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The research problem
The research activity is to design and implement robust control architecture, so that the airship can be
operated in an autonomous mode. To do this, a six-DOF model of the airship dynamics will have to be
developed. One such model was presented by Cook [1] which is based on modeling the dynamics of
remotely controlled underwater vehicle (ROV) operating in similar conditions. This model was improved
by Gomes [2] by implementing aerodynamic data generated through extensive wind-tunnel testing. A
similar model was developed by LAAS/CNRS group [3], France.
For autonomous operation of airship, choosing appropriate control method plays an important role.
Several control approaches have been proposed for the same. In classical methods, PI and H∞ have been
investigated. In advanced methods, Dynamic Inversion for AURORA project and Backstepping approach
for DIVA project [4] were executed. Model predictive control has been proposed by Fukushima et al. [5] in
2006. Recently, Yang et al. [6] have investigated sliding mode control also. This project will deal with
choosing the improved positive definite function for Backstepping method. To look on the advanced and
robust control methods as Neuro-adaptive controller, Dynamic surface control, transverse feedback
linearization. Also further extension can be development of Collision avoidance algorithm. Last will part
will be designing hardware control system which will consists of sensors, camera, GPS-INS, processor.
The key steps in this study are as follows : -Multidisciplinary optimization for the development of an airship design methodology for use within
closed premises (indoor) for teaching and research.
- Development of dynamic model andInvestigation of Autonomous Control Strategies will be carried out.
- A hybrid vehicle will be built on a larger scale, while maintaining similar geometric relationships for
outdoor use (outdoor) and validation in real environments.
- Design and Integration of Autonomous Control System.
- Flight Test of Autonomous Airship and study of Flight Test Results.
A key requirement is that the engines have a much more important function of providing agility
torespond to disturbances than actually winning continuous and strong winds. Interestingly, the design
ofthe aircraft for the worst cases of winds has always been a rule project. However, especially for lighterthan-air, having high drag due to their large volume, the philosophy of facing the worst winds is
overlypunitive. It is therefore proposed an approach to relax this requirement, using the wind as an ally
to aid navigation as proposed by Elfes et al. [7].
In this sense, a topic to be addressed is the mapping of the wind field for navigation itself, i.e.
theestimation of the wind field through "samplings" of the atmosphere and the use of this information
aslearning and choice of trajectories optimized for minimum fuel consumption.
The topics addressed will then airship design, multidisciplinary optimization, dynamic model
development, navigationassisted by winds and implementation of chosen control approach.
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Project aims
This study aims to develop a six-DOF nonlinear dynamic model of an airship, which includes the effect of
ballonet dynamics, tail configurations and aerodynamic effects. Robust control architecture will be
designed and implemented for different flight phases such as vertical take-off and landing and trajectory
tracking. Proper advanced control algorithm will be chosen from control methods such as gain
scheduling, dynamic inversion, backstepping control, sliding mode Control and fuzzy control which
directly acts on nonlinear dynamics.Control strategies will be tested with and without wind.

Expected outcomes
Airships are lighter-than-air systems which can act as an aerial platform for several applications such as
aerial observation and scientific data-gathering. If such outdoor airships can also be configured to
operate in an autonomous mode, their efficacy is greatly enhanced.
The key outcome of this project will be a significant advancement of the knowledge base and skill sets
related to outdoor autonomous airships, resulting in joint publications in international archival journals.
This technology also has an excellent potential to be scientifically and commercially exploited, if the
autonomous control strategies investigated as part of this project are found to be robust enough to
provide autonomous operation capability to outdoor airships under the normal weather conditions
prevalent at both the countries. Some of this work may also be patentable, both in airship design and
fabrication, as well as in control system architecture.If the behavior of control approach is found
acceptable, it can be utilized commercially.

How will the project address the Goals of the above Themes?
Testing and implementation of such controllers needs rigorous computational work. The workwill lead to
significant contribution to the state-of-art in control system design. A detailed methodology of
conceptual sizing and designwill add to the knowledge and skills of fabrication and manufacturing of an
outdoor airship.

Capabilities and Degrees Required
Bachelor or Masters in Aerospace or Electrical Engineering with specialization in Control Systems
1. Knowledge of kinematics and dynamics formulation.
2. Understanding of control literature and mathematical tools.
3. Knowledge of ODEs.
4. Exposure to MATLAB® and SCILAB.

