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ABSTRACT
Awareness and autonomous interaction with the environ-
ment in a robotic system is the base of the new discipline of
machine consciousness.
In this paper we present the results of a first attempt in
order to engineer these robotic systems by applying a Sit-
uational Method Engineering approach that extends PASSI
and to create a model for conscious systems.
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1. INTRODUCTION
Latest years have seen a growing interest towards robotic
systems able to interact with human beings and with a dy-
namic environment in an autonomous fashion without the
need of external control. Perception is one of the most im-
portant feature that robotic systems must have in order to
present these capabilities. Awareness and enactive capabil-
ities of the environment are highly desirable but missing in
the today state-of-the art robots.
In other words, a robotic system should be able to have some
sort of consciousness of itself and of the external world. In
[1], for the first time the term machine consciuosness was
mentioned meaning the capability of having experience or
being aware of what happen in the environment and until
today several researches in the field have been developed [9].
What we are currently investigating is the engineering per-
spective of the new discipline of machine consciousness: how
to cope with modelling, designing and implementing arti-
ficial conscious robotic system able to process the stimuli
coming from the outer and inner world, to generate its own
intentions and motivations and and to reach a specific goal
following intentional plans.
The authors developed in the recent past some design pro-
cesses for engineering robotic systems (PASSI and Agile
PASSI) and a cognitive robotic architecture based on these
design processes [7]. The cognitive architecture was also ex-
perimented on an autonomous robot where visual perception
is integrated with knowledge representation [8][24].
Besides this architecture is the first attempt made for real-
izing what it is argued in [5], i.e., a perception process is
modeled and implemented as a continuous interaction loop
by continuously comparing actual and expected “data” com-
ing from the environment. In this way, the robot achieves
the ability to gain perceptual experience and to react by

simulating a conscious behavior with respect to the exter-
nal stimuli.
Engineering these robotic systems requires ad-hoc design
processes; in this paper an experiment based on a well known
Situational Method Engineering approach is presented; by
applying it to the mentioned case the result is a set of por-
tions of design process (fragments) to be used for extending
PASSI, the design process we use in our laboratory.
The rest of the paper is organized as follows: section 2 deals
with the background of our work, section 3 presents the ob-
tained results, in section 4 the fragments are described and
finally in section 5 some conclusions and future works are
sketched.

2. THEORETICAL BACKGROUND
2.1 The Design of Robotic Systems
Robotic systems, and moreover robotic system for artificial
consciousness, are very complex systems; in the latest years
we used the agent oriented approach for developing them
and we mainly used PASSI design process that allows the
development of robotic systems made of a society of peer
agents.
Several agent oriented design processes there exist today
therefore it does not exist a unique design process useful
to everyone without some kind of customisation.
In the past years we developed ad-hoc design methodologies
by following the paradigm of Situational Method Engineer-
ing (SME) [22][3]; the first experiment we made was about
the construction of an agile [2] methodology for the quick
engineering of a robotic system avoiding all the - time con-
suming - phases resulting in the production of detailed docu-
mentation thus giving the designer the possibility to quickly
go from the requirement to the code.
The result was Agile PASSI [6][13], created by reusing and
adapting most parts from the preceding PASSI[10] and fol-
lowing the Situational Method Engineering process that in
the latest two years we finalized [11][27].
The SME process (PRoDe) [27] we use is mainly based on
the reuse of existing portions of design processes and on the
early identification of the main design concepts each system
requires, respectively the process fragment and the meta-
model. For instance a class of systems - robotic systems
in our case - envisaging the actuation of a set of plans for
reaching a specific goal requires at design time a modeling
phase for robot plans, for its goals and for matching each
plan with the related goal. At the end we can see each class



Figure 1: The perception loop.

of systems, for which we want to construct the most suitable
design methodology, as a set of interrelated concepts to be
designed following a collection of design phases.
PRoDe is composed of three main phases, Process Require-
ments Analysis, Fragment Selection and Fragment Assem-
bly ; following the same rationale of the software develop-
ment we start from gathering the set of process requirements
that contributes in creating the metamodel of the process to
be that is the main element, in addition to the process de-
signer’s skills, for selecting the fragments from the repository
and for assembling them.
Requirements are elicited on the base of the problem type,
the development context and the organization maturity, they
will be detailed in 3.1. This approach was created for the
purpose of developing agent-oriented design processes but,
due to the use of the metamodel, it proved to be general
enough to be applied to every kind of application context.
In this paper we apply the PRoDe approach to the con-
struction of a portion of design process that supports the
development of a complex robotic system where decisions
about robot’s behavior are evaluated by means of a per-
ception loop. The perception loop (described in the next
section) uses a simulation module for forecasting decision
consequences and defines a robot’s expectation (called an-
ticipation) of what is going to happen.

2.2 The Perception Loop
The robot perception loop, at the basis of the proposed robot
architecture, is based on tight interactions between the robot
brain, body and environment. The model is described in
Figure 1; see [4] for a detailed description. Haikonen [15,
16] proposed a similar feedback loop in which the model of
the environment is implicitly learned in terms of weights of
an associative neural network. The loop is in turn the ba-
sic block of the Haikonen cognitive architecture for robot
brains.
A robot system, able to build an internal model of the envi-
ronment and to generate suitable predictions, has been pro-
posed by Holland and Goodman [18]. The system is based on
a neural network that controls a Khepera minirobot and it is
able to build a model of environment and to simulate percep-
tual activities in a simple environment. Following the same
principles, Holland et al. [19] present the robot CRONOS, a
very complex anthropomimetic robot whose operations are
controlled by SIMNOS, a 3D simulator of the robot itself and
its environment. Hesslow [17] , from the standpoint of the

neuroscience, discussed in details the role of inner simula-
tions in relations with sensorimotor and cognitive functions.
The first order perception loop takes into account the schema
proposed by Grush [14] and inspired to the Kalman filter as
a model for perception process.
The robot vision system receives in input the robot position,
speed and so on from the proprioceptive sensors and it gen-
erates the scene anticipations, i.e., the expectations about
the perceived scene. The perception loop is then closed by
the perceptive sensors that acquire the effective scene by
means of the video camera.
Macaluso et al. [23] describe a robot based on a perception
loop in which the process of scene anticipations is performed
by a 3D computer graphics simulator. The simulator gener-
ates the expected 2D image scene on the basis of the robot
movements.
In the proposed model, the mapping between the antici-
pated and the perceived scene is achieved through a focus
of attention mechanism implemented by means of suitable
recurrent neural networks with internal states. A sequential
attentive mechanism is hypothesized that suitably scans the
perceived scene and, according to the hypotheses generated
on the basis of the anticipation mechanism, it predicts and
detects the interesting events occurring in the scene.
Hence, starting from the incoming information, such a mech-
anism generates expectations and it makes contexts in which
hypotheses may be verified and, if necessary, adjusted.
The focus of attention mechanism selects the relevant as-
pects of the acquired scene by sequentially scanning the im-
age from the perceptive sensors and by comparing them in
the generated anticipated scene. The attention mechanism is
crucial in determining which portions of the acquired scene
match with the generated anticipation scene: not all true
(and possibly useless) matches are considered, but only those
that are judged to be relevant on the basis of the attentive
process.
The match of a certain part of the acquired scene with the
anticipated one in a certain situation will elicit the antici-
pation of other parts of the same scene in the current situa-
tion. In this case, the mechanism seeks for the correspond-
ing scene parts in the current anticipated scene. We call this
type of anticipation synchronic because it refers to the same
situation scene.
The recognition of certain scene parts could also elicit the
anticipation of evolutions of the arrangements of parts in
the scene; i.e., the mechanism generates the expectations for
other scene parts in subsequent anticipated situation scenes.
We call this anticipation diachronic, in the sense that it in-
volves subsequent configurations of image scenes. It should
be noted that diachronic anticipations can be related with a
situation perceived as the precondition of an action, and the
corresponding situation expected as the effect of the action
itself. In this way diachronic anticipations can prefigure the
situation resulting as the outcome of a robot action.
Two main sources of anticipation are taken into account.
On the one side, anticipations are generated on the basis of
the structural information stored in the robot by design. We
call phylogenetic these kind of anticipations. On the other
side, anticipations could also be generated by a purely Heb-
bian association between situations learned during the robot
operations. We call ontogenetic this kind of anticipations.
Both modalities contribute to the robot conscious percep-
tion process.



Figure 2: Many perception loops.

Ontogenetic anticipations are acquired by online learning
and offline learning. During the normal robot operations,
when something unexpected happens, i.e., when the gen-
erated anticipation image scene does not match the scene
acquired by the perceptive sensors, the robot vision system
learns to associate, by an Hebbian mechanism, the current
image scene with the new anticipation image through the
previously described attentional mechanism.
In the offline learning, the perception loop is employed to
allow the robot to imagine future sequences of actions to
generate and learn novel anticipations. The signal from per-
ceptive sensors is related to the perception of a situation of
the world out there. In this mode, the robot vision system
freely generates anticipations of the perceptive sensors, i.e.,
it freely imagines possible evolutions of scenes and therefore
possible interactions of the robot with the external world,
without referring to a current external scene. In this way,
new anticipations or new combinations of anticipations may
be found and learned offline by the robot itself through the
synchronic and diachronic attentional mechanisms.
In general, in a real operating robot, we may have many per-
ception loops in action (Figure 2). They may be related with
different sensor modalities, e.g., laser, video camera, sonar,
and so on. Moreover, perception loops related with the same
sensor modality may consider different aspects and opera-
tions, e.g., a vision based perception loop may consider some
kind of objects while another vision based modality percep-
tion loop may consider free space. From this point of view,
the perception loops play the role of trackers in the sense
introduced by Kuipers [21] as the basic block of conscious
perception.

3. TOWARDS THE NEW METHODOLOGY:
FROM REQUIREMENTS ANALYSIS TO
RESULTS

The aim of our work is to create a methodology for engi-
neering and developing machine conscious architectures.
In this section we will illustrate the set of requirements re-
sulting from the analysis of the class of systems we want
to engineer with our new methodology and the metamodel
resulting from this analysis.

3.1 Requirements for the construction of the
new methodology

The fundamental requirement that the new process should
fulfill consists in the support for the development of robotic
systems basing their behavior on perception loops (or pro-
cesses). A perception process can be modelled and imple-
mented as a continuous interaction loop among brain, body
and environment; by continuously comparing actual and ex-
pected data coming from the environment the robot achieves
the ability to gain perceptual experience and to react by
simulating a conscious behavior to the external stimuli. Be-
sides in [5] it is argued that the robot possesses two (or
more) orders of perception, the first one serves for the im-
mediate sensing of the world around whereas other loops
(higher order perception loops) may be used for discrimi-
nating the robot’s inner world. During each perception loop
the robot perception system generates an anticipation (i.e.
an expectation) starting from its knowledge of the environ-
ment (including both the world model and the self model)
and it composes the set of goals to be reached.
According to the input of the process requirements analysis,
the requirements of the design process under construction
can be summarized as follows:

Problem Type

1. Developing a robotic architecture composed of two main
levels of abstraction: one or more robots, and inside
each robot, a society of agents responsible for the ba-
sic robot’s functionalities (for instance sensors man-
agement, vision, . . . ).

• A robot is composed of:

– Rational agents: agents with reasoning/planning
capabilities and a knowledge of the world.

– Reactive agents: agents adopting the stimulus-
reaction loop.

– Devices: artifacts [25] representing robot’s hard-
ware components.

– Conscious agent: an agent providing self con-
sciousness features to the robot

• Each robot can interact with other robots, the
objects in the world (regarded as artifacts) and
external agents; several robots can form a society
of robots. This entails:

2. The robot has to be endowed with the capability of
perceiving the environment around it and its own inner
world.

• The robot has the ability of recognizing and dis-
tinguishing stimuli coming from the outer word
(sensorial perception) and stimuli coming from
the robot body (proprioceptive sense).



• Perception in supervised by means of perception
loops. The conscious agent is responsible for the
execution of the perception loop that is composed
of the following step:

– The robot perceives the outer world (sensors)
and the inner world (propioceptive percep-
tions)

– Perceptions are used to build a 3-D simula-
tion of the mission (anticipation)

– Anticipation is compared with the perceived
scene during mission execution

– Parameters are tuned according to results of
that matching

• Several perception loops can be active at the same
time for taking care of different aspects of robot
management.

3. The robot moves in an unstructured environment and
it is able to autonomously interact with it. This entails
that:

• The robot has a model of the environment;

• The robot owns a model of the ”self”;

• The environment is composed of objects that can
be agents and artifacts - an artifact is a passive,
function-oriented entity with no means of auton-
omy and control encapsulation.

4. The metaphor of software testing is adopted for de-
tecting differences between expected and observed be-
haviour. This detection process represents the robot
conscious reasoning. In order to fruitfully adopt the
testing metaphor, we suppose that:

• While object oriented test activities are devoted
to test the different software components in or-
der to detect errors with respect to the software
scenarios, in our case the scenario is perceived by
the robot (the observed behaviour) and it is com-
pared with the expected behaviour (anticipation
of the perception loop) in order to detect a not-
expected situation and to activate all the fixing
actions.

• The test planning result is the simulation of the
actions the robot performs in order to perceive
a goal; this defines the expected behaviour - the
oracle attribute of the test case defined in each
test planning activity.

Development Context.The system will be developed in a
research lab by people skilled with robot programming and
multi-agent system concepts. Developers would prefer to
spend their time in defining perception loop aspects, a con-
ceptual model of the world and the profile of the robotic mis-
sion rather than looking at the definition of complex MAS
social structures or other implementation details.
The reuse of previous portions of design as well as of code
is very welcome and according to a consolidated tradition is
left to an extensive pattern-reuse practice [12].

Organization Maturity.Several experiments has been made
in the past in the construction of methodologies for design-
ing robotic systems and several systems have been developed
in this lab on the basis of the well known PASSI process as
well as its extensions (Agile PASSI and more recently AS-
PECS).
Looking at the development group in its entireness, it has to
be considered that together with people who experienced the
cited past projects and researches, there are young new lab
members which only recently approached the development
of robotic systems by using MAS technologies. Moreover,
the adoption of a perception-driven perspective is new to
all lab members and specific guidelines will be necessary to
improve products quality.

3.2 From Process Requirements to MAS meta-
model

According to the PRoDe approach, the above reported re-
quirements are used to define the MAS metamodel. This
is achieved by identifying proper strategies in order to ful-
fil the new process requirements. Finally these strategies
are bound to MAS metamodel elements that can concur to
their realisation. A detailed description of the process we
used to define strategies from requirements and then MAS
metamodel elements from strategies is out of the scope of
this paper. It has been partially described in [27] and some
details like the definition of specific guidelines are still a work
in progress. Table 1 reports a partial list of the new pro-
cess requirements, descending strategies and adopted MAS
metamodel elements (MMME). It is interesting to see that
the second strategy ( The robot is the unique conscious agent
endowed with self-reflective ability ) brings to the identifica-
tion of a couple of MMMEs (Conscious Agent, Robot) as
well as to a constraint on the number of instances of one el-
ement (each robot can have only one Conscious Agent that
implements its self-reflective ability).

3.3 The Metamodel
According to the PRoDe approach, the result of the process
requirements analysis is a metamodel where all the above
mentioned requirements have been translated into a set of
metamodel elements, each other related. In this section we
show (see Figure 3) only a portion of the obtained result,
the one concerning the conscious part of our robotic systems
that is useful for engineering the perception loop described
in subsection 2.2. The core of the metamodel is composed of
the Robot and the Environment concepts; this latter repre-
sents the world the robot is located in and it interacts with,
we also consider the inner robot’s world as part of the envi-
ronment, in fact environment is composed of three concepts:
Artifact, Agent and Stimulus.
Artifact is the part of environment that does not offer any
autonomous capability, it can be used as a resource or can
simply be an inanimate part of the world, it can also be a
Device, one of the physical robot’s component. The Agent
concept - that can be specialised in Reactive Agent or Ratio-
nal Agent - represents a member of the society of agents tak-
ing care all the robot’s functionalities or each autonomous
entity the robot interacts with in order to pursue a Goal.
In this metamodel we consider the robot as the unique agent
endowed with autonomous reasoning capabilities about the
self and the environment. The robot has one or more goals



Table 1: The Methodology Requirements, the Strat-
egy and the Resulting Metamodel Elements

Methodology
Requirement

Strategy Metamodel
Element

Developing
complex con-
scious robotic
systems able
to realize the
robotic percep-
tion loop.

Considering the
robot as the main
element of the de-
veloping system and
composed of a soci-
ety of agents some
devoted to purely
reactive tasks, some
others to cognitive
tasks.

Robot, Reactive
Agent, Rational
Agent, Device.

The robot is the
unique conscious
agent endowed
with self-reflective
ability.

One Conscious
Agent in each
Robot

The robot is part of
the environment it
lives in and owns a
model of it.

Environment,
Agent, Artifact

System per-
ceives the
environment
(outer and inner
one).

Supporting for the
creation of a model
of the ”self” and of
the environment.

Knowledge.

Recognizing differ-
ent kind of stimuli.

Stimulus, Pro-
prioceptive,
Sensorial.

Interacting with
an unstructured
environment.

The robot can plan
the set of operation
to be done for pur-
suing a specific goal.

Goal, Plan, Ac-
tion.

The robot
detects the
differences be-
tween required
and observed
behavior.

Use the metaphor of
testing

Test, Simulated
Act, Log.

Supporting the cre-
ation of a simulated
environment (antici-
pation) in order to
compare it with the
perceived situations.

Simulated Act.

to pursue, they are achievable by means of Plans in turns
composed by a set of actions.
The Knowledge the robot has about the environment and
about itself is affected by each action performed during the
system lifetime. An Action is a kind of act - a physical robot
act or a communicative act between the robot and an ex-
ternal agent - resulting in an environment change of state;
each changing state is traced in the knowledge by means of
the concept instance values. As in all common ontologies,
world status can be enquired by means of predicates related
to concepts and asserting information about their status.
The robot has conscious capabilities in the sense that it can
reason about the required and observed behavior by means
of a Test composed by a set of Simulated Acts and a Log ;
each time a robot as to reach a goal, it establishes a plan on
the basis of the knowledge it has about the environment, the
goal itself and the set of stimuli it receives. Once the plan
is defined, an expectation about the plan results can be cal-
culated by simulating the plan actions and then estimating
their results. When the plan simulation has been completed,
the robot may compare the results of the simulated acts with

Figure 3: The Conscious System Metamodel

the ongoing situation as it is reconstructed by using propi-
oceptive and sensorial stimuli. From this comparison a test
log can be compiled and the set of correlations between the
observed and required behaviour identified.
The log is then used for activating all the actions required
to correct the plan, tune action parameters and successfully
achieve the goal. The elements used for modeling robot con-
scious perception come from the fourth requirement (subsec-
tion 3.1); in the following subsection it will shown how, using
the metaphor of software testing, we were able to create a set
of design process activities that we integrated with PASSI
in order to make the first step towards a design process for
robot conscious system.

4. DESIGNING THE PERCEIVED SITUA-
TIONS

The previous sections have shown the results of the appli-
cation of PRoDe to the proposed case; the aforementioned
process naturally conveys the idea of using test activities di-
rectly performed by the robotic system; in other words the
approach can be summarized as it follows: the robot defines
a kind of preliminary plan for achieving its goal; this pre-
liminary plan is a portion of program to be executed. It is
not sure yet that the plan will be successful since experi-
ence teaches that there are relevant differences in robotics
between theoretical and practical results.
The preliminary plan is therefore executed in a simulated
way. If it reaches its objectives during simulation this is sup-
posed to success in reality too but for the sake of affordabil-
ity it still has to be considered not affordable. Nonetheless
the robot starts executing it in the real world. This choice
seems reasonable because at the best of its knowledge the
robot cannot produce a better plan and only feedbacks com-
ing from its real execution can prove if it was correct. While
the plan is executed, intermediate situations are compared
with similar steps obtained in the simulated plan. If they



match the robot increases its confidence in the plan (and
the related set of choices thus including execution parame-
ters like speed, position estimation and so on). If intermedi-
ate situations differ from results obtained by the simulated
plan, then a corrective action has to be undertaken. In the
case of a real software testing operation this should include
modifications in the program in order to get it tackle the
expected behavior and achieve the goal. In our case, cor-
rective actions may include tuning the parameters used to
execute the plan (for instance, speed differences can influ-
ence navigation precision) or aborting the preliminary plan
and replacing it with a new (again preliminary) one. The
final plan actually is the totally executed plan that proved
successful. After its execution and continuous tuning ob-
tained by means of the perception-loop implemented as a
testing strategy, if the plan is well performed, it becomes
part of the robot knowledge. It now knows that in the spe-
cific situation the final plan is a winning strategy and will
naturally choose it again. Of course again perception loop
will be used to monitor plan execution and tune it. In order
to conceive the portion of design process implementing to
the above described process, we analyzed the test activities
suggested by the Unified Process (UP [20]) that is becom-
ing the de-facto standard design process in the area of object
oriented methodologies. Our aim was to identify and extract
useful process fragments and to modify them according to
differences/similarities with the activities to be made by the
system.
We considered the UP activities related to test plan and de-
sign and test execute: with the first activity we can identify
the system functionalities to be tested, the resources and the
scope of test whereas the second activity aims at executing
the test in order to investigate the results and to identify
the defects.
During the planning test activity a workproduct, named test
case, is produced; it is composed of a name, a location, a set
of inputs, an oracle - the expected outcome - and a log - the
correlation among expected and observed behavior.
The execution activity produces a report where the results
of the test and the differences among observed and expected
behavior are listed.
According to the design approach we are going to define,
the designer starting from system requirements and goals,
the environment description, the system architecture, all the
robotic components and how they are interconnected, has to
create a test plan resulting in the name, the location of the
robotic module to be tested, a set of inputs deduced from the
above mentioned starting considerations and finally a defi-
nition of the expected system behavior by means of simula-
tion. For our purposes the UP test plan and design portion
of process may be reused by only modifying the resulting
test case; this because we need it to be composed of behav-
ioral specification and not to contain the classic testing log.
Instead, the log has to be designed in the test report, result-
ing from test execution activity, where a comparison between
expected/simulated behavior and the real one is done.
In the following the new test fragments we extracted from
UP and adapted to our needs are illustrated; we follow, for
the first one, a specific template for fragment description
(Test Planning and Design) whereas, for space concerns, we
only give a general description of the Test Execution frag-
ment.

4.1 Planning Test
The Test Planning and Design fragment will be described
according to a template composed of the following sections:

• Introduction: describing the process the fragment was
extracted from

• Fragment Description: describing the fragment in terms
of its goal, workflow, activities and involved stake-
holder roles

Introduction. This fragment has been extracted from UP
Testing discipline and modified in order to meet the needs for
designing a part of autonomous system devoted to create an
expectation about what is the state of the environment after
the execution of a specific plan on the base of the perception
loop described in [5].

Fragment Goal.The aim of the fragment is to design the
test case in order to make the system able to produce the
expected behavior to the execution of a plan; each plan is
used in the system for reaching a specific goal.

Fragment Descritpion.The following set of documents is
the input of this fragment: i) the requirement document, ii)
the environment description that the analyst takes into ac-
count for establishing which system requirement and which
system goal have to be tested, iii) a model of the system
architecture used for identifying which is the system compo-
nent to be tested under the execution of a perception loop.

Portion of Process workflow.The process that is to be
performed in order to obtain the result is represented in the
following SPEM diagram (Figure 4)

Figure 4: Test Planning and Design Activities

Activities reported in Figure 4 are detailed in terms of work
to be done and involved stakeholders (see Table 2).
The above listed stakeholder roles within this fragment are
responsible for the accomplishing of the following duties.
Responsibilities of Analyst are:

• Analyzing Requirement Document, Architectural model
and Environment description.



• Producing the Test Plan.

Responsibilities of Designer are:

• Analyzing Architectural in order to establish which part
of the system has to be tested.

• Assisting the analyst in the identification of the ex-
pected system behaviour.

• Detailing the test case.

Table 2: Activities Description
Activity Activity Descrip-

tion
Roles In-
volved

Test Plan. The analysts es-
tablishes the model
component to be
tested on the base
of the system re-
quirements and goal
in order to sketch a
plan of the test.

Analyst.

Test Design. The designer and
the analyst spec-
ify the expected
behaviour of the
system also pro-
ducing the test
case.

Designer, Ana-
lyst.

Fragment Metamodel.This fragment refers to the MAS
meta-model adopted in the extended PASSI design process
and contributes to define the Simulated Act element that is
an essential part of the Test MMME.

Figure 5: The Portion of Metamodel

Preconditions and concepts to be defined.Input, output
and elements to be designed in the fragment are detailed in
the following tables, documents and the MAS metamodel
elements see Tables 3 and 4.

Guideline. The analyst may start from information reported
in the requirements document and identify a set of scenar-
ios that are candidate to be tested. These scenarios (each

Table 3: Input/Output
Input Output
Requirements
Document,
Environment
Description,
Architectural
Model.

Test Plan, Beav-
ioural Specification,
Test Case.

Table 4: MAS metamodel elements

Input To Be De-
signed

To Be Related To Be
Quoted

Plan, Goal,
Require-
ment,
Knowledge,
Agent.

Simulated Act. Knowlegde,
Agent

Plan, Goal,
Require-
ment.

pursuing a specific goal) should be associated with a set of
robot’s internal modules whose perception loops can provide
useful feedbacks for testing the preliminary plan the robot
generates to cope with that. For each scenario and related
robot’s module, the set of input ensuring the adherence to
the prescribed flow of events has to be defined.

Composition Guideline.None specific beyond the satis-
faction of input constraints.

Aspects of fragment.The fragment has been conceived
to support a specific robotic architecture and planning ap-
proach: the robot is composed of several agents and uses
a perception loop in order to estimate the goodness of a
preliminary plan. This plan is accepted and its execution
started once the simulation provides positive results. Dur-
ing execution feedbacks for plan trimming are deduced from
the comparison of real world results with the expectation
generated by the simulation step.

Dependency Relationships with other fragments.This
fragment has been conceived for adoption in a process work
flow where the next fragment is the “Executing Test”.

4.2 Executing Test
The aim of this fragment is to design the portion of robotic
system devoted to produce the log metamodel element, this
is the element resulting from the comparison between ex-
pected and observed system behaviour. The test case gen-
erated from the “Planning Test” fragment is the input doc-
ument.
The fragment is composed of two activities: Test Execution
and Test Evaluation, both performed by the Designer. Dur-
ing Test Execution, starting from all the simulated acts de-
tailed in the test case, a document describing the test results
is produced and then used by the Test Evaluation activity
for producing a Test Report describing the Log element of
the metamodel. In Figure 6 the portion of metamodel af-
fected by this fragment can be seen.
Figure 7 shows the process that is to be performed in order



Figure 6: The Portion of Metamodel for Test Exe-
cution

to obtain the result as a SPEM diagram.
The fragment delivers two outputs: Test Result that is a
structured text document [26] and Test Report that is a free
text document.

Figure 7: Test Execution and Evaluation Activities

5. CONCLUSIONS
In this paper we presented an experiment based on PRoDe
(a Situational Method Engineering approach) for modelling,
designing and implementing complex robotic systems.
By following this approach and basing on the results it pro-
vided we decided to extend PASSI, the design process we
used in the latest years for several robotic experiments and
for developing a cognitive robotic architecture.
The proposed work aims at creating a design process (or bet-
ter to extend PASSI with a new portion of design process)
for designing the portion of a robotic system with the fol-
lowing features: (i) generating expectations about the state
of the world (therefore also about itself) as results of a plan
execution, starting from the goals and the knowledge on the
environment, (ii) comparing this “simulated state” with the
effective reality after plan execution.
For these purposes two fragments have been extracted from
UP and modified for meeting the new process requirements.
In this paper we illustrated only the first iteration on the
PRoDe process, the two fragments have been integrated with
PASSI and we are going to test the whole design process in
order to start a further iteration of the process if necessary.
This work also proposes a first model of conscious systems
that has not been still developed and recognized by researchers
in the field cause the lack of a precise and standard definition
of consciousness.
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