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SYSTEM AND METHOD FOR ESTIMATION OF HUMAN ACTIVITY AND MOOD STATES
BASED ON RARID EYE MOVEMENTS AND GALVANIC SKIN RESPONSE

FIELD OF THE INVENTION

[0001] The present invention relates generally to mental workload (or human activity)
measurement and eye movement research. More particularly, the present invention relates
to human activity measurement, such as for operator training, and mood state estimation
based on rapid eye movement.

BACKGROUND OF THE INVENTION

[0002] Eye movement énalysis and Galvanic Skin Response (GSR) have traditionally
been used for human activity estimation. .
[0003] Different methods of eye mavement analysis can be used for eye mavement

- measurement, such as: electrooctllogramic, electromagnetic, photo-electrical with infra-red
source, phota-optical with mirror sensor, video or cine-camera means, ete. Such methods
can analyze view paths, eye fixation on different external objects, and saccadic movements
due to a change of fixation on objects. This can reveal the main stages of the activity,
structure of perceptual processes of information searching, moments of attention and
difficulties, which then link with reasening pracesses, Use of these methods permits
estimation of human activity when a subject is warking with different options of Indicators and
interfaces, researching a mature of information processes, attention and reasoning.

[0004] Methods of GSR typically measure resistance, conductivity or potential
difference of the human skin. They permit the estimation of changes in human mood states.
Amplitude and phase parameters of GSR ¢an be analyzed, and Reactions of Activation and
Relaxation of GSR can be determined. GSR Reactions of Activation are connected with
regulation of human mood states when there Is a fast change of GSR amplitude, However,
the GSR Reactions of Relaxation can relate to a slow change of GSR amplitude. If
measurernent of skin resistance (or potential difference) Is used, GSR Reaction of Activation
Is assoclated with a fast decrease of the skin parameter. Using Measurement of skin
resistance, GSR Reaction of Relaxation is assoclated with a slow increase of the skin
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parameter. Using measurement of skin conductivity, GSR Reaction of Activation Is
assoclated with a fast Increase of the skin conduclivity and GSR Reaction of Relaxation is
assoclated with a slaw decrease of the skin conductivity. The use of GSR method permits
analysis of various hurman mood states that can be influenced by exireme factors such as
stress, weariness, iliness, emotions, physical effarts, ete.

[0005] Some known methods estimate human activity by comparing time Intervals
between saccadic eyes movements (Inter Saccadic Intervals = 1S1) with certain ranges
(taxons) of 1S1 which characterize regulation levels of human activity having differant
contents and complexity. The method Is based on the psycho-physiological evidence for the
relationships between ranges of IS! changing and different levels of regulation processes. As
criteria of an estimation of activity, both the current and total werkioad are used. The method
permits an estimation of human activity in various control systems, such as on simulators. It
also pravides the abllity to estimate a complexity of human controlled procedures and the
hurman proficlency level,

[0006] it has been discovered that priar methods may not ba able 1o separate the
factors which influence human activity from the factors which influence human mood states.
In terms of resolving tasks in an activity, the influence of external extreme factors, weariness,
physical efforts, emotional reactions or illness can be overcome by means of commeon
(Universal) regulation processes. Thus there are problems connected rot with the complexity
of the activity, but with complexity of mood states. Known methods are not directed towards
the separation of regulation processes concerning activity and mood states.

[0007] It is, therefore, deslirable to provide additional means reflecting specificity of
mood states regulation in human activity analysis.

SUMMARY OF THE INVENTION

fooog] It Is an object of the present invention to obviate or mitigate at least one
disadvantage of previous human activity analysis approaches.

[0009] In a first aspect, the present invention pravides a method of separating
regulation processes relating to human activity and mood states, in response to
measurement of inter-saccadic intervals In eye movement and reactions of activation In
galvanic skin response.
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[0010] In another aspect, the present invention provides a method of estimating
human activity including measuring inter-saceadie intervals in eye movement, and remaving
a contribution due to mood states in respanse to measurement of reactions of activation in
galvanic skin response.

[0011] Other aspects and features of the present invention will become apparent to
those ordinarlly skilled in the art upon review of the following description of specific
embodiments of the invention in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Embodiments of the present invention will now be described, by way of
example only, with reference to the attached Figures, wherein:

[0013] FIG. 1 is a flowchart representing program procedures of a digital computer
according to an embodiment of the present invention; and

[0014] FIG. 2 s a diagram of IS| duration for an estimation of dynamics of activity and
moad states.

DETAILED DESCRIPTION

[o015] Generally, the present invention pravides a method and system for estimation
of human activity and mood states based on registration of Inter Saccadic Intervals (IS1) In
gye movements and Reactions of Activation of Galvanic Skin Response (GSR). A method of
estimation of human activity by means of mental workload measurement is employed,
including comparisons of registered 1S1 movements of eyes with the borders of ranges of 1S|
which characterize time scales of regulation processes at different levels having various
contents and complexity, Embodiments of the present Invention additlonally provide an
estimation of regulation of mood states by means of measurement of parameters of
Reactions of Activation (RA) of GSR, comparison of IS! in eye movements and duration of
RA GSR as a result of which separation In time of pracesses of regulation of activity and
regulation of mood states is achieved.

[00186] The eoncept behind embodiments of the present invention is based on a
generality (universality) of processes of mental regulation of activity and regulation of mood
states. These processes can be expressed in uniform time scales of processes of regulation
at different levels, which allows comparison of psycho-physiological parameters used far an
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estimation of activity and mood states. There [s also some psycho-physiological evidence of
connection of ranges of IS changing with different levels of regulation processes and the
well-known cannection of GSR Reactions of Activation with regulation of maod states.

[0017] There are certain factors or properties that contribute to the viability of
embodiments of the present invention, These can be summarized as follows:
[0018] 1. IS] duration for different levels of regulation process change In a eertain

range because of complexity of regulation processes (defined by thelr psychological
substance and qualitative originality) Is limited on the concrete level,

[0019] 2. [S1 range for levels of regulation process are equal for different people
because it Is based on common regularities of mental activity.
[0020] 3. ISl increase in scope with the increasing level of brain's work load (from

passive interaction to specific movement coordination, prograrmmed task execution,
individual psychesomatic changes and corrections for external influences and factors).
[oo21] 4. ISI ranges increase with growth of regulation levels (such as from direct
interaction to mediate coordination, program-purpose erganization, personality-normative
changing and world outlook corrections) in accordance with complication of thelr mental
nature.

[0022] 5. Total values of 1SI ranges for all five regulation process levels in a preferred
embadiment (fram 0.03 to more then 30 seconds) can form a united or unlversal scale of
human activity complexity. Borders of ranges on this scale ¢an represent universal constants
for regulation process levels.

[0023] 6. ISI ranges can be validated during experimental investigations by means of
a speclal methad of qualitative psychologieal analysls of human activity and maod states.
This analysls can be based on data gathered from survey, interview, comments, thinking
aloud.

[0024] 7. The comparison of registered 1S1 with the borders of their ranges permits an
estimation of the regulation process level during this time Interval,
[0025] 8. Regulation of mood states correlates with the GSR Reactions of Activation

expressed in fast decreasing of electric resistance of human skin.
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[0026] 9. Correlation of ISI eye movement and RA GSR, which depends on the
overall extent of brain wark load and maood states of the subject, allows the separation of the
defined processes on the time scale.

[0027] 10. Comparison of IS In eye mavements and RA GSR is possible because of
a universality of mentzal regulation processes of activity and mood states, This allows the
separation of these processes in time.

[0028] 11. Successive changing of regulation processes levels on the different tirme
intervals allows to show the dynamics of regulation of human activity and mood states,
[0029] Conceptually, embodiments of the present invention function as a prediction
machine to determine the different levels of regulation processes in human activity and mood
states. These levels can be defined on the basis of comparing registered IS! In eye
movements and duration of RA GSR with borders of IS| ranges. In this way, embodiments of
the present invention make use of naturally occurring psycho-physiological processes that
underlie the regulation pracesses of different levels (from direct interaction to mediate
coordination, program-purpose organization, personality-normative changing and world
outlook corrections) and characterize mental rature and complexity of regulation as human
activity and as mood states,

[0030] Table 1 describes parameters of IS] taxans, also described as IS] levels or
ranges. These levels or ranges are used with presently preferred embadirments of the
present inventian, through other levels or ranges can alternatively be used.

ISI taxon (scc.)
No Regulation level
Min, Max,
border A | border B
1 Direct Interaction 0.03 1.0
2 Mediated Coordination 0.9 2.0
3 Program-purpascd QOrpanization 1.9 5.0
4 Personality-pormative Changing 4.6 11.5
5 World Outlook Corrections 10.7 30.0

Table 1
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[0031] At the first leve| —Direct Interaction — mental nature of human activity
regulation processes is concluded on the basis of iImmediate sensible-practical contact of the
human with reality. Examples include; reaction ta events; actualization of sensor-perceptional
images and processes of the perception and realization of motor actions; processes of mood
state regulation = In distinetion and an identification of internal physiological sensations (pain,
heat, a cold, weight, etc.); maintenance of physical efforts; accuracy and speed of
movements; and performance of sequence of mavements or maintenance of thelr necessary
rate.

[0032] Regulation processes of human activity at the second level « Mediate Co-
ordination ~ include arientation in the external situation and logical coordination of activity on
the basis of space-temporary images, and ﬁrocesses of mood state regulation. Examples
Include: diagnastics of functioning of separate systems of an organism; the contral and
estimation of a degree of activity of behaviour; weariness and an emotional condition
(excitation or depression); overcoming of weariness, physisal discomfort, stress, emotional
reactions and meaeds (In mimicry, gestures, speech).

[0033] At the third level — Program-purpase Qrganization = regulation processes of
human activity include searching and defining purposes and programs of activity, test and
evaluation of its total particularities. Bxamples include: organization and planning of activity
as a whole; regulation processes of mood states understanding of state of health; an
opportunity to preserve or change of an emotional condition and mood; a degree of activity of
behaviour, such as in formation of the purposes and programs of restoration or maintenance
of capacity to work, mood, state of health.

[0034] At the fourth level - Personality-normative Changing - regulation processes of
human activity are connected with changing of the way of performing an activity that is
accepted by the human. Examples Include:; criterla, values and norms of its realization, and
pracesses of mood states regulation — in formation and changing of nerms and criteria of
restoration or maintenance of capacity to work, mood, state of health.

[0035] Regulation processes of human activity at the fifth level = World Outlook
Corrections — are connected with the addition and changing of system of professional
knowledge and belief, and processes of mood states regulation. Examples include: changing
and transformation of system of knowledge and belief about human opportunities and his
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reserves, resourees, about restoration or maintenance of capacity to work, mood, state of
health,

[0036] As lavels Increase, an Increasing complexity of regulation processes as
human activity and as moad states can be observed. As a result, complexity of activity and
complexity of moed states regulation c2n be estimated based on a degree of actualization of
different levels of processes of ragulation. The warkload can be estimated based on duration
of these processes. Thus quantitative criterla of the current and total complexity and
workload of activity can be calculated based on; ISI data; which taxans de net coinclde with
taxons of RA GSR; quantitative criteria of the current and total complexity and workload
regulation mood states; and on data 1S, including which taxons coincide with taxons of RA
GSR.

[0037] Hence, IS| and RA GSR can reflect regulation processes of activity and meod
states. Their joint measurement can overcome restrictions of methods of estimation of
human activity based solely on taxonomy of I8! in eye mevements and, also permit the
separation of the processes of regulation of human activity and mood states.

[0038] Itis knawn that in the process of training a reduction of regulation levels
oceurs, For example, If high regulation levels are actualized at the beginning of training and
ISIs of high taxons occur, then In the final stage low levels and ISls of low taxons qccur. This
leads to a reduction of values of the complexity and warkload of human activity. Therefore
the comparison of its data with respective normative values permits an estimation of a
human proficiency level in simulators and real cenditions.

[0039] An increase of regulation levels and ISI taxon numbers oceurs in response to
an increase In complexity of human controlled procedures. To aveid Influence of an
insufficient proficiency level, complexity of human controlled procedures can be estimated by
means of calculation of an average value of total complexity of activity for a group of
experlenced operators, which activity should be considered as a reference.

[0040] Also it Is known that higher regulation levels of aclivity and mood states
actualization are typically required to avercome strong external factors. Thus, there are
difficulties connected to occurrence of adverse mood states (weariness, excitation,
depressian, physical discomfort, stress) and correspanding deterioration of processes of
activity. Therefore by means of comparison of total complexity and workload activity and
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regulation mood states with their values for normal conditions, it Is pessible to estimate a
degree of influence of external conditions on activity and mood states.

[0041] With respect to the complicating factors of human activity, these can include:
Imperfection of control system Interface, defects in the interface of computer pragrams,
control panels, workplaces of operators, information on displays and eontrol handles,
Interfaces of computer programs. Therefore, an estimation of a degree of ergonomic
efficlency of a human-machine interface and software usabllity can be carried out by means
of comparison of total complexity and warkload of activity for different options of the interface
and the software.,

[0042] Calculation of values of the current complexity and workload of activity and
regulation of mood states on-line permits the display of such values on a computer monitor;
this can advantageously be used to organize or provide a biofeedback.

[0043] Cornplex situations of control (situation awareness) or influence of extreme
conditions can occur when a human does not cope with the decision of the arisen problems
and cannot overcome adverse moaod states. Controlled system modes can be Increased
(voluntarily, automatically, and/or In a compulsoty manner) for maintenance of reliability and
safety of control by technical systems, This increasing of controlled system modes can be
carried out in respanse to achlevemnent of threshold values of the current complexity and
workload of activity and mood states regulation.

[0044] In a presently preferred embodiment of the present invention, the movement
of eyes is registered by a common electrooculogramic method (EOG).
[0045] The GSR parameter is a skin resistance which can be measured by an

electric amplifier, This can be done by way of 2 elecirodes located on fingers of a human
hand between which a weak electric current is passed (about 5 mA). The skin resistance is
related to the emission of perspiration and may vary over a wide range from 10 kOhm up to 2
mOhm depending on mood states and the locations of GSR sensors on a human bady.
[0046] Embodiments of the present Invention can be implemnented in software, or in
hardware, and typically in a combination thereof, A methed accarding to an embodiment of
the present invention will now be discussed. However, 1t is to be understoad that this methed
can be performed by software according to an embodiment of the present invention, or
stored on a cormputer-readable medium or embadied in a carrler signal which, when
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executed, performs the steps of the method. Methods according to embodiments of the
present invention can include same, many, or all of the routines or steps described hereln.
[0047] Referring to FIG. 1, a digital computer routine 10 inputs EOG data from a
digital output of an EOG amplifier inte 2 memary buffer ordered by time=code. A digital
computer routine 11 categorizes the eye sight state as saccade or fixation, eye blink or slow
movement (drift) based on the received EOG data.

10043] Saccadic jumps may be voluntary or involuntary. Both of these saccades
move the eyes of the viewer between fixations, or return them on the fixation If eyes drift from
it. Saccades are sudden and rapid ballistic movements lasting about 10 to 120 milllseconds
and traversing from less than 1 to 40 degrees. The peak velocity for a 10 degree saccade
can reach 450 degrees per second; the peak velocity for a 20 degree saccade can range
fram 290 to 400 degrees per second.

[0049] For sensor-perceptual processes the fixation between two saccades is a
comparatively brief period of relative stability which allows the portion of the scene within the
faveal vision to ba studied. In this case the fixation period is typically from 300 to 600
milliseconds. Small jittery mations occur during a fixation. These motions comprise slight
drifts with amplitudes less than one degres, followad by microsaccadic corrections. Blinks
usually last from 20 ta 200 milliseconds and do not coinelde with saccades.

[0050] However, mare complex regulation processes exist, such as when a human
Imagines some logic picture, makes an important responsible decision, or thinks about an
unusual idea. In such a case, the subject may mentally remave himself from surrounding
situation (situational awareness) and immerse in his Inner world. In these cases human eyes
can slowly move in some winding path with saccades depression and intervals between
saccades (IS1) possibly being very long, for example lasting 30 seconds and more.

[0051] The reutine 11 uses a velocity method for saccade detection. In this method,
the eye movement velocity Is computed from the EQG data by first smaoothing with a low-
pass digital filter to remove noise and then numerically differentiating the filter output, The
computed velocity is compared to an empirically determined threshold level (e.g. 5 degrees
per second) separating saccadic movements from fixations and drifts. If the computed
velacity is above the threshaold, it Is determtined as saccadie, whereas if it is less than the
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threshald, It Is considered as fixation or drift. For blink detection, a special scheme aof
analysis is used.

[0052] If a saceade is found, routine 12 determines the start and end of the saccade,
computes the Interval between this saccade and previaus ane — Inter Saccadic Interval (1SI) -
and stores these parameter values in memory, Routine 13 then realizes IS| taxonomy by
comparing with the borders of IS| ranges.

[0053] There Is experimental evidence that I1S] duration increases In accordance with
the complexity of regulation processes on different levels, and that it can change from 0.03 to
mare than 30 seconds. For every level of regulation process, IS| duration can change within
a eertain range or taxon because of complexity of regulation processes (defined by their
mental nature and qualitative originality). This change can be limited on the concrete level.
This 15| range Is commoen for different people because It Is based on universal regularities of
thinking activity, Moreover, IS ranges increase with growth of regulation process levels (from
direct Interaction to mediate coordination, program-purpose organization, personality-
normative changing and warld autlook corrections) In accordance with complication of their
mental nature. Total values of S| taxons for all five regulation process levels (from 0.03 to
more than 30 seconds) can form a united or unified scale of human activity complexity.
Range borders on this scale represent universal constants for every regulation processes
level (see Table 1),

[0054] The borders between neighbour taxons are fuzzy, overlap and are clearly not
separable. The maximum (right) border previous taxan s mare than the minimum (left)
border of the next one. Therefare It Is impassible to define the ISI from overlap borders
ranges uniquely between neighbour taxons. This can be taken into aceount in the case of an
estimation of accuracy of used criterla.

[0055] The values of ISI ranges velidated during experimental investigations by
means of gualitative psychological activity analysis with data of survey, interview, comments,
thinking aloud and definition of problemacities. In this analysis the problemacity is a special
notion for the description of uncertainties, amblguitles and difficulties in activity, appearing on
different levels of regulation processes. Definition of the problemacity type on some
temporary interval of activity permits reference to the occurrence of regulation pracesses, or
to, a certain level,
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[0056] A cemputer routine 14 realizes IS| taxonomy by comparing the registered 1S)
with the fixed borders of their five taxons. This permits estimation of the regulation process
level during this time interval in accordance with the taxon's number. The successive
changing of regulation pracess levels on the different time intervals permits display of the
dynamics of human activity and regulation of mood states as the diagram of IS! duration. A
routine 26 computes this diagram after comparison of IS| and RA GSR in real time and
displays it on the computer monitor.

[0057] A computer routine 15 inputs GSR data from the measuring equipment into a
mamary buffer ordered by time-code.
[0058] In GSR signals it is possible to distinguish between Reactions of Activation

and Reactions of the Relaxaton. It is known that regulation of mood states occurs with
respect to human activation when an increase of pulses in the nervous endings in the top
layers of skin Is observed, thereby increasing intensity of perspiration emissions in
perspiration channels. This can lead to fast reduction in an electric resistance value of skin,
which can be represented by a pulse of some seconds in duration and defined as Reaction
of Activation (RA).

[0059] A Reaction of Relaxation is observed In relation to an absence of regulation of
mood states in GSR. This is reflected In a slow inarease of skin electric resistance and can
last up to several tens of seconts.

[0060] In connection with that regulation of maood states (which can occur on each of
five levels), Reactions of Activation of GSR ¢an reflect activation psycho-physiclogical,
emotional and mental (cognitive) processes In each of these levels. So, at the first level -
Direct Interaction - Reaction of Activation GSR can be connected ta occurrence of internal
physiclogical sensations, maintenance of physical efforts, acecuracy and speed of
movements. At the second level — Mediated Coordination =, they can reflect change of
activity of behaviour and an emotional state, avercoming of weariness and physical
discomfort, stress. At the third level — the Program-purpased organization —, these reactions
can be conpected to activation of mental processes for understanding of state of health,
change of an emotional state and mood, formatian of the purposes and programs of
restoration or maintenance of capacity to work, moad, state of health, At the fourth level —
Personality-normative changing =, Reactions of Activation of GSR can reflect mental
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processes for formation and changing of personal norms of restoration or maintenance of
capacity to work, mood, state of health. At the fifth level = World outlock corrections =, the
given reactlons can be connected to the most compléx mental processes for changing and
transfarmation of system of knowledge and bellef about human reserves, resources,
oppartunities of restoration or maintenance of capacity to work, mood, state of health.

[0061] A cornputer routine 16 on received GSR data separates fast Reactions of
Activation from slow Reactions of Relaxation.
[0062] The beginning GSR Reaction of Activation in routine 16 is determined in

response to a decrease in value of electroskin resistance, and the end — an its increase (it
considers a significant change of resistance more than 1% from its current value). Then
routine 17 checks a condition of presence of GSR Reaction of Activation; if this reaction is
absent, there Is a return to input a new portion of GSR data in routine 15. In a case where
GSR Reactions of Activation are found, routine 18 determines the moments of its beginning
and ending, and saves these values in computer memory.

[0063] A computer routine 19 compares the time of the beginning and the ending of
the determined IS] (received routine 13), with the presence of the given time interval of GSR
Reaction of Activation. An IS1 is considered calncident with RA GSR Iif Reactions of
Activation get between saccades, forming given IS, Further, routine 20 ehecks a condition of
coincidence, or correspondence, of IS) and GSR Reactions of Activation.

[0064] If this coincidence is absent, rautine 21 calculates values of the current
complexity and workload of activity. If coincidence exists, routine 23 comnpares taxon
numbers of IS| and GSR RA. In case of coincidence, routine 24 calculates values of the
current complexity of both workload and mood states, and in case of discrepancy there is a
return to procedure 21.

[0065] Criteria of the current complexity and workload of activity and mood states
represent an estimation of activity and mood states by values of S| of different regulation
levels. A problem in such estimation lies in the comparison of the qualitative specificity of 1SI,
concerning different taxons. However, quality of some regulation processes change when a
maximum or Upper border of a corespanding taxen Is exceeded. Therefare, quality of
different regulation levels ¢can be taken into account by using welght factors representing the
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relations of the maximal horder, or limit, of the certain taxan to the maximal border of the first
taxaon.

[0066] On the basls of this discussion, criterla of the current complexity and workload
of activity and maeod states can be represented by the following equations:

B,
=2
1
where: C, — the current complexity of activity or mood states for registered ISI, | =registered
IS! number, B = the maximal border of taxan to which belongs registered ISI, By =the
maximal border of the 1-st taxan of ISI.

W:, = % %k ti

1
where: W, — the current workload of activity or mood states for registered 1SI, i wregisterad 1S!
number, B; - the maximal border of taxon to which belongs registered ISI, By = the maximal

border of the 1-st taxon of ISI, ti — duration of registered ISI.

[0067] Thus, complexity is a relative eriterion of activity and mood states, and
worklozad is an abselute eriterion (measured in terms of time).
[0068] Routine 22 summarizes the recelived value of the current complexity and

workload of activity with respect to the data received earlier. Routine 25 carries out similar
operation for the current criteria of mood states.

[0069] Afler routines 22 ar 25 there Is a transition to routine 26 which represents
registerad IS1 on a diagram of I1S1 duration. This diagram ecan have the form of a sequence of
columns with different widths and heights. The width of a column can be based on, or related
to, I1SI duration value; the height of 2 calumn can also be based on ISI duration value, butin
the other scale. Referring to FIG. 2, a diagram of IS] duration is provided in which the
abscissa axis represents the activity time (in seconds), the right ordinate axis represents the
ISI duration (also In seconds), and the left axis represents the taxan's numbers. This diagram
can also have the form of succession of columns of various widths and heights. The column
width can be based on the value of ISI duration; the column helght can be based on the IS!
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duration also, but on a large scale. Fuzziness hefween taxons horders Is shown in FIG. 2 as
horizontal gray zones. '
[0070] If ISI does not coincide with RA GSR with respect ta regulation of activity, the
values can be displayed on 2 diagram as 2 first representation, such as dark grey color
columns. If IS] coincide, with RA GSR with respect to regulation of mood states, the values
can be displayed on a diagram as a secand representation, such as light grey color columns.
[0071] Routine 27 checks the conditien of whether the criteria of the current
complexity worlkload of activity and mood states should be presented to the computer
monitor as feedback to the hurman. If such a presentation or display is deslred, there is a
transition to procedure 28 which presents these values to the monitor.
[0072] Then, as well as in a case when feedback Is not necessary, there is a
transition to routine 29 which checks or determines whether controlled system modes should
be iricreased. If such an Increase is desired, there is a transition to routine 30 which checks
whether the normative (threshold) value of criteria of the current complexity of activity and
mood states has been exceeded. If the value has been exceeded, routine 31 carries out
delivery of a command to increase controlled system modes.
[0073] If the threshold value has not been exceeded, there Is a transition to
reutine 32 which checks whether a command relating to, or requesting, the termination of
measurements has arrived from the computer keyboard. If such a command has not arrived,
the methed returns to a new cycle of measurements In routines 10 and 15.
[0074] If such command has arrived, there Is a transition to routine 33. This
rautine calculates total criterfa — total complexity of both warkload activity and mood states.
Total complexity of activity or mood states represent total values of correspanding values of
the current complexity of activity and mood states from routines 22 and 25, divided by, or
over, the total number of ISl |
1 N
C==>C,
DJi:l
where; C - total complexity of activity or mood states, C; — the current complexity of activity
or moad states for{ IS], N — total nurmber of IS,
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f0075] Total workinad of activity or mood states represents total values of
correspanding values of current workload of activity and mood states from routines 22
and 25:

N
w=>W,
i=l
where; W — tolal worklaad activity or mood states, W, — eurrent workload of activity or mood
states for i IS, N — total number of 1S,
[0076] After calculation of total values of these criteria in routine 33, subsaquent
routines are intended for achievement of the separate purpeses of the invention relating to
estimation of a human proficiency level, complexity of human controlled procedures,
influence of extreme factors, degree of ergonomic perfection of the human-machine
interface. Routines for each of these purposes are carried out independently and separately
from each other based on the presence of a correspanding condition, After completion of
each of these routines, the program reaches termination,
[0077] So, routine 34 checks whether an estimation of a human proficiency level is
desired. If such an estimation is desired, routine 35 determines this parameter by means of
comparison of total complexity and workload of activity from routine 33 with their normative
values received based on the data for experienced operators on simulaters or in real
conditions. This infarmation can be inputted into the program separately, either in advance or
on demand.
[0078] Routine 36 checks whether an estimation of complexity of human controlled
procedures Is desired. If such an estimation Is desired, routine 37 estimates this complexity
by means of addition of the received value of total complexity of activity to a file of values of,
or related to, this criterion. These values can be recelved for the group of experienced
operators, whase activity Is considered as a reference, and can be inputted into the program
either In advance or on demand. The recelved data is subsequently averaged.
[0079] Routine 38 checks whether an estimation of influence of external extreme
factors on activity and meod states Is desired. If such an estimation Is desired, routine 3%
determines a degree of the specified Influence by means of comparison of the received
values of total complexity and warkload of activity and regulation of mood states with their
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values for the normal cenditions, The information relating to normal carditions can be
inputted into the program elther in advance or on demand.

[0080] Routine 40 checks whether an estimation of a degree ergonomic effectiveness
of the human-machine interface or software usability is desired. If such an estimation Is
desired, routine 41 determines this parameter by means of comparison of the received
values of total complexity and workload of activity with the similar data received for other
options of the Interface,

[0081] Embodiments of the present invention can provide one or more of the
following advantages and/or benefits;
[0082] 1. A method for estimation of human activity and mood states according to an

embadiment of the present invention based on measurements ISI in movements of eyes and
Reactians of Activation of GSR, can separate in time and adequately estimate pracesses of
human activity regulation. These processes can be connected with realization of the tasks,
and processes of regulation of mood states, connected with Influence of external, Including
extreme factors (stress, weariness, emotional reactions, physical efforts, etc.).

[0083] 2. A method for estimation of human activity and mood states aceording to an
embodiment of the present invention can determine a plurality of levels (e.g. five levels) of
regulation processes, each having different contents and complexity.

[0084] 3. Amethod for estimation of human activity and mood states according fo an
embodiment of the present invention can show dynamics of regulation processes as S|
sequence, relating to different levels and which taxons coincide and do not coincide with
taxons of correspanding RA GSR duration. This ean be provided as a diagram of IS| online,
stich as on a display means.

[0085] 4. A methad for estimation of human activity and moed states according to an
embodiment of the present invention can estimate a current and {otal complexity and
warkload of activity automatically and objectively.

[0086] 5. A method for estimation of human activity and mood states according to an
ermbodiment of the present invention can estimate a current and total complexity and
workload of regulation of mood states automatically and objectively.
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[0087] 5, A method for estimation of human activity and moad states accarding to an
embadiment of the present invention can estimate a current complexity and workload of
activity and regulation of maod states online.

[0088] 7. A method for estimation of human activity and meed states accarding to an
embodiment of the present Invention can evaluate the human proficiency level on simulators
and In real conditions automatically and objectively.

[0089] 8. A method for estimation of human activity 2nd mood states according to an
embodiment of the present invention can estimate a complexity of human controlled
procedures automatically and objectively.

[0090] 9. A method for estimation of human activity and meed states according to an
embodiment of the present invention can esfimate a Influence of extreme factors on activity
and mood states automatically and objectively.

[0091] 10, A method for estimation of human activity and moed states according to
an embodiment of the present invention can estimate a degree of erganomic effectiveness of
a human-machine interface automatically and objectively.

[0092] 11. A method for estimation of human activity and mood states according 1o
an embodiment of the present invention can estimate software usability automatically and
objectively.

[0093] 12. A method far estimation of human activity and mooed states according to
an embodiment of the present invention can provide feedback relating to the current
camplexity and workload of activity and regulation of mood states online.

[0094] 13. A method for estimation of human activity and mood states according to
an embadiment of the present invention can change human cantrolled system modes based
on values of the current complexity and workload of human activity or regulation of mood
states.

[0095] Some embodiments of the present invention are provided as a system or
means for estimation of human activity and mood states. Such a system or means can
include same of the following exemplary components:

[0096] 1. Means for measurement of EOG signals, such as fram a human face.
[0097] 2. Means for computing a value of IS| of eye mavements using EOG signals.
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[0098] 3, Means for computing 151 taxonomy for determination of a level of liuman
activity regulation for every IS! by comparing its value with the borders of IS ranges. These
ranges define the time scales of regulation processes as limits of 1SI changing for respective
levels of regulation of human activity with different substance and somplexity.

[0099] 4. Means for measurement of GSR signals, such as from a human hand,
[00100] 5. Means for estimation of GSR Reaclions of Activation.

[00101] 6. Means for computing parameters of GSR Reactions of Activation.

[00102] 7. Means for RA GSR taxonomy for definition of a level of regulation of mood

states for every RA GSR by means of comparisen of Its duration with the same borders of
known IS) ranges (such as the five known SI ranges).

[00103] 8. Means for comparison of ISI in eye movements and GSR Reactions of
Activation and comparison of their taxons.

[00104] 9, Means for showing human activity dynamies as a sequence of ISI, relating
to different levals and which taxons coircide and do not coincide with taxons of
correspanding RA GSR duration, as a diagram of IS on-line, This means can comprise a
display means.

[po105] 10. Means for computing the current and total complexity and workload of
activity on ISI data, which taxens do not coinclde with taxons of RA GSR.

{00106} 11. Means for computing the current and total complexity and workload of
mood states regulation on ISI data, which taxons coincide with taxons of RA GSR.

[00107] Serme particular systems ar means according to embodiments of the present
invention can include some of the following exemplary, yet optional, components:

[00108] 1. Means for computing a human proficiency level in simulators and real

conditions by comparing a total complexity and workload of human activity with its normative
values.

[00109] 2. Means for comptiting the complexity of human controlled procedures by
computing an average value of total complexity of human activity for experienced operators
[00110] 3. Means far estimation of extreme factors that Influence activity and mood

states by means of comparison of total complexity and workload of activity and regulation of
mood states with thelr values for narmal conditions,
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[00111] 4. Means for computing ergonomic effectiveness of an interface of a human-
machine system by comparing of the total complexity and workload of human actlvity for
different options of interface.

[00112] 5. Means for computing software usability by comparing a total complexity and
workload of human activity for different options of software.

[00113] 6. Means for presentation on a computer monitar the value of the current
workload of human activity and mood states on-ine as feedback fo 2 human subject.
[00114] 7. Means for changing human controlled system modes in response ta the
surrent warkload of human activity or mood states regulation when they reach a threshold
quantity.

[00115] While many elements have been described in gerieral as a means for
performing a particular task or funetion, some of these elements can be provided accarding
to exemplary embodiments of the present invention using particular elements. Such
particular elements which can preferably be used are as follows: video or cine-camera
means for measurement of eye movements; photo-elestrical means with Infra-red source for
measurement of eye movements; photo-optical means with mirror sensoer for measurement
of eye movements; electromagnetic sensor means for measurement of eye movemnents;
means of estimating the value of IS! of eye movements using measured signals from a
human face; and/or means for GSR measurement based on a value of electric conductivity,
resistance or a potential difference.

[00116] While some specific implementations have been described, It Is to be
understood that varlous alternatives can be implemented accarding to other embodiments af
the present Invention. Some examples of alternatives include: placement of GSR serisors at
other locations on a human body; a different structure (number and definition) of human
activity and mood state regulation levels; different values of barders of IS| ranges (taxons) for
levels of regulation of human activity 2nd mood states; different criterta for the current and
total complexity and workload of human activity on data of ISI; and/or different criterla for the
‘current and total complexity and workload of mood states on data of ISI.

[00117] A method for an estimation of human activity and mood states according to an
embaodiment of the present invention can be implemented by means of measurement Inter
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Saccadic Intervals (ISI) In eye movements and Reactions of Activation (RA) of GSR. Such a
method can include same or many of the following:

[00118] 1. measuring EOG signals, such as fram a human face;

[00119] 2. determining saccades in EOG signals and estimating saccade start times;
[00120] 3. estimating Inter Saceadic Interval value (duration) and storing such value
for calculation of eriteria of activity and mood states;

[00121] 4. determining a regulation level of activity and maod states by calculation of

taxon number for registered IS and by means of comparison of its duration with borders of
(five) ISI ranges (taxons);

[00122] 5. measuring GSR signals, such as fram human hand;

[00123] 8. determining a GSR Reaction of Activation;

[00124] 7. determining parameters of GSR Reaction of Activation;

[00125] B. determining a regulation leve| of maad states by caleulation of taxon

number for registerad GSR Reaction of Activation. This can be achieved by means of
comparison of its duration with borders of five IS! ranges;

[00126] 9. determining of which IS coincide and do nat colncide with RA GSR;
[00127] 10. comparing taxon numbers of 1S and RA GSR for IS which coincide with
RA GSR;

[00128] 11, showing or displaying dynamics of regulation processes of activity and
maood states as sequence of ISL. This can relate to different regulation levels and which
taxons coincide or do not coincide with taxons of RA GSR;

[00129] 12, calculating a current and total complexity and workload of activity on data
of I1S1, which taxans do not coincide with taxons of RA GSR;

[00130] 13. caleulating a current and total complexity and of regulation mood states on
data of 181, which taxons caincide with taxons of RA GSR;

[00131] 14, evaluating a human proficiency level on simulatars and in real conditions
by means of comparison of total complexity and workload of activity with thelr normative
values;

[00132] 15. estimating a complexity of human controlled procedures by means of
calculation of average value of total complexity of activity for experienced aperators;
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[00133] 18. estimating a degree of Influence of extreme factors on activity and mood
states by means of comparison of total complexity and workload of activity and regulation
mood states with their values for normal conditions;

[00134] 17. estimating a degree of ergonomic efficiency of a human-machine Interface
by means of comparisen of tatal complexity and workload of activity far different options of
the Iinterface;

[00135] 18. estimating of software usabllity by means of comparison of total
complexity and workload activity for different options of the software;

[00136] 19. displaying such as on a computer monitor, of values of current complexity
and workload of activity and regulation of mood states as a feedback signal; and/or

[00137] 20. Increasing human controlled system modes when values of the current
complexity and workload of activity or current workload of regulation mood states reach,
axceed or fall below threshold values

[00138] In summary, a methed is pravided for estimating human activity and mood
states by means of measurement of time intervals between rapid (saccadic) movements of
eyes (Inter Saccadic Intervals — ISI) and Reactions of Activation (RA) of a Galvanie Skin
Response (GSR), which are used as indicators of different levels of human regulation
processes. The basis of the methad is the generality (commonality, universality) of mental
requlation processes of human activity and mood states expressed in uniform time seales of
these processes at different levels, Different psycho-physiological parameters can be used
for an estimation of human activity and moad states accardingly.

[00139] Methods are known for mental workload measurement, based on rapid eye
movements including registration of eye movements by means of EOG, IS estimation and
thelr comparison with ranges (taxons) of IS which characterize time scales of reguiation
processes at different levels of the various contents and complexity. These processes can
include the orgarization of sensomotoric and perceptian activity, comprehension of a
situation and decision-making before farmation of new professional norms and essentially
new knowledge. Embodiments of the present invention additianally provide an estimation of
change of mood states by means of measurement of duration of GSR Reactions of
Activation (fast recluctions In skin resistance, which connected with arousal and emotional
reactions), and their comparison with the same IS| ranges (taxons). Further comparison of
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eye ISI movements and Reactions of Activation of GSR san be performed. As a result,
separation In time of processes of human activity regulation connected with human tasks
decislan, and regulation of mood states connected with influence af external or extreme
factors (stress, weariness, emotional reactions, physieal efforts, ete.) can be achieved.
[00140] Human activity can be estimated automatically by means of calculation of
quantitative eriteria of complexity and werkload on data IS|, which taxons do not coincide
with taxans of GSR RA. Mood states can be estimated autamatically by means of calculation
of quantitative criterla of complexity and warkload of maod states regulation on data 1S),
which taxens coincide with taxens of RA GSR.

[00141] The method can be used for human activity and moeod state analysis in
different scenarios and for different purposes, such as for an estimation of 2 human
proficiency level on simulators and in real canditions; for an estimation of complexity af
human controlled procedures; for an estimation of influence of external extreme factors on
activity and moad states; for an estimation of usabllity of interfaces of control systems and
computer programs, ete.

[00142] The above-described embodiments of the present invention are intended to be
examples only. Alterations, medifications and variations may be effected to the particular
embadiments by those of skill in the art without departing from the scope of the inventian,
which is defined solely by the claims appended hereto.
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WHAT IS CLAIMED IS:;

Claim 1. A method of estimating human activity comprising the steps of: Inputting EOG data
from a digital autput of an EOG amplifier into 2 memory buffer ardered hy time-cade;
categorizing an eye sight state as saccade or fixation, eye blink ar slow movement (drift)
based on the recelved EOG data; determining the start and end of the saccade thereby
computing an Interval between the saccade and a previous saccade and storing parameter
values in memory; realizing IS taxonomy by comparing with 2 borders of IS ranges;
realizing IS| taxonomy by comparing a registered IS with the borders of at least five taxons
thereby permitling the estimation of the regulation process level during this time Interval in
accordance with the taxon's number; computing a diagram after comparisen of IS| and RA
GSR in real time and displaying it an a computer monitor; inputting GSR data from a
measuring equipment into a memary buffer ordered by time-code; separating fast Reactions
of Activation from slow Reactions of Relaxation In the recelved GSR data; checking a
econdition of presence of GSR Reaction of Activation and If absent, input a new partion of
GSR data, and when GSR Reactions of Activation are faund, determining the moments of
beginning and ending points, and saving these values in a computer memory; comparing the
time of the beginning and the ending of the determined IS, with the presence of the given
time interval of GSR Reaction of Activation; checking a condition of coincldence, or
correspondence, of ISt and GSR Reactions of Activation and If coincidence Is absent,
caleulating values of the current complexity and workload of activity, and If coincidence
exists, comparing taxon numbers of IS] and GSR RA and calculating values of the current
complexity of both workload and mood states.

Claim 2. The method of claim 1 further comprising the step of: calculating current complexity
of activity using:

B.
— 4
Cf — —
B 1
where: C) — the current complexity of activity or mood states for registered I1S), | =registered
IS] number, B, = the maximal border of taxon to which belongs registered 1SI, By ~the
maximal border of the 1-st taxon of ISI.
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Claim 3. The method of claim 2 further comprising the step of: calculating current workload of
activity using:

W, = =1 *1
B,
where: W, — the current workload of activity or mood states for registered 1S1, | =registered IS|
number, B, = the maximal border of taxon to which belongs registered IS), By =the maximal

border of the 1-st taxon of 15|, 1 — duration of registered ISI.

Claim 4. The method of claim 3 further comprising the steps oft summarizing the recelved
value of the current complexity and workload of activity with respect to stored data,

Clalm 5. The method of claim 4 further comprising the steps of: summarizing the currant
criterla of mood states with respect to stored data.

Claim 6. The method of claim 5 further comprising the steps of: determining whether the
values of criteria of the current complexity workload of activity and meod states should be
presented to the computer monitor as feedback to the human and if so, presenting these
values to the monitor, and if not, determining If contralled system modes should be
Increased, and if such an increase is desired, checking whether the normative (threshald)
valle of critera of the current complexity of activity and mood states has been exceeded.
Claim 7. The method of claim 6 further comprising the step of: establishing a command to
increase contrelled system modes.

Claim 8. The method of claim & further comprising the step of: checking if a command
relating to, or requesting, the termination of measurements has arrived from the computer
keyboard and if not proceeding with inputting further EOG data from the digital output of the
EOG amplifier inta the memory buffer ordered by time-code; categorizing an eye sight state
as saccade or fixation, eye blink or slow movement (drift) based on the received EQG data;
determining the start and end of the saccade thereby computing an interval between the
saccade and a previous saccade and storing parameter values in memory.

Claim 9. The method of claim 7 further comprising the step of: calculating total complexity of
both workload activity and mood states, whereln total complexity of activity or mood states
represent total values of corresponding values of the current complexity of activity and mood
states divided by the total number of IS! using:
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where: C —iotal complexity of activity or mood states, C - the current complexity of activity
or mouod states for | IS, N = tetal number of IS).

Claim 10, The method of claim 9 further comprising the step of: calculating total workload of
activity or mood states using:

N
W= W,

i=1
where: W - total workload activity or mood states, W, — current warkload of activity or mood
states for | 18], N = total number of ISI.
Claim 11. The method of elaim 10 further comprising the step of: comparing total complexity
and warkload of activity with normative values based on data for experienced operators on
simulators,
Claim 12. The method of claim 11 further comprising the step of: checking If an estimation of
complexity of human controlled procedures is desired and If so, estimating this complexity by
adding a received value of total complexity of activity 1o a file of values of this eriterion,
wherein, these values relate to the group of experienced operators considered a reference.
Claim 13. The rmethed of claim 12 further comprising the step of; checking if an estimation of
infiuence of external extreme factors an activity and mood states is desired and if so,
determining a degree of the specified influence by means of comparison of the received
values of total complexity and workload of activity and regulation of mood states with values
for corresponding nermal conditions.
Claim 14. The method of claim 13 further comprising the step of: checking if an estimation of
a degree ergonomic effectiveness of the human-machine interface or sofiware usabllity Is
desired and If such an estimation is desired, determining this parameter by comparing
received values of tatal complexity and workload of activity with the similar data otherwise
received.
Claim 18. The method of claim 1 whereln the categarizing of eye sight state uses a velocity
methad for saccade detection in which the eye movement veloclty is computed from the
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EOQG data by first smoothing with a low-pass digital filter to remove nolse and then
numerically differentiating the filter output.

Claim 16, The method of claim 2 wherein the computed velocity is compared to an
empirically determined threshold level separating saccadic movements from fixations and

drifts.

Claim 17. A method for estimating human activily and mood states implemented by means of
measuring Inter Saccadic Intervals (IS1) in eye movements and Reactions of Activation (RA)
of GSR comprising the steps of:

a)
B)
c)

d)

e)

9)
h)

)
)
k)

measuring EOG signals from a human face;

determining saccades in EOG slgnals and estimating saccade start times;
estimating Inter Saccadic Interval value (duration) and storing such value for
calculation of criteria of activity and maod states;

determining a regulation level of activity and mood states by calculation of taxon
number for registered ISI and by means of comparison of its duration with borders of
(five) ISI ranges (taxons);

measuring GSR signals from human hand;

determining a GSR Reaction of Activation;

determining parameters of GSR Reaction of Activation;

determining a regulation level of mood states by calculation of taxon number for
registered GSR Reaction of Activation.

determining which IS] coinclide and which IS] do not coincide with RA GSR;
comparing taxon numbers of 1S| and RA GSR for ISI which coincide with RA GSR,;
displaying dynamics of regulation processes of activity and mood states as a
sequence of IS,

calculating 2 current and total complexity and workload of activity on data of ISI,
which taxons do not coincide with taxons of RA GSR;

calculating a current and total complexity of regulation of mood states on data of ISI,
which taxens coincide with taxons of RA GSR;

evaluating a human proficiency level on sirmulators and in real conditions by means of
comparison of total complexity and workload of activity with their normative values;
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0)

P

q)

)

t

estimating a complexity of human cantrolied procedures by means of calculation of
average value of total complexity of activity for experlenced operators;

estimating a degree of Influence of extrame factars on activity and mood states by
means af comparisen of total complexity and workload of activity and regulation mood
states with thelr values for normal conditions;

estimating a degree of ergonomic efficiency of a human-machine interface by means
of comparison of total complexity and worklioad of activity for different aptions of the
interface:

estimating of software usabllity by means of comparison of total complexity and
workload activity for different options of the software;

displaying values of current complexity and workload of activity and regulation of
mood states as a feedback signal; and

increasing human contralled system modes when values of the current complexity
and worklvad of activity or current workload of regulation mood states reach, exceed
or fall below threshold values.
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