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Objectives 
Recent advancements in control and actuation allowed legged robots to locomote on very 

uneven and rough terrain, assuming that either the environment is mostly known or well 

structured, or proprioception is sufficient for achieving balance. In real-world unstructured 

environments these assumptions may not hold. Exteroceptive perception is crucial for 

detecting foothold and handhold affordances in the environment, and generating agile 

motions accordingly. One of the DARPA Robotics Challenge tasks this year was to locomote 

on flat, but uneven surfaces. In a real-world disaster scenario, legged robots will need to deal 

with even rougher terrain under significant uncertainty either for static or dynamically 

changing environments.                                                                                                             . 
  This workshop will provide a platform for researchers from perception and planning in 

legged robotics to disseminate and exchange ideas, evaluating their advantages and 

drawbacks. This will include methods for detecting footholds and handholds on uneven and 

rough surfaces for legged robots including bipeds and quadrupeds, often also using arms. 

The goal is to show various ways from sensing the environment to finding contacts and 

planning the body and limb trajectories for achieving agile and robust locomotion. The aim is 

to foster collaboration among researchers that are working on perception and planning for 

legged robots to advance the state of the art in robot locomotion.                                            . 
  This full day workshop consists of a mixture of presentations on topics including sensing, 

perception, planning, and motion generation for various types of legged robots designed to 

work indoors and outdoors. To stimulate interaction, we also organize a poster session to 

encourage the participation of young researchers and promote the discussion with the 

speakers and the audience. Moreover we allocate adequate time for questions and 

discussion to make the workshop as interactive as possible. 

Topics of interest 
 sensing for 3D reconstruction and scene modeling 

 proprioceptive and exteroceptive sensing fusion under uncertainty 

https://iros2015wsperceptionandplanning.wordpress.com/


 probabilistic approaches to planning under uncertainty 

 localization and mapping for traversability in static or dynamic environments 

 object detection, segmentation, and categorization for collision and obstacle 

avoidance 

 collision avoidance and self-collision avoidance 

 environment segmentation and classification 

 motion and path planning for high dimensional environments 

 visual learning for foot placement in rough terrain 

 feature extraction and semantic scene understanding and categorization 

 locomotion and non-gaited locomotion planning 

 contact planning and optimization 

 reactive behaviors and emergency behaviors 

 perception and planning benchmarks 
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Program 

 
Time Talk 

08:45 - 08:50 

 

Session 1 

 

08:50 - 09:10 

 

 

 

09:15 - 09:35 

 

 

09:40 - 10:00 

 

 

10:00 - 10:30 

 

Session 2 

 

10:30 - 10:50 

 

 

 

10:55 - 11:15 

 

 

 

11:20 - 11:40 

 

 

11:45 - 12:15 

12:15 - 12:50 

 

Welcome 

 

Quadruped Robots [Chair: Ioannis Havoutis] 

 

Sven Behnke - University of Bonn, Germany. 

Title: “Hybrid wheeled-legged locomotion in semi-structured 

environments.” 

  

Ioannis Havoutis - IDIAP Research Institute, Switzerland. 

Title: “Planning and Perception on HyQ: Real-Time and On-Board” 

 

Diego Pardo - ETH Zurich, Switzerland. 

Title: “Optimal and learning control for gait free legged locomotion”  

 

Coffee Break 

 

Biped Robots [Chair: Maurice Fallon] 

 

Shuyun Chung - Stanford University, USA. 

Title: “SupraPeds: Extended Humanoid Support for Challenging 

Environments.” 

 

Maurice Fallon - University of Edinburgh, UK. 

Title: “Continuous Locomotion with Stereo Fusion and Online 

Footstep Optimization.” 

 

Nicolas Mansard, Olivier Stasse - LAAS-CNRS, France. 

Title: “Perception for multi-contact locomotion on the HRP-2 robot.”  

 

Poster Teaser 

Poster Session 
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12:50 - 14:00 

 

Session 3 

 

14:00 - 14:20 

 

 

 

14:25 - 14:45 

 

 

14:50 - 15:10 

 

 

 

15:15 - 16:00 

 

Session 4 

 

16:00 - 16:20 

 

 

 

16:25 - 16:45 

 

 

16:50 – 17:10 

 

 

 

17:10 - 18:15 

 

18:15 - 18:20 

Lunch Break 

 

Biped Robots [Chair: Dimitrios Kanoulas] 

 

Philipp Karkowski - University of Bonn, Germany. 

Title: “Efficient height map learning for traversability estimation and 

footstep planning.” 

 

Debora Clever - Heidelberg University, Germany. 

Title: “Model-based Optimization for Humanoid Walking on 

Challenging Terrain.” 

Alexander Stumpf - TU Darmstadt, Germany. 

Title: “A Common Perception and Planning Approach for Different 

Humanoid Robots with Application to the DRC.” 

 

Coffee Break 

 

Quadruped/Biped Robots [Chair: Eiichi Yoshida] 

 

Katie Byl - University of California, Santa Barbara, USA. 

Title: “Mobility Challenges: Agility and Robustness – with Application 

to RoboSimian and the DRC.” 

 

Peter Fankhauser - ETH Zurich, Switzerland. 

Title: “Localization and terrain mapping on StarlETH.”  

 

Martim Brandao - Waseda University, Japan. 

Title: “Planning footsteps for optimal energy consumption and no 

slippage in challenging terrains.” 

 

Discussion 

 

Closing Remarks 

Poster Teaser Program 

 
Time Talk 

11:45 - 11:47 

 

 

11:47 - 11:49 

 

 

 

11:49 - 11:51 

Jean-Baptiste Mouret - INRIA, France. 

Title: “Robots that can Adapt like Animals.” 

  

Marco Camurri - IIT, Italy. 

Title: “Real-Time Depth, Kinematics and Inertial Fusion for Local 

SLAM on Dynamic Legged Robots” 

 

Jan Faigl - ETH Zurich, Switzerland. 



 

 

11:51 - 11:53 

 

 

 

11:53 - 11:55 

 

 

 

11:55 - 11:57 

 

 

 

 

11:57 - 11:59 

 

 

 

11:59 - 12:01 

 

 

12:01 - 12:03 

Title: “Optimal and learning control for gait free legged locomotion”  

 

German Castro - UNSW, Australia. 

Title: “Learning to Scramble over an Irregular Surface with a 

Humanoid Robot.” 

 

Carlos Mastalli - IIT, Italy. 

Title: “The Role of Contact Forces in Highly-Dynamic Motion 

Planning.” 

 

Ji W. Kim - KITECH, Republic of Korea. 

Title: “Normal Distributions Transform Registration using an On-

manifold Optimization Technique for 3-D Mapping with Humanoid 

Robots.” 

 

Naveen Kuppuswamy - IIT, Italy. 

Title: “Optimal Ankle Impedance for Stable Foot Placement on 

Uneven Terrain.” 

 

Evgeni Magid - Innopolis University, Russia. 

Title: “Modelling Walking Primitives Approach in Simulink for 

Russian Anthropomorphic Robot AR-601M.” 

Dimitrios Kanoulas - IIT, Italy. 

Title: “Rough Terrain Perception for Bipedal Robots using Curved 

Contact Patches.” 

Invited Speakers:  
1. Sven Behnke [University of Bonn, Germany] 

Title: “Hybrid wheeled-legged locomotion in semi-structured environments.” 

 

Abstract 

Locomotion in uneven terrain is important for a wide range of robotic applications. 

Our robot Momaro, which was developed for participation in the DARPA Robotics 

Challenge, is equipped with four legs ending in pairs of steerable wheels. This allows 

for omnidirectional driving, adaptation of the upper body height and attitude relative to 

the terrain, and for stepping over and onto obstacles. The robot is equipped with a 3D 

laser scanner for omnidirectional environment perception. From the registered 3D 

scans, a 2D height map is created, obstacles are detected, and the wheel motions 

are contained appropriately. In case a step is necessary, the weight is shifted by 

moving the base relative to the wheels in sagittal direction, driving the wheels on the 

ground relative to the base, or by modifying the leg lengths and thus the base 

orientation. The robot executes parameterized stepping motions. It has demonstrated 

that it can overcome various obstacles, e.g. climbing over a bar. At the DARPA 

Robotics Challenge, it climbed out of a car and drove through debris. The Momaro 

robot also demonstrated the climbing of stairs. 



Bio 

Sven Behnke received his MS degree in Computer Science (Dipl.-Inform.) in 1997 

from Martin-Luther-Universität Halle-Wittenberg. In 2002, he obtained a PhD in 

Computer Science (Dr. rer. nat.) from Freie Universität Berlin. He spent the year 2003 

as postdoctoral researcher at the International Computer Science Institute, Berkeley, 

CA. From 2004 to 2008, Professor Behnke headed the Humanoid Robots Group at 

Albert-Ludwigs-Universität Freiburg. Since April 2008, he is professor for Autonomous 

Intelligent Systems at the University of Bonn and director of the Institute of Computer 

Science VI. His research interests include cognitive robotics, computer vision, and 

machine learning. 

2. Ioannis Havoutis [IDIAP Research Institute, Switzerland] 

Title: “Planning and Perception on HyQ: Real-Time and On-Board” 

 

Abstract 

Quadrupedal animals move with skill, grace and agility. Quadrupedal robots have 

made tremendous progress in the last few years. One of the key challenges for 

successful deployment has been to seamlessly combine planning, perception and 

control -processes that by definition operate in radically different time-scales in a 

framework that can operate in real-time and on-borad, on commodity hardware. In 

this talk I will give an overview of our work with the Hydraulic Quadruped -HyQ- and 

present our latest framework for perception, planning and control of quadrupedal 

locomotion in challenging environments. 

 

Bio 

Ioannis Havoutis is a post-doctoral researcher at the IDIAP Research Institute in 

Switzerland.  He was a senior postdoc and the head of the Locomotion Group of the 

Dynamic Legged Systems Lab at the Advanced Robotics Department of the Italian 

Institute of Technology. His research combines motion planning and control with 

machine learning, focusing on legged robots. His interests include legged locomotion, 

motion planning, machine learning, and dynamic whole-body motion generation. 

Previously he worked on machine learning for robot skills at the School of Informatics 

of the University of Edinburgh, where he received his MSc in Artificial Intelligence and 

PhD in Informatics. 

3. Diego Pardo, Jonas Buchli [ETH Zurich, Switzerland] 

Title: “Optimal and learning control for gait free legged locomotion” 

 

Abstract 

A key challenge in legged robotics is to find suitable non-stereotypic behaviors (i.e. 

plans and stabilizing controllers) for a large range of different situations. Due to their 

non-trivial kinematics, multi-body dynamics and multi-contact physics, the dynamics 

of a legged robot changes dramatically in different configurations and from one 

moment to the next. The most pronounced of these effects is due to establishing and 

breaking contacts, which is a fundamental requirement for locomotion but also for 

manipulation. Yet planning and controlling of extended motions involving 

sophisticated multi-contact sequences poses a hitherto unsatisfactorily addressed 

challenge. I will discuss our work towards addressing the problem of finding optimal 

behaviors for robotic locomotion and manipulation problems via model-based optimal 



control and model-free learning algorithms. I will discuss the advantages and issues 

of a range of algorithms that promise useful in addressing this challenge. I 

hypothesize that the key to success is a smart combination of several methods and I 

will show some preliminary ideas of such meta algorithms. 

 

Bio 

Diego Pardo is a post-doctoral researcher at the Agile and Dexterous Robotics Lab at 

ETH Zurich in Switzerland. He is interested in the analysis and synthesis of 

challenging motor skills in complex robots. He is especially interested in robotic 

behaviors that occur when fast motion and body coordination are required. My goal is 

to develop control strategies that will allow robots to move as naturally, gracefully and 

efficiently as animals do. 

 

Jonas Buchli is a SNF Assistant Professor for Agile and Dexterous Robotics at ETH 

Zurich since May 2012. He holds a Diploma in Electrical Engineering from ETH Zurich 

(2003) and a PhD from EPF Lausanne (2007). His thesis work is about adaptive 

frequency oscillators and modeling and design of robotic locomotion pattern 

generators. At EPFL he organized the 2006 Latsis Conference on ‘Dynamical 

principles for neuroscience and intelligent biomimetic devices’. From 2007 to 2010 he 

was a Post-Doc at the Computational Learning and Motor Control Lab at the 

University of Southern California, where he was the team leader of the USC Team for 

the DARPA Learning Locomotion challenge. From 2010-12 he was a Team Leader at 

the Advanced Robotics Department of the Italian Institute of Technology in Genova. 

Jonas Buchli has received a Prospective and an Advanced Researcher Fellowship 

from the Swiss National Science Foundation (SNF). In 2012 he received a SNF 

Professorship Award from the Swiss National Science Foundation. He has 

contributed to research in diverse fields such dynamical systems approaches to 

motion generation and control, the theory of coupled oscillators, planning and control 

of dynamic locomotion, machine learning, whole body control, whole body force and 

impedance control and modeling of human motor control. He was involved in the 

development of robotic platforms as well as software engineering projects for robotic 

control software. His current research interests include model based control of legged 

robotic and human locomotion and manipulation, machine learning and adaptive 

control, and dynamic and versatile service and field robots. 

4. Shuyun Chung, Oussama Khatib (Stanford University, USA) 

Title: “SupraPeds: Extended Humanoid Support for Challenging Environments.” 

 

Abstract: 

The challenges in deploying humanoid robots in unstructured environments are 

numerous, and include traversing rough terrain, integrating information from tactile, 

kinematic, and vision sensors, executing complex manipulations, and gracefully 

compensate for sensor occlusion and actuator limits. Efforts to make robots emulate 

humans, however, have ignored an important fact: whenever humans approach their 

limits, they augment their capabilities with tools. A walking staff is one practical 

example, which improves support, enables load redistribution to the upper body, and 

can also be used as a sensor to probe the stability of planned footsteps. In order to 

advance the primary goal of humanoid robots–emulating human capabilities and 

cooperating with humans—we propose to develop smart tools that can integrate with 



any humanoid platform and improve its ability to operate in unstructured 

environments. 

In order to control the potentially numerous contact forces on SupraPeds, we 

developed a constraint-consistent task-oriented whole-body control framework that 

implements generic multi-contact control for arbitrary humanoids, which enables 

controls of task, posture, constraints, and balance in multiple contact situation. 

 

Bio 

Dr. Shuyun Chung received his Doctorate degree in Mechanical Engineering from 

National Taiwan University, Taiwan, in 2010. In 2012, he joined the AI Lab, Stanford 

University, as a postdoctoral researcher. Dr. Chung’s work on advanced mobile 

robotics includes SLAMMOT (Simultaneous Localization, Mapping, and Moving 

Object Tracking), human-robot Interaction, human behavior learning, and motion-

planning in uncertain environments. His current research interests focus on the 

humanoid locomotion control and planning in unstructured environments. Dr. Chung’s 

research work, SupraPeds, has been featured at the News/Discovery Channel of 

National Science Foundation, USA, in 2014. 

 

Professor Oussama Khatib received his Doctorate degree in Electrical Engineering 

from Sup’Aero, Toulouse, France, in 1980. He is Professor of Computer Science at 

Stanford University. His work on advanced robotics focuses on methodologies and 

technologies in human-centered robotics including humanoid control architectures, 

human motion synthesis, interactive dynamic simulation, haptics, and human- friendly 

robot design. He is Co-Editor of the Springer Tracts in Advanced Robotics series, and 

has served on the Editorial Boards of several journals as well as the Chair or Co-

Chair of numerous international conferences. He co-edited the Springer Handbook of 

Robotics, which received the PROSE Award. He is a Fellow of IEEE and has served 

as a Distinguished Lecturer. He is the President of the International Foundation of 

Robotics Research (IFRR). Professor Khatib is a recipient of the Japan Robot 

Association (JARA) Award in Research and Development. In 2010 he received the 

IEEE RAS Pioneer Award in Robotics and Automation for his fundamental pioneering 

contributions in robotics research, visionary leadership, and life-long commitment to 

the field. Professor Khatib received the 2013 IEEE RAS Distinguished Service Award 

in recognition of his vision and leadership for the Robotics and Automation Society, in 

establishing and sustaining conferences in robotics and related areas, publishing 

influential monographs and handbooks and training and mentoring the next 

generation of leaders in robotics education and research. In 2014, Professor Khatib 

received the 2014 IEEE RAS George Saridis Leadership Award in Robotics and 

Automation. 

5. Maurice Fallon (University of Edinburgh, UK) 

Title: “Continuous Locomotion with Stereo Fusion and Online Footstep Optimization.” 

 

Abstract 

For humanoid robots to fulfill their potential for mobility, they must  demonstrate 

reliable and efficient locomotion over rugged and irregular  terrain, for example, with 

uneven and discontinuous surfaces. Here we present the perception and planning 

algorithms which have allowed a humanoid robot to walk over courses with these 

characteristics without stopping.  We illustrate that passive stereo imagery can  be 



used to measure the walking terrain with sufficient accuracy that a  humanoid can 

accurately measure a terrain map using dense stereo fusion  and then directly use it 

for footstep planning on the measured terrain.  A particular integration challenge was 

ensuring that these two computationally intensive systems operate with minimal 

latency (below 1 second) to allow re-planning while walking. 

Bio 

Maurice Fallon is a Lecturer (Assistant Professor) in the School of Informatics at the 

University of Edinburgh. His research is focused on probabilistic methods for 

localization and mapping as well as motion planning for humanoid robotics. In 

particular, he is the perception lead on MIT’s Darpa Robotics Challenge team where 

he was first a Post Doc (2008-09) and then a Research Scientist until (2010-14). 

From 2004-2008 he completed his PhD studies at the University of Cambridge where 

he studied multi-target localization with acoustic sensors. 

6. Nicolas Mansard, Olivier Stasse (LAAS-CNRS, France) 

Title: “Perception for multi-contact locomotion on the HRP-2 robot.” 

 

Abstract 

In this talk, we will discuss the various progress in our lab toward effective locomotion 

on non-flat terrain combining perception and advanced locomotion planning and 

control: multi-contact planning, nonlinear model predictive control and inverse 

dynamics control. 

 

Bio 

Nicolas Mansard is a permanent researcher at LAAS-CNRS, Toulouse since October 

2008. He is involved in the Gepetto research group, with Philippe Souères, Florent 

Lamiraux, Olivier Stasse and Jean-Paul Laumond. His research activities are 

concerned with sensor-based control, and more specifically the integration of sensor-

based schemes into humanoid robot applications. It is an exciting research topic at 

the intersection of the fields of robotics, automatic control, signal processing and 

numerical mathematics. His main application field is currently the Humanoid robotics, 

as it causes serious challenges that are representative of many other robot domains. 

Before being in the Gepetto group, He was a post-doc in Tsukuba, and a post-doc at 

the IA Lab of Stanford University, in the group led by Prof.O.Khatib. Nicolas Mansard 

has done his PhD. with Francois Chaumette in the Lagadic group, at INRIA Rennes. 

He was a student of the École Normale Supérieure de Bretagne and did both MSc 

(Robotics) and BEng (CS) in the INP Grenoble (ENSIMAG). 

 

Olivier Stasse is a senior CNRS research scientist at LAAS-CNRS, Toulouse, 

(Research Director/Directeur de Recherche). He was assistant professor in Computer 

Science at University of Paris 13. In 2000, he received a Ph.D. in Intelligent Systems 

from University of Paris 6 under the supervision of P. Coiffet, and the French  

Habilitation to Direct Research (HDR) in Robotics (2013) from University of Toulouse 

III. His research interests are mostly focused on humanoid robotics, and more 

specifically motion generation motivated by vision. From 2003 to 2011, he had the 

chance to be part of the funding members of the Joint French-Japanese Robotics 

Laboratory (JRL) in Tsukuba, Japan created by P. Coiffet and K.Tanie. 



7. Philipp Karkowski , Maren Bennewitz (University of Bonn, Germany) 

Title: “Efficient height map learning for traversability estimation and footstep 

planning.” 

Abstract 

To this day, humanoid robot locomotion most commonly follows a static walking 

approach that ensures stability of the robot at any time but also greatly limits the step 

distance. If any attempt to a more human-like dynamic walking strategy should be 

made, it is crucial to have a fast and reliable method for extracting necessary 

information about the local environment in order to be able to plan safe motions. In 

this talk, we present our approach that uses RGDB sensor data from a camera 

mounted on top of a humanoid to create a local height map at a high frequency. We 

analyze the map for traversability and constantly update the robot’s movements if 

necessary. Unlike other state-of-the-art approaches, our framework is capable of 

directly reacting to moving objects or sudden changes of the goal direction by 

recalculating footsteps in a matter of milliseconds. 

 

Bio 

Philipp Karkowski is a PhD student at the Computer Science at the University of Bonn 

working on humanoid robots. 

 

Maren Bennewitz is a professor for Computer Science at the University of Bonn and 

head of the humanoid robots laboratory. Her research focuses on robots navigating in 

human environments. She has contributed probabilistic methods for 3D environment 

modelling as well as for manipulation and navigation with wheeled and humanoid 

robots. 

8. Debora Clever, Katja Mombaur (Heidelberg University, Germany) 

Title: “Model-based Optimization for Humanoid Walking on Challenging Terrain.” 

 

Abstract 

Planning locomotion trajectories in challenging environment, such as rough terrain, 

stairs, step stone or steep slopes, is a difficult task. Based on the assumption that 

human gait is optimal because of evolution and personal learning, we follow the 

approach to transfer motion generation principles from humans to humanoid robots 

based on the underlying optimality criteria. To identify these criteria also for 

challenging walking situations, human locomotion is analyzed by means of 

sophisticated mathematical models and optimal control techniques. Template models 

which reproduce characteristic center of mass behavior and swing foot trajectories 

are considered, such that the same model can be used for both, the analysis of 

human gait on the one hand and the generation of humanoid walking patterns on the 

other. 

Bio 

Debora Clever is a postdoctoral researcher at the University of Heidelberg within the 

EU-project KoroiBot. She has studied techno-mathematics with major on numerical 

analysis, computer science and cybernetics at the Technische Universitaet Darmstadt 

where she also received her PhD in applied mathematics in 2013. Her research focus 

is on inverse optimal control for human gait analysis and on optimal control for 

humanoid gait generation. 



 

Katja Mombaur studied aerospace engineering at the University of Stuttgart and in 

Toulouse and earned her PhD in mathematics in 2001. In 2010 she became a 

professor at the Interdisciplinary Center for Scientific Computing of Heidelberg 

University. She heads the work group “Optimization in Robotics and Biomechanics” 

and the robotics lab. Her scientific work centres on modelling, simulation and 

optimisation of anthropomorphic systems, i.e. of humans, humanoid robots and virtual 

characters. 

9. Alexander Stumpf, Stefan Kohlbrecher, Oskar von Stryk (TU Darmstadt, 

Germany) 

Title: “A Common Perception and Planning Approach for Different Humanoid Robots 

with Application to the DRC Scenarios.” 

 

Abstract 

In [1] we have presented a footstep planning approach originally developed for Atlas 

from Boston Dynamics Incorporated (BDI). This approach is able to utilize the 

versatile capabilities of humanoid walking in challenging terrain. Since 2012 various 

new full-size humanoid robots, like the 2nd version of Atlas, THOR-MANG 

(ROBOTIS) or ESCHER (VirginiaTech) have been introduced to participate in the 

DARPA Robotics Challenge (DRC) Finals in 2015. All of them are delivered with their 

own controllers for basic walking motions, but without any footstep planning. This 

raised the opportunity to demonstrate that our approach developed in [1] can be 

applied to other full-size humanoid robots as it can cope with the robot specific 

walking controller provided as basically black boxes. The further developed footstep 

planning framework has been successfully applied to Atlas, THOR-Mang and 

ESCHER humanoid robots in real world applications. The recent framework, which 

will be presented in the talk, is now ready to use a very broad class of humanoid 

robots as long as a basic controller for walking and stepping motions is provided. 

  Our main objective is to provide a versatile and highly capable, but also easy 

integrable as well as expandable footstep planning framework in ROS using search-

based algorithms (like A*). Any user of the framework should only have to implement 

and extend robot specific elements to get the advanced planning system running 

instead of developing a modified version of an existing planning system or even 

starting from scratch each time. All already implemented, tested and proven 

algorithms are kept untouched which decreases the possibilities of errors and saves a 

lot of implementation effort. Although the framework must generalize well, it is able to 

solve difficult terrain task problems and utilize the versatile locomotion capabilities of 

the given walking controller. Hereby, the framework comes with an online 3D terrain 

generator which has also been applied and validated successfully for real world 

scenarios. 

  The flexibility of the footstep planning framework is provided by plugin as well as 

parameter management system. Therefore, the footstep planning processing chain 

has been analyzed on common places where a user might want to modify the 

behavior of the planner (e.g. collision checking). For each identified place a plugin 

has been introduced which may be (un)loaded during runtime from/into the planner. 

These plugins are supposed to inject efficiently user specific code into the planning 

system without any modification to the framework itself. As every user made code 

needs its own parameters to run properly, a parameter management system has 



been introduced as well. This system is able to overcome the basic conflict of rigid 

message types needed by ROS for interprocess communication and the need of 

flexible content of parameter sets due to user defined parameters. 

The integrated footstep planning framework is designed to be deployed quickly into 

an existing ROS setup. For this purpose the framework comes already with many 

basic as well as advanced plugins which enable a quick start for 3D footstep planning 

with a new humanoid robot. Also through a number of rqt widgets a basic graphical 

user interface is provided. 

  Up to now this approach has been integrated successfully for in total five unique 

walking controllers of the three different full-size humanoid robots Atlas, THOR-Mang 

and ESCHER. It has enabled them to tackle challenging terrain scenarios as 

occurred in the DRC. In our talk we will explain the basics of the novel footstep 

planning framework and show an advanced implementation example with Atlas which 

is capable to perform full 3D footstep planning as demonstrated in the videos [2] and 

[3]. 

 

[1] A. Stumpf, S. Kohlbrecher, D.C. Conner, O. von Stryk; Supervised Footstep 

Planning for Humanoid Robots in Rough Terrain Tasks using a Black Box Walking 

Controller; In Proc. IEEE-RAS Intl. Conf. Humanoid Robots, pp. 287-294, Nov 18-10, 

2014 

[2] https://www.youtube.com/watch?v=7Qv__bLa3j4 

[3] https://www.youtube.com/watch?v=vAtqVKGWvFM  

10. Katie Byl (University of California, Santa Barbara, USA) 

Title: “Mobility Challenges: Agility and Robustness – with Application to RoboSimian 

and the DRC.” 

 

Bio 

Katie Byl received her B.S., M.S., and Ph.D. degrees in mechanical engineering from 

MIT. Her research is in dynamic systems and control, with particular interest in 

modeling and control techniques to deal with the inherent challenges of 

underactuation and stochasticity that characterize bio-inspired robot locomotion and 

manipulation in real-world environments. Her research is currently funded in part by 

DARPA's M3 program, the DARPA Robotics Challenge (with JPL), the Army's 

Institute for Collaborative Biotechnologies (ICB) and Robotics CTA programs, an NSF 

CAREER award (2013), the Hellman Foundation (2012), and an Alfred P. Sloan 

Research Fellowship in Neuroscience (2011). Katie has worked on a wide range of 

research topics in the control of dynamic systems, including magnetic bearing control, 

flapping-wing microrobotics, piezoelectic noise cancellation for aircraft, and vibration 

isolation for gravity wave detection, and she was once a professional gambler on the 

now-infamous MIT Blackjack Team. 

11. Peter Fankhauser, Marco Hutter (ETH Zurich, Switzerland) 

Title: “Localization and terrain mapping on StarlETH.” 

 

Abstract 

The success of walking robots in real world applications depends on how well we are 

able to exploit their (potential) advantage in mobility. In this presentation, we are 

giving an insight into the approaches we are taking with the quadrupedal robots 

https://www.youtube.com/watch?v=7Qv__bLa3j4
https://www.youtube.com/watch?v=vAtqVKGWvFM


StarlETH and ANYmal for precise localization and terrain mapping to autonomously 

walk in challenging environments. We show results from laboratory experiments as 

well as from the application in a real-world scenario during the ARGOS challenge. 

  Similar to other robots like Boston Dynamic’s ATLAS, we employ a rotating Hokuyo 

laser sensor for environment perception. First, the point cloud acquired in one full 

turn, which takes about 2 seconds, are dewarped. To this end, we use the robot-

internal state estimation, which is a fast-updated (400Hz) filtered state from IMU 

readings as well as kinematic and ground contact measurements. Second, scans are 

matched using an ICP framework to establish a laser odometry as well as to create a 

continuously growing point cloud of the environment. 

  Since foothold selection often depends on very detailed geometries of the ground, 

our quadrupeds are additionally equipped with a downward looking ToF camera 

providing a pattern of depth measurements at frequencies up to 160Hz. By 

stochastically fusing this 3D information with the local state estimation of the robot, 

we can create a robot-centric elevation map including uncertainty. 

 

Bio 

Péter Fankhauser is a PhD student at the Autonomous Systems Lab (ASL) at ETH 

Zurich since 2013. He received his MSc degree in Robotics, Systems and Control 

from ETH Zurich in 2012. His research interests are in mapping and motion planning 

for legged robots. 

 

Marco Hutter is Deputy Director of the Autonomous Systems Lab at ETH Zurich. After 

studying mechanical engineering, he conducted his doctoral degree with the focus on 

design, actuation, and control of legged systems at ETH. During his time at ASL, 

Marco realized electrically actuated, torque controllable quadrupedal robots that are 

capable of different gaits ranging from robust climbing to fast and energy efficient 

running. Recently, his group started working towards completely autonomous 

navigation in challenging environments which involves environment perception and 

motion planning. 

12. Martim Brandao (Waseda University, Japan) 

Title: “Planning footsteps for optimal energy consumption and no slippage in 

challenging terrains.” 

 

Abstract 

Energy consumption and stability are two important problems for humanoid robots 

deployed in challenging remote locations. In this talk we will introduce our footstep 

planning algorithm for humanoids that produces not only stable and slippage free but 

also energy optimal paths on flat ground, stairs, slanted and slippery terrain. We will 

discuss how we obtained and validated models of energy consumption and slippage 

for the humanoid robots KOBIAN and WABIAN and how footstep planning can be 

formulated such as to account for these with a reduced search space. The resulting 

motion has interesting human-like aspects that we will also discuss. Finally, we will 

briefly describe our perception module, specifically how we jointly deal with planning 

and uncertainty-reduction in the stereo-reconstructed world geometry. 

 

Bio 

Martim Brandao is a Ph.D. student at Takanishi Laboratory, Waseda University in 



Japan. His research focuses on human-inspired and efficient robot motion planning, 

as well as vision-related topics for robot locomotion. He was previously a Research 

Student at Waseda University (2011-2013) and Research Assistant at Instituto 

Superior Tecnico in Portugal (2010). 
 

  



Poster Session 

1. Antoine Cully, Jeff Clune, Danesh Tarapore, Jean-Baptiste Mouret [INRIA, 

France] 

Title: “Robots that can Adapt like Animals” 

 

Abstract 

As robots leave the controlled environments of factories to autonomously function in 

more complex, natural environments, they will have to respond to the inevitable fact 

that they will become damaged. However, while animals can quickly adapt to a wide 

variety of injuries, current robots cannot "think outside the box" to find a 

compensatory behavior when damaged: they are limited to their pre-specified self-

sensing abilities, which can diagnose only anticipated failure modes and strongly 

increase the overall complexity of the robot. A promising approach involves having 

robots learn appropriate behaviors in response to damage, but current techniques are 

slow even with small, constrained search spaces. Here we describe an intelligent trial 

and error algorithm that allows robots to adapt to damage in less than two minutes in 

large search spaces (Cully et al, Nature, 2015). Before deployment, a robot exploits a 

novel algorithm to create a detailed map of the space of high-performing behaviors. If 

the robot is damaged, it uses this map as "intuitions" to guide a trial-and-error 

learning algorithm. Experiments reveal successful adaptations for a legged robot 

injured in five different ways, including damaged, broken, and missing legs, and for a 

robotic arm broken in 14 different ways. 

2. Marco Camurri, Stephane Bazeille, Darwin G. Caldwell, Claudio Semini [IIT, 

Italy] 

Title: “Real-Time Depth, Kinematics and Inertial Fusion for Local SLAM on Dynamic 

Legged Robots” 

 

Abstract 

To perform autonomous planned locomotion, a key prerequisite is acquiring an 

accurate map of the environment and localize against that map at the same time, a 

problem known as Simultaneous Localization and Mapping (SLAM). In this work we 

present our preliminary results on real-time SLAM with the Hydraulic Quadruped 

(HyQ), where localization is achieved by sensor fusion of three sources: a registration 

method based on a improved version of the Iterative Closest Point (ICP), kinematics 

and inertial measurement. Besides the traditional mapping, where new scans are 

aligned to a common fixed frame and merged, we perform also local mapping by 

aligning the model to the latest acquired scans to push the drift away from the robot's 

operative area. 

3. Jakub Mrva, Krzysztof Walas, Dominik Belter, Martin Stejskal, and Jan Faigl 

[CTU,Czech Republic] 

Title: “Proprioceptive-based Learning of the Traversability Cost Assessment and 

Terrain Classification with Exteroceptive Sensors” 

 

Abstract 

In this work, we propose a cost assessment framework for on-line determination of 

the terrain traversability, which combines benefits of the proprioceptive and 



exteroceptive sensing. The cost assessment is based on on-line terrain classification 

of the data gathered with proprioceptive sensors while crawling over a rough terrain. 

The determined classes of the terrains are then used for learning terrain categories 

from the exteroceptive measurements. Hence, the classification is considered as a 

bridge to exploit the learned cost assessment also for not yet visited parts of the 

environment that can only be scanned with the range sensor. 

We propose to learn particular class labels from the proprioceptive-based sensing 

and use this classification to determine the most relevant features of the 

exteroceptive measurements. In this way, we expect to utilize the traversability cost 

determined from the real robot experience with crawling over particular terrain type, to 

assess the traversability cost of the regions sensed only with the range sensor. 

Altogether, based on the learned traversability assessment, the robot will improve its 

performance in the monitoring mission, on-line terrain classification, and map 

building. 

4. German Castro, Claude Sammut, and Bernhard Hengst [UNSW, Australia] 

Title: “Learning to Scramble over an Irregular Surface with a Humanoid Robot” 

 

Abstract 

When humans traverse difficult terrain, occasionally need to scramble using hands 

and knees to add stability or climb over objects that otherwise it would not be possible 

using only legs, in other words, we transition from two up to four legs depending on 

the difficulty of the obstacles. Additionally, in some occasions we need to undo some 

steps because our plan is not feasible. 

  This research work develops a planning and motion generation system for 

autonomous navigation of humanoid robots over irregular inclined terrain, where the 

robot must transition between biped and scrambling stance. Firstly, a high level plan 

for legs and hands positioning will be created using multi-strategy learning, then 

quantitative simulation to refine the plan into a physics simulator, and lastly the final 

plan will be adjusted in the real robot. Eventually, if the plan is not feasible, the robot 

must backtrack and re-plan its steps. 

5. Carlos Mastalli, Ioannis Havoutis, Michele Focchi, Darwin Caldwell, and Claudio 

Semini [IIT, Italy] 

Title: “The Role of Contact Forces in Planning and Execution of highly-Dynamic 

Movements” 

 

Abstract 

Most animal and human locomotion behaviors involve dynamic motions and rich 

contact interaction. For example, kangaroos are dynamic jumpers that use hopping 

as a means of locomotion. In fact, in kangaroo locomotion, dynamic movements and 

contact forces play an important role in achieving efficient locomotion trajectories. 

Although such dynamic maneuvers are undoubtedly beneficial, planning and 

execution is still largely limited to kinematic assumptions. State-of-the-art legged 

motion planning approaches are often constrained to non dynamic regimes with 

scheduled contact sequence and decoupled models. These assumptions reduce the 

capabilities of traversing complex environments that legged systems promise. A 

number of different dynamic model formulations have been proposed in the literature. 

These are point-mass models, cart-table models, spring-loaded inverted pendulum 



models, contact wrench sum and full-body dynamics models. Additionally, a couple of 

promising approaches that do model contact forces are contact-invariant optimization 

methods and complementary constraint methods. However, there are still many open 

questions about how to integrate contact and dynamic models for planning and 

execution of highly-dynamic movements in legged systems. 

6. Ji W. Kim, Sang Hoon Ji, Hong Seong Park [KITECH, Republic of Korea] 

Title: “Normal Distributions Transform Registration using an On-manifold 

Optimization Technique for 3-D Mapping with Humanoid Robots” 

 

Abstract 

Because the torso of a humanoid robot moves freely in three-dimensional(3-D) 

space, the six degrees of freedom(DoF) should be fully taken into account in order to 

localize the pose of the torso. Additionally, the actual motions of a humanoid robot 

are largely different from the high-level input commands, such as linear and angular 

velocities, and odometry is far less accurate compared to that of the wheeled robots. 

Therefore, a robust 3-D scan registration algorithm is indispensable so as to form 

reliable constraints for a pose graph. The registration algorithm for aligning two local 

3-D normal distributions transform(NDT) maps uses a numerical optimization, but the 

results of numerical optimization should be affected by the expression of poses. 

Poses are mainly expressed by vectors in 6-D or 7-D Euclidean space, such as a 

translation vector and Euler angles or a unit quaternion, but these parameterizations 

have singularities or additional constraints because of the redundant DoF. Thus, the 

performance of the algorithm can easily be degraded. This problemresults from the 

poses are elements of the SE(3) which is a manifold. Therefore, in this work, we 

present an improved 3-D NDT registration algorithm by optimizing the objective 

function directly on the manifold. 

7. Naveen Kuppuswamy, Francesco Romano, and Francesco Nori [IIT, Italy] 

Title: “Optimal Ankle Impedance for Stable Foot Placement on Uneven Terrain” 

 

Abstract 

Studies on humans show that, during locomotion there is continuous modulation of 

the joint mechanical impedance of the lower limbs, depending on the various phases 

of walking. Taking inspiration from this, we propose an optimal ankle impedance 

regulation strategy for bipedal robots for unpredicted uneven terrains. We identify the 

various phases of the foot planting behaviour and propose a cost function dependent 

on the stability of the foot planting at the onset of the full contact. The proposed 

optimal impedance regulation strategy is validated on an iCub humanoid robot.   

8. Ramil Khusainov, Arthur Sagitov, Ilya Shimchik, Ilya Afanasyev, and Evgeni 

Magid [Innopolis University, Russia] 

Title: “Development of Russian biped robot AR-601M locomotion: Perception, 

planning and modelling in MATLAB/SIMULINK” 

 

Abstract 

Anthropomorphic robots will gradually become an important part of our life. In order to 

succeed in complicated tasks such robots should demonstrate stable locomotion, 

advanced perception and motion planning in various challenging environments. For 

our research we use Russian full-scale anthropomorphic robot with 57 degrees of 



freedom (DoF) AR-601M which is developed by ”Android Technics” company. We 

implemented in MATLAB Simulink a walking primitives approach for locomotion, 

which calculates a-priori offline trajectories for each joint. Next, a sequence of 

motions is constructed from these walking primitives by locomotion planning algorithm 

while enforcing zero velocities and accelerations of all joints before and after applying 

each walking primitive. To achieve maximal adequacy of the simulation we gradually 

increased robot model complexity (from 3 to 6 DoFs per leg). As a part of our 

locomotion team ongoing work, we implement preview control methods and genetic 

algorithms techniques. Meanwhile, perception team uses two RGB cameras and two 

laser range finders to construct 3D model of environment and evaluate walking 

surface quality in order to adaptively select proper walking gait for each particular 

environment. Finally, all successfully simulated algorithms will be arranged into ROS-

packages and verified with the AR-601M robot in a real world scenarios. 

 

This work was supported by Russian Ministry of Education and Science as a part of 

Scientific and Technological Research and Development Program for 2014-2020 

years (agreement 14.609.21.0004, research grant ID RFMEFI60914X0004) and by 

Android Technics company. 

9. Dimitrios Kanoulas [IIT, Italy] 

Title: “Rough Terrain Perception for Bipedal Robots using Curved Contact Patches” 

 

Abstract 

One of the advantages of legged vs other forms of locomotion is the use of sparse 

foothold affordances, especially when dealing with rough outdoor environments. 

Recent advancements in robotics have enabled bipeds to walk mainly on flat 

surfaces, leaving the problem of unstructured rough (e.g. rocky) terrain locomotion 

open.  We introduce a 3D perceptual system for identifying contact areas for bipedal 

locomotion in rough terrain, by modeling, localizing, and mapping sparse local 

surfaces using the concept of the 3D curved patches.  Range and IMU sensing has 

been used to automatically find sparse patches of the size of the foot in the 

environment using a bio-inspired approach.  This set of potentially good for contact 

patches could be refined later to actual contacts in a higher-level selection planning 

process.  Using the robot's kinematic chain we also introduce the concept of 

assembling these patches into a map, where patches locally approximate both the 

environment surfaces and key contact surfaces on a robot for reasoning contacts.  

Finally we introduce a way to integrate a dense volumetric range data fusion system 

to keep the detected patches mapped around the robot in real-time.  We finally 

present a real-time experiment where a mini-biped robot (RPBP) is using the 

introduced algorithm for foot placement on rocks. 


