
Dr Pradipta Biswas, PhD (Cantab)
Assistant Professor

Indian Institute of  Science

https://cambum.net/







4
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P. Biswas, Interactive Gaze Controlled Projected Display, Indian Patent Application No.: 201641037828
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Auditory Cue

Straight and Level Maneuver
Pointing and Selection Tasks
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Metric Joystick MMHE

Mean Time (MT) 

(ms)
4456 (731) 3017 (909)

Throughput (TP) 

(bits/sec)
0.434 (0.04) 0.686 (0.20)

TLX Score 45.63 (15.8) 37.92 (15.49)

SUS Score 64.68 (14.9) 73.44 (13.37)

Metric Joystick MMHE

Deviation from path 486.8 (591)
375.2 

(357.1)

Altitude Deviation 199.4 (46.4) 199.4 (39.7)

Average Flight 

Distance
56564 53313
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JeevithaShree DV, KPS Saluja, LRD Murthy and P. Biswas, (2018) Operating different displays in military fast jets using eye gaze tracker, Journal of  Aviation 

Technology and Engineering 8(1), Purdue University Press
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• Herat rate (skin response) [Healey 
2011] 

• Acoustic features of  voice [Boril
2011]

• [Afzal 2009; Sezgin 2007] detected 
cognitive states by capturing 
affective states

Cognition from ocular parameters Cognition from other body parts
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C1
Flying without 
any boundaries 
or operating 

any secondary 
tasks 

C2
Flying within 
boundaries

C3
Flying within 
boundaries and 
perform the 

secondary task 41
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Taxing segment

Wings level with

altitude between 4000-

5000 ft. AGL, speed of

125-130 knots

Take off & 

climb segment

Design: Take off Task scenario with increasing task difficulty levels (C1, C2, C3)

C1 C2 C3

Take off: Initial checks,

apply full throttle, take off

at 130 knots speed.

Climb and continue with

a level flight for 4 minutes.

Similar to C1 till

level segment.

Maintain altitude

between 4000 to

5000ft above MSL

for 4 minutes.

An additional secondary

task of pointing and

selection in an adjacent

secondary head down

touchscreen display along

with the constraints

discussed in C2.

NALSim flight simulator

Tobii Eye gaze tracker

Emotiv Insight EEG tracker

Comparison with EEG



Results

Median of  Power of  EEG Frequency bands
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� Distribution pattern of gaze fixations are more random with increase in task difficulty.

� Pupil dilation based L1NS metric shows significant increase with secondary task.

� Low-beta and theta band powers of EEG data are sensitive to task difficulty.

EEG band power Pupil dilation based 

ocular parameter

Gaze direction based 

ocular parameter



Summary

� Introducing secondary task causes significant increase in cognitive

load.

� EEG band power and ocular parameter based physiological measures

are indicators of pilot’s cognitive load.

� Above parameters exhibit significant positive correlation (p<0.05)

among themselves.

� The study proposes a quantitative methodology for cognitive load

estimation.












