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Whole-body Vibration Levels Affecting Visual Acuity.

By: M.J. Griffin, Ph.D. August, 1973

Institute of Sound and Vibration Research, University of Southampton.

ABSTRACT

A visual task has been devised to investigate the effects of whole-body
vibration on eye-movements and vision. This tasx is the detection of
retinal blur and is considered to be as sensitive as any suitable alter-
native measure of visual acuity.

Minimum levels of vibration reuired to produce blur have been datermined
under several conditions of object and subject vibration. The present
experiment employed vertical sinuscidal vibraticn (7 to 75 Hz) and dem-
onstrates a large intersubject variability in the levels of whole-body
vibration required to produce blur. This variability has beer compared
with the potentially large intrasubject variability due to changes in
body posture.

The experimental results have led to the tentative recommendations of

vibration levels below which vibration is not noimally expectad to re-
duce visual acuity.

l.  INTRODUCTION

The determination of the effect of whole-body ~vibration

on visual acuity has been a stated objective of approximately fifty
previous whole-body vibration experiments., The findings from these
earlier experiments are reviewed elsewhere (Griffin 1972) and the pre-
sent paper will solcly detail one experiment designec to provide informa-

tion in an important area not previously investicated.

The experiment to be described was designed to determine the character-
istics of seat and head vibration at the lowest vibration levelsthat
could cause decrementsin visual acuity. The experiment employed verti-

cal sinusoidal vibration in the frequency range 7 to 75 Hz.



2. RELEVANT VARIABLES

Vibration frequency, level and axis are obvious factors likely to
affect human response to vibration. Other factors, such as body
orientation, body posture, the nature of the seat and the type of
restraint can also affect the distibution of vibration within the
body. Further variables relevant to a visual acuity experiment are
the nature of the visual task, how performance at the task is scored,

brightness,contrast, viewing distance etc,

The experiment to be described employed conditions chosen to be simple,
clearly defined and -repeatable.

Subjects were exposed to vertical, sinusoidal vibration on a hard flat
wooden scat., (Distortion levels -and background vibration were low and
have been shcwn to be insignificant in the context of the experiment).
The feet of subjects rested horizontally on a stationary foot rest
adjusted vertically so that the subjects' thighs were horizcntal. Sub-
jects were not restrained by a belt or harness. Noise levels were 50
to 55 dBA and temperature 18 to 23° C,

The visual task consisted of detecting the movement on the retina of
the images of four 'points' of light. The four sources of light were
20 feet infront of the subjects and located at the corners of a 20 cm
square. The light sources consisted of four 0.012 inch diameter holes
in a stainless steel sheet. The holes were illﬁminated evenly from
behind at a level of approximately 400 lux. The illumination in the
iahoratory was adjusted so that after about 10 minutes dark adaption
subjects would be able_to see sufficient defail to'leave the room in

an emergency,

3. VISUAL BLUR AND VISUAL ACUITY

Visual acuity is a quantity that is highly dependent on the method of
measurement. In consequence, measures of acuity must bc accompanicd
by a description of the measurement method. Further, acuity tasks are
often without clear characteristics which enable the use of results
obtained. from one task in predicting effecls with another task, Visual
"blur was chosen for the present experiment because it is any easily
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repeatable task, it tests a definable pruperty of the visual system
and it is equally sensitive to motion in the vertical and lateral dir-

ections.

Blur will affect the quality of an image but may or may not render detail
indiscernible, The vibration level that produces a particular type of
blur will affect other measures of acuity in a manner that depends on

the acuity task, illumination, contrast, vibration frequency and axis
etc. Thus, while the blur of a point source of light is largely a
charactertistic of the motion of the image; most other measures of acuity

will depend on both image motion and the form of the test object.

It is believed that the detection of blur has a sensitivity which is
equivalent or greater than that of other visual acuity tasks. The

knowledge of levels that produce blur may be applied directly to the
assessment of some'practical visuval acuity tasks and, indirectly, to

many other visual tasks.

4, EXPERIMENTAL DESIGN

Twelve male research workers from the University of Southampton acted
as subjects, Their ages ranged from 21 to 35 years, heights 68 tov74%
inches, weights 140 to 1941lbs, Snellen visual acuity 6/5 or better (in
tested eye). Six subjects were tested with the right eye and six with
the left. The eye not being tested was covered by an eye patch.

In brief, the balanced experiment required that for each vibration fre-
quency the subject should adjust his posture to produce the sensation

of maximum vibration at the head. He then adjusted the vibration level
at the seat untii it was at the minimum level that produced a definitel
blurring or movement of the points of light due to the vibration. This
is called the 'blur level’. (With prectice, subjects generally found
this a reasonable request.) This procedure was relicated six times at
the fifteen frequencies of 7,10,15,20,25,30,35,40,45,50,55,60,65,70 75 Hz.
(The subjects were tested at all these [requencies belween Llhe replica-

of each frequency.)



Throughout tha2 experiment the vertical vibration of both the seat and
the head of each subjact were monitored. (The latter was achieved with
a har held by the subjects' teeth.) In addition,lateral head motion was
monitored for subjects 1 to 4, fore and aft head motion for subjects

5 to 8 and pitch head motion for subjects 9 to 12,

5. EXPERIMENTAL RESULTS

The mean vertical vibration levels at the ceat and the head of each
subject at the blur level &re shown in figure 1. (The data for subject
6 is incomplete since above 40 Hz the level of seat vibration required
by this subject was greater than the predetermined maximum level per=-
mitted by the experimenter. For the same reason the data for subject 11
is based on only three or four judgements at some frequencies. The res~
ults obteined from subjects 6 and 11 have been eliminated from the foi-

lowing statistical analysis.)

Fiqures 2a and 2b show the mean and standard deviation of vertical vib-
ration at the seat and head of the ten subjects. The standard deviations
jndicate large intersubject variances at all frequencies. Multifactor
snalyses of variance have shown that the blur level depends significantly
on vibration frequency at the seat (P<0.001) and at the head (P<0.05).

There is no main effect due to the repetition at each frequency.

It may be observed from figure 1 that relevant resonances are highly
characteristic of an individual, Table 1 show that for vertical head
acceleration the frequency of maximum sensitivity varied from 25 to 70 H:
between individuals and no more than two of the twelve subjects agreed

on which frequency was the 'worst!'.

(Note:These minima are defined as frequencies at which the blur level
is less than at the two adjacent frequencies. There are therefore no
entries for 7 or 75 Hz although all but two of the subjects gave a
lower setting at 7 Hz than 10 hz,)



MAD VISATION AT subgCT ong  VERTICAUSEAT \iseamion  9/mwh,  PEAD VIBATION At p—— VERTICAL SIAT VIMATION & VIRTICAL HEAD VIBATION (00 e VERTICAL SEAT V'SATON

yom L tevee § o AT BLR Vel ] BLLR LEVEL . 9 rm AT BuR tEVEL AT BLR wvEL Pye AT BLR UVEL
. ~ VER"ICAL HEAD S a0 VIRTICAL HEAD . S & AT MOUTH
—_— 3
a1 il v ATION oe 02 VIBRATION (L] 02 L "= 0o IN FRONT OF ot
Semmmms AT{TAL MAD : Smmmma FORE-AND -AFT MEAD MOuH =
VIBRATON oo VIMATION sel. /\ ool
.| A"\
e e o : Ll o . edp= o) \ o4l
. <+
' &2 W " g > o=
o 4;:; et | o L2 ° L L L M ol 1 11 1 TR IO N N B TR S T 1 S0 S0 0 NE S Y SA Y
. SUBECT TWO SUBXECT SIX SUBECT TEN
" . rof —~
08 o2 L - o8l 02 ool
' . [ ) 06t A [
[ ‘ N
o4 ! L. . 0 o1 | ¢ 04
e
=
”, 0 \ 02 AN 02
p g
o LTI 1 1 3o PSS nll T OO S N N O 7 S0 N N SN A T AU N R AT B B S S BT,
§ SUBILCT TheE SUBJECT SEVIN . SUBNCT ELEVEN
[ : I‘OJ._
o
. ol oo o2 b ot 02 b ot he
: > : - !\\ oo ' oo |-
o1 e o o |- oul o b . ealo _
. o S ™~ . o /A.'\W o2}
Y Wy =20 S SO SRS SN UK IS SN NN S A NS B IO I T I I | 10 ] L1 L 14 S S S TS TS S A 1) | I S N N |
SUBIECT FOUR E susseT oMt SUBCT TWELVE

1

¢ o8l
°'°[‘“ 06 b
0 dpm 0t} ’
0= 02}
ded O i S T N SN S T | 0 ittt 1 1t Jo N I S T |
0 10 0 0 4 0 & N & 10 20 X 40 ¢ o0 T 8 0 0 H N & X X 0 w0
He Mz ~y

Figure 1. Mean levels of seat and head vibration at blur level
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TAZLE 1,

The location of frequencies of maximum sensitivity

to vertical head acceleration.

FREQUENCY, Hz 15{20125]30[35]40]45]50|55}60|65|70

MUMBER OF SUBJECTS
WITH ABSOLUTE MINIMA

NUMBER OF SUBJECTS |,
WITH LOCAL MINIMA |~

The data obtained on ncn vertical head motion will not be presented in

this paper.
6.  DISCUSSION

A separate experiment conducted with the twelve subjects used in the pre-
sent experiment determined the effect of body posture on the transmissibility
of vertical vibration to the head. This data is shown in figure 3 together

with the transmissibility determined in the present acuity experiment.

The mean effects due to changes in posture are greatest at 45 Hz where
head vibration is six times greater in the severe posture than in the
less severe posture. This six to one range due to intrasubject variability
compares to an approximate ten to one range due to intersubject variability

in the level of seat vibration required to produce blur,.

The mean values of seat vibration that produced visual blurrihg (figure 2a)
represents the vibration level at which about 50% of the subjects observed
~ perceptible blur when sitting in the severe posture. The adoption of less
severe postures would result in fewer subjects perceiving a blur and, in
the least severc posturc, this mecan level would have rarely produced

blurrinjg.
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Figure 3. The mean and standard deviation of transmissibility of twelve
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vibration for two extreme postures. (Dotted line indicates

the transmissibility measured during the present experiment.)

The experimental data suggested that "vertical seat vibration levels

whica exceed taose mean leveéls ‘shown in figure 2a (and replotted in

fiqure 4) may. dépendinq oh the subjeci, the seat and the visual task,

present problems of visual acuity”.

Also shown in figurc 4 is a similarAboundary obtained, from a separate
experiment, for thc vibration of an object in front of & stationary

observer., These reccommended levels of object vibration are partially
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7. CONCLUSIONS

Experimental results have led to the tentative recommendation of vibra-
tion levels below which vibration is not normally expected to reduce

visual acuity.

The experiment revealed a considerable intersubject variability and &
very much larger subject sample is required for the determination of a
useful distribution of blur levels. It would be technically possible

to determine the vibration levels that would produce blur in chosen
percentiles of the population. However, such precision. will be of pract-
ical value only when the effects of other variables are equally well

determined.,
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