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1 Introduction

The final part of the Robot Control course comprises a small group project. The suggested
project case problems are each tied to a selected scientific publication. Your task is to build
upon (and possibly extend/improve) the approach reported in the corresponding paper. You
are encouraged to also study additional correlated literature. These open-end cases are more
advanced then the lab exercises and represent closer what you might face in a real world
situation. Therefore, do not worry too much if you cannot find the perfect solution to each
sub-problem: it is sufficient to show that you have researched and analyzed all aspects of the
problem and have some ideas of how to solve them. To make the best use of the limited time
available, most of the suggested topics below are to be solved in simulation. The choice of
development/simulation environment (e. g., Matlab/bMSd Simulator or ROS/Gazebo) is left
to you.

2 Project Suggestions

The suggested project ideas are only loosely defined, you are expected to define the aspects
which interests you the most and work as a team to solve them. Alternatively, you are very
welcome to design your own project idea and implement it after discussion with the course
responsible.

2.1 Quadcopter Stabilization and Tracking

The goal is to stabilize a quadcopter, based on the model derived by Mokhtari et al. [1], and
to enable it to track desired trajectories.

Project topics:

• Analyze methods for stabilization (Jacobian linearization, feedback linearization)

• Discuss controllability of the system

• Tracking control design (PID control, state feedback control, LQR control, . . . )

• Discus observability and observer design for the system

• Trajectory generation (Pre-defined, DMP, . . . )

• Evaluate the performance in terms of tracking accuracy

• Which trajectories/maneuvers are possible with the developed control scheme?

2.2 Robot Grasp Impedance Control

Due to its inherent ability to deal with uncertainties, impedance control has become a popular
control framework for robot grasping and manipulation. In this project, you are supposed to
implement the simplified object-level grasp impedance control law suggested by Li et al. [2]
(disregard the impedance learning part).
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Project topics:

• Implement and tune the impedance control scheme

• Study how different impedance behavior affects grasping performance

• Implement your approach using the simple parallel-jaw grippers on the ABB YuMi robot
in the lab (using the tactile fingertip sensors to estimate contact force location/magnitude)

2.3 Snake Robot CPG Control

In bio-inspired motion control, emulating the nervous system via Central Pattern Genera-
tors (CPG’s) has become an interesting line of research. Your job is to control the crawl-
ing/swimming behavior of a snake-like robot by generating motion commands via non-linear
oscillators forming a CPG as described by Crespi and Ijspeert in [3]. The main author of [3]
kindly agreed to provide us with a Webots simulation model of the robot. Since the model is
possibly outdated, you can also choose to use a different simulation environment.

Project topics:

• Implement the CPG motion controller and tune it to obtain appropriate undulations for
crawling/swimming

• Tracking control design (PID control, state feedback control, LQR control, . . . )

• Study how stimulation of the oscillator chain affects the robot behavior for, e. g., turning

• Experiment with, and implement suitable trajectory generation methods (Online operator
commands, pre-defined paths, DMP, . . . )

2.4 DMP Control with Obstacle Avoidance

As shown by Hoffmann et al. [4], the DMP framework can accommodate human-like obstacle
avoidance behavior via appropriate coupling terms in the underlying dynamical system. The
aim of this project is to implement human-like reaching (in form of minimum-jerk Cartesian
trajectories) on the ABB YuMi robot while avoiding obstacles with the end-effector. An (early-
stage) ROS/Gazebo simulation of YuMi is available at: https://github.com/rtkg/yumi.git.

Project topics:

• Implement a DMP control framework for YuMi

• Learn DMP’s for minimum-jerk reaching motions in Cartesian Space

• Augment the DMP framework to cope with unforeseen end-effector obstacles

• Manipulator tracking control design (PID, state feedback control, LQR control, . . . )

• Implement, test and evaluate your work on the actual YuMi platform in the lab

3

https://github.com/rtkg/yumi.git


Robot Control — Final Project — May 10. 2016

2.5 Task-Prioritized Whole-Body Motion Control

Task-prioritized control by solving convex optimization problems in real-time has become the
state-of-the-art in humanoid robot motion generation/execution. Here, the goal is to implement
the kinematic control framework in [5] on the ABB YuMi robot and use it to generate grasping-
and manipulation (e. g., object handover) motions.

Project topics:

• Implement hierarchical task-based kinematic manipulator control

• Manipulator tracking control design (PID, state feedback control, LQR control, . . . )

• Experiment with different tasks (e. g., for obstacle avoidance, desired end-effector rota-
tions, . . . )

• Augment the framework by using DMP’s for specifying goal-directed motion dynamics

• Implement, test and evaluate your work on the actual YuMi platform in the lab

3 Organization

You are yourself responsible for assigning and managing work within the project. The project
outcome will be disseminated by a final oral presentation and a demonstration of the results
to be held on May 26., as well as a short, scientific paper-style report. The project grading
criteria are summarized in the following document which can be found on the course website:
http://www.aass.oru.se/Research/mro/rkg_dir/rc_2016/grading.pdf.

Have fun and impress me . . . ,
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