Visual Acuity under Low Frequency Vib
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‘ Abstracy
1 .’ LAUAL acuity under Jow requency vibrations €] Supersonic Passeneer aircrgft
- i the range of 6w 12 Iy L amnplitude: o 10,5 ¢ ®omaeh oF more g ligh e
.. las been stodicd  for dittevenr durativns ol wibi- ;t_ll_irlrf__h:s SLVELE r.u:'huJ_L:liL'u‘.: i
tions.  An electrohydraulic vibraljon simelator was maoderate disturbance of aiverall |
usttl for these studics.  Maximun impairiment of tomged effeet hecause of Jow (]
visual aenity was ghserved nr 6 He amd 12 He Provided by the rvarvefied air
1
kil Stulics were alsa carried out o the comparative (el When  powerful WUADGTES st
'| decveiient in visnal 2oty wilh aitbject and object cannons ate firal from the g
|[|I vibrating as agains object statiomary authiject transmitied  through  pun
ol vibrating, The former showed a marked deeremen), adrdrane, Frequiney of yilirg iy
1} - -~ '
| af} comtpared ta the later, the rare of Iving and the
| ) stracture to each impact.
il Anorher Lomparative slady on

harvizantal  and
virtical display showed o high dvgree ol deterioration
- yistal acuity with vertical display far Cu vilra-
] Lians,

| Introduetion

Man experiences owcillator y
act ol walking,

disturbances in rhe
tunaing,  dancing, vicling harselycl
or riding in spring o UNAPring  carts, wagons anid
coches. We have experienced the sickening oscilla-
tioms of sea tramspart and  he lurehes and swayine

. of street eavts and trains thioughout their develop.
| = ' El - kl
r | et Tl severe whole hody vilations in aiverafy
L andd space vehicles are known o allect  orew et
: furmance and contribule to acciclents,
1 i ' . ¥
| I avistion o pumber  of  causative faerars

opetale in producing vibwations «

(@) High_specd flying ar low altitudes  throush
turbulence, when an air ajrwaft is stoeck at
random by susts of moving ir,

I (hy  In wing aircrafy
fr::qu-‘:nn}f of vibration i el
al the rotar,

i .. e

ratary (Helicoprers)  the

ated 1o the speed
Otlwr sources of vibwations are
ne. transmission system and tail rotor,
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Visual acuity under vibrations

Vibrations ol the viewer ot

e
blurs the L

vision e s s sy
tue 1o movement of the yetinal L
Areal o be lollowed Ly the eve o
numbers of tests huve beer employed
acuily uncler vilration. These inchy ity
'C' by Dennis Elwond 2 Dirazind el
Simons " 'I'he use of printed letters ar
einployed by Denngs,! Cnignard,® Mogel]
Drazin.'  Jones and Drazin® e
legibility of test material viliased 3 [
staliomary vicwer.

stodivs earvied  aue Ly Dennis g
Denmis® Lange and Coermnnn,i Muzel]
reveal thac the wisnal acuity is redueed |
whole body vibrations at aveeleration,
between 0.1 and 0% g in the fregu
1o A0 He. Masumitsu Oshima on
the action ab vibration on visual acuibe
thar the decrement of visual acuily beg
with increasing lequency uml incregsing ;
The greater the brequency the greater tf
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visnal acuity between each ampli-
alsp shown that he decrement of
ot linearly related to the amplitude.
o be controlled by the foave of
e evelall

o clear cut evidence ol decrement
¢l is purely fregquency dependent
gpendent lias emerged. The pyvidence
wse different  workers Liave  used
~_I_E|r MEAsUTIng visal acuity under
. of present study 5 Lo investigare
ol body vibrations on visual acuity
y range of 6 to 12 Hz. The amplitude
b the lenr frequencies is 0.9 . The
yilation caposuTes for cach subject is

Method

ton simulator faciliry ul the Iustituic
Medicine, TAF has been used for Lhis
fmulator is un electrohydraulic Ty
e to simelate ginusoitlal vibrations
1 )t 20 He with variable amplitude,
simulate gust induced yibragions s
: ﬂu_rin‘g low altitude high speed

tipn simulator essentially has a mild
o platform of & diameter which iz
a cylinder and a piston. A 10 HP
motor operates the 8.4 KPP Vickers
es Whe spindle oil with a pressure ol
i piston assembly through a Four way
plitude of vibra tion depends
o which the spindle oil ig _pum'pml Lo the
ghly. The pressure of the spindle ail is

adjusting the worm sercw attached o
mp, 4 1 HE varidrive motor having
f 880-3565, makes it possible to achieve
| frequency range hy operating a spindle

n o praduated seale.  The vibrarion
hown in Phioto 1. It has the following

il

mounted on  the vibrating

for

. angle [rame in  ont of clialr
for

none varions charts and  instruments
acuity studies.

crometer  having w  linear  TESpiHIsc
to the hase of the chair for monitor-
he amplitode and frequency of vibrations.
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Phow 1.
vibiation simulator with 2 suhject
(fy  Sowce of light for controtled illumination.

L) Fncartiprite (Model 535) having two channel
- amplifier for recording the frequency and the

amnplinude of vibration.
Galibration for vibration simulator, for various
frequencics has Leen done using a vibrograph. The
calibration for amplitude of vibration is done with

the help ol the accelerometey which i3 hxed Lo the

hase of the chair.

Instrumentation for visnal Acuify studies

The test employud Lov yisual acuity doring this
stucly was Snellen’s near vision test type of charis
which were fixed in oa small frame which was in
mounted on the frame fixed to the vibrating
These were displayed in front ol the
subjeer at a distance of 287 (71 cms). The ilumin-
ance level was kept constant @b 50 Lux. In another
set of experimenls Landolt's vings were displayed at
o distance of £.75 metres mounted on a frame oul-
side the vibrating platform. Two sives ol Landolt’s
vings wirth opening of 1.2 mm aml 1.8 mm wers
used. Both these sires wee displayed with the gaps
parallel and perpendicular w the direction ol vibea-
Lion. The illumination was kept at 7 Lux,

Ten male volonteers with normal visual acuity
were chosen for the present study, The suliject, affer
heing seated and hariessed was asked to vead the

L
pla Lferm.
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various Lest charts displayved, Time raken to vead
a particular chart sives during resting conditions was
il

The subject was then vibrated at G, 8, T0 & 15 112
at 0.5 G amplitude and time taken to read Snellen's
chare ae 0, 10, 20 and 50 minutes interval for each
frequency, was recorded, Similar readings were Ltaken
with Snellen's chart kept stationary, fixed ar the
sume distance. but on o frame meonnled outside Lhe
vibrating p]:-]tt'::l'm.

During studies with Tandells rings the time
raken to identify the direction of opening hoth for
the small and large sized rings were rvecorded
separately for parallel and perpendicular displays;
hoth with and withour vibration. Oaly two breguen-
cics B and 8 He al 05 G oamplitode, were used for
this set of studies. The readings were taken at

G, 10, 20 and 30 minutes interval,

Results

Visnal acuily measurements lor vibration freapue
cncies ol 6, 8, 10 and 12 Hz ar 0.5 G amplitude Lor
different subjects were analysed. It s abserved Lhat
in the interpretation of wvisual acuity decrement
undler vibration il is advantageous to expross wisuuld
acuily in terms of rime taken per word in reading
letters of differenl sizes. Conventional approach of
asscssing visual acuiry by delermining the number
of errors is nol adopted ro as there is a tendency
[or the errors 1o decrease if the subject is given maore
time. Time taken per word is calenlated by dividing
the total time taken to read a particular charr siz
by the total number of words contained in the chart.
It is also seen thar the Llime taken to read Snellen
lerters s longer and reaches a minimurn valoe wich
increasing size of the letter. Omce this minimum is
reached there is no further decrement in lime per
word, The angle substended at the eve {visual angle),
by leters of dafferent sizes was  caleulated by
measuring the height of the letter in a particular
churt size divided by the distance between the chare
and the eyes.  The wisual angle thus ealeulated is
gxpressed in minutes, The resolution of the letters
is proportionad 1o Lthis angle.

Comparison is made belween angular sizes which
are read within the same time umder dillerent
vibration conditions. Table I shows decrement in
wisual acuity for vibration frequencies of 6, 8, 10 and

20

12 Hz for dillerenl subjects ﬂ_nﬂ.l
under vibration (ie s 0, 10, 20 and”

Tahle I zhows mean e
acuity in angles bor frequencies
Far different durations wnder

Tables 1T amd IV show de
acuity with subject and object
outside  che vibration  platiorn)
object stationary and subject vilea

Decrement in visual :ttui'r.}'-
Lardolt’s vings pavallel {Horimmad;
cular (Vertical) ro rhe direction ol
alsn calenlated, Low  illumination:
hecause it was  difficalr to
Lanidolt's viugs any lurther than di
With the present experinenial
not feasible Lo project the hor
distaniee of 6 metres.  The  feg
Landoll's rings study were & and
amplitode)

Tables ¥V oand VI show compariii
in wisual acoily betwoesn vert]
display al 6 Hz while Libles VIl
compatative decrement ar 8 He,

Discussion

From  LTable 11 it is seen
decrerent in visual acuity is in ]
of 6 He immediately after the stal
ancd 10 minutes alter the sar of vi
frequency range of 12 He Il i@
the duration ol vibrations inereases
visual acuity is less amd this red
within 10 minutes after start of
which there s hardly any lurther
vismal acuity, This trend is ol
frequencies used for the present sty i
and 12 Hz at 0.5G amplitude). =
certain degree of adaptution {to the vil
tinns] of the funcuons invalved oy
is therefore ahvions froan this study th
mittent or random vibranons are g
an operator he does not  get time |
vilation conditions and  the decreme
acuity will Temain al the pesk level;
is oflen experienced during low altit
fving when pilol is likely to be subje
induced vibrations at randont,

er.;.’l T_"I.' y



= — | g% Lk . - P G e — BF DG 2o Ve RS ba
g¢ — ¥e& 0¥ o e We Rl cot — 0% €F — T BE % HIA
g e—l Gl B2 TR R R eg — ©9 9L — = s B0 A
g | 1T o — &% 66 wg | — wm 98 A
ol &6 ‘¥E | — oy ©8  Fe  FES re — %% 18 i B BE &6 A
SoT we w g B8 g R s de s we B R BB 09 78 AT
T gp L vE R P SR R ee s 1P ¥9 11
W5 ww e by s¢ g9 %% &% oy 6T ©F L¥ - B¥ 99 €% 1% i
TR TR I Ol - T g oT  ¢F £F I

. 1oauns

e IR Ll | TSt il ) TR = T

— " Towuepen L aeRmw | mwuwsmm T T
fyiio TENSIA T HAMALIACL £ymae (ENSia UL JUARRAC A [ENsia U] JUAEAICT £uno (BRI UE JURTRAI3CL
5 i - sanuis (7 soynug 0F aympow] Rk s

SSIOHIPUDD UDHEIGEA JRASIT TAPGE .mu._u:u;_uuu._ snoiiEA 0] (SN 1) sajdue ul Aunoe [ENELA Ul @RI

[ TIEVL




TABLFE [0

Mean decrement in wisual acuity in angles
{in minutes) for diflerent frequencies

Moan decrement in wisual acuity i aogles inooils,

Time under frequencics

Vibration nHz EHz 10Hz 1211z
Immediate G.4 4.5 3.0 5.2
10 mts fi. i 3.0 4,05 i, G
20 s 3.0 1.2 b 5.4
R b4 4.0 4.9 .G

‘TABLE III

Decrement in visual acuily with both sulyject and
object vilwaling in comparison to a stationay
ahiject with subjeci vibwating only

Amplitude of vibeation 0.5 g

Drecrement in visoal aciity

Frequency  Time in angles in mis.

vity ol under S"?;'Eft Both subject  Objoct sta-
rition  wibration & ohject  LUonary sub-
vibrating ject vibrating

f Hx amis 1 4.8 24

2 4.1 2.4

& 4.1 5.6

4 9.4 (1.6

5 7.1 g4

i anis 1 2.5 b

2 5.4 &

5 i.h l-b

3 8 o6

b .0 L

5 He f mits [ 2.9 1.2

2 3.7 14

3 barird 2.1

4 k2 1.6

B 2.0 [.5

14 s 1 2.6 1.5

2 | 0,1

3 1.7 1.0

1 3.9 l.5

i £ | )
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TABLE 1V

Mean decrement in wisual acui
object vibrating as compared
and subject vi

{(Amplitude of vibrati

Mean de
Frequency of  Time under

vibration vibration 'Hﬂ_. a1y
t Her Hmnts
10 s
8 Hx hmts 3
10 mts i
TABLE ¥

Dueerement  in visual Acuity
Landelt’s rings parallel (Hor

. £
i E— 0
v = 20 g
2= 28 Eged
e S G Hesn
gE oBE PEEE
= B <o
Basal (no
vihration) .12

I

0. 138 4

lenmediate 012 |

(B 2

I miniees .12 1
0.12 Ll

20 minules .12 l

2

|

2

018
A owinutes D1 i
018 .2
Basal Tmme-
diately alter 0.12 1.5
vibiation 0. 18 2.2h
stopped

SUBJECT 1
Distanwe ol the subjoct fram the
Landaolt's chart =

Mwination = 7 Lux
Frequency — 6 Ha
Amplitude = 0.5p

F, Lrror in identifying



[ TABLE VI

W i visual acuity  with Gaps” of
5 1ings parallel (Horizontal) and perpendi-
-1’?.{;1‘1&::‘1] to the direcrion ol vibralion.

Time fuken to identify the
direction ol opening

in secotids
L e L
S35z gizs La3s
Do HE25 e TETE
@wEEE EERS  FEqT
<0 g H
1.50 5.8 58
225 H.1 5.8
1.50 Can't read Can't e
225 14.0 ED 165.0 L4
1.50 133 E4 19.5 El
2.20 7.1 EO gl
1.50 12.5 E2  Can’t rizd
9. 95 6.1 k0 15.3 LI
1.50 g.3 E3 10,5 EO
225 K hLi
ok the subject from the
Landolt's chart = 9. 7h mems
'a_"[iau = 7 Enx
B = 6 He
1 s — Abp
B — Ervor in identifying
TABLE V1L
wisual  aemity  with 7 Gaps N

§ rings parailel {Horizontal) and perpendi-
(Vertical) to Lhis divection of vibration.

Time ktaken o jlenufy the
divection of opsning
in seiu_:icl_ﬁ

1

£54, 2TL i
“Eﬂ‘&" E'Eg\e;hﬁ. .gr‘hcffu

2, B S Sl
FR ] T Hees
o HTS [ERE o, 2 R

o A En ) =
1.5 3.5 B2
Uk 7.0 L
1.5 5.2 ]
2ih ) e L 15.5 Eb

1 minutes (.12 1.5 15.0 E6 14.4 ¥4
.14 2.2h e | BB

20 wrinies 0,12 1.5 14.4 E5 3.8 E4
0,18 2.5 11.0 Eb 10.4 E0

0 ninures .12 1.5 11.8 El o E2
0,14 pLiiT, a8.0 6.5 L0

Basal at the

end of the 0,12 1l 11.2 El 0.7 L2

vibration .13 F.h g0 EO 5.5 EO

SUBJECT 1

Distance of the subject from the

Landolt's ¢hart = G075 metres

Mumination — 7 Lux
Frequency = G Hr
Amplitude = tog
¥ — Frror in identifying
TABLLE VI
Decreinent  in  visual qenity  with 7 Gaps " of

Tandoll's rings paraltel (Horizontal) anl perp:-mdi—
cular (Vertieal) to the direction of yibration.

——

Time {uken to identify the
divection of opening

in seconds =
B B =1 Hse e
E: BeE 2383 Sy34 -Fsl
bt == wodd Amde £
g ofs ®gEc BERT SEEE
= - -E-,:".-- AT i o) o
Basal (10
vibration) 0.12 1:5 G4 Gl
.18 2.5 58 K.
Jmmediare 0. 12 1.5 1.6 9.0
{1 ok bl G.h
141 mitnkes .12 | B G B e e L
.14 wh .0 5.8
a) minutes & 12 | B 6.7 2.4
.18 &0 .0 Ay
a minubes 0.12 1.5 .2 H.2
0, 1% 2.h 7ot (7

SUBJECT 11
Taistnce of the snbject. from the

Landelcs charr = g 7h melees

lumination — 7 Luax
froguendy G Hr
Amplitude = hg
£ - Fyror in identifying
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Results of the studies dong with  the stihject
vibrating and  ohject stationary (fixed outside the
vibrating platlorm) veveal that deorcment s signifi-
cantly ‘high when hath ave wibrating as compared 1o
the sitmation when only the subject 15 vibrating,
The higher values of decvement  in visual aecuity
are due to phase dillerence introduced Letween L
vibration of the objeer and the subject. The vibea-
tienal phase of subject gets affected because of the
sistorelastic nature, of human bady, I is alse seen
that decrement i3 higher at 6 1le as compared Lo
4 Hz.

Studies wsing Landolt's vings of wo different sizes
ustdler very Tow illuminarion levels reveal that sith
vertieal displuy the decrement in visual acuily s
much higher as comparcd ta the harizontal display.,
There s a sigmificant  ingcrease in the errors in
identifving the gaps in Lamdolt's rings with vertical
display. This is a pointer to the possible ellects ol
L= wibrations on vertical displuys, such as verrieal
seale instrumoents. 11 hecaomes theretore essential to
critically assess: vertical scale instruments before they
are introdined] hita e Taw Aving airerafe

Conclusion
The following conclusions wre drawn fram the
present stidy

ey The maximum deterioration in visual acuity is
¥ ‘in the [requencies “of & oamed 12 Hr ar an
amplitde of 0.5 G,

{#)  The wisual acuity  decrement is  maximum
inmedintely after cthe start of  vibration and
as the vibration exposure is prolongoed, thero
14 iiu}um'ﬂmcul in visual acuiry as compareed
ta the wvisual acuity level nmmedialciy after
vibralion,  However, the improvement noticed
after 10 minutes is not significant, 1L s
presumed to be duc to the adaptation o
vibrarion enviranment,

i Uhe wisnal acmiry detevioration s higher when
both subject and object are vibrating as com-
]:-:mu] Loy whem the object 1y .4T:aT.f{1:1r|r3f and the
subject alone 1s vjbr:ning. This iz due 1o
tifference in the phase of vibration  hetwoen
the object and the subject. Ar & LIz the
decrement ds more a5 compared o 8 He for the
samee anrplitude,

{y Comparison between the
sontal displays reveal thar the
visnal acuity is higher with W
compared to horizoncal o
vibration.  Vertical seale
feluire - special evaluwition
conditions hefore they can be
[ving aircralt, E
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