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Abstract Operator State Assessment
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Saccadic and pupil responses are reliable indices of arousal decrement (e.g. fatigue), Human operators possess many advantages over fully-automated control systems, s = ) = O 5 SSLEAS s
that might be exploited to improve work schedule guidelines. In this study, we tested the but they are not infallible. When humans are performing safety-critical tasks, it is E s . E . E ' o =S 9“_. “ 0 =359 0 =3.96
sensitivity of a short 30-s oculomotor test to detect diurnal arousal variations. Fwelve desirable to employ monitoring technology to insure that operators remain alert and E . N . - I g *.Fr://-;.// . LS L
participants(ofemales;F-males; 377+H-9-years) Eleven participants volunteered to be engaged. % Y =) o Bt 2 E R
assessed every hour (66+20 min) for three consecutive working days, during their g 17 Xy % = . . e ";i' & 2 . m m E . " £
regular office-hours. We used a fully automated testing system, the FIT 2000 Fitness Eye monitoring systems are likely to be an important component of future operator 2 o A — % . 4,___‘_“'__;.1:: % a 5 3
Impairment Tester (Pulse Medical Instruments Inc., Rockville, MD, USA), to measure monitoring systems. Gaze direction can provide information about spatial allocation “ : T T e, T . > . j"'"i; e _ B 3 ° o S
and record saccadic peak velocity, pupil diameter, and latency and amplitude of the of attention, and slow eyelid closures are associated with imminent sleep. In this Z A O e = UM = E . -
pupillary light reflex. In addition, we collected subjective levels of arousal using the paper, we investigate Peak Saccadic Velocity (PSV) as a possible indicator of arousal 2 N o S s et S S, ° . .
Stanford Sleepiness Scale, and body core temperature. We analyzed the data using a decrements that occur long before the onset of sleep. Previous work (Diaz-Piedra et E “ s ro > 4 . "
linear mixed model approach for longitudinal data. Both saccadic velocity and al., 2016) has demonstrated changes in PSV during helicopter missions lasting 3 . e ol = °
subjective alertness decreased over the course of a day, while body core temperature several hours. . . . 7 e . I I II I I
increased (all p-values < .05). The data also weakly suggested an increase of the pupil . .
diameter (p=.07). The findings support the use of oculomotor indices in the assessment Unfortunately,due to the brief nature of saccades, accurate measurement of PSV ! T T T T ﬁ ] ] ] ] 5| 07 T T T T T T 1 | T 1 10 T T T T ﬁ ] ] 3| ] 5| 7 ] ] ] ! T A A S N L
of arousal and fatigue in applied settings. requires specialized equipment: the system used in this study (PMI FIT-2000, see o _ time (minutes) T A Tl o

lower left panel) employs an analog optical servo system with high bandwidth; temperature (rel. mean) e ) subjective sleepiness (rel. mean)
8?{2:: fdtlilre;l:) gr ltgl:gz,l[;g;lve participants was dropped from the analysis due to medication ll,nai:S(gzzn;ggtoifaiiyeylg}[31;2;:1? (33?)68(; fﬁ:; (t;::lclléﬁgt%(:lrtlgga;lifnz:l(llgzlrglsnz;r;;g’il;;rame Three Variables (saccadi.c velocity, temperature, an.d subjective sleepines§) showed significant trends thr?ughout th.e work-day (see data b?low). B}lt these Vari.ables are oonly weakly correlated with each Two of the aqthprs .made a nymber of m?asurements in rapid succession t(? assess p?ecision.. Measur.ement variability is large.— the

multiple intra-frame flashes enabling measurement of PSV using a standard camera other. This may be due in part to measurement noise (see panels to the right). We have also, somewhat inappropriately, treated the sleepiness ratings as metric quantities. standard dev1at.101.1 is appr0x1ma?ely 10 tn.nes. The average hourly decrease. in .sacca(pc velocity. On.gomg work seeks to determine

with 60 fps. how much of this is due to behavioral variability, versus measurement noise in the instrument. It is not clear whether the

instrument's velocity measurements are normalized with respect to the amplitude of the executed saccade.

The PMI FIT 2000

The PMI FIT-2000 fitness-for-duty tester (Pulse Medical Instruments, Rockville
MD) performs a brief (30 second) oculomotor test battery designed to detect
impairment produced by fatigue or intoxication.
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saccadic velocity appears to vary systematically during the work day. Although the
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the resting pupil diameter (PD), and the amplitude and latency of the PLR. ety
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