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Abstract

Robots with anticipatory behavior has the possibility of dealing with
novel situations more effectively than a system without such ability. In
this paper we consider an anticipation system for simple robot naviga-
tion. This system based on artificial physics optimization.
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A self-aware system has the possibility of dealing with novel situations
more effectively than a system without self-awareness (see e.g. [1], [2]). The
presence of self-awareness is directly dependent on the ability of the robot to
anticipate the motions of others. The ability to anticipate the motions of oth-
ers is something we take more or less for granted. We often do not appreciate
the complexity of this ability. When attempting to build robot with ability to
anticipate the motions, it becomes clear that this is far from trivial. Several
different types of anticipation has been used in robotics and artificial intelli-
gence. In particular, it is possible to use anticipation to reduce the control
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latency [3]. Anticipation also concerns anticipation of the environment (see
e.g. [4]). Robots that display anticipatory motion provide their human part-
ners with greater time to respond in interactive tasks because human partners
are aware of robot intent earlier. Anticipatory motion in [5] autonomously
created from a single motion exemplar by extracting hand and body symbols
that communicate motion intent and moving them earlier in the motion. The
paper [6] presents a collision anticipation method that shows when and where
collisions will occur in configuration time space by considering the future be-
havior of agents. In particular, in [6], the authors formalized a mathematical
approach to collision anticipation and proposed a tool, the 3-D triangular col-
lision object, that informs a robot where and when collisions will occur over all
possible heading angles (see also [7]). The paper [8] presents an experimental
study of anticipation in simple robot navigation. The anticipation system in
[8] is similar to the planning system but also includes the movements of the
other robots. In this paper we consider an anticipation system for simple robot
navigation. This system based on artificial physics optimization.

Artificial physics optimization algorithm consists of three procedures: ini-
tialization, calculation force and motion (see [9]). In the initialization, a swarm
of individuals are sampled randomly from a problem space. In the procedure
of calculation force, individuals’ masses should be calculated. The procedure
motion uses the total force to calculate individual velocity. A felicitous de-
sign of force law can drive individuals search problem space intelligently and
efficiently. However, only some fixed types of force laws considered previously
(see e.g. [9], [10], [11]). In particular, artificial physics can be used for design-
ing different lattice formations. Artificial physics was applied to a swarm of
robots whose mission is to form a hexagonal lattice [10]. Square lattices are
also easily obtained (see e.g. [10]).

To anticipate the motions of large number of different objects, we consider
force law in the general polynomial form

F (x[1], . . . , x[n],m[1], . . . , m[n]) =

Σs
i=1α[a[i, 1, 1], . . . , a[i, n, n], b[i, 1], . . . , b[i, n]]

Π1≤j≤n,1≤k≤n,j �=k(|x[j] − x[k]|)a[i,j,k]Πn
p=1m[p]b[i,p]

where x[i] is defined as the position of individual i, m[i] is defined as the mass
of individual i, and α, a, b are constants.

We can use a genetic algorithm to determine the values of the parameters
α, a, b. We consider anticipation system for indoor service robot. In this
case, we can consider a typical working day (see e.g. [12]). Such assumption
allows us to apply the approach which is based on long-term monitoring of the
environment (see e.g. [13]). In particular, we can use the following algorithm
for design of force law.
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1. A genetic algorithm to determine the value of n.
2. A genetic algorithm to determine the initial values of x[i], 1 ≤ i ≤ n.
3. A genetic algorithm to determine the values of

[a[i, 1, 1], . . . , a[i, n, n], b[i, 1], . . . , b[i, n]].

4. A genetic algorithm to determine the values of α.
This algorithm is used together with the following auxiliary algorithms.
1. A swarm intelligence algorithm for designing different formations which

are used by main algorithm as templates.
2. A recurrent neural network which is used to predict the values of

a[i, 1, 1], . . . , a[i, n, n], b[i, 1], . . . , b[i, n].
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