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1 Introduction and Related Work

A Minimalist Distributed Robotic System (MDRS) is a
society of simple robots each with limited sensing, com-
munication, and intelligence capabilities. We study ways
of providing such MDRS with the capability of sequen-
tial task execution, which requires a set of tasks to be
executed in a specified order, with the initiation of a task
occurring only after the termination of a required prior
task.. Sequential task execution capabilities greatly in-
creases MDRS functionality.

The accomplishment of a set of sequential tasks re-
quires sufficient information about the progress on the
task in order to determine the appropriate action to
take at any given time, and in particular at key steps
of transitioning between tasks. However, in a MDRS,
because of the robots’ very limited sensing, intelligence,
and communication capabilities, there are many domains
in which gathering information on the current state of
task progress, part of the global state of the environment,
may not be possible for the individuals in the system.
Formally, to the individuals in a MDRS, the world is
partially-observable and highly non-stationary, yet they
must collectively achieve a global goal whose changing
state they cannot perceive.

2 Sequential Foraging Task

In the domain of MDRS, the standard, non-sequential
foraging task has been studied extensively. We are using
a sequential variation of foraging, in order to investigate
the capabilities of a MDRS on sequential task execu-
tion. Sequential foraging requires a collection of objects
(pucks) to be collected in a specified order, based on
their color.

Toward proper evaluation of sequential foraging algo-
rithm performance, we developed a cumulative metric
that reflects the sequential requirements of the task. The
metric, initialized to 0 at the start of every experiment, is
updated at every simulation time-step. At each update,
for all pucks Puckye, deposited in the home region at

time t, the utility value, Util(t), is updated according to
the procedure:
Util(t) = Util(t-1)
for all puck in Puckyew
if (puck == Puckgreen) then
Util(t) = Util(t) + Propged
else if (puck == Puckpiue) then
Util(t) = Util(t) + Propred * Propgreen

At the end of an experimental trial, terminated at time
trinal, the sequential foraging algorithm is given a final
utility value where TPgycen and TP gy, are the total
number of Puckgreen and Puckgjye in the environment,
respectively.

UtilFinal = 100 * (Util(tFinal)/(TPGreen + TPBlue) (1)

3 Experimental Environments

The experimental environment consists of an arena with
an initial collection of randomly distributed pucks and
a home region on one side to which the pucks are to be
transported. Whenever a puck is deposited in the home
region, it is removed from the arena. We used a group
size of four robots and fixed initial locations.

Our experimental design involved the use of four dif-
ferent environment variations on the above arena with
characteristics shown in Table 1. The environments were
designed to evaluate the adaptability of sequential for-
aging algorithms along two dimensions: 1) the relative
puck type proportions and 2) the arena size.

| Env | Arena Size(m) | Red/Green/Blue Pucks |

1 8.75x8.75 8/8/8
2 8.75x8.75 14/8/2
3 8.75x8.75 2/8/14
4 17.5x17.5 8/8/8

Table 1: Experimental Environments



4 Sequential Foraging Algorithms

Two foraging algorithms were considered: Timer-Based
Foraging and Probabilistic Foraging. These were inves-
tigated and analyzed to assess their effectiveness in the
sequential foraging task and their adaptability to differ-
ent environmental characteristics.

Plgnoregreen, Plgnorepi,. values used were 0, 0.065,
and 0.12. The values used for PDropgeq, PDropgreen,
PDroppiue were 0, 0.65, and 0.12. For each experimental
environment and sequential foraging algorithm pair a
total of five trials were run. The average Utilp;,q and
Standard Deviation values are shown in Table 2.

In the Timer-Based Foraging algorithm, each robot | Alg
uses an internal timer to dictate which puck type should
be foraged. Each robot has its own independent timer;

| Env 1 | Env 2 | Env 3 | Env 4 |

99.7/0.5 | 97.7/0.8 | 97.0/2.4 | 79.8/2.3
96.1/1.6 | 97.7/2.4 | 86.7/6.4 | 98.6/1.4

Timer-Based
Probabilistic

timers across robots are not explicitly synchronized.

Each robot’s timer, Timer gopos, is initialized to 0 at
the beginning of an experiment and incremented by 1
at each simulation time-step. A set of timer alarms are
used to control which puck types can be foraged at a
given Timerpg,por value. There is a timer alarm for each
puck type: Alarmpgeq, Alarmgreen, Alarmpy,e, respec-
tively. When a puck is detected, if the Timer gopor value
is greater than the timer alarm for the detected puck
type, the robot’s Timer gopor value will be reset back to
the alarm value of the detected puck type and the robot
will begin visually servoing toward the detected puck. A
full description of the behavior network used to imple-
ment the Timer-Based Foraging algorithm can be found
in (Jones and Matari¢, 2001).

The Probabilistic Foraging algorithm uses two prob-
abilistic behavior activation conditions in each robot’s
behavior network. A full description of the behavior
network for the Probabilistic Foraging algorithm can be
found in (Jones and Matari¢, 2001).

The first probabilistic activation condition introduced
is whether a robot should visually servo toward a de-
tected puck or ignore the detected puck and perform a
random walk. Each robot has an assigned probability of
ignoring a detected puck of each type. For the three puck
types, these probabilities are: Plgnorepg.q, PIgnoreg, cen,
and Plgnorep;,e, respectively.

The second probabilistic activation condition is
whether a grasped puck should be dropped before reach-
ing the home region or whether it should continue to be
transported toward the home region. Each robot has an
assigned probability of dropping a grasped puck of each
type while not in the home region. For the three puck
types, these probabilities are: PDropgeq, PDropgreen,
and PDropp;ye, respectively.

5 Experimental Results

All experiments were performed in simulation using
Player (Gerkey et al., 2001) and Stage (Vaughan, 2000)
with realistic simulations of the Pioneer 2DX mobile
robot.

In the Timer-Based Foraging algorithm, the
Alarmpg.q, Alarmgyeen, and Alarmp;,. values used
in all experiments were 0, 750, and 1500, respectively.
In the Probabilistic Foraging algorithm, the PIgnore geq,

Table 2: Experimental Results (Utilpinai/S.D.)

As the experimental results show, the Timer-Based
Foraging algorithm adapts well along the dimension
varying relative puck type proportions, while the Prob-
abilistic Foraging algorithm adapts well along the di-
mension of varying arena size. A more detailed
analysis of the experimental results can be found in
(Jones and Matari¢, 2001).

6 Conclusions

The robots in our MDRS maintained little or no state
information, extract a limited amount of information
from available sensors, and cannot explicitly communi-
cate with other robots in the system. The aim of this
work is to provide such a MDRS with the capability
of sequential task execution. We presented two experi-
mentally validated sequential task execution algorithms,
Timer-Based behavior activation and Probabilistic be-
havior activation, and experimentally verified and com-
pared them in a sequential foraging task.
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