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Abstract. The article considers the problem automated recognition of emotion-
al state. The article details the approach used to select gestures and movements. 
This approach is used in a subsystem designed to determine the emotional reac-
tions of human movement. We give a formalization of the activity movements, 
fuzzification dynamic information, granulation of the 1st and 2nd levels. This 
paper describes a model representation of emotional gestures and movements in 
the form of fuzzy sequential temporal expression. 

Keywords: human emotions, the automation of specific gestures, fuzzy tem-
poral variable, linguistic value, granulation, fuzzy temporal event, fuzzy tem-
poral sequence expression, fuzzy temporal hypergraph.  

1 Introduction 

Emotions play a vital role in human life. Emotions affect cognitive processes, in-
cluding decision-making process to commit any action, so the definition of emotional 
reactions are gaining importance. The work of the authors aimed to determine the 
emotional reactions of people in speech and body movements. The article details the 
approach used to select gestures and movements. This approach is used in a subsys-
tem designed to determine the emotional reactions of human movement. [1] 

2 Formalization of the Activity Motions 

2.1 Bvh-file 

For motion analysis, we scan the bvh-files. The BVH file format was originally 
developed by Biovision, a motion capture services company, as a way to provide 
motion capture data to their customers. 
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The name BVH stands for Biovision hierarchical data. The BVH format is a way to 
provide skeleton hierarchy information in addition to the motion data. The BVH for-
mat is an excellent all around format, its only drawback is the lack of a full definition 
of the basis pose (this format has only translational offsets of children segments from 
their parent, no rotational offset is defined), it also lacks explicit information for how 
to draw the segments but that has no bearing on the definition of the motion. 

A BVH file has two parts, a header section which describes the hierarchy and ini-
tial pose of the skeleton; and a data section which contains the motion data. In prac-
tice the number of segments is limited by the format of the motion section. [3] 

 
2.2 Activity 

Introduce the concept "Activity". Activity "A" is expressed in human gestures. The 
lower body movements, and as a result fewer changes in the channels bvh-file that 
stores the recorded motion, the activity value "A" - less. Activity of gestures for time 
Δt is defined by (1) and depends directly on what part of the body movement was 
made. 
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where m - number of time series, describing the move, Tn(Δt) - change the n-th 
time series for the time Δt, nk  - sensitivity coefficient for the n-th time series (TS). 

2.3 The Coefficient of Node's Sensitivity 

The coefficient of Node’s sensitivity depends on the degree of influence of the n-th 
time series on the mass transfer of the human body. Thus, we describe the sensitivity 
coefficient in the following form: 
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where i - number of child node in the vector model in bvh-file, j - the maximum 
number of child node, mi- body mass ratio shows what proportion of the total body 
weight is this part, pi - the coefficient of proportionality of body weight. 

Scientists have made studies to determine the weight and length of human body 
parts. After averaging the results for an adult male obtained data: head - 6.9%, the 
upper section of the trunk – 15,9%, shoulder – 2,1%, average body department – 
16,3%, forearm - 1,6%, the lower part of the body – 11,2%, brush – 0,6%, thigh – 
14,2%, lower leg – 4,3%, and foot – 1,4%. For example, for a man whose mass is 
distributed according to the above ratios, the coefficient of proportionality for all parts 
of the mass is equal to 1. For women, whose mass fraction of the hips, or rather the 
lower part of the body, in total body weight, more than men, the ratio depending on 
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the structure of the body is greater than 1. Similarly for all other parts of the body 
mass of the proportionality factor may vary. 

The vector model has a hierarchical description, so it imposes certain features of 
the calculation of the activity. We present the calculation of the coefficient of Node’s 
sensitivity, which is responsible for the shoulder, when the angle of rotation about the 
X-axis: 

                                    0 0 1 1 2 2nk p m p m p m= ∗ + ∗ + ∗                                    (3) 

where k - coefficient of sensitivity of the channel responsible for turning in the 
node "shoulder" to the axis X, m0 - ratio of body weight for leverage is 2.1%. The 
index is equal to 0, we can say that it is the parent element for which there is a calcu-
lation of the sensitivity coefficient, m1 - ratio of body weight to the forearm, is 1.6%. 
The index is 1, this child of the first level, m2 - ratio of body weight shoulder is 0.6%. 
The index is 2, then this child element of the second level, pi - for the average adult 
male of all elements is equal to 1. 

3 Fuzzification and Granulation 

3.1 Linguistic Variables 

The authors have been made fuzzification for further work with information about 
the human body movements. [2] In every bvh-file there is a parameter that is 
responsible for the speed of playback and recording. Thus, the time can be calculated 
either in seconds or in frames.  

Introduce the concept of a fuzzy temporal variable "Duration". The set of terms 
correspond to the following terms: "Zero", "Very short", "Short", "Moderate", 
"Long", "Very long". In the future the number of linguistic values (LV), which can 
take the variable in the system can be configured. It depends on the error, which we 
obtain in the future when converting from a clear value in the fuzzy and back. 

The shape of the membership functions of terms of the variable "Duration" are pre-
sented in the figure: 
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µ 
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Fig. 1. The shape of the membership functions of terms of the variable "Duration" 
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3.2 Definition of Linguistic Variables 

To characterize the magnitude of motion we introduce a family of linguistic varia-
bles (LVar) "Fuzzy angle change". Originally used a variable "Fuzzy angle", which 
describes a rotation site at some point in time. It was later discovered that the data 
presented in the bvh file contain angles that are not capable of human joints by limit-
ing the mobility and structure. This was related to the original location of the axes 
around which changes the angle model’s nodes rotation. 

Number of linguistic values, which will take a variable to be constant, but the val-
ues themselves are different. It depends on the maximum mobility (MM) and the type 
of joint (with three, two, with one axis of rotation) or other parts of the body, which 
changes the angle of rotation. 

Vector model of the skeleton consists of 22 points to determine the LV, which will 
describe these points need to find a correspondence between nodes and anatomical 
changes in the angles of places the person moves. [2] Required compliance is present-
ed in Table 1. 

The analysis of Table 1 reveals that the relevant sites are bending joints and spine. 
For a correct compilation of a membership function for the LV, which takes the vari-
able "Change in the angle fuzzy" values were analyzed by normal mobility, which are 
not considered disabilities, people who are not involved in sports, such as indicators 
of physical therapy, provision of military medical examination, medical instructions 
from - medical insurance. To determine the magnetic field athletes were examined 
research on the joint motion of swimmers, gymnasts, athletes and others. 

Table 1. Correspondence between the points of the vector model and anatomical changes in the 
angles of places the person moves 

Place the fold The point of the vector model 

Cervical spine 
Head 

Neck 

Shoulder joint 
Collar 

Shldr 

Radiocarpal joint (wrist) Hand 
Ulna, radioulnar joint ForeArm 

Thoracic spine 
Chest 

Abdomen 

The lumbar spine 
Hip 
Waist 

Hip Thigh 

Knee-joint Shin 
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Ankle joint Foot 
Metatarsophalangeal and 

interphalangeal joints Toe 

An analysis of the sources revealed that the morphology of the value of mobility 
measured in terms of the angles of flexion-extension, abduction-reduction, internal-
external rotation. MM for the joints, determine the following form: 

 MMjoint = Max(Fold + Straightening, Bringing + Abduction, In + Out),  (4) 

Summary results of the MM joints in degrees are shown in Table 2. 

Table 2. Maximum flexibility of the joints 

  No athletes Athletes Comments 

Brachial 240 299 Swimmers 

Ulnar 145 152 
Basketball players, 

gymnasts 

Radioulnar 180     

Radiocarpal 170 175 Swimmers 

Hip 135 195 Gymnasts 

Genual 130 138 Swimmers 

Talocrural 65 79 Cyclists 
It was also revealed that the maximum spine mobility can be calculated as the sum 

of the angles of rotation of MM left and right around the longitudinal axis of the body. 
Summary results of the MM spine in degrees are shown in Table 3. 

Table 3. Maximum mobility spine 

  Swimmers Athletes 
Cervical 352 320 

Chest 185 164 

Lumbar 128 102 
In turn, the MM for the joints of the toes is 115 degrees. 
For each node we introduce the LV every Δ degrees. Depending on what kind of 

human movement, we will describe, this value can be adjusted. To describe small 
periodic fluctuations, such as tapping the table with fingers or wiggle, "wiggle-
waggle" from foot to foot, as a result of practical experiments was taken as the 
solution to calculate Δ as 1 / 12 of maximum mobility of the joint. This value allowed 
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the most accurate description of the direction and speed of movement, without losing 
the semantics.  

The shape of the membership functions of terms of the variable "Fuzzy angle 
change" presented in the figure: 

∆	  
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Fig. 2. The shape of the membership functions of terms of the variable 
"Fuzzy angle change" 

As an example, take the LV for the node, which corresponds to the elbow joint, the 
maximum mobility is equal to 180 degrees. For him, Δ = π / 12, so we have the 
following meanings: "Around minus π / 2" ... "Around minus π / 6", "Around minus 
about π/12», «Close to zero," "Around π / 12 "," Around π / 6 "..." Around π / 2. " 

After that, perform granulation of the second level, by introducing the LVar "The 
rate of change of the angle". Membership functions are defined on the set LV variable 
"Fuzzy angle change". As a result, empirical research has revealed that small periodic 
oscillations do not occur strictly at a certain speed, there is often jump to the 
neighboring velocity values. For a more compact description of the statements, it was 
decided to present graphs of the functions belonging to terms of the variable "rate of 
change of angle", as follows: 
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LV	  Change	  in	  mobility

Fig. 3. The shape of the membership functions of terms of the variable 
"The rate of change of the angle" 

Set of terms of the LVar consists of the following: "Stabilization," "Very slow 
increase", "Slow growth", "Average increase", "Rapid", "The very rapid increase", "A 
very slow decrease", "Slow reduction", "The average reduction", "Fast reduction", 
"The very rapid decrease". 

Thus, using data from the linguistic variables that can describe the motion of the 
joint around an axis in the form of fuzzy temporal events. [4] 

4 Fuzzy Temporal Expression 

Since the events are located on the time axis immediately after each other, then the 
motion can be represented as fuzzy sequential temporal expression (FTE). [5] 
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For example, the graph (Figure 4) shows the position of the angle of rotation 
around the X axis for the site "right foot" in the bvh-file. We describe the interval [t4; 
t12] as a series of fuzzy temporal statements: "There is an average decrease in the 
angle of very short duration, followed by stabilization is almost zero change in the 
angle, followed by a secondary increase in the angle of very short duration". 

 
Fig. 4. The shape of changes of the angle 

A model of this description is the following FTE: 

 ( 2 ) ( 0 ) ( 5 )W B rtfLa rtsn B rtfLb rtsn B rtfLa= , (5) 

where LV fuzzy variable "Tendency TS": B2 - The average reduction, B0 - 
Stabilization, B5 - Average increase; LV fuzzy temporal variable "Time": La - Very 
short, Lb - Zero; rtsn - direct temporal relationship following. 

One of the problems - fuzzy search boundaries of the partition of events. We solve 
it this way. Let us start marker FTE W, a fuzzy point TNW = t1. Geometrical 
interpretation of W is FTE fuzzy partition 

 
~

{[ ( ), ( )][ ( ), ( )][ ( ), ( )]}
W
TN TN a TK b TN b TK b TN c TK c=∑  (6) 

If the values of membership functions for LV "Very short" and "Zero" respectively 
(6) 0,92Laµ = , (7) 1Laµ = , (8) 0,92Laµ = , (0) 0,7Lbµ = , (1) 1Lbµ = , (2) 0,7Lbµ = , 

then substituting them into the recurrence formula we find the fuzzy boundaries of the 
partition. 

We construct a fuzzy hypergraph [5] for our temporal expression (Figure 5).  
So, we have a boundary events, forms of membership functions for variable 

"Time", "Fuzzy angle change," "The tendency of BP" and the rules of transition 
between them. In order to get an animation of the vector model of human needs to be 
done defuzzification.  
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t1 t7 t8 t9

a b

1,0
1,00,92 0,92 0,7 0,7 1,0

t10 t11

0,7 0,7

c

t13 t14 t15 t16 t17 t18 t19

0,92 0,92 0,92 1,0 0,92 0,92 0,92

 
Fig. 5. Fuzzy temporal hypergraph 

Thus, if the rules are constructed and describe patterns that were obtained by 
capturing movements of people, and not generated in a specially designed packages 
such as Poser, 3ds Max, Motionbuilder, and others, that result in a more believable 
emotional characters characteristic gestures computer games and applications. [1], [6] 

5 Conclusions 

One of the tasks that are currently in the process of decision is that of three 
consecutive fuzzy temporal propositions, each of which describes motion around one 
axis construct a statement which will be integrated to describe all three, and the 
semantics will the same. [2], [6] 

At this stage of research, the system analyzes the person's movement, and builds on 
the limited description in natural language. Then, using a sliding window reveals the 
characteristic patterns and alerts the user. The hardest part is finding the relationship 
between motion and emotion. We are trying to find and describe these relationships.  

Thus, to automate recognition of emotional state on the movements and postures 
developed a classification of characteristic poses, and their compliance with the 
emotional reactions; database that stores the interpretation, verbal description and 
image characteristic poses; NN model identification of postures and emotional 
response. Automated process of data preprocessing and formalized movements of 
human activity. Produced fuzzification of dynamic information, as well as granulation 
of the 1st and 2nd levels. We have developed a model of representation of specific 
body movements and gestures in the form of fuzzy sequential temporal expression. 
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