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Abstract

This paper sought to investigate pupil size variability, pupil size parameters in terms of time domain and frequency domain, the autonomic
activity change induced by posture change, degree of sleepiness and cognitive task (math task). With a specially designed pupil image
acquisition system in the dark room, these three kinds of experiments were performed to induce a domindnt state of sympathetic or
parasympathetic activation. Electrocardiogram and pupil size were measured in all the experiments.

Based on three experiments, we calculated heart rate variability. In the pupil size analysis, we calculated the mean and standard deviation of
pupil size (in time domain), and proposed several frequency bands that exhibit different autonomic activation between different sessions.
The results indicate that in terms of heart rate variability, posture change exhibited significant differences but not between sleepiness level,
or between cognitive task. Pupil sizes differed only during the postures. And we found some frequency bands that correlated with autonomic
activation in each experiment. While heart rate variability reflects posture change that need cardiac control, pupil size variability reflects not
only posture induced autonomic activation but sleepiness and cognitive load, which is processed in the brain, in time and frequency domain

parameter.

Key words : pupil size variability, pupil image acquisition system, autonomic nervous system.
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Fig. 1. Experimental protocols of three expenments, (): measurement time in minute, ECG: electrocardiogram, PS: pupil size, $SS: Stanford Sleepiness Scale [12],
t: task period, r: rest period. )
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Fig. 2. Experimental environment (dark room and measurement system, APBP Lab. KyungHee Univ.)
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Fig. 4. Heart rate variability (HRV) of Experiment [ (posture) (*: p<0.01, **: p<0.005)
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Fig. 5. Grand mean pupil size of each posture during 5 minutes (the figure shows group mean profile)
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E 1. Mol 2 S 37|0 g, EFEAL Y ttest 22 (*:p<0.00005, pxl: pixel)
Table 1. Mean standard deviation and t- test p-value of pupll size (**: p<0. 00005 pxl pixel)

36806.27 51 03.47 supine Vs, sitting 0.000 *x 0.876

sitting 47651.53 5018.53 supine Vs. upright 0.000 *k 0.076
upright 46522.00 3831.53 sitting Vs. upright 0.494 0.159

2. KMol 2 SF37|2f FoleH 2ol M2 total power (T.P.) 24 M| okste F ol 2494 (A, B2LC), (*:p<0.05)
Table 2 Total power (T. P )and proposed frequency band (A, B and C) energy in fr
mean energy [s?

supgne:(supi) ~ sitting(sit.)

40309405 44648765 34199363 0372 0.263 0.129

band A 4643401 5283901 3440992 0.386 0.137 0.061
band B 405391 375815 238744 0.068 0.016 = 0.044 ~
band C 4719050 6695797 4779905 0.007 = 0.942 0.082
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Fig. 6. The grand mean of Power Spectrum Density (PSD) of pupil size (Experiment |; posture) {Each band shows proposed band for analysis)

voi 28 | February, 2007 59



Pupil Size Variability as an Index of Autonomic Activity—from the Experiments of Posture, Sleepiness and Cognitive Task

80
70

60

50

40

@ awoke
B asleep

30

LF% [%]

Ol
[nul} [bpm]

O3 7. A 2(E3)9 AMubHo|E (HRV) Z2H(BAN R4 818)
Fig. 7. Heart rate variability (HRV) of Experiment Il {sleep) (no significant difference)

TET} v|S=g Ajelt[6, 7).

Sl AFe T FAY FEE B} xAeHA AR
S3ted, 2 o g Ao Ujsl BAEA & st vud A &
Aol we} zto] & Bole Al T2HE 3Tt (Fig. 6). 183
EA71e Fuk d9ge] A K (total power; TP, energy of
band A~C) E& 413 27 (Table 2), 2 71X TV 2 As
ol &= 9)9)t}. Table 1o & EAA 0 28 fol8lx] AT
T A eA 9] T EEAAL S it mEA T
T G941 9] total power® T2 2H4 9] HiolE oA 713 & 3k
< BY Aot AAIA, o] 9] 2 k2 AA A <] dlo]El7} 7}
7 2 A% 50 G EAREA Fa8e ). BAF
o2 Azl Q&) FIE AgAIEA ] BT 20| B Hol
L 712 band B9} band CYJth. Band BE 18 A48 ¢} kL =}
Al A Z2A 2R FAT AR A ks Aude AfelE

90 t

[lexidl] (00LX) &2 idnd
[o] o] [0
B o (o)

o3
N

[o:]
o

A 1

BATHSAY F& B-F Fkol S71313ATh). Band C= band B
A RS 5 QUD F AA e R AAE TR FUT ©]
e g NN Frlehe AE AT AT ARt
band A= ]2} g o] & KolA] gkt whebA] A<k band B
Bzt AAA S FATE wd b, band Ce 7 AA ) &
Arg dgddvtn 4 4 ok

B. 2447 - 431

29 F) G2 ASAAA ) BHES] Aol 2 Aol &
A olm A\ EoAE 8918 4 fithFig. 7). st e 29 4
AT ARt R aAA A SRR} 57 AT
I & 9tk $39 271 EEUAINE EAZHCR
3 7ol BT 4 GRA T, Auhilolge) Asle) s
2, 23 AeolA Razt AAA BHER LS A4 5 9

(o4

Puigge)

o, |

i i 1

0 50 100

H
150 200 250 300
time [sec]

18 8. Z8o| M=ol w2 522k Bd 3 37| (grand mean)
Fig. 8. Grand mean pupil size of awake and asleep cases during 5 minutes (the figure shows group mean profile)

60 | J. Biomed. Eng. Res.



Jeung-Chan Lee, Ji-Eun Kim, Kyung-Mo Park

3. MR W2 S537|0 BT, TEHAL Y test ZHEAH 7ol S, px: pixel)

Table 3. Mean, standard deviation and t-test p-value of pupil size (no significance, pxl: pixel)
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Table 4. Total power (T.P.) and proposed frequency band (D, E and F) energy in frequency domam of pupil size. (*: p<0.05)
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(Experiment II; sleep) (Each band shows proposed band for analysis)
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Table 5. Mean, standard deviation and t-test p-value of pupil size (*: p<0.005, pxi: pixel)

base
rest (task)

5672.6
6148.1

699.13
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band (

T.P. 3820368

G, Hand K) energy in frequency domain of pupil size.

(* p<0.05, **: p<0.01, ***: p<0.005, ****: p<0.0005
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Fig. 13. Entire band distribution shows significant discrimination between autonomic acfivities (So, band A was skipped)
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