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Abstract: - General aspects of Human Machine Interface (HMI) are very hard to be defined. They are the on the top level of interest when studying the reliability of the human operators. The first part of our article deals with general problems of HMI and its application on the tasks of  the transportation. In the second part it is discussed the abstraction and definition of human operator operating artificial transportation means. Our research is mainly focused on the reliability of the interaction processes between the driver and vehicles, pilots and aircrafts (i.e. cars, trains etc.) so the final paragraphs deals with concrete examples of a usage of our methodology which we apply on experimentations on vehicle simulators. The final part deals with the main result, the methodology for classification of User Interfaces (UI) suitability (continuously developed in our laboratory), which is based on measurements of technical and biological signals (like EEG, ECG etc.) considered as the output from the complex system of interaction between a human and an artificial system
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1   Introduction

With more and more complex automatic systems which contemporary transportation means are equipped with, the demand on their operators is being grown. Since those complicated devices get into hands of regular non-professional drivers, their usage should be as easy, as intuitive and as ergonomic as possible. Contemporarily they should not distort driver from the driving tasks and should not take too much part of his/her attention [1].



Because of this fact it is easy to come that all the world-wide companies producing cars and other kind transportation means take care of  the research in HMI. 

2.Problem Formulation

None of the many artificial systems which human society has dealt with throughout its history, and is dealing with today, are able to operate independently – to date, all of them have had to be controlled, or at least supervised by man. Our intention is not to solve the problem, whether or not, eventually when (in the far future) such artificial systems, fully independent on a human being, will develop. As far as we can see, this does not seem to be probable. As for all the artificial systems already in existence, the need of interaction with a human subject is predicted to be essential – most likely for a long future time horizon. Therefore, the quality and reliability of such interaction is of top importance for all of us, notwithstanding the level of the particular artificial system intelligence. Unfortunately, the long history of humans dealing with artificial systems lead to realization that very often the human ability is the weakest point in such an interaction. The limitation or the decreasing human vigilance and attention, in the course of his/her operation service or control of the respective system, has always been the most frequent reason of many system failures and accidents. Another source of system failures is seen in the possibility that the human operator (or user) of a particular artificial system, though perhaps in vigilant state, may react with a delay or his/her choice of a particular kind of reaction may not be perfect with regard to the actual situation. The reliability of human subject – artificial system interaction is limited, dominantly from the human side. In the year 2002 only the losses from accidents, caused by lack of attention of car drivers on the roads in European Union, were estimated to be approximately 60 billion Euros.

 One of the most important fields of research of HMI is aviation than the reliability, accuracy and safety of the human subject – artificial system interaction is of top importance. Human Performance is relevant wherever and whenever the human being is involved in aviation. Thus it plays fundamental and vital role to promote efficiency and above all else – safety in every facet of the aviation industry.

 2.1 Causes of Accidents

 In the early decades of 20th century a great number of accidents, indeed the majority, were caused by equipment failure or other factors outside the control of the operators. Over the last 30 to 40 years however the major cause of aircraft accidents have been human factors. Airframes have become more reliable, modern engines and associated equipment seldom fail, navigational equipment (both in the aircraft and on the ground) has improved in leaps and bounds, giving a degree of accuracy undreamt of by the early pioneers of flying. The improvement in the equipment available, allied with the advances in Meteorological forecasting should have virtually eliminated aviation accidents except for the most freak conditions, but these accidents have not reduced at the rate one would except from the advances of technology. The factor that has not changed is the human being. It is often seen in reports of aircraft accidents that the cause was „Pilot Error“ but, of course, a more correct reason would be „Human Error“.It is unfortunate that errors occur at all stages of an aircraft´s life. Designers may make small arithmetical slips which may not be picked up, servicing personnel can put the wrong fuel and lubricants into engines or fit components incorrectly, operations and loading staff do get the weights wrong but the major contributions to flight safety can be achieved by educating the operating crew.

 2.2 Aircraft accident statistics

Statistics play a fundamental role in accident analysis. It is only by the production of comprehensive and wide-ranging statistics that the root cause of accidents can be established. When compared with other forms of transportation, aviation has the best safety record (the risk of death per person per year in a car accident is 1 in 10.000 in the UK and 1 in 4.000 in the USA). The accident rate is approximately 1 per million airport movements. However, the sad fact is that aviation safety has not significantly improved over the last 40 years. This is in spite of enormous technical advances in:

Aircrew training and selection

Aircraft manufacture and design

Weather tracking and prediction

Mechanical reliability

Systems monitoring equipment

Communications

Accuracy and range of navigational equipment

Cockpit and cabin layout

Safety equipment

Air Traffic Control Expertise and capabilities

Control and weather radar equipment

Airfield lighting and facilities 

Even with all the above technical successes the 
overall standards of safety that have been achieved, the art and science of advanced aeronautics in all types of flying conditions are not yet fully perfected. Nor has the complex relationship between technological progress on the one hand, and human frailty on the other, been fully resolved. In aviation, perhaps more than in other fields of human endeavour, mankind remains as much a victim of himself as of the elements around him. Causes of Accidents – Approximately 73% of all accidents are caused by Human factors. Historically this figure has not changed since the 1950´s. CFIT (Controlled Flight into Terrain) remains the most common general form of accident. 
In the next sentences, we will focus our attention on the Driver-Car Interaction Issue than it is the main theme of our contribution.
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3 Measurements of tasks of HMI

Measurement of HMI is in general a pretty hard task. In fact it should be a complete set of measures which can responsibly classify all the aspects of the system. The system which describes the interaction between the machine (in our case it is usually a car, aircraft, truck, engine…) and the human is tightly coupled with precision and our capabilities to describe the human as a system. Since the artificial system (which can be although extremely complex) is known, the main problem lays on simplification of the human. From that reason the HMI is viewed and investigated from various points of view.

Because of this fact it is usually investigated with respect to potential field of use. Off course that it is most prior to investigate in the tasks of ergonomics of devices which would not be used for any cognitive task (and vice versa).

Generally the classification of the HMI should be derived from certain markers of  driver’s physical and mental comfort and/or driver’s actual mental state.  From that point we can deal with driver’s workload in general but more information could be get from particular indicators. It is possible to investigate in several indicators of driver’s attention decrease, nervousness. Subjective evaluation is still one of the most used. It is usually done by classification of more or less hidden-purpose questionnaires. Beside that there is a need for objective classification. To find the ways of the objective measure is not easy. We can deal mainly with indirect measures like is a general form of reaction time. The method which we believe is most appropriate and most direct one is the measurements and consequent analysis of EEG signals.

3.1 Our approaches for measurements  

EEG signals arise from an activity of neurons of the thalamus and cortex. A normal EEG signal is quasiperiodic and has very approximately a sinusoidal shape. The amplitude of the EEG signal is usually between 10 and 100, which varies with frequency. The frequency range is from 0 Hz to 80 Hz. If it's measured on the scalp, the effective range is limited approximately to 30 Hz.



There exist several types of brain waves and they are classified into many categories. From the micro-sleep point of view, the most important are [2]:

•
Delta - (0.5 - 4 Hz) - It can be found in a deep sleep. It is also typical for analytical thinking. Occurrence during adult's vigilance is pathological. The amplitude is usually between 10 and 200.

•
Theta  - (4 - 8 Hz) - It can be found together with delta activity in certain phases of sleep. Theta activity also increases during psycho-tests, even with open eyes.

•
Alpha  - (8 - 13 Hz) - The most apparent is with closed eyes. It is damped by an intellectual activity and opened eyes. Its amplitude is usually between 30 and 70.

•
Beta  - (13 - 30 Hz) - It is typical for uneasiness. 

The amplitude is up to 30. The maximum of beta activity is in the frontal part of the brain.

Each of the bands can give us certain information about that drivers actual mental state. Unfortunately those markers are very individual ones and they are hard to be generalized. The topics to investigate are mainly correlations between them and/or ratios among them. Very interesting view an give us non-linear analysis of EEG signals [6]. 



Additionally to the basic recording  of all the signals which go into the farther analyzing process we need to have an extra information which helps us to tune up our classification methods and judge the situations where the result is uncertain or it is too far from the average or general expectations. An example could be a measurement of suitability of placement of particular functional parts inside a car cockpit (let’s say controlling buttons). If the result is derived only for example from the particular reaction times without considering driver’s hand physiology, the result could be misinterpreting. The next table shows an example of physiology of proband’s hand, which we used for experiments with control buttons.

	[mm]
	1
	2
	3
	4
	5
	6
	7

	A (with of finger)
	16
	16
	18
	19
	18
	13
	17

	B (length of finger)
	80
	78
	80
	70
	80
	60
	84

	C (legth of palm)
	175
	185
	190
	180
	180
	150
	202

	D (length of forarm)
	300
	280
	330
	310
	320
	240
	262


3.2 Car simulator systems for use of Driver-Car interaction
The measurements of HMI (specifically Car-Driver Interaction) require specific conditions. Fortunately there is a general understanding about the look and functions of car operator workplace. Off course there are attempts to change the look of car cockpit dramatically, but the car market is very conservative. From this point it is not hard to define in details all the necessary functional blocks of car cockpit system. If those are know and well described than the task of measurements of reliability between them and the human operator is almost straightforward
. The usage of car simulator is very popular in this field [5]. It helps not only for training and design purposes but it also helps with analysis of driver behavior using several different investigation methods [4]. The next picture shows a scheme of basic simulation device.
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Fig. 2 Basic concept of the experimentation device

3.2.1   Modular system for measurements

Our measuring system which we use for measurements when doing experiments dealing with HMI. Unfortunately it is hard to predict all the needs and requirements of such experiments in advance. The methodology used evolves after evaluation of each particular experiment. From that point it is necessary to have a system dynamic enough to respect all required changes. Generally it is very hard to create a system robust enough which can satisfy needs for several years. From that reason the effort investigated to create such a “perfect and technically clear” system will perhaps hardly pay off.


Our natural choice was for a modular system connected via unified connection. The main hard of the measuring complex is a recorder of the EEG. Unfortunately, since such devices are usually used in medicine praxis, they are not ready to be incorporated into complex systems, usually they have one or two single purpose interconnections with surrounding. The only reaction time module was able to do this job. We took advantage of a fact that most of the digital measuring devices use for its connection into PC an RS232 port. 


The core of our modular system is a synchronization module which receives all the synchronization tags sent from all the modules. One exception is an EEG recorder which cannot send anything. Every module records its data including its local time and the time when a synchronization tag was sent. Transport delays are neglected since the human reactions are far from the millisecond precision. The next scheme describes an example of system setup (3).


[image: image3]
Fig. 3 Modular architecture of measurement device
The output synchronization signals are that gathered and recorded in a SYNCHRO module. During the preprocessing phases all the records are composed into one big array (matrix) of all inputs with common time base (it off course requires resampling in most cases). Than the further analysis is very straightforward and can be considered complexly.

3.3 HMI car related measures
The realization of the car cockpit, the layout of functional parts and controlling handlers and buttons, becomes more and more in a focus of the world-wide car producers. With upcoming more complicated controlling devices and ITS devices which the modern cars are equipped with, the demand on common drivers rapidly growths. In past times the investigation in this field (and the predeceasing monitoring) has been done mainly for purposes of extremely expensive devices and workplaces (i.e. planes, heavy trucks, power plants….).

3.3.1   Reaction Time experiments

The experiments which takes into account a time which is necessary to perform certain desired task is very common measure in the field of HMI investigation. Such an approach is very straightforward, since it directly correlate with time cost demand which very important mainly in systems which requires time critical reaction of the operator. In comparison with questionnaires it is objective and they are not so affected by actual driver’s mood. Their results are then affected mainly by learning procedure which is possible to derive from longer time measurement. But unfortunately in fact it deals much more with ergonomics than with a complex view on HMI discipline. It is possible to say that the reaction time test should not ever stay alone when classifying quality and suitability of a particular device.

3.3.1   The EEG based approach

On of the possible direct measures of driver’s workload is a classification of his EEG signals. The river was during the experiment forced to push a functional button in placed in three possible positions. The proband had to react on a audio visual stimuli. To do the task more complex, the driver should decide depending on visual instruction, which way to handle the appropriate button. Thanks to that fact the difference could be more apparent. Figure (Fig. ) shows  the ALPHA/DELTA ration from O2
 electrode during a simulated drive.
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Fig. 4 ALPHA/DELTA ratios
From the graph it is possible to see difference (yellow curve) between the situation before (blue) stimulus and 3 sec. after the stimulus (purple). It is possible to derive that the position of the functional button really matters (with respect to the driver’s workload).

3.4 HMI  environment related  measures
One of the very important tasks of traffic related HMI research is (besides car cockpit design) is the task of “road design”. This discipline covers besides the road, cross-sections and signing itself also tunnels and bridges planning. 

For the measurements our VR “light” car simulator was used. Screen projected with FOV 120 DEG to simulate realistic peripheral perception. Car position and driver’s EEG was recorded. For the measurements on our car simulator we use relatively simply scenery equipped with relatively simple old fashioned rough brick tunnel. It was chosen to get more significant affect of “impropriety”. For simplicity no traffic was considered.
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Fig. 5 Inside tunnel.
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Fig. 6 Ratio of  ALPHA/DELTA of EEG signal at electrode T5 , on x axis is time represented by époques other electrodes showed very
When we analyzed the spectra of the drivers it appeared a difference between the EEG inside tunnel an open road. It is not easy to be seen from rough time series but first form spectral analysis. The ALPHA/DELTA ratio can tell us about driver’s attention decrease and/or mental load. It seems that it growth when driver resides inside tunnel (first tree peeks in the graph bellow) and falls when in the open country. It is mainly apparent on first couple of trials – the next ones are not so convincing- we suggest the adaptation of the driver on the situation and clamming of his (Fig. ). If the learning curve is taken into consideration and the data are corrected in a proper way we can filter out the influence of learning and get clear view of the situation. From this point it is then possible decide how demanding is for the driver to drive inside of tested road section (tunnel, corridor, bridge, demanding cross-road or junction) in comparison with the reference non-demanding part.

4   Conclusion

This article was written to enable us to appreciate the limitations of the human being in the traffic environment. The evaluation and measurements of tasks dealing with HMI makes a very wide field which covers big range over scientific disciplines. 

Usage of car simulators in connection with complex analysis, which includes beside classical measures also analysis of the human brain signals (EEG), could give us a good view on the driver’s behavior and his appropriate mental state. Consequently the measurements of tasks of HMI become more objective and reliable.
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� Off course it is a hyperbola, since the problem lays in system definition of the human operator
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