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Abstract. This paper proposes an improved internal model with emotional and
curious factors for autonomous robots. Robots acquire adaptive behaviors in the
unknown environment according to make observation of behaviors of others.
Cooperative relation among the robots and transition of curiosity to the local
environments drive robots to achieve the goal of the environment exploration.
Simulations showed the effectiveness of the proposed model with interesting
motions of robots.
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1 Introduction

Autonomic behaviors of swarm robots make an important role in the adaptability of
robots to the complex and dynamical environments. An autonomous robot may
acquire valuable information by observing the behaviors of other robots, and also be
able to provide own information to others [1-4]. Meanwhile, the factors of emotion
and curiosity are considered to concern with the level of intelligence of lives, i.e.,
more complicated mental states which come from more emotional experiences [5]
symbolizes higher intelligence.

Recently, a group of Ide and Nozawa proposed an emotion model which drives
autonomous robots avoiding obstacles and exploring a goal in the unknown
environments [3] and [4]. The model is based on Russell’s “circumplex model of
affect” which assigns 8 kinds of major emotions on a 2-dimensional map [5] and [6].
Using psychological analysis of evidences, Russell categorized affective states such
as pleasure, excitement, arousal, distress, misery, depression, sleepiness, and
contentment orderly in a pleasure-arousal space. The emotion model of robots given
by [3] used the factors of “pleasure” and “arousal” to set a series of behavior rules for
the autonomous robots. When obstacles or other robots appear in the vision of a robot,
for example, the behavior rules make a reducing of the value of “pleasure” or
“arousal” and an increasing of the value of “displeasure” or “sleepiness”. In [4], a
useful application of the emotion models to the emergence of cooperative behaviors
of robots was challenged and it suggests that using the emotion model autonomous
robots may possess cooperation ability in uninhabited environment such as space or
deep-sea.



However, there are several practical problems exist in the model of Ide and
Nozawa: 1) The limitation of the depth of view is necessary, as it determines the
information of input and effects the output of the model; 2) The restriction on speed
of actions is necessary; 3) Inductive function, i.e., pleasure renewing equation has a
tendency to “displeasure” more easily, and this causes all robots drop to the state of
“sleepiness” easily.

In this paper, we intend to overcome the problems above, and adopt a new mental
factor “curiosity” to raise the motivation of autonomous behaviors. The improved
internal model is confirmed its effectiveness by kinds of comparative simulations
dealing with goal-exploration problems.

2  An Improved Internal Model of Autonomous Robot

The main difference from traditional psychological analyses of affect is that only
pleasure and arousal dimensions are stressed in the model meanwhile conventionally
a set of dimensions such as displeasure, distress, depression, excitement and so on
were considered independently. According to 28 stimulus words presented to 36
young peoples, [5] described the emotion categories in the circular ordering. The
group of Ide and Nozawa used the concept of the circumplex model to design an
emotion model to evoke interactions or cooperative behaviors of multiple autonomous
robots. Furthermore, Oudeyer and Kaplan used a curiosity model which considered
the influence of time factor to raise the motivation of adaptive activities of robots [7].
In this Section, the emotion model of robots is introduced at first, an improved
internal model including the emotional concept and a novel calculation method of
curiosity is proposed.

2.1 A Conventional Emotion Model for Robots

In a goal-exploration problem, robots move to search the goal and avoiding to
obstacles or other robots in the unknown environments. In the conventional emotion
model [3], information of local environment around the robot is obtained by the
observation, and the information determines the degree of emotional vectors:
“pleasure” and “arousal”, which cause the motion of robot. A set of behavior rules of
each robot are set as the following: 1) Local information is obtained within the
environment of vision; 2) The degree of arousal is proportion to the depth of vision;
3) A robot comes up to the robots which are “pleasure” appearing within the vision,
and comes off to ones in the opposite case; 4) A robot comes up to other robots when
it is in the state of “pleasure”, and comes off to the others in the opposite case; 5) The
degree of pleasure is reduced when obstacles or other robots are observed, and
increased in the opposite case; 6) The degree of arousal is increased when other
robots are observed, and reduced in the opposite case.
Descriptions of these rules can be expressed in the following equations:
R; (t+1) = R; (1) +V; (1) (1)



_ Pv;-rj

i
i
Pv;-rjj
ij
Vi (t+1) :Vi - Ilz_iji +I22Pvi-
j i

Pv

]

Pv(t+1)=Pv(t)+e p RPV' Pv(t)

-1 (where d0 > D,dr > D)
P71 (where d,<D,d < D)
Av(t+1) = Av(t) + ea Ray’ Av(t)
-1 (where d, >D)
®a = {1 (where  d, <D)
D=a-Av+K
Where
t: step (time)
R, (t) - position vector of robot i at time t
V(t) - velocity vector of robot i at time t ;
Pv;:  influence from robot j to robot i ;
Py;; : Influence from robot i to robot j ;
ry, 1 distance vector between robot i and j ;
I,, 1, - emotional influence parameter,
R, : rate of the change of pleasure (0<R,, <1);
R,,. rate of the change of arousal (0<Rr,, <1);

Pv: degree of pleasure;
Av: degree of arousal;

d,: distance from robot i to the nearest obstacle;
d, . distance from robot i to the nearest robot;
D:  depth of the vision

/84,8 positive coefficients;

K : bias of the vision.
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According to these rules, patterns of behaviors of robots appear as the cases of: 1)
Robots in the state of pleasure attract each other and come up to each other closely; 2)
A robot in the state of pleasure moves to a direction and causes others to follow it; 3)

Rabots in the state of displeasure go away from each other.



2.2 An Improved Internal Model for Autonomous Robots

Using the conventional model described in the Section 2.1, we performed simulation
experiments and observed kinds of results such as robots successfully attracted each
other, avoided to obstacles and achieved at the goal(s) of exploration, or failed to
attract each other, or failed to achieve on the multiple goal areas in a complicated
environment.

The reasons of the failed cases may be considered as: 1) Bias of the vision was set
inadequately. Too large value of Kk caused the internal state of robot dropped into
“displeasure” easily; 2) The time that robots influent each other was too short because
of too high velocity; 3) There was a trend that the degree of pleasure reduced more
easily than increased; 4) Low degree of the pleasure of all robots caused low degree
of the arousal of robots, and the case resulted in all robots dropped into the state of
sleepiness, the behaviors of exploration disappeared.

To overcome these problems and to raise the motivation of exploration, here we
propose to add new rules into the emotion model and adopt a new mental factor
“curiosity” into the calculation of the velocity vector as following: 1) Limit bounds of
the depth of vision: Kyin < K < Kna; 2) Limit a maximum value of velocity: V (t) <
Vmax; 3) Make the change of emotion factor “pleasure” to be dynamical, i.e., using Eq.
(10) and Eq. (11) instead of Eq. (5).

1
N 10
Pv(t+1)=N TronA) (10)
X(t) = psin(z(Pv(t) +e,M)) (11)

Where u, M, N, B are positive parameters.
4) “curiosity” means 2 situations concerning with the change of the internal state of
robots: i) Robot i keeps to search the goals k (k =1, 2, ..., k, ..., K) before it arrives
at them and after it arrives at one goal k then its “curiosity” to the goal is reduced
eventually; ii) During robot i exploring the environment, when it crushes to obstacles
its “curiosity” is reduced eventually. Eq. (12) defines the “curiosity” and Eg. (13)
builds an improved internal model of autonomous robots:

I, -4,Cvy () (if  goal =12,k)

: ) (12)
Cv (t+1) =<1, —A,Cv; (t) (if  obstacle exists)
0 (otherwise)
Vi(t+1) =V (0) =1 D PV 1, Y Py 15 ) Cvy - (13)
j i i

Wherecv(t)is a factor of “curiosity” in the improved internal model, 1, are
positive parameters for different goal k , and coefficients 4, 4,, 15> 0.



3  Simulation Experiment

To exam the internal model proposed in Section 2.2, computer simulation
experiments were performed using two kinds of environments for multiple robots
exploration. In a simple environment with single goal as same as in [3], the behavior
of two autonomous robots was observed few differences between conventional
method and the novel system, however, in a complicated environment (maze-like)
with multiple goals, robots arrived at all goals only in the case of the proposed
method (results of the later case is reported in Section 3.1).
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Fig. 1. Tracks of 2 robots started at the same time ((a) and (b)), and different time ((c) and (d))
exploring 3 goals in a complicated unknown environment (size of the environment: 500x500

steps).



3.1  Finding Multiple Goals in Complicated Environment

The size of a 2-dimensional exploring space is 500x500 (steps), multiple obstacles
exist in the different positions of the square, 2 robots start from 2 different positions
to search 3 goal areas located at the different positions: the environment of simulation
is shown in Fig. 2. Two cases of timing of start of robots were executed: i) 2 robots
started at the same time; ii) one started 200 steps later. All parameters were set as
shown in Table 1, and the limitation of steps of a trial was set to 2,000 steps.

step
(a) Started at the same time
(conventional model).

(b) Started at the same time
(improved model).
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(c) Started at the different time (d) Started at the different time
(conventional model). (improved model).

Fig. 2. Comparison of the change of pleasure degrees of 2 robots exploring 3 goals in the

complicated unknown environment.

i) Simulation results of 2 robots started at the same time are shown in Fig. 1 (a) and
Fig. 1 (b). Robots with conventional model stopped exploration for the kinds of
reasons such as obstacles and multiple goals (Fig. 1 (a)), meanwhile, those with the
improved model showed active exploration and reached at all 3 goals (Fig. 1 (b)).

ii) Simulation results of 2 robots started at the different time are shown in Fig. 1 (c)
and Fig. 1 (d). Robots with conventional model also stopped exploration without
reaching to any goal (Fig. 1 (c)). Robots with the improved model also showed active
exploration, however, one failed to reach at Goal 3 (Fig. 1 (d)).

The change of the degree of pleasure, as curves depicted in Fig. 2 (a)-(d) respective
to Fig. 1 (a)-(d), showed the difference of the internal state changing of 2 robots
between conventional model and improved model. More dynamical activity was
observed in the case of our model.



Table 1. Parameters used in the simulation of this section.

Parameter Symbol Value

The value of pleasure at start and goals Pv(0) , Pv 0.0, 1,200.0
Coefficients of emotional influence factors Iy, 1, 6.0,1.0
Coefficient of curiosity influence factor I3 0.5

Bounds of the vision Kinins Kmax 30.0,50.0
Limitation to velocity Vinax 15.0

Parameters in dynamical pleasure calculation N, M, u, B 100, 100, 100, 0.05
Coefficients in curiosity calculation A Ay 0.2,0.2

Initial value of curiosity C, 0.0

The value of curiosity for goal area Iy 20.0

4  Conclusion

An emotion-curiosity driven behavior model is proposed for the exploration activity
of swarm robots. The basic idea of the internal model is that metal states including
pleasure, arousal and curiosity motivate robots control the velocities in time.
Simulations showed the effectiveness of the proposed model. This research suggests
that the mental models may serve important roles in the art of swarm robot design.
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