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SUMMARY

Dynamic characteristics of the unrestrained human head movement control
system are measured as a function of headgear weight and size of the stimulus tra-
jectory envelope, The coherence, gain and phase spectral characteristics are un-
affected by variations in the weight of the helmet and associated head line-of-sight
measurement hardware; however, a gain amplitude nonlinearity related to stimulus
visual field size is shown to exisi.

INTRODUCTION

Significant hardware developments during recent years now permit practical,
remote measurement of an operator's head line-of-sight with good accuracy and
reliability. The advent of this practical capability has stimulited numerous proposed
applications of Visually Coupled Systems, control systems which are directed by
natural head movements with feedback information displayed in the operator's visual
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field. The purposc of this investigation of head pursuit tracking wis {o provide
dynamic performance data to aid in the evaluation of the head movement system as
an active controller and to identify important design considerations in the future
development of head line-of-sight measurement systems,

Several Dol agencics and NASA uare seriously considering polential applications
of head-aimed control systems for aiveraft flight control, head slaved simulator
displays, navigation and reconnaissance sensor control, and target designution,
Chouet and Young [1] have shown that a head position measurcement device can be
used as an efficient meuns of controlling vehicular attitude, especially for three-
axis manual control, and other investigations of Visually Coupled Systems [2] have
demonstrated the feasibility of head-controlled sensors and weapon systems.  Head
line-of-sight measurements are also being considered for sclection and control of
aircraft cockpit information displays and as a means of providing accurate bearing
to way points for precision updating of onboard navigation systemns.

All these applications of head control take advantage of the oparator's proprio-
ceptive feedback and utilize the rapid, precise head movement coordination which is
a natural physiological activity in man and is coupled to his perception of and
reaction to his environment. The resecarch reported herein describes the character—
istics of unrestrained head movement as a function of headgear weight and angular
size of the visual field in which the pursuit task occurs.

METHODS

Experimental Apparatus

A Honeywell Heliet~Mounted Sight (HMS) which measures the operator's
helmet angular line-of-sight in real-time was used to observe dynamic head move-

e

Cmenis,  The lioneywell HMS [3] computed head Une-of-sizht coovdinutes Jrom in-

formation generated by scanning infrared light beams transmitted from fixed-
coordinate "light fans" mounted beside the experimental subject and received by
infrared deiectors mounted on a helmmet worn by the subject. An electronic computa-
tion unit provided analog voltages corresponding 1o the horizontal and vertical
coordiniates of the head line-of-sight. The followinyg three helmet confizurations
weighing 4-1/4, 3 and 2 pounds respectively were used in the experiments: @ Navy
Model 1.G1065; a Phase I, lightweight prototype, Model LG1037; and o modified Air
Force Model 1,G1063 with visor, oxygen mask recepticles and associated hardware
removed to reduce weight. '

The moving target stimuli for the head pursuit tracking were geneiated by pro-
jeeling a laser beam directed by an X-Y mirrov galvanomoeier system onlo & vertical
viewing screen which sublended a visual angle of -+ 20° in Both verdeal and horizontal
axes. The vertical and horizontal inputs to the g:tlv:momctcr system were




uncorrclated and consisted of band-limited, Guussian noise with o hulf-powec band-
width of 3 Hz., The helmetl weight experiments used a ;!_~100 vianal field as the
stimulus Rrojcctionoenvclope,. and the angular field experiments used amplitudes of
+5, +10 and +15° for the stimulus ficld,

The helimet weight experiments were conducted on two experimental subjects;
the angular field experiments were performed on three experimental subjects., For
all of the experiments, one subject was trained and the other subjeets were un-
trained. The angular ficld experiments were performed with both the 2 and 4-1/4
pound helinets; however, since the results were identical, only data for the 2 pound
helmet is presented here, -

DATA ANALYSIS

The data analysis method chesen for investigation of the head movement system
dynamics was power spectral analysis {4, 5], and the frequency information of the
spectral analysis permitted a comparison of the authors' data with those in the
literature., Using power spectral analysis techniques, one may directly compute the
system's linear, input-output transfer function and coherence function which is a
quantitative measure of the credibility associated with the computed linear transfer
function. ' '

It is assuméd that the measured output response, x(t), is the sum of an input
stimulus, u(t), multiplied by the system transfer function, h(t), plus an additive
noise source, n(t), which is uncorrelated with the input.

x(t) = h(t) u(t) +n(t)
Eln(t) u(t)] = 0; 0<t<T

Performing a Fourier transformation of the input and output variables and converting
to power spectra

G =HG + G
ux uu

¢ nx
where 'Guu = auto-power spectrum of u(t)
Gux = cross-power spectrum of u(t) and x(t)
an = cross-power spectrum of n(t) and x(t)
E[ ] = expected value operator
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Assuming that n(t) is uncorrelated with x(t), and n(l) is zero mean, Guussian
noise, then the use of ensemble averaging for the auto- and cross-power spectra for
many scgments of frequency compututions causes Gn to approuch zero. Therefore,

. X

G =HG
ux uu
and
Eut
H =— :
G
uu

where G denotes the ensemble average,
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The coherence function, vy , is defined as
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where Gxx = auto-power spectrum of x(t).

The coherence function is the proportion of input power contained by the output
power spectrum and is a quantitative measure of the linear causal relationship
between the input and output of a system,

Input-output cross-correlations were computed to determine the time delay of
the output response relative to a given input stimulus. The lag time corresponding
to tne maximum valuz of the cross-correlation function is considered as (b2 time
delay of the measured input-output relationship.

The following time responses were recorded: horizontal stimulus, vertical
stimulus, horizontal head movement response and vertical head movement response,
For cach of the stimulus-response pairs, cross-correlation functions, coherence
functions and transfer function guin and phase angle spectra were computed so that
direct and cross-coupled characteristics of cach coordinate axis could be determined,

RESULTS

Helinet Weight

Data recorded from the helmet weight experiments showed no appreaviable

e




differences in the colicrence, phase angle or gain characteristics when HAIS helmat
weight was inercased, The speciral chavractevistics for two subjects are shovn on
Figures 1 through 6, and these curves show no appreciuble diffovencoes bheiween
helmets of different weight,

Lascd upon the definition of half-power bandwidth which is the frequency
region in which the input-output sizgnal power transfer function remains above 0.5 of
maximum signal transmissibility (Bendat and Piersol {4] ) and forming an analogous
definition for the coherence function where a coherence value of 0.5 is analogous to
the half-power point, the bandwidth of the head movement system was found to be
approximately 2,0 Ilz.

The transfer function gain varied between 0,3 and 0.4 for horizonial move-
ments and 1.0 and 1.5 for vertical movements (figures 3 and 4). One can easily
obsecrve that the vertical gain was much greater than the horizontal gain, and these

"results agree with those of Shirachi and Black [6].

The phase angle curves showed no differences as a function of increasing
helmet weight (figures 5 and 6), and the phase angle was a linear function of fre-
quency as determined by a linear least squares fit of tlie data points with a correla-
tion coefficient greater than 0, 98,

Visual Field Size

In contrast with the results for the helmet weight experiments, there was a
significant effect of visual field size on the transfer function gain (figures 7, 8 and 9).
An increase of visual field size produced sizeable increases of gain throughout the
response bandwidth of the head movement system. It should also be noted that the
vertical gains were always g]g‘eater than the horizontal gains, just as in the helmet
weight experimentis. The +5 siimulus envelope produced cuite small guéns in the
region of 0,07 to 0.15 (horizontal) and 0.2 to 0.7 (vertical) und the +15° euvelope
produced gains of 0.6 to 1.5 (horizontal) and 1.1 to 3.0 (vertical), These results
indicate that an interaction exists between the transfer function gain and size of the
stimulus visual field, '

The coherence functions for the visual field experiments were similar to those
for the helmet weight experiments. Stimulus amplitude appeared to have negligible
effect on coherence (figure 10a),

The phase angle curves also showed no amplitude effects (figure 10b), and they
were lincar with frequency just as in the helmet weight experiments. However, the
phasc angles in the high frequency region ncar 1.5 Hz showed less phase lag than the
phase curves for the helmet weight experiments.,




CONCLUSIONS

The head movement system had previously been thought to exhibit linear be-
havior which can be modeled by a constant gain term in series with a time delay
element (Shirachi and Black [6]). llowever, new experimental evidence which
shows an amplitude-dependent trangfer function gain relationship has been prescented
in this paper which appears to challenge the linear model of Shirachi and Black, The
invariance of the coherence and phase angle characteristics with stimulus field size
combincd with an amplitude-dependent gain characteristic do not conform to the
lincar system model. It is not readily apparent what mechanism or mechanisms are
operating to produce the amplitude-dependent behavior presented here. Transfer
function gain may be influenced by head and eye interaction at small stimulus ampli-
tudes, Another probable factor is target angular velocity which varies as a function
of stimulus amplitude when the forcing function bandwidth is constant, However,
future experimentation is necessary in order to provide sufficient data to explain the
transfer function gain behavior. '
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Figs. 1 and 2

Coherence functions for two ¢.perimental subjeclts wearing various weight
headgenr.

Figs. 3 and 4

Transler function gains for two experimental subjects wearing various weight
headgeur,

Figs. S and 6

Transfer function phase lag for two experimental subjects wearing various
weight headgear,

Figs, 7, 8 and 9

Transfer function gains for different stimulus field sizes for three experi-
mental subjects. '

Fig. 10a
Coherence functions for different stimulus field sizes.

Fig. 10b

Transfer function phase lag for different stimulus field sizes.
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