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ENSEMBLE LEARNING ALGORITHMS IN PATTERN RECOGNITION TASKS 
 

Аннотация. Статья посвящена теме использования моделей коллективного 
принятия решений в автоматизированных интеллектуальных системах. Рассматривается 
применение данных моделей для решения задач распознавания образов. Под 
коллективным распознаванием подразумевается задача использования множества 
классификаторов , каждый из которых принимает решение о классе одной сущности с 
последующим согласованием решений с помощью некоторого алгоритма. 

Ключевые слова: распознавание образов, групповые решения, коллективный 
анализ, интеллектуальные системы 

 
1. Introduction 
The c urrent degree of technological and scientific progress requires a focused 

development of computer vision systems as an important mechanism of providing effective 
interaction between machinery and humans. One of the most important areas of computer 
vision is pattern recognition. Successful solution of pattern recognition tasks is necessary to 
develop systems capable of intelligently evaluating the environment and doing certain actions.  

There has been growing interest in pattern recognition tasks in the last decade. This is 
determined by the prevalence of the problems that is being solved in recognizing images and 
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characters, scene analysis, technical and medical diagnostics, signal identification, analysis of 
expert data, speech recognition, creation of expert and artificial intelligence systems.  

Basic theoretical and practical issues of this area are reflected in scientific and practical 
works of domestic and foreign experts, such as M.Z. Zgurovsky, G.S. Osipov, V.P. Gladun, 
V.I. Donskoy, O.P. Kuznetsov, V.F. Khoroshevsky et al [1].  

Fundamental work in the theory of pattern recognition and classification associated with 
the names of such foreign scientists as J. von Neumann, K. Pearson, A. Wald, F. Rosenblatt. A 
great contribution to the development of recognition and classification theory was made by 
Soviet scientists Yzerman M.A., Braverman E.M., Rozonoer L.I. (the method of potential 
functions), Vapnik V.N., Chervonenkis A.Y. (statistical pattern recognition theory, 
"generalized portrait" approach), Ivakhnenko A.G. (group method of data handling), Zhuravlev 
J.I., Galushkin A.I. [2] 

An important requirement for the classification algorithms is resilience to changes in the 
classified set of objects. Nowadays, among specialists, collective classifiers are  becoming more 
popular as a tool to improve the efficiency of pattern recognition [3]. Its essence consists in the 
fact that the final decision is taken on the basis of individual classifiers’ partial decisions 
"integration". In classification problems, the group method is the synthesis of the results 
obtained from different algorithms applied to a given initial information, or selecting the 
optimal algorithms of the given set [4]. When solving practical recognition problems, a user is 
interested in algorithms, providing near ­optimal solution of applied problem. Given a set of 
different recognition models and means for collective decision ­making, certain guarantees of 
success can be obtained [5]. 

2. Collective recognition 
What is meant by the term “collectiv e recognition” is the task of using multiple 

classifiers (committee, ensemble, etc.), each of which will decide on the class of one entity 
with the subsequent coordination of their decisions with the help of a certain algorithm. An 
important condition for the efficient formation of the committee is to comply with the 
necessary balance between accuracy and diversity of committee members. Committee diversity 
is the degree of errors noncorrelatedness between committee members, which demonstrated a 
significant impact (including experimentally). In particular, the advantage of combining 3 
classifiers, each of which had an accuracy at the rate of 67% and a low rate of errors 
correlation, compared with the same association with the accuracy of members ≈ 95% had 
been demonstrated.  

An important factor in the efficiency of a committee is members' votes combining 
scheme. There are various voting schemes, the choice of which depends on the feature space, 
classifiers models, etc. In this study, the most universal schemes are shown, for which the 
winner is the class:  

1) the maximum – with a maximum response of the committee members;  
2) averaging – with the highest average response of the committee members;  
3) a majority – with the largest number of votes of the members [6].  
The following algorithms for constructing collective decisions exist: Bayesian method, 

competence areas, decision ­making patterns, Woods’ dynamic method, complex committee 
methods, logical correction, convex stabilizer, and a generalized polynomial and algebraic 
corrector. Generally, using collective algorithms strategy can improve the prediction accuracy 
due to mutual compensation of an algorithm’s disadvantages for the benefits of others.  

There are different approaches of partial decisions integration . In some cases, it is 
proposed to use the majority vote method or label ranking method. In others – use schemes 
based on averaging or linear combination of the posterior probabilities that are estimated by 
individual classifiers, or fuzzy rules algorithms  can be used. It is also proposed to carry out 
independent fitting of the combined classifier, considering the partial decisions as the new 
complex features. Approaches based on allocation of local areas in observation space, in each 
of which only one part ial classifier is "competent" to make a decision, are also developing [3]. 
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The essence of the collective decision ­making task is to develop an agreed collective 
decision on the order of preference of the observable objects based on individual assessments 
of group members. The need to use multiple classifiers and then combining their decisions 
explained in different ways, depending on the problem definition. The main reasons of using 
multiple classifiers’ coordinated combination of decisions are the followin g two ideas:  

 reducing complexity of a problem being solved (increasing computational 
efficiency of a procedure). 

 increasing the decision­making competence (increasing accuracy rate) [7].  
Despite the fact that one of the classifiers have superior properties  compared to other, 

sets of misclassified objects from different classifiers would not necessarily overlap. For this 
reason, different classifiers may provide different information about the classified object, 
which may be essential for improving the syste m properties.  

As different recognition algorithms manifest themselves in different ways on the same 
sample of objects, then the question arises about the synthetic decision rule that adaptively uses 
the strengths of these algorithms. This decision rule is based on two ­level recognition scheme. 
On the 1 st level, partial recognition algorithms work, the results of which are combined on the 
2nd level in synthesis unit. The most common ways of such union based on assigning areas of 
competence of a certain parti al algorithm. The easiest way to find the areas of competence is to 
partition the feature space. Then, for each of the selected areas its own recognition algorithm is 
developed. Another method is based on the use of formal analysis to determine local regio ns of 
feature spaces as a surrounding area of recognizable objects, for which successful functioning 
of any partial recognition algorithm is proved.  

The general approach to the construction of the synthesis unit considers the resulting 
performance of par tial algorithms as initial indications for the construction of a new 
generalized decision rule. In this case, all of the above methods with intensional and 
extensional trends in pattern recognition can be used. 

Consider the collective decision ­making block  diagram (Fig. 1). The decision rules 
collective is some finite subset {R} of all possible decision rules set C, {R}, where C, {R} = 
{Rl}; l = 1, 2, …, L, formed to develop collective decision where R l ­ l­th decision rule, Y l – 
the decision on the output of l­th rule, C – a collective decision. Type of collective decision 
concretized by the type of a problem to be solved by the collective. Since this is a pattern 
recognition problem, both collective and individual decisions ma de by members of this 
collective, consist in classifying a certain situation or object X to one of the classes or sets Kk, 
k = 1, 2, ..., K. 

The situation X is characterized by the vector of parameters or features:  
P = {p 1, p2, ..., pm , ..., pM }.  (1) 
Formally, the task of making a collective decision is stated as follows: if the Y l, l = 1, 2, 

…, L – the individual decisions made by members of the collective – by the decision rules Rn = 
1, 2, ..., n, then the collective decision is determined as a function of individual decisions: 

C = F (Y 1, Y2, ..., YL, X), (2) 
where F – a collective decision making algorithm  
 

 
Figure 1. Collective decision ­making block diagram  

 
Decision C in the recognition task consists in choosing the number of one of the classes 

Kk, k = 1, 2, ..., K, for each particular situation X, for which rules Rl make different decisions:  
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Rl: X∈Kk, then Y l (X); l = 1, 2, .., L; k = 1, 2, .., K. 
A voting algorithm when the final decision is determined by the majority of algorithms 

can serve as the most obvious approach. In practice, such methods of decisions associations do 
not always show high quality results, because the collective majority error may occur. The 
weights of individual algorithms are fixed, i.e. the peculiarities of some specifi c situation are 
not taken into account. 

There are decision combining algorithms based on probabilistic approaches, when 
selecting among the decisions of different algorithms, the one that has the highest probability is 
selected. There are also matching alg orithms based on metaclassification, when generalization 
of decisions is performed by special metaсlassifier. The input data for it is the decisions of base 
classifiers, which are interpreted as a set of features of the new feature space.  

Collective recogn ition is effective in these cases: 
 decision is to be made by different algorithms;  
 algorithms use different feature spaces or different data sources;  
 algorithms trained with different training data;  
 dimension of the feature space is too large and/or it comprises the features measured at 

different scales;  
 feature space comprises the features of different levels of abstraction (aggregation);  
 specific requirements are set for the type I and type II erro rs (false alarm and signal 

pass). 
There are three collective recognition strategies:  
1) selection of the classifier, whose result determines the solution of a recognition task 

(assuming that each classifier is an expert in a certain area of feature space); 
2) fusion of classifiers decisions (assuming that all classifiers are equally competent in all 

feature space); 
3) a combination of the above strategies.  
Recognition methods using not one, but several concurrent decision rules have already 

been mentioned.  Each rule provides a partial decision. The final decision is taken on the basis 
of these options with the help of a certain generalization procedure. It is expedient to extend 
the group decision approach to the case when more than one group of decision ru les used, i.e. 
"collective" of groups. The hierarchy of groups or collectives can be arbitrarily large. At each 
level, partial decisions produced, according to them – the generalized decisions of current 
level, which play the role of partial for the next l evel, etc. On the basis of the foregoing, the 
following general scheme of the class of efficient algorithms for solving pattern recognition 
problems with the help of the collective decision rules is proposed. Algorithms of the class 
consists in performing four consecutive steps [8]: 

1) generating groups of decision rules; 
2) obtaining partial decisions and evaluating competences of groups;  
3) formation of a generalized decision;  
4) expected error estimation.  
For the rational use of the characteristics of di fferent algorithms in solving recognition 

problems, it is possible to combine different in nature recognition algorithms into groups that 
make the classification decision on the basis of rules adopted in the collective decision ­making 
theory. Suppose that in some situation X the decision taken is S. Then S = R(X), where R –  
decision making algorithm in situation X. Suppose that there are L different algorithms for 
solving the problem, i.e., Sl = R l (X), l = 1, 2, ..., L, where Sl – solution obtained by the 
algorithm R l. We define the set of algorithms {R} = {R 1, R2, ..., Ri} as collective of algorithms 
for solving a problem (collective of decision rules), if on the set of decisions S l in any situation 
X a decision rule F is determ ined, i.e. S = F (S1, S2, ..., SL, X). Algorithms R lare called group 
members, S l ­ the solution of l­th member of the group, and S – collective decision. The 
function F defines the method of generalization of individual decisions into the collective S 
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decisions. Therefore, the synthesis of F function, or a method of generalization, is the central 
point in organization of a collective. 

In the recognition tasks a situation X is a description of the object X, i.e. its image, and 
the decision S – the pattern number that corresponds to the image. Individual and collective 
decisions in the recognition task consist in assigning a certain picture to one of the patterns. 
The most interesting groups of recognition algorithms are those in which there is a dependence 
between weight (influence rate) of each decision rule R land the recognizable image. For 
example, the weight of the decision rule R l may be determined by the relation:  

��(�) = �
1, ��	� ∈ ��
0, ��	� ∉ ��

� 
(3) 

where B l– competence area of R l.  
The weights of decision rules are chosen so that:  

���(�)

�

���

= 1 
(4) 

for all possible values of X. Equation (3) means that the collective decision determined 
by the decision of the decision rule Ri, whose areas of competence belong to the image of the 
object X. This approach represents a two ­level recognition procedure. On the 1 st level image 
belonging to a particular area of competence is determined, and on the 2 nd the decision rule, the 
competence of which is maximum in the found area, comes into fo rce. The decision of the rule 
is identified with the decision of the whole group.  

3. Conclusion 
The rules of integration of partial independent classifier decisions are examined in the 

article. Thus, the generalization of decisions is a special problem in  the field of pattern 
recognition and classification, which cannot be reduced to a typical classification problem 
(with one classifier). It is subject to further in­depth study, and its use in practice may lead to 
qualitatively better properties of classification systems that use the concept of a combined set 
of classifiers forming a collective decision.  
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ADAPTATION OF GAMING PROCESS TO IMPROVE  

HAND REHABILITATION 
 

Abstract. Hands, as the most dexterous part of our body, are of vital importance to our 
everyday life. However, since hands are extensively used in nearly all tasks, they are exposed 
in more dangerous environment than any other parts. Overwork, injury and geratic 
complications, such as stroke can all cause hand function, totally or partially, which directly 
diminish the q uality of life. 
  Unpleasant effects caused by trauma and overwork to hands results with immediate 
hand rehabilitation. Trainings for patients’ rehabilitations are normally goes in rehabilitation 
center in hospitals, with getting some physiotherapy for han ds, making some exercises and etc. 
However all this may bore patients and not to motivate to sooner recovery.   
 The Leap Motion controller is a small device that senses consumer gestures and is 
aimed to enlarge a user’s interactive experience with their computer. Using infrared sensors, it 
is able to collect data about the position and motions of a user’s hands. This allows to use leap 
motion in different purposes like development of children’s intellect, having fun with playing 
virtual reality games and etc. One more example for effective usage of such device is in the 
purpose of medicine.  

Key words: Leap Motion, Machine Learning, Unity3D, Modeling, Autodesk 3Ds Max, 
Cinema 4D, Computer Vision  
 
 If you’re just now hearing about real life escape games, you ’re the norm. Escape games 
have actually been around for nearly a decade, but they’re just now gaining mainstream 
popularity. Starting in Japan, the real life escape game industry has spread worldwide and has 
appealed to people wanting to experience their entertainment, not just watch it. The industry 
really only began to explode in 2014, and there’s no end in sight to the growing popularity of 
this fun and engaging activity. 
 The best part of real escape games is that the player is the main character inste ad of just 
watching a character. And due to the rise in all of these businesses, each one brings its own 
unique experience, forcing “game makers” to be diverse with their themes and puzzles. One 
notable characteristic of the game is the puzzle vs. story di fference. Some games can be all 
about solving hard puzzles and math problems, while others can be theatrical and focus on how 
the player must escape from a “situation” (and is mainly more observationally based). The 
better games are the ones that are able to intertwine the two aspects to create a truly distinct 
experience [1,2]. 
 A virtual environment was developed in order to adapt the scenario as much as possible 
to the patient’s reality. The participant was asked to sit on a chair and to have his forearm  
resting on a small table nearby. When wearing the HMD the participant saw a virtual body 


