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Sommario

Architetture Ibride Multi-agente permettono di support-
are colonie di robot che si muovono in ambienti dinamici,
non prevedibili e tempo invarianti per ottenere strategie di
risoluzione distribuite che sviluppano comportamenti ori-
entati al collettivo dei robot per risolvere compiti dif�cili
e complicati come il monitoraggio e la sorveglianza di ca-
pannoni industriali. Viene presentato lo sviluppo di una
nuova architettura robotica per la coordinazione di una
squadra di robot in un ambiente pericoloso, sconosciuto e
dinamico. Il nome di questa nuova architettura Metaphor
di Politics (MP), prende ispirazione dalle organizzazioni
politiche di governi democratici.

Abstract

Hybrid Multi-Agent Architectures allow the support of mo-
bile robots colonies moving in dynamic, not predictable
and time variable environments in order to achieve dis-
tributed solving strategies that develop collective team-
oriented behaviors for solving complicate and dif�cult
tasks as the monitoring and surveillance of industrial
sheds. The development of a new robotic architecture for
the coordination of a robot colonies in dangerous, unknown
and dynamic environment is outlined. The name of this
new architecture is Metaphor of Politics (MP), because it
loosely takes inspiration from the political organizations of
democratic governments.

1 Introduction

A new hybrid and dynamic architecture to coordinate a
robots team for complex tasks in dynamic, not predictable
environments is proposed. The architecture [9], [10], [11]
takes inspiration from the political organizations of the
democratic governments. The main idea behind the archi-
tecture is that the leadership is not owned by a single robot,
but instead by a government of robots. A second group

of robots are the ”robot citizens”. In this way we reach
a compromise among the centralized and the distributed
approaches. The goal is to have a decentralization of the
planning actions, where each robot saves a deliberative in-
dependence status without losing its own reactivity. The
agents receive high level goals by the government members
and exploits their own deliberative capabilities to choose
the faster strategy. The idea is to coordinate a colony of
robots that are basically smart and able to exhibit complex
behaviors in order to accomplish high level target but at
the same time these architecture proposes a mechanism to
make a new coalition caused by the failure of the govern-
ment strategy and by a general inef�ciency of the whole
colony during the reaching of the mission targets.

2 Mathematical Model

The MP architecture considers a colony composed ofH
robot andM political parties, withM · H , which guar-
antees the presence at least of one robot for every party. In
our architecture we associate to every robot a set of issues
which express individual features, as attitude to the risk,
reactive or deliberative abilities, abilities in the exploration
and in the objects recovering. Every issue can have a lim-
ited set of values: 0 (don't care), -1 (absolutely not) and
1 (absolutely yes). Every party is identi�ed by a group of
robots, so it can be represented by an ideal robot. Every
robot is identi�ed by N features; for every roboti and party
j there is a vector ofn issues:I R

i ,I P
j 2 M (n £ 1) where

i = 1 : : : H , j = 1 : : : M , P = party andR = robot. As
example to describe our model, we consider 3 issues which
we identify with the following terms and meanings:

– WELFARE: Energy of the robot
– DEFENSE: Attitude to the risk
– LABOR: Amount of work

Every issue is weighted through a non negative coef�cient
(from 0 to + 1 ); the coef�cient is the intensity or the
strength of the issue. Every robotRi and partyPj will
be represented by a vector withn components as following
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showed:
Ri = SR

i ¢I R
i ; Pj = SP

j ¢I P
j (1)

whereSR
i , SP

j are diagonaln £ n matrixes containing the
weights of the robot issues and of the parties issues;Ri

and Pj are representation of a robot and of a party in a
multi-dimensional space calledROBOT ISSUES SPACE.
The following example shows a situation of a colony made
up 11 robots and 3 parties. Let us consider the following
vectors of issues:

I 1 =

·
1

¡ 1
0

¸
I 2 =

·
1
1
1

¸
I 3 =

·
¡ 1

1
0

¸
; (2)

and the matrixes of weights:

W 1 =

·
40 0 0

0 20 0
0 0 0

¸
W 2 =

·
20 0 0

0 20 0
0 0 20

¸
(3)

W 3 =

·
20 0 0

0 40 0
0 0 0

¸
; (4)

the political parties will be described by the following
vectors:

P1 =

·
40

¡ 20
0

¸
P2 =

·
20
20
20

¸
P3 =

·
¡ 20

40
0

¸
: (5)

The values of the components for each robots are random
between 0 and 100:

R 1 =

·
29:74

¡ 4:91
0:00

¸
R 2 =

·
65:01

¡ 98:29
0:00

¸
R 3 =

·
40:00

¡ 19:87
0:00

¸

R 4 =

·
73:33

¡ 37:58
0:00

¸
R 5 =

·
41:98
75:36
79:38

¸
R 6 =

·
91:99
84:47
36:77

¸

R 7 =

·
62:08
73:12
19:38

¸
R 8 =

·
¡ 90:48

56:92
0:00

¸
R 9 =

·
¡ 23:44

54:87
0:00

¸

R 10 =

·
¡ 33:51

65:55
0:00

¸
R 11 =

·
¡ 62:73

69:90
0:00

¸

(6)

In �gure 1 it is showed the graphic representation of the
robots and parties in the 3D space.

The heterogeneity of the robots inside the colony is
described by with a Roles Matrix (RM ) which shows the
capability for a robot to cover a role in the government;
havingH robot and 4 roles the matrix will have anH £ 4
dimension. Referring to the numeric example, the roles
matrix can be considered as follows:

RM =

"
0 1 1 1 0 1 1 0 1 1 1
1 0 1 1 1 0 1 1 0 1 1
1 1 0 1 1 1 0 1 1 0 1
1 1 1 1 1 1 1 1 1 1 1

# Ã 1st Role
Ã 2nd Role
Ã 3rd Role
Ã 4th Role

Figure 1: Graphic representation of robots and parties

2.1 Voting Process

The voting process is divided in two steps. The �rst step
is Cluster Identi�cation; the classical clusterizzation tech-
niques can be applied to our problem for the identi�cation
of the membership's groups; the literature provides several
criteria; in particular we focus onVoronoi tessellation.

In the MP architecture, the cluster identi�cation groups
the robots of the colony on the basis of the membership's
party; this choice is based on the consideration that every
robot has a political orientation depending on the closest
political party; a robotRi will belong to thePj party if the
following condition is veri�ed:

Ri 2 Pj , di;j = min
k

f di;k g k = 1 ; 2; : : : M (7)

with di;k the euclidean distance among the robotRi and the
generic partyPk in the ROBOT ISSUES SPACE(see �gure
2).

Figure 2: Distance calculation
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Table 1 shows the absolute distances between each robot
and party, referring to the previous example, and the �gure
3 shows the result of the clustering process.

P 1 P 2 P 3

R 1 18.24 33.40 67.02
R 2 82.20 128.14 162.34
R 3 0.12 48.89 84.77
R 4 37.69 81.00 121.37
R 5 124.10 84.12 106.75
R 6 122.35 98.09 126.00
R 7 97.65 67.78 90.61
R 8 151.47 118.20 72.48
R 9 21.57 59.19 15.27
R 10 112.80 73.07 28.91
R 11 136.52 98.67 52.16

Table 1: Absolute distances between robots and parties

Figure 3: Clustering formation

The �rst step is theVote Extraction: the vote expression
by a robot is simulated by a random extraction of a num-
ber included in interval [0,1], divided in its turn intoM
sub-intervals, each one associated to theM parties. The
extraction provides a value that we associate to the vote ex-
pression by the robot for the considered party. For every
roboti of the colony the subdivision of the interval [0,1] is
made through the relative distances of the robot from each
partyj :

dREL
i;j =

P
k6= j di;k

P
k di;k

% k = 1 ; 2; : : : M ; (8)

To obtain
P

dREL
i;j = 100% for each roboti , we normalize

by a value equal to1=(M ¡ 1). Table 2 shows the relative
distances and the �gure 4 shows the division of the [0,1]
interval for the robotR1.

(%) P 1 P 2 P 3

R 1 42.31 35.92 21.76
R 2 38.97 32.80 28.22
R 3 49.95 31.72 18.31
R 4 42.14 33.12 24.72
R 5 30.29 36.64 33.05
R 6 32.34 35.84 31.81
R 7 30.93 36.76 32.30
R 8 27.86 32.72 39.40
R 9 21.57 32.85 45.57
R 10 23.74 32.98 43.27
R 11 26.24 32.83 40.92

Table 2: Relative distances between robots and parties

Figure 4: Division of the [0,1] interval into 3 regions for
the robotRi

This representation allows us to analyze the voting
mechanism by aMontecarlorandom extraction. Table 3
shows the result of the random extraction of the vote ex-
pressed by each robot.

Robot Vote Party
R1 P2 P1

R2 P1 P1

R3 P3 P1

R4 P2 P1

R5 P2 P2

R6 P2 P2

R7 P3 P2

R8 P2 P3

R9 P1 P3

R10 P1 P3

R11 P1 P3

Table 3: Vote extraction

2.2 Coalition Formation

The formation of the political coalition which constitutes
the new government is made with the support of a lin-
ear space, thePOLITICAL IDEOLOGY SPACE. This space
represents all the robots and the parties belonging to the
ROBOT ISSUES SPACE. The mapping between the two
spaces is performed by a mapping functionf (¢) which
makes a scaling among the two spaces of representation
and it groups the robots showing the same vote during the
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voting process. Figure 5 shows an effect of the scaling pro-
cess related to the case of 3 parties.

Figure 5: Scaling

To execute a scaling with a correct meaning, we make
the following considerations: in analogy to a parliament
the axe of coalitions is generally divided, into 3 big strips
which represent the ideologies of the left, center and right
political trends. The origin of the linear space is placed
in such a way to coincide with the pure political center,
in order to associate negative values to the left parties and
positive values to the right ones. Two functions,f R (¢) and
f L (¢), are introduced in order to highlight, if applied to aPj

party, the aspects which respectively characterize the right
and left trend through a scalar value; the considered party
will have a political trend given by a better compromise
among right and left one. If we represent the position of the
partyPj with pj in the space of the coalitions, we consider
the following relation:

pj = f (Pj ) = f R (Pj ) ¡ f L (Pj ) : (9)

A positive value identi�es a right party while a negative
one identi�es a left party; values closer to zero identify
right-center or left-center parties according to the sign.The
above mentioned functions can be assumed linear or non
linear; in the �rst case the functions are simply some vec-
tors of coef�cients which opportunely weight the several
members of the party; the value to be given to these coef�-
cients is related to the meaning associated to the issues of
the parties in order to identify the ideology in theROBOT

ISSUES SPACE. In the case of linearf , the function of scal-
ing is:

pj = M T
R ¢Pj ¡ M T

L ¢Pj = ( M R ¡ M L )T ¢Pj (10)

whereM R ; M L 2 M (n £ 1) . We introduce a scale factor
for the positioning of the parties to avoid a dispersion of
the parties themselves, keeping unchanged the relative dis-
tances. Referring to the previous example, assigning to ma-
trixesM R eM L the following values:

M R =

·
1
2
0

¸
M L =

·
2
1
0

¸
; (11)

We obtain the representation showed in �gure 6.

-80 -60 -40 -20 0 20 40 60 80

Party 

Political area 

Figure 6: Scaling of parties

The scaling of the single robots is made in a recursive way
with respect to the scaling of the parties which have been
previously voted: a �rst positioning is identi�ed through
the vote expressed; a robot which voted for aPj party will
be indicatively located in a region aroundpj in the space
of the coalitions; a more re�ned positioning allows to place
the robot to the right or to the left of the voted party. The
scaling of robots is performed using an useful mapping
function. Referring to the previous example and consid-
ering a scale factor equal to110 , the robot scaling gives the
graphic representation of �gure 7.

-8 -6 -4 -2 0 2 4 6 8

Ps Pc Pd 

Robot 

Figure 7: Scaling dei robot

To every roboti is associated a political massmi;j which
represents the weight inside the voted partyj ; the calcula-
tion of such a mass takes place by a relation analogous to
the calculation of the relative distances:

mi;j =

P
k6= i dk;j

P
k dk;j

if i votedj , 0 otherwise (12)

where the indexk describes all the robots of the colony
which expressed a vote for thej party.Every party repre-
sented in thePOLITICAL IDEOLOGY SPACE is character-
ized by a mass center depending on the robots which ex-
pressed a vote for the party, and the political masses asso-
ciated to the robots themselves; such a center of mass is ob-
tained using the analogous concept of the classical physics:

r ( j )
CM =

P
i mi;j ¢r iP

i mi;j
(13)

where the indexi describes all the robots of the colony
which votedj . Table 4 shows values of the mass center
and �gure 8 shows the graphic representation of this situa-
tion.
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When the scaling process is �nished, the coalition which
will constitute the new government will be formed by the
winning party added by adjacent parties until more of 50%
of total votes is reached; the concept of adjacent party is
meant in terms of distance among the center of mass of
the winning party and the center of mass of the remaining
ones. The coalition formation is represented in �gure 8 in
a hypothetical situation with 3 parties and 11 robots.

P arties P1 P1 P3

r CM ¡ 6:65 ¡ 0:06 6:00

Table 4: Mass center calculation

-8 -6 -4 -2 0 2 4 6 8

Mass center 

Party
Robot 

Figure 8: Mass center and coalitions

2.3 Determine Roles

When the coalition is formed, it is necessary to identify
what robots are been selected to cover the government
roles. In our simulation, we choose the following gov-
ernment roles:Prime Minister(PM), Minister of Defence
(MD), Minister of Communications(MC) andCitizen. For
every government �gure, all the robots of the coalition are
�ltered through the Role's Matrix (RM ) in order to obtain
a sub-matrix made up by the robots of the coalition which
are able to execute the tasks concerning such a role. The
political roles are assigned on the basis of the following
rules: the PM is chosen between the robots belonging to
the winningparty, �ltered through theRM matrix. Repre-
senting withr (P M )

k the position of the robots which satisfy
such a condition, and withrCM the position of the center
of mass of the winning party, the PM role is assigned to the
roboti closer to therCM center of mass:

Ri = P M , r (P M )
i = min

k
jr (P M )

k ¡ rCM j : (14)

The MD is chosen between the robots belonging to the win-
ning coalition, �ltered through theRM matrix, which has
not assumed a previous governative role; representing with
r (MD )

k the position of the robots which satisfy such a con-
dition, the MD role is assigned to the roboti positioned to
the right extremity of the coalition:

Ri = MD , r (MD )
i = max

k
(r (MD )

k ¡ rCM ) : (15)

The MC is chosen between the robots belonging to the win-
ning coalition, �ltered through theRM matrix, which has
not assumed a previous governative role; representing with
r (MC )

k the position of the robots which satisfy such a con-
dition, the MC role is assigned to the roboti positioned to
the left extremity of the coalition:

Ri = MC , r (MC )
i = min

k
(r (MC )

k ¡ rCM ) (16)

Table 5 shows the result of the role's assignment process
referring previous example; the graphic representation is
showed in �gure 9.It is to notice that the robot nearest to the
mass center cannot be chosen to cover the PM role because
the Roles Matrix does not allow this con�guration.

Role P M MD MC
Robot 4 7 8

Table 5: Government robot

-8 -6 -4 -2 0 2 4 6 8

PM 

MC 

MD 

Party 

Mass center 

Citizen 

Figure 9: Determine roles in thePOLITICAL IDEOLOGY

SPACE

Figure 10: Determine roles in theROBOT ISSUES SPACE
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2.4 Conduct Business

The robots forming the new government will adopt a be-
havior in the mission's management to reach the goals in
agreement with the political ideologies of the their coali-
tion. The political ideologies are represented by astrat-
egy that the robots must adopt. In the MP architecture,
we attribute right and left extremes to the two fundamen-
tal strategies progressive (typically reactive) and conser-
vative (typically deliberative). In general the government
coalition is constituted by several parties for which the two
strategies are the extremes of a strategy which changes its
characteristics depending of the formation of the govern-
ment. A right-center or left-center government will fa-
vor the progressive or conservative strategy basing on the
weight given to the right or to the left component in the
formation of the government coalition.

A strategy can be characterized by a set of parameters
which identify the various aspects of the robot's behavior;
for instance we can consider the action ray for a robot's
request of mines defusing support, or the maximum time
established for the execution of a determinate task, or the
margin of discharge of a robot from the subarea assigned
in the exploration. Each parameter has values belonging to
a continuous interval whose extremes (lower and superior)
are associated to the limit left and right strategies. For every
parameters, to each ofM parties is associated a value so
thats1 · s2 · : : : · sj · : : : · sM wherej represents
the generic party, whiles1, sM identify the two extreme
parties; the winning coalition is constituted fromM 0 par-
ties withM 0 · M . The parametersc will be only affected
by the interested parties, each of which will act on the basis
of the weight assumed in the coalition. Its value is calcu-
lated as weighted average of the parameters of the coalition
parties:

sc =
X

k

ak ¢sk (17)

wherek refers to the parties which form the coalition. The
ak weight associated to thek-th party is obtained taking
into account theVk votes which it received with respect to
the total votes of the coalition:

ak =
VkP
h Vh

(18)

Mini Crisis . Mini crisis is a mechanism which allows the
partial replacement of the government with new robots
belonging to the coalition which won the past elections,
holding the same strategy. Such a mechanism allow to
avoid the re-election of a new government and wants to
solve inef�ciencies like the death, damage or excessive
loss of energy of any government members, which would
negatively affect the behavior of the entire colony. A robot
fault involves a change on the Roles Matrix; for instance

if the roboti-th cannot cover the rolek-th any more, then
the matrix element(k; i ) is updated by a zero value. The
mini crisis is generated when a parameter exceeds its
limits as well too, for instance when the Welfare (which
could give information about the energy of the robot), gets
down under a critical threshold which exposes a minimal
value to develop its functionalities in a satisfactory way.
A mini-crisis is not so critical as a re-election that would
punish the coalition, rejecting the strategy played even if
the colony behavior was acceptable.

Re-election. The re-election mechanism allows the colony
to recon�rm the previous coalition or change it totally. The
re-election is normally caused by the expiration of the time
assigned to the government to complete the entire mission
(TIME OUT) or in exceptional case for evident inef�ciencies
of the robot colony (NO CONFIDENCE), not more imputable
to the single robot but to the whole strategy; for instance if
a high number of mini-crisis succeeded than there is some-
thing wrong in the adopted policy and we need to run a
re-election.

3 Experimental Results

Unlike robotic architectures which take into account a com-
plex central management of a simple-robot colony, the MP
architecture focuses on the complex coordination of robots
which present a high autonomy degree. this architecture
takes into account for every robot the capability to express
a vote in order to elect a party, to form a political coalition,
and to identify a strategy played by the govern that allows
to accomplish the mission goals.

The MP architecture is based on an FSA established
by the following states, realized through MissionLab en-
vironment ver. 6.0 developed at GEORGIA INSTITUTE OF

TECHNOLOGY (Georgia Tech) [1] [2]:

1) ELECTION

2) DETERMINE ROLES

3) CONDUCT BUSINESS

The interaction among the states is shown in the �gure 11.
The kernel of the architecture is constituted by theELEC-
TION state which represents a macro-state containing the
two following states:

a) VOTING PROCESS

b) COALITION FORMATION

which are responsible respectively for the vote's mecha-
nism for every robot and the formation of the political
coalitions which constitute the new governments (see �g-
ure 12); theVOTING PROCESSresult is related to a set of
parameters which characterize each robot; these parame-
ters change during the mission evolution in relation to the

6



Figure 11: The Robot State Automata Diagram

Figure 12: Coalition Formation

quality obtained in the assigned task execution. For each
robot can be assigned a low-level task if the robot is a cit-
izen (exploration, surveillance and monitoring of allarms
inside the sheds) or a high-level task if the robot is a gov-
ernment member (planning, communication). TheCOALI-
TION FORMATION phase allows to determine the winning
party on the base of the votes expressed by the single
robots; in order to constitute a winning coalition, we se-
lect the closest parties by the winning one. TheELECTION

state determines the winning political coalition which will
constitute the new government.

Once the elections have been done and the coalition
has been formed, theDETERMINE ROLESstate determine
which robots will cover the government roles; PM, MD
and MC are chosen in order to cover the entire coali-
tion as much as possible thus guarantying the government
strength.

TheCONDUCT BUSINESSstate allows the winning gov-
ernment to complete the various task following a strategy
which re�ects the political trend of the coalition; the gov-
ernment strategy is a compromise between the strategies of
the single parties which compose the coalition.

In the FSA of the �gure 11 there are triggers which allow

to obtain the transitions among the various states during the
mission evolution; their meaning is the following:

1. COALITION FORMED: it allows to start the phase of
determination of the roles when the elections and the
coalition formation are concluded.

2. ROLES ASSIGNED: it allows to carry out the strategy
concerning the political trend of the government, once
the phase of the roles assignment has been �nished.

3. MINI CRISIS: it allows to make a new assignment of
the government roles keeping unchanged the political
trend of the government.

4. NO CONFIDENCE: it allows to make a new election
process caused by a general inef�ciency of the whole
robot colony.

5. TIME OUT: it allows to make a new election process
caused by the expiration of the time assigned to the
government to complete the whole mission.

The �gure 11 shows the actual design of MIP architec-
ture. The main idea is to use an unstructured, dynamic
and time-variable environment with movable obstacle. We
identify a application such as surveillance of industrial
sheds as test-bed application for robotic colony with a high
risk for damage to robots. During the testing phase of MP
architecture we use a scenario composed by 10-20 robots.
They do not have prior knowledge about the environments.
The robots are divided in two opponents teams. The �rst
team is composed by intruders running the MP architec-
ture. The robots move inside the environment and they try
to damage the equipments inside the map and after a ran-
dom time they move to a new positions. The second team,
composed of guardians running the MP architecture, has to
�nd and resolve the problems where the equipment alarm
is sounding because damaged by the opponent team, and
to detect and stop the enemies. If the guardians robots will
not go to resolve the problem, it will cause a �re explosion
of the equipment and it will kill the robots placed in the
neighbors of the alarm. The �rst phase of our simulation
is the phase of coalition formation, where a government
for managing mission is selected.Later, the robot citizen
performs the typical task of exploration of an unknown en-
vironment, where a little part of map (called sub-area) is
assigned to each robot. When a robot citizen detects the
sound of an alarm, it must provide to resolve the problem
too. So it will ask help into an area that will depend to the
strategy applied by government (see �gure 13). The clos-
est robot to the point of alarm discover will so go and help
the other robot for problem solving. During exploration,
if a robot �nds an enemy, it will try to catch the other in
order to make it harmless. A robot consumes an internal
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Figure 13: The implemented framework: alarm detection

resource (Welfare) that force itself to spend the minimum
energy when it executes a behavior. These features allow
us to demonstrate the coordination level of a robot team.

4 Summary and Conclusions

One of the fundamental and innovative feature of the
Metaphor of Politics Architecture is its dynamic social
structure. It is a good balance between the cost of form-
ing a coalition and the solution quality of a coalition, and
also it is capable of forming optimal political coalitions for
dif�cult problem solving under conditions of limited infor-
mation and resources.
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