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Proposal 
Objectives 

This thesis addresses the problem of modeling and controlling cooperative networks 
of vehicles and sensors in a mixed initiative environment. In mixed initiative 
environments planning procedures and execution control must allow intervention by 
experienced human operators.  

The design and deployment of mixed initiative frameworks in a systematic manner 
and within an appropriate scientific framework requires a significant expansion of the 
basic tool sets from different areas (computation, control, communication, and human 
factors) and the introduction of fundamentally new techniques that extend and 
complement the existing state of the art. These techniques will be used to develop a 
mathematical model of a dynamic system, composed by multiple heterogeneous 
vehicles, sensors and human operators. The expected results will be both conceptual 
and practical. There is an equal emphasis on conceptual issues and on tools and 
techniques that yield more immediate practical benefits. All developments will have 
direct application in the systems that are being developed at the Underwater Systems 
and Technology Laboratory at FEUP. This will also contribute to the validation of the 
results.  

Background 

The last decade has witnessed unprecedented interactions between technological 
developments in computing, communications, and control, on the one hand, and the 
design and implementation of networked multi-vehicle systems, on the other. In fact, 
questions that could not have been formulated a few years ago are being posed. 
These technological advancements allow us to envision the design of systems which 
could have not been imagined before. But design is a process that greatly benefits 
from previous experience, in this case that of implementing networked multi vehicle 
systems. Today most of the implementations are at the demonstration stage, but 
important lessons can be learned from them. These developments led to the 
emergence of various heterogeneous autonomous robotic vehicles. Ocean and air 
going autonomous vehicles are capable of performing “dirty, dull and dangerous” (3D) 
missions, which arise not only in military operations, but also in civilian operations [1]. 
Also, the miniaturization of electronic components like radio transmitters, as well as 
recent developments in wireless protocols, led to the appearance of low-cost and low-
power wireless sensor networks which, embedded in the physical environment, allow 
data collection and dissemination in real-time, through ad-hoc wireless networks [2]. 

There are several projects dealing with the cooperative control of autonomous 
vehicles. Some examples include automated highway systems [3], border patrolling 
[4], mobile offshore bases [5], robotic soccer [6], large scale monitoring of 
oceanographic data [7], not forgetting several other projects that are using this 
technology for military warfare. Some steps have already been made towards the 
mathematical models of such systems, reusing developments in the fields of control 
theory [8], swarm intelligence [9] and autonomous agents [10]. The paradigm of 
dynamic networks of hybrid automata includes models for dynamic interactions e 
existential quantification that allow the modelling of dynamic components’ interactions 
[11]. In the areas of computer science and embedded systems, special relevance is 
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given to the developments of formal models that describe how various computing 
models interact [12] and the Pi-calculus language which allows the abstract 
mathematical modelling of time-varying interacting processes [13]. Currently, we are 
lacking models for cooperating vehicles with varying degree of heterogeneity. 

There is obvious advantage in having such systems of cooperative vehicles, in which 
the constituents have different locomotion means, different sensors (or weaponry), 
different velocities, etc. In the C3UV laboratory from the University of California in 
Berkeley [14], some steps were made in this direction, with the concept of service 
provider architecture (SOA), where the vehicles service tasks and the operators 
demand task execution. In the case of the Underwater Systems and Technology 
Laboratory (LSTS) of Porto University [15, 16], a control framework for multiple 
heterogeneous sensor and vehicles is being developed. The control framework 
consists of two main layers: multi-vehicle control and vehicle control. Each layer, in 
turn is further decomposed into other layers. The vehicle control architecture is 
standard for all the vehicles. The vehicle control architecture consists of the following 
layers: low-level control, manoeuvre control, vehicle supervision and plan supervision. 
The multi-vehicle control structure is mission dependent. 

The design of graphical user interfaces (GUI) for mixed initiative interactions is also an 
active area of research; examples include command and control frameworks for 
autonomous vehicles [17, 18]. However, these projects are still in the first stages of 
development. This proposal also addresses the design of GUIs allowing operators to 
interface with networks of cooperating vehicles and sensors; this entails systems 
where the users can perceive and control the overall system state effortlessly. This 
interaction will be conceptualized in terms of mathematical models which describe the 
mixed initiative interaction between operators, heterogeneous vehicles and sensors. 
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