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Abstract: - A simple pursuit tracking task as model of driver’s activity is investigated in relation to fatigue. The experimental persons have performed the task each 2 and 1 hours during first and second 12 hours of measurement respectively. A steering wheel was used for tracking, the position of the tracked object and tracking cursor was observed on a computer screen. A group of various variables was derived from the movement. These variables were tested as possible indicators of fatigue. It has been found that some variables are more appropriate for fatigue assessment than the others.  The tested persons differ greatly in the extend where fatigue is observable. Also there are great variations in performance in various indicators measured among persons. 

Minimal (maximal) values of variables in relation to the time from waking-up were observed. A difference in behavior between variables based on the beginning and on the end phase of movement was discovered. The alertness based on variables derived from initiation phase of movement (reaction time) culminates earlier then the alertness based on variables derived from the terminal phase. At least two underlying regulation mechanism participate on the simple step response movement.
1  Introduction

Attempts to find features on decreasing driver’s abilities and possibility to fall into micro- sleep based on steering wheel movements are usually oriented on analysis of time series measured values of steering wheel movements. But it is necessary to start from physiological facts and hypotheses. The generalized-cognitive-slowing hypothesis predicts that search rate will be slower, feature guidance less effective, and response time (RT) lengthened when observers are sleepy. [1] The response time or reaction time, carry the main amount of information on driver’s sleepiness.  RT is simple measurable in laboratory conditions, on the other hand there are great difficulties, trying to measure it continually during driving. From this point of view it is necessary to find some indirect methods or find different variables carrying information on RT. To present some hopeful possibilities, potential fatigue indicators, is the main aim of this contribution.

It is necessary to say initially, several words on reaction time (RT). Reaction time which is usually measured in different psychological tests, (Donders’ reaction time) consists of several components.. According to [2] we can distinguish following components:

· Mental processing time (time necessary form sensation, perception, response selection and/or programming the response). 

· Movement time (the time it takes responder’s muscle to perform the programmed movement).

· Device response time.

We try to measure mentioned components and how they are influenced by fatigue with help of a simple experiment. Experiment consists of simple tracking a point on a display by steering wheel. Investigated driver tries to follow target on a computer display by steering wheel. Position of the target is changed in random time moments with random amplitude. Every measurement consists of about 40 steps. Driver operates in closed loop but his response is without influence of car dynamics. Thus we obtain a set of step responses for certain driver in specific time of a day. These measurements are repeated periodically during 24 hours. (per two hours during daytime, first 12 hours after weakening, and per hour during the nighttime).  For any experiment we calculate mean delay Td and a set of mean additional parameters (settling time Ts, time of inflexion point Tinf, maximum velocity vmax).

This measurement is compatible with the  measurement of reaction time, which is used in psychology. (Donders reaction time is elapsed time from starting optical or acoustical stimulus and motoric response, usually pushing some button). Classical methods of reaction time measurements do not allow distinguishing transient component and pure delay. Time necessary for moving the arm and finger to press the button is considered as a constant value and negligible in comparison with time spent for information processing. Measuring of transient time, elapsed time during the movement Tm, produce additional information. Tm is measured according to fig.1, as a time interval from 2% to 98% of steady state value. 
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Fig.  1. Typical step and impulse response of the operator

During the mental processing time there is no response. Time necessary for mental processing is measurable as a pure transport delay. Then follows movement with specific microstructure. Any movement starts as a previously programmed movement without feedback control, only feed forward. Near to requested steady state value is control switched to feedback control of eye-hand system. Time of switching depends on required character of the response, (quick response or precise response). [3] 

This simple experiment enables to suggest group of fatigue features (fatigue indicators) passed on driver's  behavior in time domain. 
2  Methods
Selected indicators have been derived from the operator's movement (see Fig.  2 and Table 1). 
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Fig.  2. Position of selected indicators

The meaning of specific indicators  is explained in Table 1.  The following notations is used:

T: Time of the event from the start of  a particular step. (ZVT – reaction time, maxAT: time of maximum acceleration, etc.) 
P: Position of the event in pixels counted from the movement start 

V: Operator's velocity (velocity of a cursor in pixel/time unit, which is 0.025 s)

A: Acceleration in particular event. 

	ZVT
	Time since operator starts to respond (3% of step high)

	maxAT
	Time of maximal acceleration (corresponds to reaction time)

	konecVT
	Settling time

	ZP75
	Position when 75% high of the step was exceeded (control value)

	maxV
	Maximal speed during the step response

	maxVT
	The time when movement speed is in the maximum

	maxVP
	Position when movement speed is in the maximum

	T0
	=(maxV*maxVT-maxVP)/maxV Intersection of the tangential line in the point of maximal speed with x axis (with the time axis).

	T1
	=(step_high+maxV*maxVT-maxVP)/maxV Intersection of tangential line in the point of maximal speed with line parallel to x axis in the step height

	RT
	=T1-T0

	ZTX5mZT75
	(ZTX5 – ZT75)

	maxVlmaxVP
	(maxV/maxVP)

	maxVlmaxVT
	(maxV/maxVT)

	maxV_v
	MaxV/step_hight

	KZAT
	=(minAT-maxAT)*0.025

	smer1
	=minAP-maxAP)/KZAT (tangent of the angle between the line connecting points with minimal and maximal acceleration and x axis)

	ZTX5
	Time when cursor is in 5% distance from the step-height line

	ZPX5
	Position of cursor in 5% distance from the step-height line (indicative value)

	ZVX5
	Velocity of cursor in 5% distance from the steady state level

	ZAX5
	Acceleration of cursor in 5% distance from the steady state level

	ZTX10
	Time when the cursor is in 10% distance from the steady state level

	ZPX10
	Position of cursor in 10% distance from the steady state level (indicative value)

	ZVX10
	Velocity of cursor in 10% distance from the steady state level

	ZAX10
	Acceleration of cursor in 10% distance from the steady state level

	ZTX15
	Time when the cursor is in 15% distance from the steady state level

	ZPX15
	Position of cursor in 15% distance from the steady state level (indicative value)

	ZVX15
	Velocity of cursor in 15% distance from the steady state level

	ZAX15
	Acceleration of cursor in 15% distance from the steady state level

	ZTX20
	Time when the cursor is in 20% distance from the steady state level

	ZPX20
	Position of cursor in 20% distance from the steady state level (indicative value)

	ZVX20
	Velocity of cursor in 20% distance from the steady state level

	ZAX20
	Acceleration of cursor in 20% distance from the steady state level

	S1
	=(step_height*(ZTX5-ZTX10)+ZTX10*ZPX5-ZPX10*ZTX5)/(ZPX5-ZPX10) intersection between the line connecting points in ZPX5 and ZPX10 and steady state level.

	S2
	=(step_height*(ZTX15-ZTX20)+ZTX20*ZPX15-ZPX20*ZTX15)/(ZPX15-ZPX20) intersection between the line connecting points in ZPX15 and ZPX20 and steady state level..

	S3
	=(step_height*(ZT75-ZT50)+ZT50*ZP75-ZP50*ZT75)/(ZP75-ZT50) intersection between the line connecting points in 50% and 75% step height and steady state level.


Table 1. Description of selected indicators

3  Results
A proper indicator for fatigue estimation was searched. Some indicators show remarkable trend. Indicators related to the movement start as ZVT, maxAT or T0 seems  to be well suited for fatigue detection. However, tested persons differ in capability to detect fatigue. At some persons there was an evident minimum during a day (=maximum of alertness), other persons don't show a clearly visible trend. See Fig.  3 and Fig.  4)
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Fig.  3 Persons with visible minimum of fatigue during the day. The number behind the underline ("_") is a number of  a day of measuring.

There were performed two tests dealing with selected fatigue indicators.

1) The distribution of different indicators are tested by  Kolmogorov – Smirnov test. 

2) .For median values of different indicators the Wilcoxon’s rank sum test for equal medians has been performed.

Kolmogorov-Smirnov test compare the distributions of values of two samples (data vectors) X1 and X2 of length n1 and n2, respectively. The null hypothesis for this test is that X1 and X2 have the same distribution. The alternative hypothesis is that they are samples from different distributions. The test was performed  at 5% level of significance. The selected indicators: ZVT, maxAT, T0, T1, RT, S1, S2, S3, ZTX5mZT75, maxVlmaxVP, maxVlmaxVT, maxV_v and smer1 were tested each to other. The indicators related to beginning of the movement (ZVT, maxAT and T0) create a separate group, their distribution is different from remaining indicators.

Wilcoxon rank sum test for equal medians performs a two-sided rank sum test of the hypothesis that two independent samples, x and y, come from distributions with equal medians. The probability of observing the given result by chance is designed as p-value. If the null hypothesis is true means the medians are equal. Small values of p cast doubt on the validity of the null hypothesis. The tests were performed at the 5% level. Again, the indicators ZVT, maxAT and T0 differ from the remaining indicators and the median of these indicators is the lowest among all selected indicators. 

	Indicator
	ZVT
	maxAT
	T0
	T1
	RT
	S1
	S2

	Min of Fatigue
	8:56
	3:58
	10:08
	12:59
	13:16
	15:15
	14:59

	Indicator
	S3
	ZTX5mZT75
	maxVlmaxVP
	maxVlmaxVT
	maxV_v
	smer1
	

	Min of Fatigue
	14:35
	14:46
	14:22
	14:22
	13:16
	14:16
	


Table 2`Minimums of fatigue based on selected indicators (the time from waking-up when the alertness is maximal
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Fig.  4 Group of persons where  indicator T0 does not show not show any visible minimum or trend.  

4  Conclusion

Because of the modern military systems are based on the collaboration of man and machine, the synthesis of intelligent man-machine interface is very actual topic. The design of sophisticated interface is very important way of increasing the effectiveness such man-machine system, enhancing its combat force and improving of protection human–operator life and health. The approaches to the intelligent man-machine interface construction issue from general cybernetic principles formulated in cybernetic discipline Intelligent Control. Therefore the structure and tasks of IMMI is very similar for various kinds of warfare system. At present the development of the IMMI is namely oriented to applying advanced approaches and methods to analysis of man behavior and properties, to synthesis of sophisticated law of interface adaptation and to solve necessary tasks of knowledge processing and utilizing by the best way. The very important and urgent application of IMMI synthesis is in domain of  aviation.
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