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Abstract

DH'J‘.'EHIUJ{;"&TIGN in dynamic wvisual acuy
under low  frequency vibeation Loy been siadied.
Ohjerts, moving with varying lincar speeds in the
rangs of G0-120 cfsec. and having fixed contrast
wilth the backpround, were presented o subjects,
Threshald  sive of derection of moving objects show
o siguificant chunge uoder  vibration.
and survature in the viewing  shicld eohances the
threshold  size of objects, It is observed thar low
frequency vibration produces visusl acuity decrement

Lyistortion

far starie azs well as dynamic ohjeers,

Introduction

Static ag well as Dynamic visual acuity sullers
under low frequency vibration. In aireraft and human
pperator Interaciion system performance 15 in part
dependent upon the ability of operator to ses visual
displays or targets.  Such tasks commanly invalve a
dypamic element, i which there iz a relative mation
between the operator and the object observed and
acuity can be impaired if the image of the ahject is
nol stabilised oo the [ovea of thie retina with spatial
aconracy or for sufficicnt time,

Studies carried our hy Dennis®, Lange and
Coermann® apd Linder? reveal that staric visual
acuity deteriarates by wvertical whele body vibration
at acceleration of amplimde between 0.1 and
0.75 g and in the frequency range 440 Liz, Srudies
conducted at TAM &Y [pund that deterlorating
ellect was most pronounced at 6 FHe vertieal frequency
and at 0.5 g amplitude,

There i+ no  reported  work  on dynamie
visunl acuity under vibeation,  Tudvigh and Millee"
have shown ellect ol high spead on the
visibility of ground targets [rom high speed aircraft
low altitude.  Bharia'  and Bhatia and
Verghese?* in  their luboratory studies have os-
tablished the relationship between decrement in
vigibility of moving targets with inereasein linear

the

flving wat

spe eds of o hj Cets,

In the present study, eflects of vibration on dyna-
inic vision has been hrought out,  Alio, the etfect of
curvature in the viewiog shield an the deteetibility of
targets has been cxamined,

Material and Methods
Experimental facilitics consisted ol (—
{iy a hydraulic vertical vibration simulator,
sinntlating vertical wvibratons in e [requency
range 2-13 Hz and with variable amplitudes.
Frequency of vibration was kept at 8 Lz whereas
amplitude was maintained constant at 0.3 g,
(it A rotating drum oarrangement. Drum of
227 e Qlweeter was driven hy a D. C. maotor
whose <peed could be wvaried by varvieg the
vollage,
{(iii) A mirror arrangement to simulate large
dizzances,

For moving objects wirh known contrasts berween
thie obiects and the background, white rards of dime-
nsion 11, 5 cm % 15cm with reflectance of Y475 wers
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employed, on which small strips ol objects of varying-
width were pasted.  Four horizontal pair of lines squi
distant [rom each other separated by 2 em. gap were
dpawn and ohejets cut from a paper with 617 reilec.
tance were pasted,  Objects could be put in any of
the [our positions but in no card ail the columns were
filleel or kept empty,  Cards could he fixed on the
rotating drum so that objects with uniform contrast
with the backpground and moving with kuown linear
velocities were simulated,

To keep Uie wiewing area and viewing time con-
stant a slit of dimension 13 cn x 10,5 em was placed
its [ront of the rotating drum, so that observer was
seeing the objects through the slit for a fixed duration
aly,  Uniform light was cast on the cards atached
to drums and level of illumination at the card was
maintaioned at 100 lux,

lixperiments were divided as follows 1 —

(i) DPererminiog threshold ol detection of maov-
ing objects at distances of 8, 12 and 20 merers
lrom the observer for various lincar specds of
alrpects,

(i) Determining the threshold of detecrion ol
moving objects for same distauces and speeds
under conditions of vibration of 6 Hez a1 0. 3 g
amplitude. FExperimental procedure consisted of
showing diflerent size ohjects to the oleerver sit-
ting in the cockpit of vibration simulatar, viewing
sbiects in the mirror placed in front of the
viewing shield,

Eeeping the distance fixed and illumination level
constant hotween the objects and rhe background,
objects were prescnted at linear speeds of 60 emjscc,,
f5cw ses and 120 em/sec. and detectibility determined
on the basis ol correct answers,  (orreciness was based
on wherher or ot 1he subject is able to tell in what
position the objects are placed. A 0030 vorrect
answer for a particelar objecl size and object speed,
hased on probit analvsis was taken as the threshold
of detecrion for that particular condition,

Thresholds were determined for distances of 2, 12
and “0 mrez without vibratipn, Similar procednee
was [pllowed for determining threshold of detection
under vibration conditions for 2 distance of 20 meters.

Disloriion and curvatures in the viewing shicla
could alter the detectibility of moving objecis quite
sipnilicantly.

(L

To study the effects of curvature and distertion
on threshold of detection of moving ohjects, experi-
ments were done adopting  the procedure explained
earlier and wsing curved viewing shields.  Objecls o
these experiments were black strips of paper of vary-
ing widths placed on the cards in various positions,
Since it was envisaped that object sive could become
very large if law contrast berween the objects ane irs
surrounding was maintained, highest possible cont
rasr was mawmntained., A conversiom  [actor froos
maximitm contrast to coutrast employed earlier was
determined by comparing threshold of detection for
uhjects moving at bl em/fsec, lincar specd placed at 2C
merers trom the observer,

Three healthy subjects with 6/6 vision withoue
glasses and normal accommeadation were amployed
for the study,  Subjects were trained in peresiving
the moving objects by giviog Leial cupy Tor distanee ol
1,2 and 4 meters al speeds of 60 amfaee,

Resulty

Feesults are given in Table I—=V1. Threshold
sizes of ohjects viven in the tables are averapge values
for three subjects 1 —

TARLE T

Decrement in visual acuiry at four different frequencies,
ar different rimes under vibrarion { from earlier stud)y )

Mean decremont in visual acuity in angles

Time under in minuies

vibrution —
& Ll B Hz 10 = 12 Hz

Immediare .9 4.3 a0 5.2

10 minutes 5.6 5.0 4.6 6,2

20 minutes 5.6 4.2 4.9 o4

30 minutes 5,4 4.0 4.9 5.6

TABLE T1
Threshold of derection of moving ob ject without

vifrrai i

21, Specd Distance Lincar object size
T cmfaec, Il 1n
1 B85 & 5,82
2. el 12 .37
a4 60 20 5,27
k. 8o 24 18,71
3, 120 20 0.5
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TABLL 111

Threskiold of detection of moving b jects without
and with vibrarion { frequency s Hz, 0.5 g ampl
Digrance 290 meters

With Without Percentage
S‘L Specd viboation vibration increse o
No.  om/fee. Object {Ihject Object sive
Bl ETHI sige mum  with vibration
l. (1] 19.%8 15.27 29:5
pa i 24,09 149,71 305
4, 120 13,15 30,48 4.6

TABLE 1V

Threshald vize o fob feees with T00%: conrast, distance
20 merers, Hluminanee— 100 Lux, speed of ob jeets - o0
cmfsee. No vibrarion

CHpjeict give Avernge

S No. mm [
Subject 1 7.40 7.090
Subject 8.0

Threshold sizes of abject with lower contrast lor
similar conditions of distance, Tluminance. and
specd as given in table TIT 715,23 mm,

27

; ; . e
Clonversion factor 18 = = |9329
7.90

ence for 1009 contrast threshold sice of ohisct

o PR I
with vibration is T a9 10.23% mm.
TABLE V¥

Details abowr windshieldy employved

‘Thickness Curvatura Radius of
cm (hY ¢m clvature cm
“Wind shield T .45 .90 3047
Wind shield 1T 0.58 13.16 24.58
W:_[nd shield TIT 0.63 11.%7 26.40

nROEMDER T878

TABLE VI

Threshold size of detection of maving ol jects with
anid without vibration

Ohject Qoject Peraeniilge
Sl. Curvature stze wilhoul size with inurouse
Mo 50 1] vibeatinn vibralion i ohiect
mm e Hivw
1. No curvaturc 7.90 10.25 0.5
2. 8.90 6. 36 26.13 e
3. 14,77 11.73 17.70 5414
+. 13.10 11,14 20,00 TS

Vihration condition + Frequency - 6 Hz

+ Amplitude - 0.5 g
a0 meter, lincar spred of
object-G0 cmjsee

Distapce of viewing

Hlumination s 100 hax

Discussion

{i) From table 1, it is scen that static visual
acuity shows a maximwn deterioration at 6 1Tz and
‘s harmonic at 12 Hz, although the effect iz more
pronounced at f Hz. Resonance frequency of wye
balls is much higher compared to whole body veson-
ance. Since there is a maximum transmissibility of
vibration from seat to head, detevioration i expected
(o be maximum at whole boby resanance. iriffin®
reported  that in whole bhady vibration euperi-
ments chapge in the visual acuity were dependent
oi relative motion of eye and head ; extent of the
affect being dependent on wvibration frequency. Luow
[requeney vibrations aport from heing objectionable
physically, show definire msyvchophysinlogical effects™.
Shoenberger 7 has  reported  Lhat porformance
decrement in two dimesntional compensatory react-
ing task and visnal deteriorgtion of reaction time
aronnd whole body resonance. Thus deterioration
in static visual acuiry 5t 6 Hz is in conformity with
gthers Gndings.

(it} For moving objects, with increasing speeds
and distance (between the targets and abscrver),
threshold sizes increase indicating thereby a decrease
in dercetibility. Bur this inceease in the object sizes
is mot uniform. For change in observer’s distance
from 12 to 20 meters fe. 1.7 fold  increase in
distance, nbject size incrcases 2,7 fold.  Similarly, for
a fized object speed of B3cm/sec increase in distance
[rom & meters to 20 meters the changrs arc nol pro.
portionate, a 2.5 lold increase in distance gave riss to
3.7 fald increase in object sizes,

L1




I'er a fixed distance of 20 meters, incresse in
object speeds from 60 cmsec and 83 emjsec o 120
em/sce do not thow proportionate changes.

The results are not in confirmity with eaclie:
work ¥ where o constancy in object sizes was found
[or a distance range of 1-3 meters,  This & probably
attribotable to the larper distances in the present

ERYIRE,

(iit} Under wvibration exposure, larger objoot
sizes are required for detection for same speeds and
distance. Al lower linear speedys ol 60 und B3 cm/sec,
# 30 pereent incrcase in ohject size was required
where as at the lnear speed of 120 cmfsec, increase
required was nearly 40 pereent. In fast moving air-
cralt at lower altitude the detection of abjects will
seem Lo become progressively dillicult due to vibra-
ST A

{ivl  Curvatore and/for distortion in the viewing
shiclds causes greater decrement in the wvisibility of
moving objects.  From Table VI it i3 seen thar the
threshold size of detection of objects increases with
increuse in the curvature. For plane windshiclds,
vibration produced areund 309 increase in ohject
size ‘whereas with curvatures Increase in threshold
slze of objects was over 5055, This clearly shows the
necessity of plane and distortion-free wind shields,

Conclusion

Static as well as dvaamic visual acwity showsa
sipgnilicant deterioration under veriical vibration «t &
Hz and amplitude of 0.5 g2 This lends support to
the school of thought that in seated human, visual 43
well @z other performances depend upon traps-
missibility of wibration from zeat to different bady
parts and happens to be masximum ngar whole body
TESONBNICE,

In low altitude high speed Hying, wibrations are
regularly encountered. Ip view of the effect of
corved and distorted wind shiclds on detectibility of

maving abjects it is propased that as far as possib
curvature and distortion free wind shields be used

viewing.  Also,  devieces which will reduce 1l
transmissibility ol vibration around resonance me
prove to be helpful in lmproving visual pecforman
under whole body vibration,
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