EFFECT OF TRAINING ON THE ABILITY
_ TO RECOGNISE OBJECTS MOVING AT
M HIGH SPEED
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Defenee  Seience ODrganisation

II'I|l |I It s e Uhad in order te obdnin o clear VISU AL definition of o movigg objeet
N Wotsementind for ite Dmoue to remain stationney on the reting for o brief period.  When the
|| I pelulive velooity hetween the subject and his surronndings 1= low this i aehioved by the
eyes excenting pursnit movements. which ane reflex in nature and which help in keeping the
i1 1 image of Uhe swrronndings stationary an the reting,  Howsever, at hixl velocitios the reflox
faile thereky consing the image of the abject Lo move across the reting with conseguent
duteriviation in wisibility. This is, in fact, the reason for the poor wisibility of terrestrial
ohiests from modern aireraft flying at high speed.

{ |: Thrine Uhe eourse of cerlain cxperiments on visibility of moving ohjeet iL was

| dlierved that it was cometimes possible to attam clear visibility (for fraction of 4 secoud)

' of an object moving at a high angular veloety. The question arose whether this whility
l0 ses tast moving objects momentarily eould be improved by training and =0 the present
lihormtory invesdigation was wndertaken to determine this point,

| Apparatus
£ Phe test object consisted of a black letter of English slphabet which aulwendded a
2 wamal angle of aboul one degres when the sabject was seated at a distance of 45 inchea
Tt was pinmed o0 a white  sheet of paper wid its movement waz bronght about by fixing
the while paper on to a white  belt moviug in a vertical direction fom above  downwards.
Thi Vel was wade of s white eanvas cloth, 12 inches in width, and it moved around two
glinders about 30 inches apart fixed on a wooden stand, Fir. 1. By coupling the
| gretom t0 & motor through an infegrataor it was possible to warv the apecd of the object
e gontinuously from 25 to 160 inches per gppoml,  The illumination of the test ohjeet ancd its
ekl was provided by o G watrs frosted Dulb placed at a distance of one foot and an
"ﬂﬁﬂhﬁ af 45 dewrees from the contre of the soreen. With this arrangemenl the brightness af

the sirmsandings of the aljecl was reaeonably wiiforne. The bulh was provided with o

smitalln shade for preventing any direet hight from renching the eyes of the subject.

Mechanisn  nsed  for recording the time of appearance and disappearance of

the objeet through the slit is shown m Fig 2. An aluminium foil, 1 cenlimeter in

.-'hﬁq;uﬂth wag shuek b0 ome side of the belt in the same horigontal plane as the test ohjeel.
'1;1!-'0 pirs of contacks mounted on elmps were bronght o close to the moving belt that the

Bt of the eontacts were all the time tonching the belr, one of the pairs being close to the

alivorad on 21t Jopunry, 1655 at the Ssond Annual Meaeting of tho Anro Madieal Bocioty,




upper border of the slit and tho other at its lower border.  Whan the part of the maviiyg
belt carcying W aluminiam foil came to the region of the copper “faet”, the latter was ahoet-
cireuited by the slummivm foil and & change of potential was produced which was fod 6o an
amplificr, The output from this was eont

ol to ono boam of a double heam eathode ray

tule,
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Fig. 2, Diagrain showing the cireuit of the mechanism ussd for signalling the appesrance
and disappearance of the ohject.

Arrangements for Recording Eye Movements

The eye movements were studied indirectly by recording the changes in the corneo-
ratinal potential produeed by cyve movements. This method has been deseribad hy Mowrer,
Rtich and Miller {1) and by Fenn and Hursh (2). Lord and Wright (3) found this method
vory suituble in the study of eye movements doring reading. Hartridge (4) considers this
method saperior to optical methods of recording eye movements. The potentials were
bamnlnrl with an amplifier, double heam ecathode rav tube (Cosser 89 ) and azeillossops

omnera. Two silver chloride electrodes embeadded in lucite were strapped, after .appli-

sation of electrode jelly, Lulf an inch ahove the eye brows and little balow the lower eve
lid respactively, The earth electrode was strapped to the side of the neck helow the right
et

The time constant of the amplifier was 0.8 see. This permitted satisfactory re-

oording of the cye movements as the speed of these and conzequently the rate of change of

the oorneo-retinel potential was fairly rapid. Unfortunately, as the amplifiers were not

directly coupled, it was not possible to establish a bass line level for a suitable point of
figation of the eves. Thiz wonld have been a desirable feature and would have vielded much

oy valuable information.

The output of the amplifier was connected to the sacond beam of the double beam
ehhode my tube. Parmanent records were oblsined with an nsoilloscope eamern and
photogrmphic paper. A siitable ealibrator provided 250 sy square wave signale. Time morks

of 100 milliseconds wera provided by a svinchronous motor,

Experimental Procedure.

Two subjects (A & B) were chosen, who had a visnal acuity of 6/8 {Snellen’s) in




both eves withont classes wul  had wormal  mobility ot the pves,  HExporipiants weare
coniducted. i1 # dark mom.  Prior to the experiments, the anbjoot wis leept 10 tha
eoons for o period of 10 minates to nllow n-l;l.]ﬂ;ﬂ:nn tor Lhe beightness of tle surromndings
of the test object

The subjeet was seated i a chuir 2o that his eyes were at distanes of i inches Teom
tha test olijeol,  His head was fised with o suitable mouth piece o w heavy stanl, Two
gereens in front of the belts were adjustad a0 that Uheir edees wire aboub 12 inches wparek
whioh vielded an angular mnge of 15 degrees of an are. A lotter war fixed on to the belt
and the movenient of (his wis ot ot o constant spewd, The subjeot was asked to aberve
the objeet as it repeatadly traversed the slit and to indicate o9 Lo whaethor he wes able to
recomnize it. He was allowed free movements of his eyves and no spoein inafrielions were
siven Lo him a5 to how he shonld move his eves.  The spead of the objeot was then allered
and the procedure repeated, Ssveral tests were carriod out t9 determine tho  speed limits
beyond which ik wos difficult for each of the subjects to recognize the Lesl object, At e

end of each trind the subject was allowed a rest of slbout 5 minntes.
Suhject 4 was now trained (o see the maving object at high speeila aw Lollows:

The movement of the ohject was set at a speed at which the subject wis unnble to
recognize the object,  The subject wus instrueted to move his eyes rapidly frome above down-
wardls each tine he ohserved the object appeating at the upper border of the slit. After ha
Lad observed the ohjeet for about 5 minutes, he was given a rest porind for o faw minntes
and then the provess was repeated with & new setting of speed.  Nine sieh sittines, coeh
lasting for u period of one hour, were given over a period af three weelss and ohservialions
were made reganding the progressive improvement in the ability of e subject to recognize
the ohject moving at high speeds. At the end of three weeks, records of eye  movement
patterns were taken of the trained as well as untrained suhject as [vllows:

Electrodes were applied as mentioned previously. care being Laken to ensure thal
thicse did not interfere with the movemenis of the eyés,  The subject was oW instroeted to
move his eves from one border of the slit to the other, A reeord of these moverments awas

made and served as an index for detexmining the wmplitude of change in corneo-retinal

potential, corresponding to a 15 degree angular digplucement of the eves. The object wat
then fixed on the belt and the speed of the latter was adjusted to a snitable yolue, The
suhject was instructed to wateh the object as wenal amd as he wos doing 20 his eye movements
were reoorded,  Tn some experiments the sabject kept his eyes cloged while (e object was
spt ot a particular speed. Eyve movements wers recorded from the moment he was
instructed to open his eves,

Results and Discussion

Subject B ax well ns subject A hefore Lraining were able to recnznize the objoeel o long
ax its angular velosity did uot exeeed abomt 30 per see. Between M) Lo 557 per sec, the olject

waw indistinet and it eould be reeoguized only un oecasions, Beyouwd an angular velinity of
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A per see. the object beewme progressively indistiner and it was impssible (o rocognize it

Bovond angulor veloeities of aliont 85 ta t0° poersee, the visibility of the object was sinduesd to
Al ateeak.  During U Gedt three sittings of the training period twere was |'|r|pr'u1.'11-
-|- it in Aubjeel A's alalily 1o recogmize the abject moving ab higher angular velodities, Tn
the dth sitting however, e subject wis oeeasionally able to reeanize thes oliject st ingolar
veloeltics higher thun 80 degrens per soeond.

The subjeclive wnstion was s mamentary  distinet appearanee  of the objecl

which appeared slationary,  After the 4th sitting there was o progressive improvenent

o i the number of Gwes the sabjert was able o get o elear phimpae of the object
| mavig at anguler veloeities of more than S0° por ser, wnlil ol the end of the Oth sitting

I T|I hi was able Lo see the alject distinetly cach lime it traversed the slit,. The abject eould

W ensily recoznised, while moving at angular velocities as high ws 1307 per see.  wheraas
| | E i .
|_|. the unleained sohjort was not able even Lo detset the prezence ol the objest on tha

' I
bilt al Lhis angmlor veloeity,  The trained sulipect stated that he was making no affart to
e the ubject and that he was hardly conscions of any movements of the eves,  Retwesn
| L) - 1 & [ . -
atiguler velocities of 50 and 80° per see, however, there was no appreciable improvenient in
N the visibility  of the object whicl, therefore, eanld  not be recosiised at thess angular
. 4 velirities,
| )
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I Fig. 3. Eye movement records of subject A showing rapid downward movements of the tye
|-| Angalar velocity of the object was 89/ per second in records A and B, In O the

| stiular velocity was 150 per second From above downwards in each record, time

o appearance and disappearance of abject: changes in comeo-retinal potential,
| O md time in 1710 s,

3 Big 4 Eve movement record of subject B, There are no rapid downward movements
Of the eye as geen in records of subject A, Angular velocity of the object  was
1200 per gecomd, Sequence of traces same ns in Fig. 3.
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The eye movement patierns of the twu subjoets in respect ol ohjoots moviog b
angular velocitics higher than 80 perseo, are shown in Fige. 3 and 4. The recordsreyenl the
prosencs of rupil drsnwand  movoments of the eyes in the case of  trained  subjeet
{(Subject A) only. These movemuunls are prosent during the tima of exposure of the objoel ot
the slit and are obviously responsibile for the ability of the tradnid  subjoot to see the objeet
distinetly. Further confirmation of this is provided by the eye movement rocord of subjeet
A in respect of an objeet moving ut 577 per see, {Fige. 5}, No rapid downward movemeils e
present in the recond which is in keeping with the fact that the subjeat s wnnble to FEOOEHIZY

the ohject moving st this angular velocity.

Fig. 5. Eyemovement reoord of subjeet A, The angulue velocity of the object was AT per

spcond, Sequence of traces samo as in Fig. 3.

The average angular velocity of the dowmnward rapid movements of the eyes. though
apeowling lass than the post-exposurs npwand movements, was found to be ad high as ahont
400 per sec, Although from the reeords it is diffienlt to detect any changes in velocity during 3
the cougrse of downward movements, the distinct appearanca of the object for a moment,
when it is moving atangnlar velocitiea of 80 - 150" per see. can onty be explained by assuming
the presence of suh changes in velosity of eve movements,  Tresamahly, for o sha.c parind
during the course of a downward eve movement, the angular velocity of the eycs and thi
maving ohject coincides, resulting in a momentary halting of the image over the:
retina. )

-

The eys movement records suggest that each of the downward movement represents
a voluntary response to the appearance of the objest at the upper border of the slit. That
this cannot be the case s evident from the fact that the time interval betwesn the uppmranua§
of the nbject and the downward movements of the eyes, which varies from  time 1o time, s
frequently less than the visusl reaction time interval which is approximately 200 millisceonds
It may he argued in ¢hiz connection that under eertain conditions in which a subject learns
to respond voluntarily to & stimulns appearing rhythmicafly, e is able fo make rhylhmic
responsee by judging the time interval hetween two consecutive stimuli and further th
he hecomes congejous of his own tone of reaction and so is able to synchronize his TEHTAIAEE

to the stimuli by making allowance for this Lime interval, T this were so, it is rathug

surprising why the movements do not at times appear before the appearance of the abject:
thealil. Furtherit isseen, for instance, that the time interval between the 4th aned Hth do
ward movements (Fig. 6 ) happens to he 500 williseoonds. Tf the swme tima interval wil
to be repeated between the 5Sth and Oth movements, the latter would have ocenred hefurt:
the appearance of the objeet at the «lit.  But this is not the case and the Gth movemeiis
takns place after 600 milliseconds, so Uhat 1t lies within the next pericd of exposure of tHS
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\ohjact,  Further imstunces of this nature are provided by Figs, 3 B and C.

it EE=ree o Ll Ll ; U | Il

Tig. 6. Fye moveinent reenrd of slijuct A, showing the eommencement of the rapid '.|

downwnrd moyements scen after the exes were opencd at baginning of signal.
Angular velocity of the ohjeot was

i Fig. § trace is of eignal,

150° per second. Sequones of traces wlne 0 |

Moreover the subject was nob conseiong of any voluntary effort involved in these |

of the eyve. A full explanation
gtill required |

gyementy of the phvsiological machanism anderlying

thess eye moyements ix, therefore,

Conclusions.
1, With practine, il is possibile to get & clear glimpse of
vlooitica between 80 - 150" per aec. The clear vision is made possible by rapid oacillutory

mdvements of the cye in the line of motion of the object. I

objects moving at ungular |

2 The manner in which the peeuliar eye movement patterns under serfain condi-

tinms are produced is not Known.

4 Furlher work iz required to determine the maximum time for which the eyo

mavements can be performed and whether thers is anv assoeinted fatigne of veular muzsecles. |

4. Training tn sec ohjacts woving at hizh guuniar velorities may provide a parkial
solution to the prablem of visibility under eonditions of low flving.
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