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Abstract—A model is proposed for estimating the efficiency of communication by robots capable of social
interaction with humans. A generalized index of the robot’s effectiveness in communication is derived. That
index is calculated by means of a fuzzy deduction module.
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Today, robot systems are capable of a broad variety
of tasks. In recent years, interest in social capabilities
has been growing. Manufacturers of software and hard-
ware have proposed robots capable of social interaction
with humans [1, 2]. Examples include robot assistants
that may perform domestic functions [3, 4]. The effec-
tiveness of speech communication is very important
here. How well the robot performs will depend ulti-
mately on how comfortable with robot communication
the human feels and how appropriately the robot
behaves in whatever situations might arise.

In order to select social robots with the best commu-
nication capabilities and to identify necessary areas for
improvement, we need means of assessing the effective-
ness of robot communication with humans [5]. There is
little literature on the development of such assessment
procedures. Accordingly, models must be developed for
assessing the effectiveness of communication by robots
capable of social interaction with humans.

The effectiveness of robot communication is
assessed on the basis of multiple criteria, taking account
of the correctness and timeliness of robot speech with
humans. It is expedient to use the generalized index F
of the effectiveness of robot communication.

The correctness of robot communication is related
to its ability to conduct a reasonable dialog with a
human. The timeliness of communication depends on
the delay time of the robot in the communication pro-
cess. Since these characteristics are not specific

numerical values, their assessment requires the use of
fuzzy sets: in the first case, high and low correctness of
communication; in the second, high and low speed of
response in communication [6].

In Matlab + Simulink software, the SysF model is
developed for determining the effectiveness of com-
munication by the robot system (Fig. 1). The most
important element of this model is the fuzzy-deduc-
tion module (Fuzzy modul).

The elements cl—c8 are intended to input assess-
ments of the correctness of robot responses to test que-
ries. The values of these elements are input in accor-
dance with the following logic: if the robot response to
query n is correct, then ¢, = 1; otherwise, ¢, = 0.

The elements r1—r8 determine the wait time r, in
getting a response to specified query » from the robot.
For example, if r, = 2.35—that is, the robot responds
after 2.35 s to test query 4—then the value of element
r4 is 2.35.

The element Calc_C of the model calculates the
value of C, which is the aggregate correctness of the

. N
robot’s responses to the test queries: C = E Cn- The
.

elements Add, Calc_R, and N calculate R, which is
the mean delay time of the virtual robot in responding

. N .
to the test queries: R = L E r,. Here N isthe num-
N ~n=l

ber of test queries.
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The Fuzzy modul element functions on the basis
of the rules [7—9]

If (C= H,) and (R= H,), then (F= F));

if (C= H,) and (R=L,), then (F=F,);

if (C= L, and (R=L,), then (F= F}).
Here the descriptors of robot communication are as
follows: H, is the fuzzy set <high correctness>; L, is

the fuzzy set (low correctness); H, is the fuzzy set

(high speed of response); L, is the fuzzy set (low speed
of response). The individual inferences from the fuzzy

rules are as follows: f; =4, F, =3 and K, =2, F, = 1.

The functions C* and C~ characterizing the mem-
bership of C in the fuzzy sets H, and L. and the func-

tions R" and R~ characterizing the membership of r,,
the fuzzy sets H, and L, are determined as follows

0, C<cy;
aC+b, cg <C<c;

I, C>¢;

Cc’ =

L C<g;
a,C+b, ¢ <C<c;
0, C=c¢y;

+-
I, R<n;
aR+b, B <R<r;

+.
0, R2ry;

0, R<ry;
aR+ b, b SR<K;
, R>2n;

here ¢, and ¢, are the boundaries of the internal seg-
ment of the graph of C*; ¢, and ¢, are the boundaries

of the internal segment of the graph of C”; ;" and 5"
are the boundaries of the internal segment of the graph

of R"; iy and i are the boundaries of the internal seg-
ment of the graph of R™; g, and b, are the coefficients
of the direct membership function C* in the section
¢, < C < ¢'; a,and b, are the coefficients of the direct

membership function C™ in the section ¢, < C < ¢;;
a, and b, are the coefficients of the direct membership

function R" in the section ;" < R < r;"; and a, and b,
are the coefficients of the direct membership function

R inthesectionry < R<r .
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Fig. 1. SysF model for determining the effectiveness of
communication by a robot system.

The generalized effectiveness of robot communica-
tion is calculated from the formula
_Gh + G, + G +GuY,

F ,
G, +G, +G; +G,

where G|, G,, G5, and G, are the results of aggregation
the expressions G, =C" A R";
G,=C"AR;G,=C AR;andG,=C AR .

The Display F module shows the results of calcu-
lating F.

calculated from

Operation of the fuzzy-deduction system requires
adjustment of the Fuzzy modul element in accordance

with c0+, c1+, Cos € s r0+, rl+, ry , and r . To that end, K
experiments are conducted with a virtual robot specially
developed for adjustment of the fuzzy-deduction sys-
tem. In each experiment J, experts must give a subjec-
tive estimate of the correctness of communication with
the virtual robot and its speed of response.

RESULTS OF COMPUTER EXPERIMENTS

The proposed model is used in a series of computer
experiments to assess the effectiveness of robot com-
munication. As an example, we show the results of one
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Table 1
Element Value Element Value, s
¢ 0 A 4.45
1oy 1 I 2.5
e 0 7 4.2
4 1 r 2.35
cs 1 75 2.25
1 0 T 4.0
¢ 1 7 1.5
cq 1 7y 2.55

experiment in which the initial data for the elements
cl—c8 and r1—r8 of the SysF model are as in Table 1.

On the basis of the experiments, the effectiveness
of robot communication F = 3.245 (shown by the Dis-
play_Felement).

CONCLUSIONS

(1) In Matlab + Simulink software, a model has
been developed for assessment of the effectiveness of
communication by robots capable of social interaction
with humans. The model is based on a fuzzy-deduc-
tion system taking account of the correctness and
response time of the robot in communication.

(2) Computer experiments with this model yield the
generalized effectiveness of robot communication £,
which varies from 1 to 4. Higher F corresponds to more
effective communication.

(3) The next step is to develop software on the basis
of the proposed model and to test it experimentally.
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