Graduated Dynamic End Point System ‘GRADEPS’ for

Assessment of Visual Field Contraction during
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In the datermination of tolerance to -G+ acce-

feration fixed angla peripheral light loss (PLL) is used
as an end point, which onfy indicates whather or not
the angle of vision of the subject is less than a certain
vafue. A new dynamic system with multiple frohits
has been developed and incorparated into Lhe human
centrifuge for quantifying the exient of reduction in the
angle of vision. [t provides a better assessment of
progressive narrowing of the visual field and helps in
the study of role of the compensatory rmechanism of
the vardiovascuiar system. The present communication
describes the details of this system using eight fight
emitting diodes subtending angles of 64°, 607, 567 arnd
52 and presenting the visusl stimulus. A brief des-
cription of the control circuitry teveloped using inte-
grated circuits of the TTL family is presented.  Detaifs
of its operation and results phiained during different
rates of anset of acceleration are discussed.
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(-:\IFIE‘tr uut or peripheral light loss (PLL} of various
grades has been utilized as an end point to determina
the tolerance of Gz stress in most al the laboratories.
For the last 15 years PLL at 53" has been used as the
end point in the human centrifuge which is available at
the Institute of Aviation Medicine (iAM)}, Bangalore.
But during the trials with this system it was nhsarued

|t was felt 1hat a sel of
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lights subtending different angles and indicating a
progressive narrowing of tha visual fiald may be more
convenient and useful fur measuring PLL, Thus it

cular tumpﬁnf;émry mechanisms can also be evaluated
properly with this system of multiple lights. Gillin-
gham and Mcnaughton® have reported the use of a
multiple light system in their study of effect of seat
back angles on g lolerance.

A dynamic system with multiple lights for pre-
senting visual stimulus at graduated angles and for
measuring the response of the subject 1o this stimu-
lus has been developed and incorporated into the
human centrifuge at [AM. A display system of eight
lights is mounted in the gondola for presenting tha
stimulus.  An  slectronic  sub system  selects  the
correct pair af lights and, when the subject responds,
another subsystem switches the lights offl and controls
the stimulus repatition and random swilching eircuits,
Additional subsystems have been added for discra-
tized recording of the angla of vision on a palygraph.
Thase subsystems are described and the result of the
trials ©n human subjccts under different rates of g
onset are presented.

The GRADEPS

Eight light amitting diodes (LED} mounted symm-
aetrically on an arc of radius 30" such that LED pairs
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subtending angles of B4°, 60", 56 and 52° at the level
of the eye of the subject {Fig. 1) constitute the dizplay
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Fie, 1 — Display svstem of the GIRADERS for presenting visual
shimulus to the subjecy A to 0¥ and I to A are licht
emitling diodes litted such that the pair A—A" BB,
C-C"and DD subtend anplos of 64, 60, 55 aned 527
respeciively.

unit of the graduated dynamic end point system
(GRADEPS). Theo LEDs are interconnected such that
only one of the pairs (A and A", B and B, Cand C’, or
D and D°) can glow ar a time to present a light stimulus
tor the measurement of angle of vision of tha subjact.
When tha light stimulus is Presented atl a particular an-
ale, say 64°, if the alowing LED pair, viz., A-A" s within
the field of vision of the sublect he responds by press-
ing a microswitch (PTT button) mounted on the moak
vontrel column,  This butten is refarred 1o as
‘RESPONSE" key in the fellowing  description.  The
details of the GRADEPS is outlinad in the block
diagram of Fig. 2. A controlled elock generates the
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Fig, 2 — Funetionat iloek di:l-:_ru:n of the wradosred dynamie end
poing svstem, GRADEPS,

pulses of  desired duration to orive (s seduence
generator.  Output of this generstar is given to the

8

LED drivers which energize the selociad pair of LEDs
of the display unit. When the sihject responds,
LEDs are switched off, and the stimulus repetition
control and randeam switching circuit are triggered for
the next stimulys 10 be presentad after g3 random
delay. The OUTput of the sequence generator is dis-
eretized to obtain a four level tecording on the praly-
grash.  The system can be operated in the Mmarral
OF automatic mode. It has been designad using TTL
integrated aircujist {ICs) and discreore COMBanents.
Each of the subsystems is describad in detail in the
following Raragraphs. The ICs used o realise aach
of them are also indicated.

Controlled Clock. Tha controlled clack can be selented
to genarate pulses of variable  duration {Tc) equal
toone and a half times the response time of the
subject at rest. The elock is started by the STIMULUS
control (Fig.2) activated by the controller or a randam
switching circuit and stopped by the RESPONSE ey
operated by the test subject, A timer (NE 555) ysed
4% an astable mulivikratar, g Miptiop (SN 7443) and
an AND gate { SN 7408 ) constitute the contioled
clock,

Sequence Generator, Driven by the pulses of the
cantrolled cloclk, the seqQuence  generator providos
control voltages for the LED drivers which in turn
drive the corresponding LED pair.  Tha Sequence of
light stimuli starts with the glow af the pair ot LEDs
A-A" which stays ON for the duration Te. If the subjerct
responds within tha time Te indicating that the fights
are within the field of his vision, the lights are BWitched
oft and the clock is stopped.  The now Stimutlus
starts with the same pair of LEDs and the abave pro-
cess repeats if he keeps respanding within the pariod
Te. However, if ha fails to respond within  that
period indicating loss of vision at that angle, the
HQUBNCe generatar activates the drivers of the next
inner pair of LEDs namely B-B" (60°) which may still
bie visible to Wim. 1F 50, he responds, the lights are
switched off and the nesxt stimulus is repeatad at GO°
{B-B"Y. In cosa there is N0 responze within tima Te
the LED pair - srresponding ta next lower angle
of 587 is turned on and this shift te lower angles conti-
nues 6l subject responds. Four flipflops [EN 7473)
connectad as ripple countors and sight AND gates
(T4 3N 7408) ay decoders constitute this subsystem.
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LED Drivers. LEDs require current in the range
of 10-20 mA lor a distinct and bright dizplay. Drivars
provide this current for the salpcted LED pair and the
intensity control can be sal 1o provide the desired
brightness of the LEDs. Itis also required that the
lights are switched off as soon as the subject respo-
nds. This function is achieved by a gating switch
common to all tha deivers. Transistors AC 127 driven
by the outputs of the dccoders ol the sequence genea-
rator are the drivers.

Srimufus fRepeiition Control.  As  long as the
subjact keeps responding within the period To, the
stimulus at the maximum angle (A-A7) is repealed by
the sequence generator. However, when the stimulus
is at the angle corresponding to B-B' or lower, il is
necessary to verify the measurement by repeating the
stimulus twice or thrice at the seme angle. It is desi-
rable lo restart the stimulus frem a higher angle to
astablish if thara is any improvement in the field of his
vision due to compensatory mechanisms of the body.
The stimulus repetition control (SRC) counts the num-
ber of responded stimuli at angles corresponding to
B-B', C-C' or D-D' and resets the sequence generator
after three such stimuli so that the fourth stimulus
wld bae from A-A'. The complete sefuence given
ove is repeated.  Two flipflops (SN F473), an AND
ta (1/4 SN 7408) and transistor 2N 2207 constitute
3 SRC.

Discretizar. It is required to record on the poly-
yph the angles of vision measured by the GRADEPS.
B discretizer assigns different weights for the out-
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3 — Fonr-level pulput of the diseretizar for regording the

angle of vision on the pulyeraph.

5 of the sequence genarator corresponding to diff-
nt angles and produces a four-level recording
1.3) on ona of the channels of the polygraph so
tangle of vision at any stage of accelaration can be

WOVt P

directly read off. Four potential divider natworls,
four diodes and two transistors (AC 127} form the
discretizer.

Random Switching Cireuit, When ftrials are
repeated there is a possihility of the subject getting
used to the rhythm af the medical controller and press-
ing the RESPONSE key even when he cannot sae the
glowing pair of lights. This laads o erroneous resuils

L L L3
E—_ - —— - o W - ma @S -
—— — — - — — — -
a
/ R 1T T e : DEglsa
I’i SEEVAOLT i ML
[ETT b gF viziol 647 E
] BOED . 4 80 B 6 s 6 B B L
I . . = — e -
b o — N WE T W D S EETERCSS - e e
b
&-OMERT U T LS
! l GAEVOUT  tt.dg
®
e LB oF wignon © pdt
b BB £ A B = (24 (1] T i [y
p o p— — [ -
B - U e
— — - m—ﬂ--r!- mar Arr— - — —"
&
G- OMSET ooglaEc
SRENERUT -5.53'
. &a =
“| e oF wigion 53 %
i

Fig. 4 — A typical record of {he meassprement of anele of vision
nsing GRADEPS. Lower tracking in each of the aboyve
reeords is the g profile and the upper wacing i3 the anple
of vigion as measured using GRADEPS.

a1 TRapid ousel rate (ROR) of (L5 g seo and a peak
geceleration load of 4z Mo prayont s seen

b} RORof 0.5 pfsec and a peak loud of 4.5 g Grey out
i At 44 e and minimue angle of vision 367,
Tmprovemeni in the angle of vision can be seen
townrds the end.

¢l Gradual onset rale {GOR} of U] grisec and a peak
load of 6.4 g. Grey out s ol 5.5p and minimum
angle of vision ig 3327,

in measuring his g tolerance. To avoid thiz a random
switching circuit (RSC) has been designed and incor-
porated into this system. It also relieves the medical
controller for monitoring  subject’s physiclogical
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parameters and his response. RSC is activated by taking ditferent

the system into autematic mode. It triggers the con-
trolled clock after a random delay from the start of the
run or from the moment the subject responded o the
previgus stimulus. The maximum and minimum values
of this delay are 0.1 and 0.6 sec. This eircuit is res-
lized using a timer (NE 555} as an astable multivibra-
tor, four filpflops (SN 7473) as a ripple counter, sight
AMD gates (SN 7420) as a logical adder and two
flipflops (SN 7473) as histable multivibrators, The
oulput of this system drives a reed relay which trigg-
ers the contrelled clock into operation.

Rezultz

GRADEPS has been usad on more than ane hun-
dred subjects for establishing a threshold at PLL at
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Conclusion

A graduated dynamic end point system has bes
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fuge. The results of the experiments on the systen
are found to be advantageous, Itis now in rauting
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