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Modeling and control of aerial vehicles using teleoperation with input delay 

 

Unmanned Aerial Vehicles (UAVs) are receiving increasing interest from industry and academia 

due to their wide application in search and rescue, infrastructure inspection, surveillance, among 

others. This thesis focuses on research in the area of teleoperation systems for quadrotor 

vehicles.Throughout this thesis, a teleoperation system for a quadrotor vehicle was developed. In 

this system, the user interface is based on a virtual telepresence approach. Control algorithms were 

developed and implemented within the master and slave systems.  

The first part of this thesis consists of developing mathematical models of the dynamics of a 

quadrotor aircraft. Most works currently found in the literature for quadrotors are based on 

classical approaches such as Euler angles. These representations can lead to problems such as 

discontinuities, singularities, gimbal-locks, and highly non-linear equations. An alternative to 

these classical representations is unit quaternions. These have the advantages of the lack of 

singularities and gimbal lock effects. 

The second part of this work was dedicated to the development of a quadrotor teleoperation 

system. This system consists of a virtual user interface in a local environment and a quadrotor in a 

remote environment. UDP communication was used to communicate in both environments. The 

user manipulates a virtual drone in the local environment, and a real drone follows the position 

and orientation references in a remote environment. The user receives virtual feedback on the 

states of the real vehicle in the virtual environment. Results of the implementation of the proposed 

teleoperation system in real-time are presented. 

The last part of this thesis addresses the delay problem in the teleoperation system. Delays due to 

system latency and the distance between environments were modeled as a delayed control input. 

Then, a predictor-based controller was developed in order to maintain the stability of a drone's 

flight. This approach was applied to the classical Euler-Lagrange model and to the quaternion-

based model in order to analyze performance. Simulations of both models with delayed inputs are 

presented. 

 
 


