat istical Procirat~s ’ 1(ro-- t~~ Univer-
sity of Cali fornia , Los An oeles (Dixon 1~7~ ). 

Th p sa—~ resu lt s ~“ereobtained from each method of analysis.
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Case I Anal ysi s

The ANOVA was applied to the Case I data using aiming/tracking
accurac y as the criteria measure (univariate). The factors tested
were eye dominance , helmet wei ghting and target speed . Each subject
received all treatments. The ANOVA Summary Table is shown in Table 5.
The p values less than 0.1 are consi dered stati sticall y si gnificant
(p <0.1).

TABLE 5

ANALYSIS OF VARIANCE CASE I

SOURCE OF VARIAT ION SS df MS F p

Eye Dom i nance 45.722 1 45.722 6.859 0.009

Helmet Weight 0.908 1 0.908 0.136 0.712

Target Speed 16299.598 5433.199 815.090 0.001

Eye Domi nance X Helme t 0.947 1 0.947 0.1 42 0.706
Wei ght

Eye Dominance X Target 0.837 3 0.279 0.042 0.989
Speed

Helmet Weight X Target 11.656 3 3.885 0.583 0.626
Speed

Eye Dominance X Helmet 7.897 3 2.632 0.395 0.757
Wei ght X Target Speed

Within Cells 4352.746 653 6.666

The eye dominance factor is statistically significant (p - -0.009),
but the helme t weig h tin g factor is not stati st i call y si gnificant
(p ~0.7). The target speed factor has overwhelming statistical sig-
nificance (p ~O.O0l) . None of the interactions are statistically
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significant. Since the majority of the data variability is accounted
for in a consistent manner by the target speed factor , the F values
for the interac ti ons are less than one .

The second anal ysis uses subjects as a fac tor; the anal ysi s
becomes more comple x. The ANOVA Summary Tab le , Table 6, shows eye
dominance statistically significant (p <0.001). Target speed and
subject factors are also stati stically si gnificant (p <0.001). The
helmet wei ghting factor is not statistically significant (p <0.59),
but unlike the previous analysis , the interactions are statistically
significant. The target speed x subject , eye dom inance x subject ,
and helmet weight x subject interactions are statistically signifi-
cant (p <0.001). The only three-way interaction statistically sig-
nificant is eye dominance x helmet weighting x subject (p <0.001)
as is the four-way interaction , eye dominance x helme t weig hti ng x
target speed x subject (p <0.001). Aga in , most of the variability
i s accounte d for i n a consis tent manner by the targe t speed factor .
The subject factor i n this analys i s also accoun ts for much of the
variabili ty but i n a less cons i sten t manner , thus the si gnificant
in teractions .

Case II Analysis

The ANOVA was applied to the Case II data using aiming/tracking
accuracy as the criteria measure (univariate). The factors tested
were helmet suspension , helmet weighting, and target speed . Each
subject received all treatments . The ANOVA Summa ry Table is shown
in Table 7. The p values less than 0.1 are considered statistically
si gnifican t.

The helmet sus pens i on factor is not statis ti call y sig n i fican t
(p <0.32), an d ne it her is the helmet wei ghting factor (p <0.224).
The target speed factor is statistically significant (p <0.001); it
has overwhelmin g significance. None of the interactions are statisti-
cal l y si gn i fi cant . As i n Case I , the majority of the data variability
is accoun ted for in a consis tent manner by the target speed factor;
therefore , F value for the Case II in terac ti ons is less than one .
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ANALYSIS OF VARIANCE CASE II

SOURCE OF VARIA TION SS df MS F p

Suspension 4.587 1 4.587 0.986 .321
Helmet Weighting 6.903 1 6.903 1.483 .224
Target Speed 116475.348 3 5491.781 1179.940 0.001
Suspension X Helmet 6.881 1 6.881 1.478 .224

We i g h t
Suspens ion X Target 2.082 3 0.694 0.149 0.930

Speed
Helmet Wei ght X Target 11.574 3 3.858 .829 0.478

Speed
Suspension X Helmet 9.574 3 3.191 0.686 0.561

Wei ght X Target
Speed

Within Cells 3048.560 655 4.654

The second analysis uses subjects as a factor; the analysis
becomes more complex. The ANOVA Summary Table , Table 8, shows the
helmet suspension factor not to be statistically significant (p <0.156).
Helmet weighting , however , becomes statistically significant (p <0.09).
The target speed and subject factors are also statistically signif-
icant (p <0.001). The suspension x helmet weighting interaction is
also si gnificant (p <0.084). The three-way interactions , helmet
suspension x helmet weighting x subjects and helmet weighting x
target speeds x subjects , are statistically significant (p <0.001
and p <0.005, respectivel y).

The other three-way interactions are not statistically si gnif-
icant , but the four-way interaction , helmet suspension x helmet
weighting x target speed x subject , is statistically significant
(p <0.001). Again , the majority of the variation is accounted for
by the target speed factor. The subject factor also accounts for
much of the variation but in a less consistent manner , thus the
statistically significant interactions.
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DISCUSSION

Th is experiment required great manpower and hardware resources.
Many answers had to be provided in a relatively short period of time .
In order to minimize the resource dra i n and prov id e answers i n a
timely manner , the non-stan dard experimenta l design was required .
The separation of the data for the analysis by Case I an d Case II ,
although not efficient from some viewpoints , proved to be the most
via ble method of analyzing the data . .A complete design would have
required significantly more resources and the advantages would have
been purely academic. The sequence effects were minimized by using
the 6x6 Latin Square order of presentation . The inherent counter-
balancing in this desi gn tended to prevent sequence effects from
bein g completely confounded with treatment effects. The sequence
effects are instead spread over the treatments. Admittedly, such
sequence effects tend to mask treatment effects , but the advantages
in this study greatly outweighed the disadvantages .

This experiment was conducted to provide information so that
hardware decisions could be made based on objective data rather than
speculat ion. With this thought in mind , this discuss ion section will
emphasize the practical significance as well as the purer statistical
si gnificance of the experimenta l results .

CASE I

The aim ing/tracking performance of the subjects , al though sta-
tistically better with the dominant eye, is only improved on the
average 6.1% (Figure 17).

The mean performances using the symmetrically and the asymmet-
rically weighted helmets were essentially the same (Figure 18); no
statis tically significant difference was observed .

The performance chan ges wi th target speed levels are much more
profound (Figure 19).

When the target was static and the subject was static , the aver-
age accuracy was 3.5 m r. As the target began to move at 4°/second ,
the mean accuracy degraded to 11 mr . When the su bject began to experi-
ence vibration too , the mean accuracy degraded to 13.3 mr. An increase
of target speed to 8°/second caused the accuracy to further degrade to
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- - 16.3 mr. The percentage changes were 217 ., 283~ , and 366., respec-
tively, from the stat ic case. The target speed factor accounted for
such an overwhelming portion of the variation that the factor inter-
action involving target speeds have F ratios less than one.

The target speed x eye dominance data (Figure 20) show the domi-
nant eye performance is better than the non-dominant eye performance
at all target speed conditions. The improvement seems to be absolute
rather than a cons tant percentage across all target speed conditions.

The target speed x helmet weighting data (Figure 21) show less con-
si stency.

The subjects performed better with the asymmetric helmet weight-
ing in the static and low speed conditi ons , better with the symmetric
helmet weig hting in the test condi ti on , and about the same in hi gh
speed condition .

The helmet weighting x eye dominance data (Figure 22) show per-
formance differences of about 10~

’ from the best to worst case , dominant
asymmetric to non-dominant asymmetric , respectively. It is surprising
to see the asymmetric weig h tin g performance i s better for the domi nan t
eye condition.

The three-way interact ion of target speed x eye dominance x helmet
weighting is not statistically significant (p <0.76); the data (Figure
23) once again show the target speed variability overshadowing other
differences . The eye dominance differences are somewhat less obvious
but , nevertheless , seem to exist.

The analysis us ing subjects as a factor will now be discussed .
The rationale for includin g subjects as a factor is--if individual
differences are a source of great variation , this is an important
factor to be investigated by itself and in its interactions with the
other factors . If some subjects perform better with one combination
of factors and another performs better wi th another combi nati on ,
valuable information is obtained for the hardware developers that
should not be discarded .

Figure 24 shows the subjects do perform differently (p <0.001),
as one might expect. The range is from 9.1 mr to 12.5 mr , a 37% dif-
ference from best to worst on the average.
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The eye dominance x subject data (Figure 25) illustrates the sta-
tistically significant interaction between the two factors (p -0.001).

Subjects 1 , 3 , and 5 performed better with the domir lant eye ari a
subjects 2, 4, and 6 performed better with the non-dominant eye . The
helmet weighting x s~- ’ject interaction (Figure 26) was also statisti-
call y si gnificant (p ~0 O0l).

Subjects 2, 3 , 4, ari d 6 performed better with the symmetrical
weighted helmet while subjects 1 and 5 performed better with the
asymmetrically weighted helmet.

The target speed x subject data is shown in Figure 27. The
interaction is statistically significant (p -~O .OOl).

The maximum aiming/tracking error for all subjects is at most
4.25 mr for the static condition . The errors for the test target
speed cond iti on ran ge from 6 .4 mr to 12 .4 mr; the low data ran ges
from 11.3 mr to 15.5 mr; and the high data from 14.1 mr to 18.9 mr.
The overlapping ranges contribute to the statistical si gnificance
of the interactions .

The three-way i nterac ti ons , target speed x eye dominance x
subjects and target speed x helmet weig hting x subjects , are not
statistically significant (Figures 28 through 35).
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C A S E  I
T AR GE T SPEED X HELM EI WEIGHT X SUBJEC T
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FIGURE 35. Case I , Target Speed X
Helme t We i gh t X Subject - High

The variab i li ty attrib uted to target speed oversha dows the less
consis tent d i fferences at tr i buta b le to the other fac tors in these
i nteractions . The eye dominance x helmet wei ghting x subject inter-
action (Figures 36 and 37) is statistically significant (p <0.O01)
because some subjects performed their best with the helmet wei ghting
and eye configuration with which other subjects performed their
worst .
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For exam ple , subjects 1 and 5 performed best with dominant eye ,
asymmetric weighting. Subjects 2 and 4 performed their worst with
the same comb ination. The inconsistent performance by subjects
across other factors is the reason for the statistical si gnifica rce.

The same rationale is applicable to the eye dominance x subject
x helme t weighting x target speed interact ion (Figures 38 through 41).

C EYE DOMINAN CE X SUBJECT X HELMET
• 

20 
WEIGHTING X TARGET SPEE D (STATIC)

Is
Snz
.4

I’
.4

14

C-
V
.4

S O C  S # 2  S # 3  5 64  5 0 5  50 6 56 1 S # 2  063  0 0 4  5 0 9  9 0 0
DOMINANT NONDONC HANT

FIGURE 38. Eye Dominance X Subject X
Helmet Weighting X Target Speed (Static)
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EYE DOMINANCE X SUBJECT X HELMET
WEIGHTING X TARGET SPEED (HIGHI
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FIGURE 41 . Eye Dominance X
Subject X Helmet Wei ghting
X Target Speed (High)

This interaction is also statistically significant (p <0.001);
the variability attributed to the target speed factor is predictable
and consistent; the variability attributed to the subject factor is
not predictable or consistent. This inconsistency is important to
note from a practical viewpoint. We knew a priori that people were
different , but we did not know that each subject would have a pre-
ferred helmet configuration , i.e ., that which provided the greatest
accuracy—-not that wh ich subjectively pleased the subject most.
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CASE II

The aiming/tracking performance was not statistically different
with the sling or formfit suspension (p <0.321) (Figure 42).

Neither was the effect of symmetrical or asymmetrical hel Ilet
weighting (p .0224) statistically si gnificant (Figure 43).

The performance was statistically different for the four levels
of the target speed factor (p <0.001 ) (Figure 44).

The accuracy at the test condition is changed by 266L from the
static condition . When the subject beg ins to vibrate , the accuracy
change from the static case is 338~. The change from static to high
is 455~ . The average accuracy at static , test , low arid hi gh is 3.5
mr , 10 .6 mr , 12 .7 mr , an d 16 .1 mr , respectively. The target speed
factor accoun ted for an overwhelmin g porti on of the var i a ti on of
the means . The interactions again have F ratios less than one;
there fore , the interactions are not statistically significant.

The target speed x suspension data (Figure 45) show a reduc-
tion in accurac y as target speed increases . The sling suspension
seems to be better than formfit , but the difference was not sta-
tistically significant and the interaction of these two factors is
not statistically significant (p < .989). The target speed x helmet
weighting data (Fi gure 46) show also a reduction in accuracy as
target speed increases.

The symmetric performance seems to be better th an the asym-
met ri c per for mance , but the difference was not statistically si g-
nificant. The helmet weighting x helmet suspension data (Figure 47)
show the accuracy about the same for the symmetric and asymmetric
formfi t sling suspensions.

The target speed x helmet weighting x suspension interaction is
not si gnificant (p <0.56). The data (Figure 48) show the overwhelming
effects of the target speed factors and overshadows the differences
contributed by the other factors .

The interac tion is statistically si gnificant (p <0.001). The
conditions which led to the best aiming /tracking performance for
some subjects resulted in the worst conditions for others . This
si tuation is important to consider from a practical viewpoint as dis-
cussed in Case I. If some subjects perform best using a specific
helme t conf i gura ti on an d others per form the i r bes t us i n g a diff eren t
confi gurat i on , the desi gners s h o u l d  no t ex pec t one of the des ig ns to
be most efficient for all in di vi d uals .
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T A R G E T  SPEED X HELMET W EIGHT X SUSPENSION
2 0

~~~~~ I 6

14

_  I
S T A T I C  l i S T  L O W  1410 CC

FIGURE 48. Target Speed X
Helmet Weight X Suspension

The analysis with subjects as a factor will now be discussed .
The same rationale for using subjects as a factor applies as in Case
I .  When the subject factor is used to account for more of the with-
in cells variation , the helmet weighting factor becomes statistically
significant (p <0.009). Figure 49 shows that the subjects do per-
form differently (p <0.001), as in Case I (Figure 24). The range is
from 9.0 mr to 11.7 mr , a 30 — difference from best to worst.

The two—way interactions involving subjects are statistically
significant (p <0.001 ) because of the inconsistency in the subject
performances. The subject x suspension data (Figure 50) show sub-
jects 1 and 3 perform better with formfit and subjects 2, 4, 5 , and
6 perform better with sling suspension .

The helme t weighting x subject data (Fi gure 51) show subjects
1 , 2, 3, 4, and 6 perform better w it h symmetr i c we i ghting; subject
5 performs best with asymmetrical helmet wei ghting .
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HELMET WEIGHT X S U B J E C T
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FI GURE 51. Case II , Helmet
Weig ht X Subject

The target speed x subject data (Figures 52 throug h 55) indi-
cate each subject performs about the same in relation to the other
subjects at all levels of target speed except static.

This inconsistency in the static data resulted in a statisticall y
significant interaction . Analyzing the helmet wei ght x helmet sus—
pension x subject data (Figures 56 and 57), some subjects performed
better with the same helmet confi guration; other subjects performed
worse.
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Subject 1 performed best with asymmetric form fit while subject 3
performed worse with the same configuration. This interactio n is
statistically signi ficant (p <0.001 ) because of this type of incon-
sistent performance.

The target speed x helmet weight x subject interaction (Figures
58 through 61) is statistica lly significant (p ~0.005). The data for
the static speed do not follow the trends shown by the same subject
at the other target speed conditions. This inconsistency causes the
statistically significant interaction.

CASE II
TARGET SPEED X HELM ET WEIGHT X SUBJEC T

20.
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FIGURE 58. Case II , Target Speed X
Helme t Wei ght X Subjec t
(Static)

70

_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



31<

I • ‘0
L~~~ ____________ - a)

C) 12)
CA 

C C ’ l

r L/)—
I 1 C . . ’ C C O  

*
— +.‘ O

a)....)
- ~~~~~~~~~

-C— OS

- 
~~‘ ‘ “ ‘  

50 4’IC ,C ,. .C 5 
6 13)

, ICISSO C CO ., 0

5) 5 5  
5r 

C

C - i I 3, 0,5 ‘—I C)
1 c/T

5< I 
to 13)

I 7 I I C ’ C C .  SC I/I 31<
r - TO

A. I l~~5” C I  •

_______________________________________ - 
C))

0 
1 I-~~. C S . , C 5

LU 4-’
0 — • ., • o ~~~~a)s. - - - - -

c-_i l.-

(SNVIQ V 6I11IW } A )Y ~ fl )~ Y ONI)I)Y~ i/ ONIWIY

— 
>(

2 

r~ 

C C

(SNvPav ~I11IW) A )Y ~ fl ))Y ONI)I~ Y Wt /O NIW IY LU ~~

71

_ _  _ _ _ _ _ _  -~~~~~
-
~~~~~ - . . —.

~~~~~~~~~
-- - --  — -

~~~~~
--



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-- C- _ _ _  _ _ _ _ _ _

— 
C A S E  I I

T A R G E T  SPEED X HELMET WEIGHT X SUBJECT
2 0 ’

.!!~~~~~~~~!!!~~~~~~~~~~~~~ Lu!

L

T U S J # I  S U B J * 2  S U I J # 3  S U S J # 4  5 < 5 ) 1 5  S U B J O Ô

141044

FIGURE 61. Case II, Target Speed X
Helmet Wei ght X Subject (Hicih)

The target speed x subject x suspension data (Figures 62 throug h
65) did not show stat istically significant interact ions; the data are
cons istent.
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The suspension x subject x helmet weighting x target speed data
are presented in Figures 66 through 69.

SUSPE NSION X SUBJE CT X HELMET
WEIGHTING X TARGET SPEED (STATIC)
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FIGURE 66. Suspension X Subject X
Helmet Weight in g  X Tar get Speed (Sta ti c)
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S U S P E N S I O N  X S U B J E C T  X H E L M E T

W E I G H T I N G  X T A R G E T  S P E E D  NIGH)
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FIGURE 69. Suspension X Subject X Helmet
Weighting X Target Speed (Hig h)

CONCLUSIONS

Even though some factors were statisticall y significant , the
only factor showing practical significance was target speed . The
da ta ob ta ine d a t ea ch of the four  l eve l s  of th i s factor are of
considerable practical interest. The basic head aiming error of
about 3 mr (pooling all other factors ) is an important huma n per-
formance capability to quantify . This error increases drasticall y
as the subject is required to track the moving target; the track-
ing error increases by more than 25O~<. Unfortunately, data were
not collected with the target static and the subject vibratin q .
The additional error contributed by the subject vibrating , in
addition to the target moving at 4G/second , amounts to only about
20-I The psychomotor demands of tracking a target with overt head
moti ons seem to be much more deman d ing than s i mply a imi ng ~t a
fixed target. The additional instability attributed to the vibra-
tion added only 201 error . The additional error added by moving
the target twice the rate (from 4’ /second to 8°/second) is abo t
26 -
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APPENDIX A

EYE DOMINAN CE TE ST
By

Isaa c Be ha r , Ph.D.

APPARATUS

A modified Dyer sighting ocular dominance test was used . This
consisted of a black matte board , 24-inches wide by 19 1/4-inches high
which had a centered rectangular opening, 3/4-inches wide by 2-inches
high. Extending away from the opening was a 2x2x22 inch long paral-
lelep i ped black tube which had at its far end two cutout forms , a
circle and a triangle. Each cutout was covered with Polaroid HN-32
pola r i zer , but with orthogonal axes of orientation . A second component
consisted of a pair of goggles in which each eye lens was replaced with
pola r i zers , again with orthogonal axes. When the goggles were worn
and the distal end of the tube si ghted throug h the opening, onl y one
of the two forms was seen . When the opening to the tube was aligned
with the right eye , the triangle was seen; when alignment was with
the le ft eye , the circle was seen .

PROCEDURE

While the observer wore the polarizing goggles , the eye dominance
test board was placed in front of him below waist level . He was in-
structed to grasp the board with both hands , lift it to eye level ,
view throug h the opening , and report which form was clearly visible.
This was repeated three times with instruction to hold the board at
arms length , mid position , and close to the face.

RESULT S

Subject 1 - Left eye dominant (weak)

Subject 2 - Right eye dominant

Subject 3 - Left eye dominant

Subject 4 - Right eye dominant

Subject 5 - Left eye dominant

Subject 6 - Right eye dominant
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APPENDIX B
I

t HELMET CENTER OF GRAVITY (CG) DETER~-’I NAT I Ot~
By

Ted Hundley , r a E

Two hel ”et conditions relative to CG location were to be testec.
The first condition was to be with the he lI~et CG locdted at a point
corresponding to the CG location of a regular size SPH-~ hel ’iet wi th
norma l offset due to suspension adju stiaent. The second ~c~nd it ion SOS
to be the addition of a one pound weiqht mounted on the lc~-ier exterior
part of the hel l Iet s hell

P r e v i o u s  measurements using a test device belo na in g to Dayton T .
P rown Corporation had established a CG location for the SPH-4 recu lar
s i ze h el~’iet. This device uses an AFL—3 rie d ium size head ‘cr C -,n~ch is
balanced about a point representin o the CG location cf a fiftieth ~er-centile adult male ’ s head and neck . All helmet CG ‘- ‘easurements ~- i l l
be referred to an axis systeln using this point as its origin. Definin a
a three axis coordinate system orig inating at the balance point with
the positive X-axis exiting through the face , the positive Y-axis e:~- i t-
ing through the right side of the head, and the positive Z-ax is exiting
through the top of the head , the coordinates for the CG location of a
regular SPH-4 are as follows : X = - .72 in., Y = - .25 in. , 7 = ±2 .1 in.

Dayton T. Brown s device was not available at the time of the
test , and a duplicate device being built by USAARL was not completed
and tested . Therefore , an alternate method of locati no the CG of the
test hel i’iet at the desired point had to be devised. The I’lethod used
was a needlepoint on which a regular SPH-4 was balanced in all three
pl anes . When a balance point in one plane was located , its position
was marked on the helmet e~5terior. The locations of the three balance
points were then transferred to the test hel i~et. Counterwei ghts were
then added to the test helmet until it was balanced about the trans-
ferred po ints. Th- as , the CG c~ the test he l- ’et was “ode to Co~~or~ to
that of a regular SPH-4 .

The shift in location of the helmet CG due to the addition of the
eccen tr i c wei ght was deter’iciined by calculations. The physical location
of the eccentric weight on the hel l- et was r-Ieasured in relati on tic

known points and then transferred to a drawing showing tm physical
location of the helme t elements to a fiftieth percentile head-neck
CG location. This located the CG of the eccentric weight in relation
to the CG of the head-nec k - The resultant CG location of the hel -iet
and the eccentric weight were calculated to be: x = — .50 in..
V = +1 .03 in., Z = +1.47 in.
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