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(ABSTRACT)

The line-of-sight angle (LOSA) was investigated
for a simple tracking task. The distance from the
eves of the subject teoc the image was varied through
the use of optical lenses. The subject was seated in
a chair with 5 different back angles: 90 degrees,
111.6 degrees, 1325 degrees, 158.5 degrees, and 177.1
degrees. No significant difference in the selection
of LCSA was found between image distances of .5%
meters, 1 meter, 2 meters, and infinity. The sub-
jects! selection of LOSA was affected by the change in

seat inclination angles.
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CHAPTER I: INTRODUCTION

PURPOSE

Simply observing the side of a worker at a desk
or a pilot at the controls shows that usually both the
head and the eyes are rotated downward Zrom the hori-
zon. This combined angle of rotation Is known &as the
line of sight angle (LOSA). Quantifying the amount of
rotation 1s important when considering the placement
of instrumentation and images for optimal viewing.
When considering helmet mounted displays (HMD), the
head rotation is unimportant since the helmet and dis-
plays move with the head; only eye rotation needs to
be considered.

In her dissertation, Hill (1988) recommends not =
single LOSA, but a range of angles that change with
viewing distance and seat position. To make a recom-
mendation for the HMDs, further research is needed to
better define these angles. This experiment expands on
Hill's work and attempts to define the relationship

between chair back angle and image distance and LOSA.
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REVIEW OF LITERATURE

Ocular Muscles

Six extra-ocular striated muscles =re attached tc
the outside of the orbit controlling its movements.
These muscles the medial (internal) and lateral
{external) recti, superior and inferior recti, and
superior and interior oblique muscles {see figure 1).

The largest of the extra-occular muscles 1s the
medial rectus muscle which, when paired with the lat-
eral rectus muscle, provides adduction and abduction
(yaw) of the eyes. When the eye is pitched downward,
these two muscles act to further rotate the globe in
addition to providing horizontal movements. Likewise,
when the eye is pitched upwards these muscles act to
further rotate the globe upwards.

The superior and inferior recti muscles are pri-
marily responsible for eye rotations in the sagittal
plane (pitch). Due to their angled line of action (23
to 25 degrees from the vertical plane through the line
of sight when the eyes are in the straightforward
position), they also provide some secondary torsional

movements (roll).
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FIGURE 1

Extra-Occular Muscles for the Right Eye



Whereas the four rectl muscles originate in a
common ring-shaped tendon at the apex of the orbit
{annulus of Z2inn), the oblique muscles =2ffectively
originate at the anterior medial corners of the orbit.
When the eye is in a straightforward position, the
obliques have a line of action of about 55 degrees
with respect to the line of sight. As =z result, the
oblique muscles primarily provide torsicnal movement.
However, when the globe is rotated horizontally, the
obligue muscles control secondary pitch and yaw move-
ments (Alpern, 19862; Carpenter, 1977).

The current study 1is concerned with pitch move-
ments of the eye; therefore the primary muscles
involved are the superior and inferior recti muscles.
However, the remaining two muscles groups also con-

tribute to the vertical movement.

Line of Sight

The line-of-sight angle (LOSA) is the angle at
the eye between a line drawn from the eye to the cen-
ter of an object and the horizontal plane. A positive
angle denotes a line of sight above the horizon and a
negative angle denotes a line of sight telow the hor-
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izon. Hill and Kroemer (1986) defined _OSAF as the
angle between the Frankfurt Plane and the line of
sight. The Frankfurt Plane is established by passing
lines through the lowest points of the left and right
orbits (eye sockets) and the right tragion (approxi-
mately the ear hole). This reference moves with the
head, and allows measurements to be taken regardless

of head or chair position.

Range of Motion

MIL-STD-1472D states that a "normal"”" line of

ot

sight for an upright worker 1is -15 degrees from the
horizon. Further, the motion of the eye in the sagit-
tal plane ranges from 40 degrees above the normal line
to 20 degrees below the normal line. Switching to the
horizon as a reference, the resulfting cccular range of
motion is +25 degrees to ~35 degrees from the horizon
(see Figure 2).

Ripple (19%2) found that the near znd far point
of vision varied as the eye pitched upward and down-
ward. Studying only monocular visicn, accommodation
increased as the subjects looked below the horizon and

decreased as the subjects looked above the horizon
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FIGURE 2

Line-of-Sight Angle



(9.42 diopters at 20 degrees above the horizon and
12.42 diopters at 40 degrees below the horizon). The
same phenomenon was found with far visicn; however,
the change in accommodation was not as noticeable
(1.50 diopters beyond infinity at 20 degrees above the
horizon and .45 diopters before infinity at 40 degrees

below the horizon).

Line of Sight Determination

Depending con the type of work and experimental
set-up, estimations of line of sight range from 6
degrees to 65 degrees below the horizon for an upright
seated worker (Konz, 1990; Povlotsky and Dubrovsky,
1988). Head rotation accounts for a portion of the
angle and the remainder is due to eye rctation.
Although the experimental part of this study is only
concerned with eye rotation, the following discussion

includes studies which examine both factors.

Eye Rotation

Hill and Krocemer (1986) examined the effects
of 4 different head pesitions, 2 visual %tasks, and 2
target distances con the LOSA (Kroemer and Hill,
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1986). They found significant differences in the pre-
ferred LOSA due to head position and image distance.
The angle flattened as the task display panel was
moved from .5 meters to 1 meter (-37.6 degrees to
-30.2 degrees, respectively). The smallest mean dec-
lination (-28.6) occurred when the subject was
upright, and the largest declination {(-40.3) occurred
when the subject was supine. 5ince the angles were
determined in relation to the head (Frankfurt Plane),
these LOSAs were caused solely by eye rotation.

In her dissertation, Hill (1988) ccmpared the
LOSAs for 2 groups of women with mean ages of 20.2 and
44.8 years. The older group preferred a mean LOSA of
-19.3 degrees over both seat angles, while the younger
group preferred a mean LOSA of -13.3 degrees over both
seat angles relative to the Frankfurt giane. The mean
angle decreased as the backrest reclined (from 98 to
112 degrees). Table 1 provides a summary of Hill's

and Kroemer's principal work.

Head and Evye Rotation

The following references all use the horizontal
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TABLE 1

Summary of Research by Hill and Krocemer

IMAGE BACK ANGLES
DISTANCE 920 98 105 112 130 180
.5m -32.8 -38.1 -36.4 -43.3
HK HK HK HX
1m -24.4 -17.2 -31.0 -15.4 -27.8 ~-37.4
HX H HK H HK HK

HX: Hill and Kroemer, 1986
H: Hill, 1988



plane to determine the LOSA instead of zhe Frankfurt
plane. Since the use of horizon does not rely on ana-
tomical landmarks, the angle includes toth eye rota-
tion and head rotation.

Lehmann and Stier (1961) recommend a mean LOSA of
-38 degrees (+/-6.3 standard deviations® from the
horizeon with the head tilted between -2 and -22
degrees {eyes rotated -14 toc -320 degrees). These
angles were determined by observing seated workers as
they viewed architectural drawings. These values are
close tc the results of Hill's and Kroemer's exper-—
iment.

In a review of current literature, Stewart (1979)
recommends a line of sight -35% to -40 Zegrees from the
horizon for VDT use. Normal head slump and slightly
downward gaze were included in this reccmmendation.

Chaffin (1973) found that tilting -he head more
than -30 degrees "greatly increases'" neck extensor
fatigue rates for young healthy females. However,
over a 6 hour pericd, a head angle of -15 degrees pro-
duced no EMG changes or discomfort. No attempt was
made in these experiments to examine eye rotation.

Grandjean,.Hunting, and Nishiyama (1984) found
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that VDT operators preferred viewing ancles that were
between -4 degrees to -14 degrees.

Ruhmann (1984) assessed posture anc subjective
evaluations of workers seated at adjustable VDT work-
stations. He reports the "normal line cf sight”" to be

-25 to -35%5 degrees below the horizon.
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