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Abstract
Nowadays, there is a trend of significant robotic devices functionality increase. Accordingly,
the robotic devices can perform more operations and have more new ways to control them.
Therefore, in some cases there is a situation when the robotic device receives control commands, i.e. instructions for performing different operations from different alternative control
channels. It is a problem of a command selection for execution when different control channels
have contradictory information. If there are multiple control channels, which have fundamentally different principle of operation, and multiple commands, which might require the same
resources for execution, we need a system that will take into account the specifics of channels
and commands, store information about incoming commands and decide which command to
execute. In this paper we will present decision-making system with an internal control conflict
resolution mechanism for robotics and the implementation example.
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Introduction

Modern mobile robotic systems are complex heterogeneous software and hardware systems that
should provide a certain level of convenience and reliability of management appropriate to the
field of their application. Depending on the situation, certain mechanisms of a human-machine
interaction may be preferable. In case of a parallel operation of several data channels (humanmachine interaction mechanisms) at the output of which the solutions differ from each other, a
technique to make the only correct decision for each control event of a mobile robotic system
(MRS) is required. This method should be adaptive to a current situation, the peculiarities of
a particular operator ensuring the MRS safety in any situation.
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Related Works

There are some possible probabilistic approaches for the decision-making: Naive Bayesian classifier described by Leung [1], hidden Markov model researched by Rabiner and Juang [2], graph
probability model described by Zeng and Liu [3]. However, to specify the internal parameters
of these models we have only the statistics of the data channels accuracy. Therefore, significant
improvements are required in the field of methodology of application of these models in practice
for the solution of the task of the MRS control using several data channels, for example, shown
by Shachter and Peot [4].
For the decision making, a machine learning described by Mitchell [5] or neural networks
researched by Demuth et al. [6] can be used. However, the data amount that should be given
on the input of the machine learning or the neural network is much greater than we can get
during the control testing using several data channels.
None of the considered models take into account the fact of the execution of the commands
that require the same resources to perform as this particular command. Therefore, we developed
our own system described by Dyumin et al. [7] that allows us to take into consideration other
commands when deciding on the execution of an incoming command.

3

Theory

3.1

Parameters

Command is an elementary instruction coming from an operator. The commands come from
different data channels and may or may not require the same time resources at runtime. The
commands that require the same time resources at runtime are called competing. The set of
mutually competing commands is called the command-space group and the set of all groups
forms the command space.
When deciding on the command performance the operator’s emotions are taken into account.
At the moment of the command execution, the operator has a certain set of emotions some
of which show an interest in the command performance, the other part – a boredom and
indifference to the command execution as shown by Chepin et al. [8]. Therefore, for decisionmaking the parameter minimum proportion of non-negative emotions is introduced. It is set
during the training process and is obtained using the brain-computer interface as considered
by Voznenko et al. [9].
In order to determine for how long shall we execute the command and how to resolve the
conflicts of incoming competing commands from several data channels, the parameters execution
time and command priority are inserted. The command priority is set taking into account the
specifics of the commands execution and the accuracy of the data channels.

3.2

Variables

There are variables required for the decision-making.
1. Time (time) is a time counter that is used to account the execution time of the commands.
2. Background end time (backgroundEndT ime) is the time of the command end at the
channel input that is used to account which commands from which channels came.
3. Foreground end time (f oregroundEndT ime) is the time of the command end at the
output from the decision-making system that is used to determine the commands for
execution.
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The Algorithm

The algorithm of actions for the commands reception is needed to update the DMS variables
and should be called when the command comes at the DMS input (see the 1 algorithm).

Algorithm 1: Activate command from channel
Data: channels, commands, minEmotion, executionTime, commandPriority, time,
endTimeBackground, endTimeForeground
Input: channel, command, emotion
Result: endTimeForeground is recalculated
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if emotion < minEmotion[channel][command] then
return
end
endT imeBackground[channel][command] ← time + executionT ime[channel][command]
if endT imeF oreground[command] > time then
endT imeF oreground[command] ←
max(endT imeF oreground[command], time + executionT ime[channel][command])
return
end
for j ← 0 to commands do
commandP riority[j] ← 0
for i ← 0 to channels do
if endT imeBackground[i][j] > time then
commandP riority[j] ← commandP riority[j] + priority[i][j]
end
end
end
f ound ← f alse
foreach group ∈ groups do
if command ∈ group then
foreach j ∈ group do
if endT imeF oreground[j] > time then
if commandP riority[j] > commandP riority[command] then
f ound ← true
else
endT imeF oreground[j] ← time
end
end
end
end
end
if ¬f ound then
endT imeF oreground[command] ← time + executionT ime[channel][command]
end
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Figure 1: The time diagrams for the examples (a – for 4.1, b – for 4.2)
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Proof of Concept

In order to proof the DMS operation we need to consider some simple special cases with one
and two data channels with various parameters.

4.1

Competing Commands Come from One Data Channel

Let us consider a situation when two competing commands come from the same channel and
each command has the same execution time equal to t. Let the priority of these commands be
the same. The command A comes first; then after a time t/2 the command B comes (Figure
1a). According to the 1 algorithm the command A will be executed during the time t/2 and
then – the command B with the time t.
Thus, in the DMS the logic is implemented in which the response to the incoming commands occurs in real time (RT). Let us suppose that at the beginning the operator gave the
command forward for execution and then realized that they needed to go backward. With this
implementation, the command backward will be executed immediately after it comes which is
the optimal solution for the task of controlling the MRS in RT.

4.2

Non-Competing Commands Come from One Data Channel

Let us consider an example where the mutually non-competing commands come from the same
data channel. The command A comes first; then after a time t/2 the command C comes
(Figure1b). Let the duration of their execution be the same and equal to t. Since these
commands do not require the same resources to be performed, then from the time t/2 they will
be executed simultaneously.

4.3

Competing Commands Come from Two Data Channels

Let us consider a situation when two competing commands come from two data channels: 1
and 2. Let the priority of the commands from the channel 1 be equal to P1 and the priority
of the commands from the channel 2 – to P2 (P2 < P1 ). Let us consider the example shown
earlier in the paragraph 4.1 (the command A comes first; then after a time t/2 the command
B comes) with two different cases.
In the first case, the command A came from the channel 1 and the command B – from the
2. At time (0; t/2), the command A will be executed. At time (t/2; t), the command A will
4
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Figure 2: The time diagrams for the examples 4.3 (a – the case 1, b – the case 2)
be executed, since the priority of the incoming command B is lower than (P2 < P1 ). At the
remaining time nothing will be executed as it runs in the background (Figure 2a).
In the second case, the command A came from the channel 2 and the command B – from the
1. Then at time (0; t/2), the command A will be executed and at time (t/2; t) – the command
B, since the priority of the command B is higher than (P1 > P2 ) (Figure 2b).
Since the priority parameter takes into account the channel accuracy, then in case of mutually competing commands, the one with the higher priority will be performed first.

5

Experimental Verification

To test the effectiveness of the decision-making system, a control agent model that manages
the device using several control channels was developed. The emotions consideration was not
performed as their correct generation is a difficult task. For modeling 5 commands were taken
that can be given from 4 data channels. The choice of the command, channel, as well as errors
generation in the channels operation is carried out using the pseudorandom number generator.
The duration of the DMS testing was 107 ms.
During the testing the following parameters were measured:
• True Positive – how many times the called command was executed.
• False Positive – how many times the non-called command was executed.
• False Negative – how many times the called command was not executed.
After the DMS testing, the testing with duplicating the input commands to the output and
using the developed decision-making system was conducted. The testing results are presented
in Table 1.
Result
True Positive
False Positive
False Negative

Duplicating
4482
32220
107

DMS
2776
7616
1350

Table 1: Test result
As a result, it was found out that with a significant reduction of False Positive (by 76%),
the number of correct True Positive (by 38%) was not reduced greatly. Thus, it was shown
that the DMS works more efficiently than duplicating the input commands to the output for
the MRS control using several data channels.
5
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Conclusion

Thus, we developed the DMS which decides on the execution of the commands from the different
data channels while taking into account the specificity of their work with the help of the
adjustable parameters that are obtained from the statistics of the data channels operation
(accuracy of work, runtime of the command), and the specifics of the commands (command
priority). The DMS supports the groups of commands that allow performing several mutually
non-competing commands simultaneously. The verification by the main special cases showed
the suitability of this model and the testing on the model confirmed the effectiveness. In the
real world, this development is already used in the robotized wheelchair project being its main
component.
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