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My group and research activities

Who | am

Laura Sorbi — PhD student at the Italian
Institute of Technology; | have been working
with Prof. Scaradozzi since last year at
Universita Politecnica delle Marche

My research activities

» Cooperation of multiple Underwater Robotis
« Vision in underwater robotics

« 2D photomosaicing techniques

» 3D reconstruction techniques

Competences, skills

* Development of NGC, hardware and software for robotics
» Data acquisition and processing
« 3D documentation and reconstruction
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 Starting point:

We have sensors and we are able to 3D virtual reconstruct (in the
optical and acoustic response sense) and document (in terms of
morphological, chemical and physical values), portions of
underwater volumes of interest.

 Open guestions:

Who carries the sensors on the site of interest?
» Navigation and Control aspects: How to carry the sensors?

* Motivations:

Underwater sites of interest in e.g. biology or archaeology often
present characteristics that can be damaged by rough intrusion.
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* Motivations:

This motivates the interest in developing “low signature” robotic
systems for underwater intervention.

At the present level of technology, a viable solution to reduce
signature consists in keeping dimensions small.

This may limit work capability, in particular at high depth, and
ultimately reduce the possibility of intervention.

We propose:

the design and realization of an assisted guidance system
for a Micro ROV, which is part of a more complex

integrated robotic system, developed to support unskilled
pilot by implementing an assisted guidance mode
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Architecture of the integrated system

 The MicroROV is
part of an
integrated robotic
system for deep
intervention,
consisting of two
coupled ROVs of
different
dimensions.
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Architecture of the integrated system
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* In that system, a

Micro ROV s
tethered to a large
one, which, in
turns, is tethered
to a surface
supply vessel.
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Presentation Notes
This configuration allows the Micro  ROV to work at considerable distance from the supply vessel, without the burden of a long umbilical, with the large ROV acting as its mother ship.
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Architecture of the integrated system

* A supervised,
automatic control
system can be
used to guide the
large ROV while
the Micro ROV is
remotely guided
by a human pilot
on the remote
vessel
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Presentation Notes
The resulting structure can be viewed as a small ROV supported by a garage whose potential is augmented by the presence of actuators and sensors for guidance and control, or as a large ROV equipped with a versatile, movable and semi-autonomous appendix for precise intervention.
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Architecture of the integrated system

 The large ROV is maintained in a stationary position or
guided along a predetermined path.

» A single operator can efficiently drive the system, focusing
his attention on the interaction of the Micro ROV with the
environment and on the different aspects of the survey
activity.

e This Is possible by monitoring the activity of the Micro
ROV thanks to the use of optical or acoustic measuring
devices mounted on the large ROV and by using the
obtained information to assist the pilot.
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The resulting structure can be viewed as a small ROV supported by a garage whose potential is augmented by the presence of actuators and sensors for guidance and control, or as a large ROV equipped with a versatile, movable and semi-autonomous appendix for precise intervention.
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Architecture of the integrated system

e The robotic system can be employed according to two
different operational modes

v'static mode: the large ROV is stationary and the
small one moves around on a restricted area; useful
when the main scientific goal is to inspect closely and
to document a small area or a single spot

v'dynamic mode: the two vehicles move along a given
paths, keeping a sort of formation; useful in surveying
large areas
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Architecture of the integrated system
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Presentation Notes
The architecture of the Supervisory Control System is organized on two levels. The higher level of the Supervisory Control System is devoted to monitor and control the mission status, to detect faults, to log data and to display information. The lower level is responsible of guiding (either automatically or in response to a pilot’s commands) the large ROV and of generating the information needed by the micro ROV assisted guidance system to govern the vehicle’s behavior.
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Micro ROV assisted guidance system

* The basic task of the Micro ROV Assisted Guidance Module is
to avoid the operator to drive the vehicle too far from the large
ROV.

* The large ROV position on its plane defines an area on the
Micro ROV'’s plane representing the maximum admissible work
space of the latter: a rectangular region, whose center is the
vertical projection of the large ROV position on the Micro ROV
plane.

* It is worth noting that the last assumption can be practically
satisfied using the vehicles position information provided by the
USBL-DGPS tracking system or, alternatively, using a vision
system which exploits a down-looking video-camera mounted on
the large ROV and image processing software.
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Presentation Notes
In the last case, it is sufficient to associate the Micro ROV work area to a region of interest in the large ROV camera, and to use image processing for evaluating the position of the Micro ROV in the image plane. This second solution is, more desirable since it provides information in quite real time, while the first one, making use of acoustic devices, introduces delay in the loop. In case visibility is too scarce, instead, the vision system could be substituted by an acoustic imaging system employing a sonar mounted on the large ROV. The resulting delay in acquiring the information would, in such case, be smaller than that introduced by the USBL system and performances are comparable with that obtained by a vision system. We suppose both ROVs to move knowing the pitch and roll position of their cameras.
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Micro ROV assisted guidance system

» The Assisted Guidance Module works by modifying the response
of the Micro ROV to the pilot’s commands depending on the
vehicle position with respect to the work area, forcing the pilot to
keep the vehicle inside it.

*The Micro ROV is remotely operated by means of force feedback
joysticks, so the reaction force on the joystick is increased as the

distance from the boundary increases, generating automatically a
feedback command which aims at driving the Micro ROV toward

the inner part of the work area.
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Micro ROV assisted guidance system: main scheme
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Presentation Notes
The main scheme representing the Assisted Guidance Module is shown in Fig.3 and it is characterized by 3 principal functional blocks:
Reference position parameters block: this block is responsible of defining the Micro ROV work area in terms of suitable parameters (namely, in terms of UTM coordinate system or in terms of coordinates in the system associated to each image by the vision system);
Micro ROV position block: this block supplies the guidance system with the Micro ROV actual position and orientation in the chosen coordinate system;
Force Feedback computation block: this block computes the appropriate force feedback signal, acting on the joystick used by the operator to drive the vehicle, on the basis of the information coming from the other two blocks.
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Presentation Notes
Within the work area, we define a smaller region. The bigger rectangle defines the overall limits for the vehicle’s movement: the Micro ROV has not to be driven outside it during its activity. The inner rectangle, instead, represents the area where the vehicle can move without constraints. The feedback reaction will be generated and it will act in the boundary area, between the bigger rectangle and the smaller one. Note that, for simplicity, we suppose the work area sides to be parallel to the coordinate system axes. This is implicit if the reference system is chosen within the vision system, while an opportune geometric rotation has to be applied when coordinates are expressed in the UTM system. 
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Micro ROV assisted guidance system: force feedback
computation
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Fx Fy are the feedback force components; k.. are parameters, to be chosen in designing block c);
Xr, yr  represent the actual Micro ROV position;
X y out represents the values of the coordinates of the vertices of the work area;
X y in represents the values of the coordinates of the vertices of the inner rectangle.
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Micro RQV assisted guidance system: operational mode

« Static Mode: the large ROV keeps its station, the work
area of the Micro ROV is fixed.

Rectangles are defined based on the characteristics of
the robotic system (length of the Micro ROV’s umbilical,
performances of the vision system; response of the
vehicles, skill of the Micro ROV pilot) and the mission
requirements.

« Dynamic mode: the large ROV is supposed to move
along a predetermined path and therefore the work area of
the Micro ROV is varying with time. Data produced by the
assisted guidance system block are updated at a fixed
frequency. It is seen as a sequence of independent
situations in which the static mode is active.
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Conclusions

» The developed system aims at making substantially
simple the task of guiding the micro ROV.

 This will make possible to operate directly the micro ROV
to pilots who have limited skill and experience.

» Future works will concern tests and validations of the
whole structure in field missions.

*The system developed wants to be versatile: it could be
used with other force profile for the feedback on the user
hands.

» The joystick within the system could be used as a “driving
school” for unskilled pilots, if coupled with simulators
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