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Effect of Chronic Low Level Low Frequency Vibration on
Tracking and Visual Vigilance

MK Vyawahare, B Aravindakshan

Nine mele volunteers weore subjectod to low lovid
vibration for 2 1/2 hours In the frequency range 3-21 Hz, to
see the offects of contnuous vibration expeosure on
Tracking end Visusl Vighance Tasks. The level of
vibratlon was Kep! above that oblained in AN-32 and
HE-748 M ajrcraft  at  frequencles  below 21 He
Compulerdsed lesks of Object Tracking and Viaus!
Vigilance ware presented to subjocts at 12 hour Intervals
on » 14" colour monilor, which was kept at a distance of
75 om fromm the eye fevel, The duretion of the tesk was 2-3
minutas. Parformance of subfects with and without
vibration stress wes determined al sach 1/2 haur Interval
starting from 0 min and evolunled fn terms of time teken
par trial and accuracy on the task,

Performance on these losks wes no! affected
advarsely by confinuous vibratton af low Inlensity. On the
etherhand, Visus! WVigllance Task showed slight
fmprovement under vibration. If the visusl fusks sre not
conlinuous and rast perlod avallable in  belween,
conlinuous low frequency vibralion et levels advocatad
by 150 2631's FOP boundary may net affect the visual
perlormance.

Koy words : Vibratlon Stress, Visval Porformance.
Introduction

Hbfaliﬂ-n i one of the most fJundamental
siresses of an operators environment'. To
avialors i presenls problems due to mechanigal
interference and physical disturbance. In transgorl
planes, helicopters and surveillance planes,
chronic low level vibrations are invariably present,
Vibrations reaching the aircréw has a broad
spectrum in respect of ireguency and energy
content’. However, primary whaole body human
response to wertical vibrgtion is confined to
frequencies below B Hz®. Effecis of intense
vibration on visual perdormance s well
established®. However, the effect of vibration on
performance as a function of time is not well
understood yel. Similarly, effecd of chronic low
level vibration, when mechanical interfarenca is
not predominant, is expected io give faligue
induced effects on pedormance. This paper

presents our findings on the changes on Tracking
and Visual Vigilance Task performance on
exposure o 2 1/2 hours of continuous vibration al
levels higher than those available in 1AF's
transport aircralt as wall as those advocated by
IS0 2631°

Material & Methods

An  electrohydraulic  vibration  simulalor
available at IAM was used in the study, The lavel
of vibration was kept above those obtained In
AN-32 and HS-748 M aircratt al frequancles
below 21 Hz. Vibration frequency and intansily
were sensed by an acceleramelar fitled on o the
plattorm of the vibrator,

An Object Tracking and a Visual Vigilance
Tasks were presenied to the subjects with the
help of a Video Display Unit (VDU) of a PC/XT.
The VDU was placed at a distance of 75 cm from
the subject’s eye level.

MNing male volunteers from the Institute staff
(age : 30:=4.4 years, height 172.9 + 4.8, weighl :
65.6 + 5.0 kg) were 1he subjects in this study. All
the subjects had Snellen's acuity of 20/20 or more
in both eyes. One subject used spectacls for
visual correction. Most of them had previous
exposure o vibration in the simulator and those
whno were not exposed to vibration earlier were
given familiarisation runs. All the subjecls were
given sufficient practice on the tasks 1o get an
almios! error free performance.

Object Tracking Task : The VDU screen
was divided into 4 quadrants and bolh X & ¥ axes
were graduated in units of 5. An  elliptical
boundary was drawn within the rectangular
screen and graduated in degrees; the tolal angle
being 360 degrees. Dilferent geometrical objects
viz., Triangle, Sguare, Parallelogram or Circle
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were made 1o appear in a group of 2 or 4 in the
region surrounded by the axes and periphery of
the ellipse.

The task consisted of two parts. The lirst
part was 1o specity the quadrant, number ol
objects and the objec! that had appeared in a
colour different trom the rest. To indicale the
difterent coloured object, subject pressed T, 5, P
or G for Inangle, square, parallelogram or circle
respectively. The pallern of objects remained on
the screen for 500 ms. The second parl was 1o
locate the co-ordinates of the cenire of the
differant coloured object. For this, the same
paltern appeared once again on the screen and
remained there il the co-ordindales were
specified. With the help of cursor movement keys
ol the computer key board, subject had to bring
"+ marked cursor on to the centre of the different
coloured object and enter X, Y & Theta values.
Immediately after thal another set of objects
appeared and the test continued. The duration of
the trial was 100 sec

2.3 & 5 points were glven for specilying
correclly the quadrant number, number of objecls
and different coloured object, respectively. 5
poinls each were assigned for correclly locating
¥, Y & Theta co-ordinates. 4 points ware awarded
for subject response lying within * 4 units and %
4" of correct X, ¥, and Theta co-ordinates.

Visual Vigilance Task : it consisled of
generating five or six alphabets on the maonilor
screen in any one of ihe four quadrants. A
particular letter was chosen, which appeared on
the top of the screen. Depending on whether or
not the chosen letter appeared on the set
displayed, subject had to press Y or N for ‘yes’
or ‘no’ answer. It the chosen alphabel was
surrounded by an alphabet, subject reacted by
pressing Y, otherwise by N. Cnce the subject
had reacted for both the requirements, anothar
set appeared. Dispiay time for each set was 500
ms and in one trial subject was required 1o
complete 20 sets. For each set 10 poinis were
assigned. 5 for correctly responding for the
desired letter and 5 for identifying whether or
nol the desired lefter was surrounded by the
same alphabet.
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Visual Performance without Vibration :
Subjects reported for experiment at around 1000
hrs in the marning after having a good overnight
sleep and morning breakiasl. Two practice Irials
were given before the aclual lest was
administerad. Atter thal, the subject perlormed on
the Object Tracking task for a duration of 100 5¢¢.
This time was referred to as 0 min. Similarly, the
subject performed the lasks at 30, 60, 90, 120 &
150 min. After each trial, the print oul of the score
was taken. During the intervals between (wo lrials,
subject was kept busy on computer games.

Visual performance with vibration : From
SO 2631, it is seen that the Faligue Decreased
Proficiency boundary for 2 1/2 hrs conlinuous
vertical whole body wvibration exposure in the
frequency range 4-8 Hz Is 0.071 g rms. Therelore,
vertical vibration al 7 Hz and 0.075 g rms was
administered and visual lask presented (0 min
perormance with vibration). Vibration exposurg
was continued on cessation ol the tasks and
fraquency of vibration varied between 3 & 21 Hz
in a random fashion, Before the start of the next
trial. vibration frequancy and intensity were again
sal lo 7 Hz and 0075 g rmms. Subjecl's
periormarnice on the task was again determined at
30, 60, 90, 120 & 150 min. On completion of 150
min vibration, vibration was shut off and subjecl
allowed to recover for 15 min. At the end of 15
min recovery, subject once again perormed on
the visual tasks. This phase was referred o as
perdarmance after 'recovery’.

From the performance dala, time taken per
trial & correct score percentage with and without
vibration were determined for each interval
Performanace without vibration {WOV) at 0 min
was compared with performance al 30, 80, 90,
120 A& 150 min Similary, performance "with
vibration (WY} at 0 min was compared with
performance al each 1/2 hr interval and that after
recovery was compared with performance withoul
vibration at 0 min. Performance without vibration
was also compared with performance with
vibration at corresponding periods.

Result
Tables | gives the average time/lask and
correct score percentage of Object Tracking
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TABLE | : Object Tracking Task
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Vibraion + 5D 4 B3 438 125 240 rAtr 5,16
W ' MD — .78 Q. 014 067 214 —_
| - L o Er 0.0a 063 2.00 —_
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1Y) @ MO - 145 141 -1,14 0dd any
1 e 04s 052 055 0.21 097 -
p - NS K5 NS NS N3 M2
D D00 02 om 202 .04 -3.03 000+
| (i 283 21 B3 243 1,38 a8
p NS <005 NS NS <005 NS S

Task at 0 th min and at every halt hour interval for
a period of 2 1/2 hours with and withou! vibration.

Under static condition, timefask decreased
from 30.45 sec at the beginning of the expariment
to 29.68 sec at 150 min. At the 60 min, the raic
was significantly beller than that at the slarting.
However, thereafler decrease in time was not
significant. With vibration, speed at 150 th min
was significantly betler than the onset speed
However, speed with vibration and withoul
vibration al corresponding times did not difter
stalistically. Correct score percentages were
unattected by time and vibration stress,

Table Il gives the average perormance
on Visual Vigilance Task in terms of limedask
and correcl score percentage. Speed at 120 min
was significantly lower under static condition

&l

whereas, it was beller with vibration at the 30 min
aswell as 120 min. Under vibration axposure too,
time did nol affect the correct score percentage.

Discussion

Performance of subject WOV  on
computerised Object Tracking as well as Visual
Vigilance Tasks In terms of timeftask showed a
slight significance al the 60 th and 120 th min
marks respactively. Object Tracking task showed
a2 slight betlierment whereas Vigilance task
showed a slight increase,

With vibration exposure, object tracking
showed betterment in terms of time taken This
may be due to the fact that vibration at the initial
stage or al 1st exposure gives rise lo maximum
discomiort and with passage of time, ohe gets
accustomed to . However, on comparison, with
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TABLE I : Visual Vigilance Task

..i-'l:fpmﬂmtaf phasa (o mes)

Inad Slalus
Q oy &0 80 1 150 Fiacovary
TrmeTiask in sec
Without Maan 148 143 143 1.50 1.51 150
Vitwration + 50 (R 00 010 012 o 010 -
(WoV) * MO 00 ool 007 0.0 0.0 -
1 ~ | G5 ) 1.50 2.9 1.3
p - NS NS NS 002 NS -
With Mcan 147 147 148 148 147 1.47 1,48
Vibeation - ¢ 0.08 009 an 008 00 006 008
W) @ MO 001 000 000 .00 0,00
1 058 031 0.2 0.35 .00
p - NS M5 N3 M3 M5 -
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Correcl Seore Percenlagi
Withul Moan B 06 8750 8406 a6 9708 98,08
Vibration i S0 208 2550 349 1.3 7 2,08
(WY " MU - 056 es] 056 078 Qo
1 - 0 45 000 080 029 Q.00
B - WS NZ L) M3 HE
With Mean 97.50 9917 9406 9y w7 98 &8 BE 06
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* Mean diflerences with WOV 0 min, values
¥ Maan ddterances batween comasponding perods of WOV and WY

& Maan difarances wih WV 0 min. values
+ Mean dilferoncn hatweon Toemvary” 2 WOV O minvalue

the comresponding periods with and without
vibration, no significant change in ohjact tracking
speed is observed. In ferms of accuracy no
difference is seen with and without vibration.
Some decrement in the mean value is obsarved
with time, without and with vibraltion. Some
decrement in the mean value on comrect score is
observad with time, with and without vibration i.e.,
96.96% at the 0 min o 94 82% at 150 min and
896.59% al 0 th min fo 93.52% al the 150 min.

Howewer, the changes are siatistically
nsigrificant.
In the wvigilance lask, limeflask with

vibration was better at the 30 and 120 rmin mark.
Though, a guicker response was indicated at
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these two slages accuracy ol response remained
unchanged. IThus, it was observed that
performance of subjects, who were well trained in
wisual lasks, had nol been alfected even in the
worst vibration situation avilable In our transpor
aircraft. On the contrary, some improvement in
parformance was noticed.

A number of different sensery and mator
performance of an operalor may be allecled by
vibration®, Wilkinson & Graf exposed subjects to
5 Hz, 1.2 m/sec/sec rms amplitude for 3 hrs and
found that tracking performance for zero order
tracking tasks improved as compared to static
condilion, although changes were statistically
insignificant. This is in exacl conformily with our
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findings. Guignard® studied subjects on tracking
and search for periods between 16 min 1o 8 hrs at
vibration of 2, 4 and 8 Hz at appropriate IS0 FDP
boundary for each period of exposure and found
ho significant effects of vibration on pedormance
on any one of the tasks within the exposyre
period.

Studies that are carried oul 1o investigate
vibration response  on  reaction lime, have
demonstrated that reaction time is relativaly
unaffected by vibration®'°. Afien'" indicated that
for  casual exposures,  any pedormance
decrement due to vibration does not gl worse
With time. Vibration eftects are restricted primarily
lo onset and resonance, alleast for a period of
upto 3 Hrs'® In our Sludy too, only onset affect of
vibration was visible but overall reaclion time
improved sormewhat aj Some slages whereas
accuracy remained unaffected.

From our sludy and other sludies
mentioned above, there does notl seem to be any
evidence 1o support the notion that visual
performance deteriorates during exposure 1o low
level vibration.
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