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DESIGNING ALGORITHMS FOR SERVICE
ROBOTS ON THE BASIS OF MIVAR APPROACH

Panferov A.A., Zhdanovich E.A., Yufimychev K.A., Chuvikov D.A.

Opportunities of mivar-based approach for robots have been an-
alyzed. Mivar-based method of rapid logical inference for calculat-
ing random algorithms of service robot functioning has been tested
successfully. The logical model of office robot-guide functioning with
the application of mivar-based method of rapid logical inference in
the software environment “KESMI” (Wi!Mi 1.1) has been developed.
Formalized map of the office for service robot has been described in
mivar matrix, 63 objects for 100 rules. Simulation of robot functioning
in the software environment V-REP has been performed.
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1. Introduction

The International Federation of Robotics (IFR) divides all the ro-
bots into industrial robots and service robots [1].

Industrial robots are automatically controlled, reprogrammable,
multipurpose manipulators, which may be either fixed in place or mo-
bile for use in industrial automation applications [1]. Industrial robots
are designed to operate in a strictly controlled environment carrying
out a limited set of production tasks. At the stage of implementation
a highly limited set of specific algorithms and perception models of
the outside world is required to ensure proper operation of industrial
robots. It is important that such robots are capable of operating only
within their algorithms and models.



MXXIW, Tom 6, Ne3, 2016 73

Service robots are defined as mobile autonomous programmable or
trained robots designed to operate in uncontrolled environment as well
as interact with human. The autonomy of service robots is regarded as
their capability to perform set tasks fully autonomously without involve-
ment of an operator. Currently, capabilities of modern service robots are
limited. Robots have not achieved reflex level of animals, whereas it is
necessary to develop the level of ‘a reasonable man’. Nowadays, new
mivar-based technologies have made considerable advances in this area.

2. Analysis of mivar-based technology capabilities for robots

Mivar-based technologies have combined and integrated evolu-
tionary databases with logical-and-computational processing with the
linear complexity of logical inference [2—30]. Mivar-based technolo-
gies of information accumulation and information processing, which
have been developing in Russia since 1985, have allowed us to create
logical artificial intelligence or in other words ‘brains’ for robots [2—
3]. For example, it is obvious that mivar-based technologies of infor-
mation accumulation allow us to develop evolutionary models for real
life with extremely large amounts of data. To ensure text meaning un-
derstanding the graph consisting of 160 000 nodes and more than 600
000 arcs has been designed in mivar-oriented information space [30].

From the perspective of robotics, it is important to underline mivar
synthesis of models and methods for online diagnostics [17], which
allowed us to justify the possibility of developing control system for
autonomous mobile robot teams in 2004 [18]. Since 2012 mivars have
allowed us to generalize logic in the field of Al and solve tasks of
natural Russian language understanding [19], taking into account re-
sults of mivar intelligent system development [20], active reflection
theory [21], evolutionary knowledge bases [22]. Modelling process-
es of text meaning understanding, speech and image understanding
[23] has allowed us to use the results of logical and computational
information processing for real-time simulators [24]. Research of mi-
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vars on multi-processor computational cluster was carried out in 2009
[25] and the UDAV software was developed [26]. In the process of
modelling text meaning understanding, speech and image understand-
ing by computers [27] the automatic image tagging system based on
mivar-based technologies has been developed [28] and the analysis
of technologies of three-dimensional modelling and 3D object devel-
opment has been carried out [29]. Thus, efficiency of mivar expert
system application to solving tasks of text understanding and image
recognition has been proved [31].

It should be noted that there is the expert system designer KESMI
(Wi!Mi 1.1), which is a convenient tool for designing decision support
system (DSS) for robot. Moreover, research has been carried out [8-
10], which demonstrated the prospect of combining mivar logical ker-
nel and simulation modelling systems [7]. Such synthesis will enable
us to model behavior of industrial robots, which will allow us to test
DSS algorithms in different set conditions.

Consequently, all the necessary conditions for development of autono-
mous intelligent robot with mivar ‘logical brains’ currently exist in Russia.

3. Research levels of intelligent robots and service robots

From the perspective of system approach, it is important to note that
development of autonomous intelligent robots involves many problems,
which can be divided into the following information processing levels:

1) reflex level — the capability of a robot to perform its main functions
analogous to functions of animals (to stand, move, run, see obstacles etc.);

2) logical level (“level ME”) — the capability of a robot to understand
cause-effect connections or if-then relationships on the logical level and
solve intelligent tasks analogous to functions of a single human;

3) social level — (“level “WE”) — the capability of a robot to interact
with a multi-robot team and make joint decisions considering the im-
pact of the environment and other possibly hostile multi-robot teams,
mechanisms and people.
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Service robots should have the following properties:

1. Service robots should be mobile and autonomous;

2. Service robots should be capable of operating in dynamically
changing environment that is difficult to forecast;

3. Service robots should be capable of performing different tasks,
adopting and training.

4. Service robots should be capable of interacting or communicat-
ing with a human;

5. Service robots should be capable of functioning in heteroge-
neous teams where functions can be distributed between robots de-
pending on situation.

4. Problems of service robot control

As a rule, service robot algorithms are long and complicated net-
work of rules written separately for different environmental condi-
tions. The number of possible variants of algorithms in service robot’s
library is limited due to the necessity of formalizing them manually
and can reach 5000 for modern control systems. However, such a large
number of predefined algorithms do not exhaust all possible situations
in which a service robot has to make decisions.

According to their goals and properties, service robots require a flex-
ible system of synthesizing algorithms to solve tasks in unpredictable
situations. A required robot action algorithm should be calculated anew
each time, when robot failed to find a suitable variant in its library of pre-
defined algorithms in the process of solving task in certain environment.

Therefore, one of the major problems of service robot control is
the task of calculating robot action algorithms from the set of possible
commands in real time.

Theoretical basis of proposed solution to the problem of service
robot control uses mivar-based approach to developing artificial in-
telligence. This is a new modern approach to developing intelligent
systems and algorithms [2—-30], which has been developing in Russia
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since 1985. Whereas traditional approaches to information processing
separate storage in databases, logical inference and computational pro-
cessing, mivar-based approach allows us to design multidimensional
and evolutionary systems processing information in real time and com-
bining logical inferences with computational processing. The basis of
multidimensional evolutionary mivar-based approach is representation
of the real world description in the form of three-dimensional space,
the axes of which are concepts: object, property, relation (VSO) [2—-30].

Due to mivar-based method of rapid logical inference it is possi-
ble to calculate optimal robot operation algorithms depending on en-
vironmental conditions, which ensures that robot makes rational and
optimal decisions [2-30].

5. Practical application of mivars
to motion control of a service robot

Let us consider the problem of ensuring service robot motion in
the office. The robot-secretary is designed to guide visitors through
the building. For example, a job applicant came to the office and it is
necessary to guide him to the interviewer.

The robot can perform the following elementary actions: moving
forward, backward, turning to the left, to the right. Mivar motion con-
trol model integrates elementary actions into four commands:

* Move_left — movement to the left;

* Move right — movement to the right;

* Move down —movement down;

* Move up — movement up.

There is map of the office in the robot’s memory. In the map the
space is divided into discrete areas corresponding to geometrical
dimension of the robot. Then according to this geometrical model
the graph is built, where connections between discrete areas corre-
sponds to authorized movements of the robot (forward, left, wright,
backward), if motion between discrete areas is forbidden, there is no
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connection. A rule is represented in Fig. 1, which demonstrates the
possibility of transition between discrete areas and direction of this
transition. This structure is a basic element, from which the model of
the office is constructed.
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Fig. 1. An example of bipartite movement graph
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Fig. 2. Bibartite graph of robot motion
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The form of the model is represented in Figure 2, the number of
rules is 100, the number of parameters is 63 (discrete areas are regard-
ed as parameters).

To design robot motion algorithm the mivar-based method of rapid
logical inference is used. Using this method it is possible to construct
sequences of elementary robot movements designed to move from
random points in the building to the required ones. There is an oppor-
tunity to reconsrtuct the motion algorithm when obstacles occur in the
path of the robot.

Modelling of mivar motion control model in the V-REP environ-
ment has been implemented (Fig. 3).

Table 1 shows the correspondence of desks and coordiantes of the
mivar model.

» >_office-expo - - o

Fig. 3. The robot is at the entance of the room

Table 1.
The correspondence of desks and coordiantes of the mivar model

X coordinates
0 1 2 3 4 5 6 7 8
7 0 1
‘é‘ 1
5 2 2 6 7 11
8 3 3 12
© 4 8 9
=[5
6 4 5 10 13
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It is necessary to obtain service robot motion algorithm in the en-
vironment KESMI (Wi!Mi 1.1). To do this it is necessary to click on
the checkbox with coordinates (5;6) that corresponds to the desk No.9
(Fig. 4).
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Fig. 5. The calculation of motion algorithm in the KESMI environment

Then the obtained algorithm for motion from the entrance of the
room to the desk No.9 is represented (Fig. 6):

Step Ne 0: move_right

Step Ne 1: move_right

Step Ne 2: move right

Step Ne 3: move right
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Step Ne 4: move right

Step Ne 5: move down
Step Ne 6: move down
Step Ne 7: move _down
[ar Ne 8: move down
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Fig. 6. The application of the algorithm in the V-REP environment: a) — step No.0
is implemented: move_right; b) — step No.4 is implemented: move_right; c) — step No.5
is implemented: move down; d) — step No.8 is implemented: move down

6. Conclusion

Thus, mivars have developed a new tool, which opens up entirely
new opportunities for intelligent robotics.

Manual formalization of all possible robot operation algorithms
used for industrial robots can not be applied to service robots due to a
large number of robot action algorithms depending on the set task and
environment.

Mivar-based approach to developing artificial intelligence and mi-
var-based method of rapid logical inference allows us to calculate op-
timal algorithms taking into account the impact of the environment.

The calculation of algorithm in the KESMI (WilMi 1.1) environ-
ment is carried out rapidly with the linear complexity, which soves
several important problems of modern robotics:

» accelerating the calculation of robot reaction algorithm in re-

al-time;
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* the possibility of applying less powerful and, consequently, en-
ergy-efficient and cheap calculators (without loss of calculation
speed).
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