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Chair
Co-Chair

10:45-12:00 MoAL.1 |

Trajectory-based Probabilistic Policy Gradient
for Learning Locomotion Behaviors

Sungjoon Choi and Joohyung Kim
Disney Research, USA

» We propose a trajectory-based
reinforcement learning method named
deep latent policy gradient (DLPG) for
learning locomotion skills.

« The policy is defined as a probability
distribution over trajectories.

» We show sample-efficiency of the
proposed method in two locomotion
tasks in simulated environments.

» Snapbot successfully learns desired
locomotion skills with moderate sample
complexity for rollouts (<2hours).
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Snapbot (a) turning left, (b) going
straight, and (c) turning right

10:45-12:00 MoAL3 |

BaRC: Backward Reachability Curriculum for
Robotic Reinforcement Learning

Boris Ivanovic', James Harrison2, Apoorva Sharma’,
Mo Chen?3, Marco Pavone'’
Stanford University, Department of Aeronautics and Astronautics
2Stanford University, Department of Mechanical Engineering
3Simon Fraser University, School of Computer Science

BaRC allows a simulated
quadrotor system to
efficiently solve sparse
reward RL problems.

« Reinforcement Learning (RL) is a promising
approach for robotic policy learning.

« However, sparse rewards make the learning
process challenging and inefficient.

« We present BaRC, a curriculum generation
method that enables efficient learning in
sparse reward MDPs.

« BaRC uses approximate backward reachable
sets to achieve strong improvement over
previous state-of-the-art curriculum strategies.

&b
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10:45-12:00 MoALS |

Navigating Dynamically Unknown Environments
Leveraging Past Experience

Sterling McLeod
Computer Science, University of North Carolina at Charlotte, USA
Jing Xiao
Computer Science and Robotics Engineering, Worcester Polytechnic Institute,

USA
e
—]

Use probabilistic data for
unsensed regions of the
environment

« Utilize past information about an environment
to inform future planning decisions

« Combine probabilistic data about the
occupancy of an environment and real sensing
data

« Evaluate trajectories based on possible future
collision

[10:45-12:00 MoA1.2

Learning Motion Planning Policies in Uncertain
Environments through Repeated Task Executions

Florence Tsang, Ryan A. Macdonald,
and Stephen L. Smith
Electrical and Computer Engineering, University of Waterloo, Canada

« Our planner minimizes the average cost to
execute a movement task over a given
number of task executions

» The environment in each task execution may
contain unknown obstacles

« The robot learns how to identify and navigate
recurring environments based off past task
executions

« Shows significant performance improvement
over reactive planning

Left: Policy path,
Right: Reactive path

10:45-12:00 MoAl1.4

Active Sampling based Safe Identification of
Dynamical Systems using Extreme Learning
Machines and Barrier Certificates

Iman Salehi, Gang Yao, and Ashwin P. Dani
Electrical and Computer Engineering, University of Connecticut, USA

+ A dynamical systems model learning method is s s
developed which preserves the trajectories of the g
system that are starting in a compact set to that | = |
set. \
« The DS is approximated using Extreme Learning | 1
Machine, and a parameter learning problem “
subject to Barrier constraints is solved. ]

« An active sampling method is proposed for J
enforcing Barrier constraints at advantageous
points in the prescribed compact set to efficiently i
solve the optimization problem. e Y

An lllustration of model learning using
active sampling strategy

 Danaazey
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[10:45-12:00 MoA1.6

VPE: Variational Policy Embedding for
Transfer Reinforcement Learning

Isac Arnekvist and Danica Kragic
RPL, Royal Institute of Technology, Sweden
Johannes A. Stork
AASS, Orebro University, Sweden

« Unsupervised learning to find low dimensional
task parameterizations allows for fast transfer

« Enables learning from contradicting teacher
policies where traditional supervised learning
fails g

« Evidence lower bound optimization that works
for both stochastic and deterministic teacher
policies

5
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Q-functions are considered
as generated from some
latent variable Z
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Object Recognition I - 1.1.02

Chair
Co-Chair

10:45-12:00 MoAL.1 |

Automatic Labeled LiDAR Data Generation
based on Precise Human Model

Wonijik Kim, Masayuki Tanaka, and Masatoshi Okutomi
Systems and Control Engineering, Tokyo Institute of Technology, Japan
Yoko Sasaki
National Institute of Advanced Industrial Science and Technology, Japan

« We have proposed automatic generation of
labeled depth map without involving manual
label.

« We are providing 500K+ data generated by
proposed pipeline.

« We also researched about the data with
diverse approaches

Example of generated
LiDAR data

10:45-12:00 MoAL3 |

Morphology-Specific Convolutional Neural Networks for
Tactile Object Recognition with a Multi-Fingered Hand

Satoshi Funabashi, Gang Yan, Andreas Geier,
Alexander Schmitz, Tetsuya Ogata and Shigeki Sugano
Dept. of Mechanical Engineering and Intermedia Art and Science,
Waseda University, Japan

« Allegro Hand provides 720 force (15 patches
x 6 triaxial force of uSkin) and 16 joint angle

« Inputs with 3 channels (x, y and z) are used
due to 3D (x, y, z) vector tactile information

+ Consecutive layers in the CNN get input from .
parts of one finger segment, one finger,and ™"
the whole hand.

» An over-95% object recognition rate with 20
objects was achieved, with input of only one
random time.

Convolution layers are
prepared for each tactile
sensor patch and combined
in a latter convolution layer

10:45-12:00 MoALS |

A Maximum Likelihood Approach to Extract
Finite Planes from 3-D Laser Scans

Alexander Schaefer, Johan Vertens, Daniel Biischer,

Wolfram Burgard
Department of Computer Science, University of Freiburg, Germany

« Strictly probabilistic method
based on clustering

« Considers ray path information
instead of point-to-plane distance

* Requires only one parameter as
stopping criterion for clustering

« Comes with synthetic
benchmarking dataset

Ground truth

Segmentation

[10:45-12:00 MoA1.2

E Video Object Segmentation using Teacher-
Student Adaptation in HRI Setting
Mennatullah Siam, Chen Jiang, Steven Lu,
Laura Petrich, Martin Jagersand
University of Alberta, Canada
Mahmoud Gamal
Cairo University, Egypt

EEEE

Mohamed Elhoseiny
Facebook Al Research, US

» We propose a method to incrementally
learn video object segmentation using
human robot interaction.

» The method goes through 3 phases:

A) Training Phase, where teacher model learns to

segment based on motion.

B) Teaching Phase, where teacher model provides &

adaptation target to the student model.

C) Inference, where adapted student model predicts the
segmented object.

» We introduce a dataset for interactive video

Method Overview

10:45-12:00 MoAl1.4

Accelerated Inference in Markov Random Fields
via Smooth Riemannian Optimization
Siyi Hu and Luca Carlone

Laboratory for Information & Decision Systems
Massachusetts Institute of Technology, USA

» Markov Random Fields (MRF) are a Sy
popular model for pattern recognition in
robotics and computer vision

» We propose two MRF solvers: the Dual
Ascent Riemannian Staircase (DARS)
and the Fast Unconstrained SEmidefinite
Solver (FUSES).

» DARS and FUSES compute near-optimal
solutions, attaining an objective within
0.1% of the optimum.

* FUSES solves large MRFs in milliseconds
and is faster than local search methods
while being a global solver.

(b} DARS

[10:45-12:00 MoA1.6

Position Estimation for Multiple Robots:
Practical Provable Approximation

Dan Feldman, Jeryes Danial and Ariel Hutterer
Computer Science Department
University of Haifa
Israel

« Motivation: track multiple moving k objects
based on registered markers on each.

« Input: An ordered set P of n (registered)
points, and a set Q of n (observed) points.

« Output: Translation vector t and matching
between every point in P to Q-t

» Goal: minimize sum of squared distances
between the paired points

« Result: Provable constant factor approx.

2019 International Conference on Robotics and Automation (ICRA)
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10:45-12:00 MoA1.2

MoAL.1 |

Designing Worm-inspired Neural Networks for
Interpretable Robotic Control

Mathias Lechner'%", Ramin Hasani'",
Manuel Zimmer2#4, Thomas Henzinger3, Radu Grosu'
"Equal Contributions
1CPS, Vienna University of Technology (TU Wien), Austria
2Department of Neurobiology, University of Vienna,Austria
3Institute of Science and Technology (IST), Austria
“Research Institute of Molecular Pathology (IMP), Vienna Biocenter, Austria

Design Operators (DO)

ss'e
111
eie

« Design compact, interpretable and noise-
robust neural controllers to control robots

« Introducing novel network-design principles for
a continuous-time recurrent neuronal network,
and equipping the designed network with a
search-based learning algorithm, to govern
robotic tasks.

10:45-12:00 MoAL3 |

Design and Characterization of a Novel Robotic
Surface for Application to Compressed Physical
Environments
Yixiao Wang, Richa Sirohi, Liheng Li, and Keith Green
Dept. of Design and Env. Analysis, Cornell University, USA

Chase Frazelle and lan Walker
ECE Department, Clemson University, USA

« Introduction of a nature inspired robotic
surface for reshaping of habitable space

« Describe the mechanical design, range of
motion, and potential applications

« Develop and compare kinematic model for
describing the motion and shape of
CompResS

CompResS—a Compressed
Robotic Surface

10:45-12:00 MoALS |

Caterpillar-inspired Crawling Robot using Both
Compression and Bending Deformations

Takuya Umedachi', Masahiro Shimizu? and Yoshihiro Kawahara'
1 Graduate School of Information Science and Technology,
The University of Tokyo, Japan
2 Graduate School of Engineering Science, Osaka University, Japan

* Multimodal deformations of soft
materials (compression and bending)
are a common on soft-bodied animals. #

« The robot to use the multiple
deformation modes is presented.

« The multiple deformation modes can
contribute to the locomotion speed &
increase in the simulation and
experiment with the prototype.

1 ! ¥ The prototype uses

compression and
bending of the beams.

¥
s1k "

[10:45-12:00

Acting Is Seeing: Navigating Tight Space
Using Flapping Wings

Zhan Tu, Fan Fei, Jian Zhang and Xinyan Deng
School of Mechanical Engineering, Purdue University, US

« The first flapping-wing robot that uses its wing
loading variation to sense the surroundings,
and navigate in the tight space without vision.

« Proposed sensing and navigation approach is
experimentally validated by several flight tests,
including terrain following, wall following, and
going through a narrow corridor.

« Arobust controller is designed to reject
unforeseen disturbances.

« The platform has a wingspan of 17cm, weighs
12 grams. Wingbeat frequency is up to 40Hz.
A 12cm diameter landing gear is attached for
safe takeoff and landing.

Purdue Hummingbird
was navigating a 1ft
width corridor, guided
by loading variations
on the flapping wings.

10:45-12:00 MoAl1.4

Learning Extreme Hummingbird Maneuvers
on Flapping Wing Robots

Fan Fei, Zhan Tu, Jian Zhang and Xinyan Deng
School of Mechanical Engineering, Purdue University, US

« Underactuated hummingbird robot with only 2
actuators

« Use reinforcement learning to optimize a
maneuver policy given the movement goal

« Manifested kinematic behavior similar to real
Magpnificent Hummingbirds

« Sim-to-real transfer demonstrated on an at-
scale hummingbird robot

Hummingbird vs robot
escape maneuver

[10:45-12:00 MoA1.6

A Biomimetic Radar System for
Autonomous Navigation

Girmi Schouten and Jan Steckel
Faculty of Applied Engineering, University of Antwerp, Belgium

« Introducing a biologically-inspired radar sensor
based on bat echolocation

+ Binaural differences and acoustic flow as cues
to sense and avoid obstacles

« Autonomous navigation in unknown
environments using subsumption architecture

« Topological SLAM based on spectrogram
representations of the radar signals

Autonomous navigation
performance

2019 International Conference on Robotics and Automation (ICRA)
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SLAM - Session I - 1.1.04

Chair
Co-Chair
10:45-12:00 MoAL.1 | [10:45-12:00 MoA1.2
FMD Stereo SLAM: Fusing MVG and Direct Formula- ScalableFusion: High-resolution Mesh-based
tion Towards Accurate and Fast Stereo SLAM Real-time 3D Reconstruction

) Fulin Tang, Heping Li and Yihong Wu ) Simon Schreiberhuber and Johann Prankl and
National Laboratory of Pattern Recognition, Institute of Automation, Timothy Patten and Markus Vincze

Chinese Academy of Sciences, . .
University of Chinese Academy of Sciences,China V4R ACIN, TU Wien, Austria

« A novel stereo visual SLAM framework,
FMD SLAM, is proposed considering both
accuracy and speed

« Directly reconstructing on meshes and
textures from RGB-D input.

. * Decoupling of geometry and color
The front-end makes our system fast, which - T resolution by texturing scheme.
performs direct formulation mainly ‘ .
e + Level of Detail (LoD) system enables capture

» The back-end makes our system accurate, 3 h . .
which uses MVG and keeps a global map ®.® of b.lg. scenes Wllthom wasting GPU mgmory.
. E i | | EuRoC d « Efficient meshing scheme for extending LoD system in action:
xperimental resu t.s on EuRoC dataset The proposed framework: existing reconstruction by harnessing pixel- Low-res on the left and
shows our method is faster and more tracking and mapping neighborhood. currently captured high-
accurate pipelines res on the right.
10:45-12:00 MoA1.3 | 10:45-12:00 MoAl1.4
GEN-SLAM: Generative Modeling for Monocular RESLAM
Simultaneous Localization and Mapping A real-time robust edge-based SLAM system
Punarjay Chakravarty and Praveen Narayanan
Autonomous Vehicles, Ford Motor Company, USA. Fabian Schenk and Friedrich Fraundorfer
Tom Roussel ICG, Graz University of Technolgy, Austria

PSI-VISICS, ESAT, KU Leuven, Belgium.

» Generative Model: Twin VAE conditioned on
topological map location converts single image

to depth. One can sample from learnt model + Edge-based RGBD SLAM system with windowed

optimization, loop closure and relocalization

that internalizes the connection between s
location and scene geometry E _,I!i..; iil B
+ Topo-CNN trained on images from e o CRE . + State-of-the-art performance =
environment converts RGB image to ﬂi_ i ]iﬁﬁ - u ot ot
topological pose i + * Real-time on a CPU Koy frame oo
i R estimate R,

« CVAE model with Topo-CNN is able to
determine both location information and depth
map from a single image

« Experiments show effectiveness of method in
simulated and real environments

The GEN-SLAM

architecture. « Code: https://github.com/fabianschenk/RESLAM

10:45-12:00 MoALS | [10:45-12:00 MoA1.6
Robust Pose-Graph SLAM using Absolute Online 3D active pose-graph SLAM based on key
Orientation Sensing poses using graph topology and sub-maps
Yongbo Chen, Shoudong Huang, Robert Fitch, Liang Zhao
Saurav Agarwal, Karthikeya Parunandi and Suman Chakravorty CAS, University of Technology Sydney, Australia
Aerospace Engineering, Texas A&M University, USA Huan Yu and Di Yang

Beijing Institute of Technology, China

« First of its kind method to infuse absolute L e « Hierarchical evaluation based on weighted ipcs
orientation from structural cues into 2D pose- Y b @ node degree for all candidate paths, and
graph SLAM. s b weighted tree-connectivity for a selected set of
« High localization accuracy in the front-end and paths.
a computationally efficient linearized least- § s + Application of sub-map planning and
squares solution in the back-end. & 23 ;e S estimation, to improve computational efficiency.
« Demonstrates with simulations and real-world - « Application of real-time sampling-based
experiments conducted using ceiling lighting Our approach (left) vs planning and continuous-time optimization in
pattern for absolute orientation estimation. standard SLAM with active SLAM.

« Zero failure rate as compared to state-of-the- ?:rt;]e;aftrlxﬁt_s::g ;Z“g‘gg « Introduction of key poses to build a hierarchical

H 0/ _ O, i . .
art that fail 40%-50% of the times. in the back-end (right) framework. On-line active SLAM

2019 International Conference on Robotics and Automation (ICRA)
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Manipulation Planning - 1.1.05

Chair

Co-Chair

10:45-12:00 MoAL.1 | [10:45-12:00 MoA1.2

Modeling and Planning Manipulation
in Dynamic Environments

P. S. Schmitt, F. Wirnshofer, K. M. Wurm, G. v. Wichert
Siemens AG Corporate Technology, Germany
W. Burgard
Autonomous Intelligent Systems, University of Freiburg, Germany

« We propose a feedback planner to reactively
manipulate objects in dynamic environments

« This enables manipulation in time-variant
environments with on-line collision-avoidance

« The proposed planner operates on a novel
and highly general domain-model

« We validated our approach in extensive Reactive manipulation in a

simulations and on a real dual-arm robot time-variant environment
10:45-12:00 MoA1.3 |

Movelt! Task Constructor
For Task-Level Motion Planning

Michael Gérner* and Robert Haschket

Helge Rittert, Jianwei Zhang*
* TAMS, Hamburg University, Germany
1 Neurolnformatics, Bielefeld University, Germany

« Modular & flexible system for planning
multi-step motion sequences

« Robot agnostic, Integrated with various
systems

« Intuitive introspection support
« Hierarchical containers for sequential and [
parallel composition of planning stages
« Open Source
« Primitive planning stages are provided Visualization of a task
involving picking a bottle,
pouring, and placing

10:45-12:00 MoALS5 |

Optimization-Based Human-in-the-Loop
Manipulation Using Joint Space Polytopes

Philip Long, Tarik Kelestemur, Aykut Ozgun Onol and Taskin Padir
Department of Electrical and Computer Engineering,
Northeastern University, USA

« Trajectory optimization in cluttered
environments for human-in-the-loop
manipulation tasks.

« Constrained manipulability polytopes are used
to represent the volume of free space. p U]

« Polytopes embed the obstacle distance, the
distance to joint limits and the distance to
singular configurations

« Optimization maximizes this volume and
displays a Cartesian space polytope to tele-
operator during task

Resulting virtual fixtures

Efficient Obstacle Rearrangement for Object
Manipulation Tasks in Cluttered Environments

Jinhwi Lee and Jonghyeon Park
Hanyang University, South Korea
Younggil Cho, Changjoo Nam and Changhwan Kim
Korea Institute of Science and Technology, South Korea

» We consider complex and cluttered
environments in everyday like such as a fridge
or a shelf populated with various objects
arranged irregularly like right figure.

We present a complete and polynomial-time
algorithm that decides obstacles to be
removed to grasp the target without collisions. ap example of the grasping
We describe a modified version of VFH+ in task in clutter. The target object
order for the robot to recognize the environment (green) is surrounded by

to choose the obstacles to be relocated. obstacles (red) on the table.

[10:45-12:00 MoA .4

Exploiting Environment Contacts of
Serial Manipulators

Pouya Mohammadi, Daniel Kubus and Jochen J. Steil
The Institute for Robotics and Process Control,
Technische Universitat Braunschweig, Germany

» The characteristics of secondary contacts
when applying EE forces is explored

« Leaning its body on a surface, the robot can
reduce its overall effort

» However, not every contact is good contact
« Rigorous mathematical analysis identifying

advantageous and disadvantageous contacts advantageous and
is presented disadvantageous contacts
[10:45-12:00 MoAL.6

Large-Scale Multi-Object Rearrangement

Eric Huang and Zhenzhong Jia and Matthew T. Mason
Robotics Institute, Carnegie Mellon University, USA

+ Novel algorithm for rearranging objects using
only pushing actions
« Iterated Local Search with an epsilon-greedy
pushing policy
» Rearrange up to 100 objects with a packing
factor of up to 40% in simulation
« Validated in real-world problems with 32 Sorting 32 blocks by color
objects

2019 International Conference on Robotics and Automation (ICRA)
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Micro/Nano Robots I - 1.1.06

Chair
Co-Chair
10:45-12:00 MoAL.1 | [10:45-12:00 MoA1.2
Manipulation Using Microrobot Driven by Compound Micromachines
Optothermally Generated Surface Bubble Powered by Acoustic Streaming
Liguo Dai,"23 Zhixing Ge, 23 Niandong Jiao,'2 Jialin Shi,'2 and Murat Kaynak, Furkan Ayhan and Mahmut Selman Sakar

Lianging Liu'2
1. State Key Laboratory of Robotics, Institute of Automation, Chinese Academy
of Sciences, Shenyang 110016, China
2. Institutes for Robotics and Intelligent Manufacturing, Chinese Academy of

Institute of Mechanical Engineering, Ecole Polytechnique Fédérale de
Lausanne, Switzerland

Sciences, Shenyang 110016, China » Compound hydrogel micromachines are .\’l\/,
3. University of Chinese Academy of Sciences, Beijing 100049, China fabricated directly inside microchannels using
maskless digital photolithography (,
. * Micromachines are actuated using an acoustic /
« Generation and control of the surface — i Micro-ahie ’ . r
bubble with optothermal effect Hevle MerarEbat Bubble Mcrossiecs transducer at their resonant frequencies '
« Manipulation of hydrogel microstructures + Vibration of sharp-edged structures generates (/ 5
by the bubble steady streaming )
* Manipulation by the hydrogel * Microscale turbines, engines and transmission 599 um\' E
microrobots actuated by bubbles mechanisms are presented =] Microengine
Light
10:45-12:00 MoAL3 | [10:45-12:00 MoA .4
ChevBot — An Untethered Microrobot Powered Capillary lonic Transistor and Precise Transport
by Laser for Microfactory Applications Control for Nano Manipulation

Ruoshi Zhang, Andriy Sherehiy, Zhong Yang,
Danming Wei, Cindy K Harnett and Dan O. Popa
Electrical and Computer Engineering Department,
University of Louisville, USA

Yuqing Lin, Xiaoming Liu and Tatsuo Arai
Advance Innovation Center for Intelligent Robots and Systems, Beijing Institute
of Technology, China

+ Chevbot is a novel laser-driven
microrobot for actuation in dry-
environments.

* A stick-and-slip opto-thermo-mechanical

model was proposed to estimate the

actuation velocity on a silicon substrate. « Versatile range of objects applicable: 50-

Experiments with a 532nm green Nd:Yag 500nm, from liposomes to nonorganic

laser confirm velocities of 46um per nanoparticles diagram of a capillary

. ChevBot with dimensions 520 pm x . . . . . - "
second can be achieved. 260 um fabricated on 20 jm thick E)ftreme;ly localized targeting with precise ionic transistor
orientation control

Silicon on Insulator wafer.

« None-Contact method for nano-scale object
manipulation e

« Single particle resolution with simultaneous
measurement of size and velocity

10:45-12:00 MoA1.5

Self-Assembly Magnetic Chain Unit for Bulk
Biomaterial Actuation

Haojian Lu, Yanting Liu, Yuanyuan Yang, Xiong Yang, Rong Tan
and Yajing Shen
City University of Hong Kong, Hong Kong

« The tanglesome bulk fiber fabrication method \ ‘ K l l

is developed based on flow-focusing
microcapillary system &

« Magnetic chain unit self-assembly mechanism
is introduced \gkkkl

« Cilia inspired dependent paramecium
swimming mechanism is applied Expenmemal resu“s of

* The self-assembly magnetic chain unit and the magnetic chain unit
actuation experiments are conducted for actuation
demonstration

2019 International Conference on Robotics and Automation (ICRA)
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Humanoid Robots I - 1.1.07

Chair
Co-Chair

10:45-12:00

MoAL.1 |

Resolved Viscoelasticity Control Considering
Singularity for Knee-stretched Walking

of a Humanoid

Kazuya Murotani, Ko Yamamoto, Tianyi Ko, Yoshihiko Nakamura
Department of Mechano-informatics, The University of Tokyo, Japan

« Extension of RVC method considering
kinematic singularity is proposed

« Robust standing balance and stable
knee-stretched walking is achieved in

the simulation

« Knee torque is reduced up to 63 % in

the simulation

« Experimental validation is shown for
both standing balance and knee-
stretched walking

Left: Knee-bent,
Right: Knee-stretched

10:45-12:00

MoAL3 |

Using Deep Reinforcement Learning to Learn
High-Level Policies on the ATRIAS Biped

Tianyu Li, Hartmut Geyer, Christopher Atkeson
Carnegie Mellon University, USA

4

e Learning controllers for bipedal robots is a
challenging problem, especially because of
simulation-hardware mismatch

e We present a structured neural network (NN)
policy which can be trained in simulation
and executed on hardware.

e Our experiments show that a structured NN

Akshara Rai
Facebook Al Research

policy leads to a more robust and
interpretable controller, as compared to a
general NN policy.

Our test platform:
The ATRIAS robot

10:45-12:00

MoALS |

Stair Climbing Stabilization
of the HRP-4 Humanoid Robot
using Whole-Body Admittance Control

Stéphane Caron Abderrahmane Kheddar Olivier Tempier

+ Dynamic stair climbing experiments with the
position-controlled HRP-4 humanoid robot

« Extend LIPM tracking by QP-based wrench
distribution and whole-body admittance control

« Admittance control realized by both end-
effector and CoM feedback strategies

« Demonstrated in real-world use case at Airbus
factory in Saint-Nazaire, France

CNRS-UM LIRMM, France

2019 International Conference on Robotics and Automation (ICRA)

[10:45-12:00

MoA1.2

Versatile Reactive Bipedal Locomotion Planning
Through Hierarchical Optimization

Jiatao Ding'2, Chengxu Zhou?3, Zhao Guo', Xiaohui Xiao',
Nikos Tsagarakis?
1, School of Power and Mechanical Engineering, Wuhan University, China
2, HHCM, Istituto Italiano di Tecnologia, Italy.
3, School of Mechanical Engineering, University of Leeds, UK

» Two Nonlinear Programming Problems .«
(NLPs) are solved by SQP until meeting %«

termination condition

« First-layer NLP deals with step time and

step location optimization

+ Second-layer nonlinear model predictive
control deals with vertical height and

angular momentum adaptation

« Hight-robust feasible walking patterns

are obtained with low time cost

777777777 e
| LIPM dynamics |0, | IPEM dynamics
i e |1

0,
0,

Loop until:
llex- " P+l ey - €< &

O diaap > Mioop.

Estimated CoM state, body indlination...

Figure 1, Overall framework

10:45-12:00

MoA1.4

Unsupervised Gait Phase Estimation for
Humanoid Robot Walking

Stylianos Piperakis, Stavros Timotheatos and Panos Trahanias
Foundation for Research and Technology — Hellas

Department of Computer Science, University of Crete, Greece

« Introduction of an unsupervised learning
framework for gait phase estimation.

» The framework employs a PCA-based 2D :
latent space and GMMs to facilitate accurate
prediction/classification of the gait phase.

» The Gait-phase Estimation Module (GEM),
an open-source ROS/Python package is
released (https:/github.com/mrsp/gem).

Spwdific patturas
v ateervwid | g

GMMs predicting the gait
phase in real-time.

[10:45-12:00

MoA1.6

Reinforcement Learning Meets Hybrid Zero
Dynamics: A Case Study for RABBIT

'Guillermo A. Castillo, 'Bowen Weng, 2Ayonga Hereid,
3Zheng Wang, and "*Wei Zhang
'Department of ECE, Ohio State University, USA
2Department of ECE, University of Michigan, USA
3Department of Mechanical Engineering, University of Hong Kong, China

4SUSTech Inst. of Robotics, Southern Univ. of Science and Technology, China

» Novel model-free Reinforcement Learning
(RL) approach that embeds the Hybrid
Zero Dynamics (HZD) into the learning

process.

« Better sample efficiency than most RL
approaches for bipedal walking.

« Improved robustness over traditional HZD-
based controller under disturbances.

« Among the few RL-based policies for
bipedal robots that can track variable

reference speed.

—9_
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Localization I - 1.1.08

Chair
Co-Chair

10:45-12:00

MoAL.1 |

Learning Wheel Odometry and IMU Errors for

Localization

Martin Brossard and Silvére Bonnabel
Centre for Robotics , MINES ParisTech, France

« Designing a robust odometry
system is challenging when camera
and LiDAR are unavailable

We leverage advances in deep
learning and variational inference to
correct dynamical and observation
models for state-space systems

The methodology is applied for
wheeled robot navigation
Experimental results demonstrate iz
that the corrected models is W
accurate than its original

counterparts

— i e
— carrecran madal

TR

. .
ik

10:45-12:00 MoA1.3 |

Recursive Integrity Monitoring for Mobile Robot
Localization Safety

Guillermo D. Arana, Osama A. Hafez, and Matthew Spenko
Mechanical and Aerospace Dept., lllinois Institute of Technology, USA
Mathieu Joerger
Aerospace and Mechanical Dept., University of Arizona, USA

« This paper presents a new method to quantify
localization integrity for terrestrial robots

« Integrity is a common aviation metric recently
brought to robotics

« An extended Kalman filter is used for
localization and a sequence of innovations for
fault detection

« The method directly monitors faults during a
preceding horizon while being robust against
prior faults

atlimit requirement

Alert limits in aerial and
terrestrial robots

10:45-12:00 MoALS5 |

A Multi-Domain Feature Learning Method for
Visual Place Recognition

Peng Yin, Lingyun Xu, Xuegian Li, Chen Yin, Yingli Li,
Rangaprasad Arun Srivatsan, Lu Li, Jianming Ji, Yuging He

g

,.?

« We propose the use of CapsuleNet-based
feature extraction module, and show its
robustness in the conditional feature
learning for the visual place recognition
task.

9 S

» We propose a feature separation method
for the visual place recognition task, where
features are indirectly separated based on
the relationship between condition-related
and condition-invariant features in an
information-theoretic view.

(a) The framework of Multi-
domain feature learning
method.

[10:45-12:00 MoA1.2

Radar-only ego-motion estimation
in difficult settings via graph matching

Sarah H. Cen
Electrical Engineering and Computer Science, MIT, USA
Paul Newman
Oxford Robotics Institute, University of Oxford, UK

« Demonstrates radar-only odometry
that is highly robust to radar
artifacts (e.g., speckle noise and
false positives) and requires only
one input parameter.

» Presents algorithms for keypoint
extraction and data association
(based on graph matching).

« Tests on diverse settings with scan
matching accuracies of ~5.20 cm
and ~0.0929 deg when comparing
against GPS for ground truth.

Demonstration of our radar-only
odometry pipeline on two radar scans
(250x250 m) taken 0.25 s apart while
driving over uneven terrain.

[10:45-12:00 MoA .4

Four-Wheeled Dead-Reckoning Model
Calibration using RTS Smoothing

Anthony Welte, Philippe Xu and Philippe Bonnifait
Heudiasyc, CNRS, Université de Technologie de Compiegne, France

» A dead-reckoning model using wheel
encoders, a gyro and the steering wheel angle
is proposed

« Calibration of the parameters remains a critical
issue for accurate odometric navigation

» We propose to calibrate the model using
Rauch-Tung-Striebel smoothing on a recorded
trajectory with low-cost GNSS receiver

« Thanks to experiments on public roads we
show that the drift is in the order of 0.8% with
production car sensors

Trajectory driven during
the experiments

[10:45-12:00 MoAL.6

Event-based, Direct Camera Tracking from a
Photometric 3D Map using Nonlinear Optimization

S. Bryner, G. Gallego, H. Rebecq, D. Scaramuzza
Dept. of Informatics, University of Zurich,
Dept. of Neuroinformatics, ETH and University of Zurich, Switzerland

« 6-DOF tracking using an event camera

« Maximum likelihood estimation of the a
camera pose that best explains the events =+
via a generative event model.

» Robust tracking that fully exploits intensity
gradients and also estimates velocity.

« Datasets released: events, ground truth v £ R J
poses, images and 3D scene maps. o

2019 International Conference on Robotics and Automation (ICRA)
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Linear Heterogeneous Reconfiguration of
Cubic Modular Robots via
Simultaneous Tunneling and Permutation

Hiroshi Kawano
Department NameNTT Communication Science Laboratories,

« Previous heterogeneous reconfiguration of modular robots requires multiple
separate processes for transformation and permutation and additional
intermediate configurations for permutation. As a result, it is much more time-
and space-consuming than homogeneous reconfiguration is.

« To save the operation time cost of reconfiguration, the proposed
reconfiguration algorithm carries out tunneling-based transformation in which
the permutation process is incorporated simultaneously.

« The reconfiguration by the proposed algorithm is carried out inside the space
provided by the start and goal configurations.

10:45-12:00 MoAL3 |

ModQuad-Vi: A Vision-Based Self-Assembling
Modular Quadrotor

Guanrui Li, Bruno Gabrich, David Saldana,
Vijay Kumar and Mark Yim
GRASP Lab, University of Pennsylvania, USA
Jnaneshwar Das
SESE, Arizona State University, USA

* ModQuad-Vi, a flying modular robot that is
aimed to operate in outdoor environments.

« We propose a quadrotor platform with onboard ry
computation and visual perception.

« Our vision-based control method is able to
accurately align modules for docking actions.

ModQuad-Vi on a vision-
based docking action

10:45-12:00 MoA1.5

Task-specific Manipulator Design and Trajectory
Synthesis

Julian Whitman
Department of Mechanical Engineering, Carnegie Mellon University, USA
Howie Choset

The Robotics Institute, Carnegie Mellon University, USA

« Rapid prototyping and customization
are useful for reconfigurable robots.

» We treat design variables as part of
inverse kinematics, to jointly
optimize manipulator design and
trajectory.

» Then, we reduce the number of
joints while maintaining ability to
reach workspace task poses.

« With these tools, we iteratively
optimize and simplify task-
specialized manipulator designs.

Optimized design (left) and realization
(right) of two customized manipulators

[10:45-12:00 MoA1.2

Autonomous Sheet Pile Driving Robots
for Soil Stabilization

Nathan Melenbrink'2 and Justin Werfel'
1. Wyss Institute, Harvard University, USA
2. Institute for Computational Design, University of Stuttgart, Germany

» We present Romu, an autonomous robot
capable of building continuous linear
structures for soil stabilization.

* Romu uses a vibratory hammer to drive
interlocking sheet piles into soil.

» We characterize hardware parameters for this
essential construction task.

» We present simulations in which small swarms
of robots build with sheet piles and quantify
how well they mitigate hydraulic erosion.

Romu operating in a
natural environment

10:45-12:00 MoAl1.4

Optimization-based Non-Impact Rolling

Locomotion of a Variable Geometry Truss
Sumin Park', Eugene Park’, Mark Yim2,
Jongwon Kim', TaeWon Seo?®
1School of Mechanical and Aerospace Engineering, Seoul Nat'l Univ., Korea
28chool of Mechanical Engineering and Applied Mechanics, UPenn, USA
3School of Mechanical Engineering, Hanyang Univ., Korea

B T A e
i o
s e A—p .

« Optimization-based rolling locomotion is
simulated for variable geometry truss

¢ ve 4 4, s s
»

Controlphase Start rollng
@ ®

« Non-impact motion is generated by dividing © . .
the locomotion by control and rolling phases AL » /SN

« Path tracking performance is enhanced by [~ 5 e - TS
suggested locomotion algorithm . .“" A, At

« Constraints are analyzed during the S NE A

Control phase

locomotion, and the performance
enhancement is remaining future work

Non-mpactrolling phase
@

Locomotion of variable
geometry truss
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10:45-12:00 MoAL.1 |

Robotic Endoscopy system (easyEndo)
with a Robotic Arm
Mountable on a Conventional Endoscope

Dong-Ho Lee, Minho Hwang, and Dong-Soo Kwon
KAIST(Korea Advanced Institute of Science and Technology), Korea

(3 Actuating part
of the robotic arm

(ZRobotic arm
[System overview]

10:45-12:00 MoAL3 |

A Rolling-Tip Flexible Instrument for Minimally
Invasive Surgery

Andreas Schmitz, Shen Treratanakulchai, Pierre Berthet-Rayne
and Guang-Zhong Yang Fellow IEEE
The Hamlyn Centre for Robotic Surgery,
Imperial College London, London, United Kingdom

« A snake-like robot that can perform a stable in-
place rolling motion.

« Diameter of 4mm, 13 tendons and 6 degrees
of freedom.

« The robot can bend and roll to high angles,
and strongly improves the dexterity

« The rolling-tip gripper can rotate about 165°
and is capable of applying forces up to 6.5N

Figure caption is optional,
use Arial 18pt

10:45-12:00 MoALS |

A HAND-HELD ROBOT FOR PRECISE
AND SAFE PIVC

Zhuogi Cheng', Brian L. Davies'?, Darwin G. Caldwell'
and Leonardo S. Mattos'
'Department of Advanced Robotics, Istituto Italiano di Tecnologia, Italy
2Mechanical Engineering Department, Imperial College London, U.K.

« CathBot: a hand-held robot for challenging
Peripheral IntraVenous Catheterization
(PIVC).

« Needle tip sensor for fast and accurate
venipuncture detection.

« A cooperative mechanism for automating the
cannula advancement and needle retraction.

« CathBot provides great improvement in PIVC
success rate: from 12% to 86%.

CathBot

[10:45-12:00 MoA1.2

Design and Fabrication of Transformable Head
Structures for Endoscopic Catheters

Seong-il Kwon, Sung Hwa Choi, Keri Kim, Kyung Su Park,
Sungchul Kang and Chunwoo Kim
Korea Institute of Science and Technology, Republic of Korea
Sara Van Kalker and Seok Chang Ryu
Mechanical Engineering, Texas A&M, U.S

[ veyer w—

« Transformable catheter head structure for endoscopic RS
catheter allowing the simultaneous use of a camera module \
and a large tool channel introduced through a small incision /-;.

« Two types of head structure were introduced (Polymer :
flexure and Metal Hinge)

« Since directly fabricated on a polymer, it provides affordable
and more compliant option to deliver a camera module

« The metal tube is more robust so that the opening window
remains circular, therefore it allows larger size tool delivery

Tewk chasanel

Farvepn (1 6fem)

SMealtiagut

N

18G {1.25mm) meodle

10:45-12:00 MoA14 |

A Novel Laser Scalpel System for Computer-
assisted Laser Surgery

Guangshen Ma*, Weston Ross*, lan Hill, Narendran Narasimhan and Patrick Codd
Department of Mechanical Engineering and Material Scienc / Department of Neurosurgery
Duke University, USA

« Alaser therapy platform integrates an RGB-D
camera, 3D triangulation sensor, CO, laser

+ 3D calibration between RGB-D camera and
3D triangulation sensor for human-in-the-loop
guidance.

+ 60 experimental results with < 2.0mm
maximum positional error

PEE-
a3 Iws)

lat) 1az|
Computer-guidance improves accuracy of laser
therapy for abnormally shaped regions.

Novel Laser Therapy Device

Brain TooL g

T ,ABORATORY &4

DUKE UNIVERSITY
sites.duke.edu/braintool/

[10:45-12:00 MoAL.6 |

Compensation of Environmental Influences on
Sensorized-Forceps for Practical Surgical Tasks

Dong-Yeop Seok, Yong Bum Kim, Uikyum Kim, Seung Yeon Lee,
and Hyouk Ryeol Choi*, Fellow, IEEE
Robotics Innovatory, Sungkyunkwan University, South Korea

« In robotic surgery, environmental influences
are obstacle to force sensing

« Solutions for cutting off the environmental
influences (humidity, temperature, pressure)

* Humidity compensation algorithm with
embedded humidity sensing function

» AC shield and anodizing process is applied

Ex vivo electro-cautery
experiment with abdominal
cavity model

« Ex vivo electro-cautery task were conducted
to verify the solutions

2019 International Conference on Robotics and Automation (ICRA)
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10:45-12:00 MoAL.1 | [10:45-12:00 MoA1.2

Vision-based Teleoperation of Shadow
Dexterous Hand using End-to-End Deep Neural

Intent-Uncertainty-Aware Grasp Planning for
Robust Robot Assistance in Telemanipulation

Network
Michael Bowman and Xiaoli Zhang Shuang Li'f, Xiaojian Ma?f, Hongzhuo Liang', Michael G orner?,
Mechanical Engineering, Colorado School of Mines, USA Philipp Ruppel', Bin Fang?*, Fuchun Sun?, Jianwei Zhang'
Songpo Li 'Department of Informatics, Universitat Hamburg, Germany
Mechanical Engineering and Material Science, Duke University, USA 2Departmentof Computer Science and Technology, Tsinghua University, China
* Modeling approach for a multi-task grasp P s v o A * We propose TeachNet, which
model through common poses and task : directly maps the poses of human
ambiguity ki hand to a dexterous hand.

Developed a planner aware of and
incorporates ambiguous/uncertain human w1 Tweks

+ The special structure of TeachNet is
combined with a consistency loss

Tush i 3 Tuskd

intent inference function.
« Ambiguous principle intent transformed to @ i e v + A synchronized human-robot hand o o
more descriptive, inclusive labeling for better dataset with 400K depth images is tefé%;;:ﬁo\gs;?:hﬁ:iﬁﬁe
interpretation generated.
10:45-12:00 MoA1.3 | [10:45-12:00 MoA .4
Energy-Shared Two-Layer Approach for Multi- Passive Task-Prioritized Shared-Control
Master-Multi-Slave Bilateral Teleoperation Teleoperation with Haptic Guidance

Marco Minelli, Federica Ferraguti and Cristian Secchi
University of Modena and Reggio Emilia
Nicola Piccinelli and Riccardo Muradore
University of Verona

M. Selvaggio, P. Robuffo Giordano, F. Ficuciello and B. Siciliano
D.I.LE.T.I., University of Naples Federico Il ltaly
CNRS, Univ Rennes, Inria, IRISA, Rennes, France

+ A Task-prioritized shared-control
teleoperation architecture for
redundant slave robots is proposed

« Introduction to teleoperation systems and to
the stability problem

« Passivity as a method to guarantee and
preserve stability

« Standard two-layer architecture for single-
master-single-slave bilateral teleoperation
systems

« Energy-Shared two-layer architecture for

+ Apassivity analysis is performed and &%=
an energy-tanks passivity-based .
control method is developed —
Experimental setup of the task-
prioritized shared-control

multi-master-multi-slave bilateral teleoperation * Experiments mimicking a remote teleoperation
systems manipulation grasping task are
performed
10:45-12:00 MoALS5 | [10:45-12:00 MoAL.6

Quasi-Direct Drive for Low-Cost Compliant

Robotic Manipulation Augmented Reality Predictive Displays to Help

Mitigate the Effects of Delayed Telesurgery
David V. Gealy', Stephen McKinley2, Brent Yi3, Philipp Wu'3,

Phillip R. Downey', Greg Balke?, Allan Zhao?, Menglong Guo', Florian Richter, Yifei Zhang, Yuheng Zhi, Ryan K. Orosco and
Rachel Thomasson', Anthony Sinclair’, Peter Cuellar', Zoe Michael C. Yip
McCarthy?, and Pieter Abbeel? University of California San Diego, USA

'Mechanical Engineering, UC Berkeley, USA
2|ndustrial Engineering & Operations Research, UC Berkeley, USA

3Electrical Engineering & Computer Science, UC Berkeley, USA + Remote telesurgery is currently not feasible

due to the latency

« This work proposes the first predictive display
for teleoperated surgery utilizing Augmented
Reality

« Implemented on da Vinci® Surgical System

« On average reduced time to complete task by E;ample of predicted AR
19% rendering

« Robust force and impedance control through
Quasi-Direct Drive actuation

« 7-DoF / 2 kg payload / .75m reach
« Target cost for researchers: < $5,000 per arm

Blue, a 7-DoF Quasi-
Direct Drive robot arm

2019 International Conference on Robotics and Automation (ICRA)
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10:45-12:00 MoAL.1 | [10:45-12:00 MoA1.2

Stability Optimization of Two-Fingered
Anthropomorphic Hands for Precision Grasping
with a Single Actuator

Michael T. Leddy and Aaron M. Dollar
Department of Mechanical Engineering and Material Science,
Yale University, USA

» Many underactuated prosthetic hand’s precision
grasps are not designed for post contact stability, —» ;=
variations in actuator force and object loading. / g
+ Constrained optimization of key anthropomorphic  %#%:  #
parameters: transmission ratio, joint stiffness, link »an ﬂ“
length ratio for a spectrum of hand sizes. -

. AdFiitionaI analysis to determine post contact Analysis including post
object work and resistance to external wrenches.  contact work and stability
+ Optimization model is experimentally verified under external disturbances

using an optimal solutions kinematic parameters.

10:45-12:00 MoAL3 |

Modeling Grasp Type Improves
Learning-Based Grasp Planning

Qingkai Lu and Tucker Hermans
School of Computing and Robotics Center, University of Utah, USA

« Propose a probabilistic grasp planner that
explicitly models grasp type

« Demonstrate the first supervised grasp
learning approach that can explicitly plan both
power and precision grasps for a given object

« Compare with a model that does not encode

type and show that modeling grasp type Precision (left) and power
improves the grasp success rates (right) grasps generated
+ Show the benefit of learning a prior over grasp by our planner.

configurations to improve grasp inference

10:45-12:00 MoALS |

Toward Grasping Against the Environment:
Locking Polygonal Objects Against a Wall
Using Two-Finger Robot Hands

Hallel A. Bunis and Elon D. Rimon
Dept. of ME, Technion - Israel Institute of Technology

» We present an algorithm for caging and
locking polygonal objects against a wall. )

» The wall is treated as a third finger in an Finger 2
equivalent three-finger hand.

» The equivalent hand’s fingers form similar
trapezoidal cage formations around the object.

Tirger 1

wall

» We compute a graph in the hand’s contact an object locked against a wall
space to find the critical cage formation that
allows the object to escape the hand.

High-speed, Small-deformation Catching of
Soft Objects based on
Active Vision and Proximity Sensing
Keisuke Koyama, Kenichi Murakami,

Makoto Shimojo and Masatoshi Ishikawa
Department of Creative Informatics, University of Tokyo,Japan

i

» We propose the combination of sensing and
control modules for catching soft objects s
(i.e.,marshmallow and paper balloons) at
a high speed with small deformation.

« (a)High-speed, high-precision proximity
sensor, and (b) high-speed active-vision
Sensor.

« We demonstrate catching of a marshmallow
and paper balloon that are exceptionally soft . |
and difficult to catch with small deformation.

10:45-12:00 MoA14 |

Capacitive Sensing for a Gripper with
Gecko-Inspired Adhesive

Jiro Hashizume
Research & Development Division, Hitachi America, Ltd., USA
Tae Myung Huh, Srinivasan A. Suresh and Mark R. Cutkosky
Center for Design Research, Stanford University, USA

« An adaptive soft exoskeleton gripper
supports directional adhesive films to
conform to objects.

« As the gripper grasps an object, the films
pull the object toward the palm, increasing
the contact area and adhesion.

« Capacitive sensors in the films monitor

Adaptive compliant gripper

distributed contact areas and adhesion in with gecko-inspired

real-time to predict grasp strength and adhesive films and

impending failure. capacitive contact sensors
[10:45-12:00 MoA1.6

On-Policy Dataset Synthesis
for Learning Robot Grasping Policies
Using Fully Convolutional Deep Networks

Vishal Satish?, Jeffrey Mahler'-2, Ken Goldberg'2
'Dept. of EECS , UC Berkeley
2Dept. of IEOR, UC Berkeley

LI ST e Cn-ulivy

« We propose to sample training actions AL
from an on-policy training distribution in
synthetic dataset generation.

» We use this to efficiently train a parallel
4-DOF Fully Convolutional Grasp Quality
CNN (FC-GQ-CNN) that achieves 296
MPPH (Mean Picks Per Hour) compared
to the 250 MPPH of iterative policies.

» We explore the effect of training
distribution and action space granularity
on FC-GQ-CNN performance.

Tlistriwries

2019 International Conference on Robotics and Automation (ICRA)
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10:45-12:00 MoAL.1 | [10:45-12:00 MoA1.2

A new Approach for an Adaptive Linear
Quadratic Regulated Motion Cueing Algorithm
for an 8 DoF Full Motion Driving Simulator

Tobias Miunske and Edwin Baumgartner
FKFS, University of Stuttgart, Germany
Christian Holzapfel and Hans-Christian Reuss
IVK, University of Stuttgart, Germany

o |

« Full motion driving simulators represent real
drives in a simulation environment

* The simulator used here consists of a
hexapod and a simulator table

« The motion of the driving simulator is
improved by a new adaptive algorithm

« An error model of the simulator table is used
for a realistic motion simulation

e/

The Stuttgart full motion
driving simulator

10:45-12:00 MoA1.3 |

A defect identification approach of operations
for the driving element of multi-duty PM

Shuai Fan, Shouwen Fan and Weibin Lan
School of Mechanical and Electrical Engineering, University of Electronic
Science and Technology of China, People’s Republic of China
Guangkui Song
School of Automation Engineering, University of Electronic Science and
Technology of China, People’s Republic of China
« The multi-duty parallel manipulators is
investigated
« A demarcation diagram for distinguishing
different duties is proposed
« Adefect identification approach for driving
element of multi-duty parallel manipulators is

presented The Prototype of the
« The 1PU+3UPS parallel manipulator is 1PU+3UPS PM
discussed

10:45-12:00 MoALS5 |

Active Damping of Parallel Robots Driven by
Flexible Cables Using Cold-Gas Thrusters

Hugo Sellet, Imane Khayour, Loic Cuvillon, Sylvain Durand

and Jacques Gangloff
ICube Laboratory, University of Strasbourg, France

« Proof of concept : using embedded cold-gas
thrusters to compensate for robot vibrations.

« Optimal thruster nozzle design.

« Two control laws : PWM and bang-bang.

« Visual feedback using a 500 Hz eye-to-hand
camera.

« Stability analysis.

« Experimental validation on the PiSaRo3, a
3 dof planar suspended CDPR.

PiSaRo3 robot

Singularity of cable-driven parallel robot with
sagging cables:preliminary investigation

Jean-Pierre Merlet
HEPHAISTOS project, INRIA, France

« Investigation of inverse kinematics (IK) and l
direct kinematics (DK) singularities for cable- .-
driven parallel robots with sagging cable 1

« IK and DK share classical parallel robot
singularities

» BUT both have additional singularities that
correspond to intersection point of kinematic
branches

+ Numerically safe algorithm for finding these
singularities is proposed

Tt

A non-parallel singularity,

[10:45-12:00 MoA .4

Dynamic Point-to-Point Trajectory Planning
Beyond the Static Workspace for Six-DOF Cable-
Suspended Parallel Robots

Xiaoling Jiang, Eric Barnett, and Clément Gosselin
Department of Mechanical Engineering, Université Laval, Canada

» A basis motion is developed and then applied
to construct trajectory segments

» Each segment has zero translational and §e plie =
rotational velocity at its endpoints " e

« Spherical linear interpolation (SLERP) is used i
to produce the rotational component

 An experimental implementation is described,
and a video shows the prototype following
point-to-point trajectories

The six-DOF robot
following a trajectory

[10:45-12:00 MoAL.6

Cable-Based Robotic Crane (CBRC): Design and
Implementation of Overhead Traveling Cranes
Based on Variable Radius Drums
Lorenzo Scalera and Alessandro Gasparetto
University of Udine, ltaly

Paolo Gallina and Stefano Seriani
University of Trieste, ltaly

« Cable suspended robot based on
Variable Radius Drums (VRD)

« In a VRD the spool radius varies
along its profile

» The end-effector is moved along a
planar working area using just 2
actuated DOF

« The experimental position error is
less than 1% throughout the
workspace

Cable-Based Robotic Crane

2019 International Conference on Robotics and Automation (ICRA)
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10:45-12:00 MoAL.1 | [10:45-12:00 MoA1.2

Exploiting Human and Robot Muscle Synergies
for Human-In-The-Loop Optimization of EMG-
Based Assistive Strategies
Masashi Hamaya'-2, Takamitsu Matsubara'-3, Jun-ichiro

Furukawa', Yuting Sun?, Satoshi Yagi?, Tatsuya Teramae’,
Tomoyuki Noda', Jun Morimoto?

1ATR, Japan, 20saka Univ., Japan, 3NAIST, Japan

« We propose a novel human-in-the-loop usar m,,,,u,t,/""
optimization approach for exoskeleton robot {. f g
control. /’ iy h--i.;.:.:::m

« We exploit human and robot muscle synergies 7
to reduce the number of control parameters. m\??;'i'w

+ We adopt a Bayesian optimization method to  ruzumate azuneia T
acquire the parameters by the user’s o e e e
preferences. T

+ Our method successfully learned assistive e
strategies with a practical number of
interactions. Our proposed method

10:45-12:00 MoAL3 |

Effort Estimation in Robot-aided Training with a
Neural Network

Ana C. De Oliveira, Kevin Warburton,
James S. Sulzer, and Ashish D. Deshpande
Department of Mechanical Engineering, UT Austin, USA

* Goal: Estimate human active effort during
robot-assisted movements

« Challenge: Isolation of volitional human
torques from effects caused by residual
dynamics and passive neuromuscular
characteristics

« Approach: Estimate effects of the unknown
factors with a neural network

« Results: Estimation closely matched effort Harmony is a bimanual
measured through muscle activity and was upper-body exoskeleton
sensitive to different effort levels designed to actively

control 7 DOF

10:45-12:00 MoA1.5

Design and Implementation of a Two-DOF Robotic
System with an Adjustable Force Limiting
Mechanism for Ankle Rehabilitation

Vahid Mehrabi', S. Farokh Atashzar?, H. Ali Talebi®, Rajni V. Patel

"University of Western Ontario, Canada; 2Imperial College London, UK;
3Amirkabir University of Technology, Iran,

« A novel light-weight back-drivable i -
inherently-safe robotic mechanism for = e = ;—
delivering ankle rehabilitation \

« Friction-based safety feature o

« Mechanical adjustment of the maximum 2 S
amount of allowable transfer forces and 2 2l | %
torques to the patient's limb. (LN /ﬁ \ “’"“)

« Detail design, implementation procedure, F 3/ \ _’4‘
control architecture and experimental e e .
validation

A Low Inertia Parallel Actuated Shoulder
Exoskeleton for Neuromuscular Property
Characterization

Justin Hunt and Hyunglae Lee

School for Engineering of Matter, Transport, and Energy,
Arizona State University (ASU),USA

parallel manipulator (4B-SPM) design for
wearable robotics

« Overview of a low inertia 4B-SPM shoulder
exoskeleton prototype

« Evaluation of the prototype’s performance
through examination of position accuracy and *
step response.

« Introduction to a novel type of 4-bar spherical ‘

10:45-12:00 MoAl1.4

Characterizing Architectures of Soft Pneumatic
Actuators for a Cable-Driven Shoulder Exoskeleton

Nicholas Thompson and Ayush Sinha
Mechanical Science and Engineering, University of lllinois, USA
Girish Krishnan
Industrial and Enterprise Systems Engineering, University of lllinois, USA

« Soft pneumatic actuators can be tailored to an
application using novel architectures

« Nested and pennate architectures of fiber-
reinforced elastomeric enclosures (FREEs)
compared for a cable-driven exoskeleton

« Tests include bench-top force-displacement
testing and exoskeleton validation using a
passive torso mannequin

« Nested actuators produced greater stroke in
the application’s required force range

(a) Nested linear and (b)
pennate FREE architectures.

2019 International Conference on Robotics and Automation (ICRA)
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10:45-12:00 MoAL.1 |

Rorg: Service Robot Software
Management with Linux Containers

Shengye Wang, Xiao Liu, Jishen Zhao,
and Henrik I. Christensen
Contextual Robotics Institute, UC San Diego, United States

» The complexity of robot software components
is challenging scaling up robot systems.

* Rorg is a Linux container-based scheme to
manage, schedule, and monitor software
components on robots.

* Rorg organizes the robot software into multiple
containers and allows them to time-share
computing resources.

* Rorg eases maintenance burden and reduces
resource contention on service robots.

B
P.“,

=3
Rorg powers TritonBot,

a receptionist and
tour-guide robot.

10:45-12:00 MoAL3 |

Synthesis of Real-Time Observers from Past-
Time LTL and Timed Specification

Charles Lesire, Stéphanie Roussel,
David Doose, Christophe Grand
ONERA/DTIS, Université de Toulouse, France

« Observers allow to detect failures in order to trigger recovery
mechanisms ; their accuracy relies on their real-time execution

« We propose Past-Time LTL patterns to design logical observers
« We define a timed DSL to design timed (compound) observers
« We develop a real-time implementation of such observers

« We benchmark this implementation versus more standard
implementations and show that we can guarantee better performances

10:45-12:00 MoALS |

Motion Planning Templates:
A Motion Planning Framework for Robots with Low-power CPUs

Jeffrey Ichnowski and Ron Alterovitz
Dept. of Computer Science, University of North Carolina at Chapel Hill, USA

Input MPT  Output

» C++ 17 template header-only library for
fast, parallel, robot-specific, motion planners

« Compile-time algorithms generate run-time
data structures and algorithms

« Outperforms motion planners based upon
virtual methods and runtime polymorphism

« https://robotics.cs.unc.edu/mpt
https://github.com/UNC-Robotics/mpt

C++ 17 templates,
compile-time algorithms

planner
options

4'cores

[10:45-12:00 MoA1.2

Cartesl/O: A ROS Based Real-Time Capable
Cartesian Control Framework

Arturo Laurenzi, Enrico Mingo Hoffman, Luca Muratore,
and Nikos Tsagarakis
HHCM Lab, Istituto Italiano di Tecnologia (IIT), Italy

* Novel framework for Cartesian Control of
complex robotic platforms

» Main focus is online control, possibly under
real-time constraints

» Complete ROS API allows for configuration
and interaction with the controller via
parameters, topics, services, actions, ...

« Experiments on the wheeled-legged

Online control of the
Centauro robot via Rviz

quadruped Centauro and humanoid Coman+ markers

10:45-12:00 MoAl1.4

Julia for robotics: simulation and real-time
control in a high-level programming language

Twan Koolen and Robin Deits
CSAIL, MIT, USA

« Julia programming language promises both C-
like performance and Python-like ease of use.

« Authors have developed Julia packages for
dynamics, visualization, simulation,
optimization, and control.

« Benchmarks show that RigidBodyDynamics.jl
Julia dynamics package is competitive with Atlas walking in Julia sim
RBDL. environment with pure-

« Balancing and walking controllers demonstrate Julia controller
feasibility for online control. (except QP solver)

[10:45-12:00 MoA1.6

Autonomous Parallelization of Resource-Aware
Robotic Task Nodes

Sebastian Brunner and Andreas Démel and Freek Stulp et al.
German Aerospace Center, Robotics and Mechatronics Center, Germany
Michael Beetz
University of Bremen, Institute for Artificial Intelligence, Germany

» Resource-Aware Task Nodes (RATNs): a
powerful descriptive action model for robots

+ Concurrent Dataflow Task Networks (CDTNSs):
robotic plans consisting of RATNs

+ CDTNs allow for autonomous parallelization of
actions and pre-calculation of intermediate
task re%ults . Conversion of a HSM to a

 Execution speedup of more than 25 % in Concurrent Dataflow Task
simulated mobile manipulation scenarios Network
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Distortion-free Robotic Surface-drawing
using Conformal Mapping

Daeun Song and Young J. Kim
Computer Science and Engineering, Ewha Womans University, Republic of Korea

« Our system generates visually-pleasing,
robotic pen drawings on general surfaces with
minimal distortion.

« We use an idea of conformal mapping to
preserve both angles and shapes of original
2D drawing when mapping it on to the target
3D surface.

« An impedance-control technique counteracts
the potential uncertainties caused by the

sensor noises as well as the numerical noises. | -~ -
Robot Drawing Setup
and Result
10:45-12:00 MoAL3 |

Mobile Robotic Painting of Texture

Majed El Helou Stephan Mandt
EPFL, Switzerland  UCI, United States of America

Paul Beardsley
Disney Research, Switzerland

Andreas Krause
ETHZ, Switzerland

» We aim to infer robot spray-painting commands to automatically recreate
a desired target texture.

« A convolutional differentiable spray-painting simulator is created to enable
end-to-end painting training in an autoencoder fashion.

« Inferring spraying commands, with controllable accuracy-efficiency
tradeoffs, requires a simple pass through the encoder.

10:45-12:00 MoALS |

Acausal Approach to Motion Cueing

Aman Sharma, Mohamed Sadiq Ikbal and Matteo Zoppi
PMAR Robotics Lab, University of Genoa, Italy

« Developed discrete-time (DT) model of
classical motion cueing algorithm (MCA)

« Developed acausal cueing algorithm (ACA) to
process future motion data using linear filters

« ACA introduced anticipatory dynamics
(expectation) to motion cues

« Expectation cues were found to have a
positive effect in the field of simulation

SP7 motion simulator

Automated Cell Patterning System with a
Microchip using Dielectrophoresis

Kaicheng Huang, Henry K. Chu, Bo Lu, Jiewen Lai and Li Cheng
Department of Mechanical Engineering, The Hong Kong Polytechnic University,
Hong Kong

« A cell patterning system consisting of a height-adjustable microchip
and a movable substrate was developed

» Negative dielectrophoresis was employed for cell patterning

« Tests were conducted to examine the effect of different
experimental parameters

« This system provides a simple and non-contact method with high
flexibility to create large-scale cell patterns

=5 = ¥

10:45-12:00 MoAl1.4

Detecting Invasive Insects with Unmanned Aerial
Vehicles

Brian Stumph, Marquette University
Miguel Hernandez Virto, Marquette University
Henry Medeiros, Marquette University
Amy Tabb, USDA-ARS-AFRS
Kevin Rice, United States Department of Agriculture Agricultural
Research Se
Tracey Leskey, United States Department of Agriculture
Agricultural Research Se

[10:45-12:00 MoA1.6

Development of Performance System with
Musical Dynamics Expression on Humanoid
Saxophonist Robot

Jia-Yeu LIN, Mao KAWAI and Yuya NISHIO
Department of Integrative Bioscience and Biomedical Engineering,
Waseda University, Japan.

Sarah COSENTINO, Atsuo TAKANISHI
Department of Modern Mechanical Engineering, Waseda University, Japan.

Body Parts DoF

« Develop a control system allowing the o 2
__Lips 2

saxophonist robot to perform with different
sound pressure levels

« Construct a physical model describing the
mouthpiece-reed-lip system during the sound
production of a saxophone

+ The model is double verified by simulation
results and experiments on the robot-
saxophone system

Waseda Anthropomorphic
Saxophonist Robot Ver.5
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Robust Object-based SLAM A Fault Diagnosis Framework for MAVLink-
for High-speed Autonomous Navigation Enabled UAVs Using Structural Analysis

Kyel Ok*', Katherine Liu*'2, Kris Frey?,
Jonathan P. How?, and Nicholas Roy'?
1Computer Science and Artificial Intelligence Laboratory, MIT, USA
2Department of Aeronautics and Astronautics, MIT, USA

Georgios Zogopoulos-Papaliakos, Michalis Logothetis
and Kostas J. Kyriakopoulos
Department of Mechanical Engineering, NTU Athens, Greece

« Use a camera to build a map with semantic * MAVLink is the most popular UAV telemetry
labels and geometric information E protocol, yet hasn’t been exploited for
« Estimate objects as ellipsoids using bounding ===+ diagnostic purposes.
box detections, image texture, and semantic « A Fault Diagnosis framework for UAVs is
shape knowledge N ) presented, applicable to general classes of
» Overcome the observability problem in airframes.
ellipsoid-based SLAM under common forward- - Structural Analysis is employed to

ranslating vehicle motions automatically generate residual signals, based
on a generic UAV model and the available
MAVLink telemetry.
+ Case-study on an actual UAV crash provided ~ Diagnostic Method Output

10:45-12:00 MoAL3 | [10:45-12:00 MoAl.4 |

Real-Time Minimum Snap Trajectory Generation
for Quadcopters: Algorithm Speed-up Through
Machine Learning

Beauty and the Beast: Optimal Methods Meet
Learning for Drone Racing

Elia Kaufmann*, Mathias Gehrig*, Philipp Foehn*, Rene Ranftl**,
Alexey Dosovitskiy**, Vladlen Koltun**, Davide Scaramuzza*
*University of Zurich, Switzerland
**Intel Labs, Germany

Marcelino Aimeida, Rahul Moghe and Maruthi Akella
Department of Aerospace Engineering and Engineering Mechanics,
University of Texas at Austin, USA

« We speed up the process of generating optimal trajectory for « DNN predicts relative gate pose and
quadcopters. The main bottleneck on this process concerns of finding the measurement covariance
optimal time to traverse waypoints. « Kalman Filter fuses measurement and
« We use a dataset of over thirty thousand minimum snap trajectories for prior map via covariance over time
training a neural network for learning optimal time allocation solutions. « MPC generates feasible predictions and
« Based on special properties of the minimum snap problem, our method commands simultaneously
presents how the input data should be pre-processed to be used as « Allows for reactive and stable control of
inputs to the neural network. dynamic systems with high-level DNN

« The use of a neural network speeds up the process by two orders of
magnitude at the cost of slightly sub-optimal solutions.

10:45-12:00 MoALS | [10:45-12:00 MoA1.6
Detection & Reconstruction of Wires Pose and Posture Estimation of
Using Cameras for Aircraft Safety Systems Aerial Skeleton Systems for Outdoor Flying

) ) Sangyul Park, Yonghan Lee, Jinuk Heo and Dongjun Lee
Adam Stambler, Gary Sherwin, Patrick Rowe Department of Mechanical & Aerospace Engineering,

Near Earth Autonomy, USA Seoul National University, Republic of Korea

« Aerial skeleton system: articulated aerial
robot actuated by thrust of distributed rotors

* Propose novel state estimation algorithm for
IMU/GNSS-based outdoor flight of aerial
skeleton system

+ Constrained KF based estimation combining
individual SE(3)-pose estimation at each link

« New technique to detect and
reconstruct the location of wire
hazards from a forward looking
camera

« Wires detections at ranges of over
1km make the technique relevant to
future aircraft safety systems.

and kinematic constraint of the entire system o goor flight experiment of

« A new public dataset of over 40 High tension power line detected (pink) at - Semi-distributed version of the algorithm to 3-link aerial skeleton system

approaches to wire hazards at 5 a range of over 750m in a helicopter’s

different locations forward looking camera. endow with scalability when the number of

link extremely increases
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Flight Testing Boustrophedon Coverage Path
Planning for Fixed Wing UAVs in Wind

Matthew Coombes, Wen-Hua Chen, Cunjia Liu
Aeronautical and Automotive Engineering, Loughborough University , UK

« Fixed wing UAV agricultural survey coverage
path planning

« Flight test validation of flight time in wind
model used in authors previous coverage path

planner
« Multiple surveys (different angles and wind
conditions) conducted, real flight times Boustrophedon path with
compared to times calculated from model total image coverage of
« Validation of steady uniform wind assumption field with overlap

using S1000 with ultrasonic wind sensor

10:45-12:00 MoA1.3 |

Real-Time Planning with Multi-Fidelity Models
for Agile Flights in Unknown Environments

Jesus Tordesillas, Brett Lopez and Jonathan P How
Aerospace Controls Laboratory, MIT, USA
John Carter and John Ware
Robust Robotics Group, MIT, USA

« Address the negative interaction between the
local and the global planners.

« Use multi-fidelity models to efficiently estimate
the real cost-to-go of a trajectory.

« Simulation and hardware experiments,
showing agile flights in unknown

environments, with replanning times =5-40 ms. ~ In blue the optimal trajectory
(world known) and in red our

method (world unknown)

10:45-12:00 MoALS5 |

Priority Maps for Surveillance and Intervention
of Wildfires and other Spreading Processes

Vera Somers and lan Manchester
Australian Centre for Field Robotics, University of Sydney, Australia

« Creating priority maps for dynamic spreading

processes for both surveillance and 1
intervention purposes 08 _
« The framework utilizes the properties of O-GE
positive systems to provide scalable 04
algorithms - 02

« Results of fictional landscapes convey the
proposed method provides quick, good results

« The obtained priority maps can be used as an
input for UAV path planning problems

Obstacle-aware Adaptive Informative Path
Planning for UAV-based Target Search

Ajith Anil Meera, Marija Popovic
Alexander Millane and Roland Siegwart
Department of Mechanical Engineering, ETH Zurich, Switzerland

Autonomous target search algorithm considering:
- view occlusion,
- area coverage,
- information gain,
- obstacle avoidance,
- sensor uncertainty and
- height dependent sensor performance.

UAV searching for human
targets.

[10:45-12:00 MoA .4

Efficient Trajectory Planning for High Speed
Flight in Unknown Environments

Markus Ryll', John Ware', John Carter' and Nick Roy'
1CSAIL, Massachusetts Institute of Technology, Cambridge, USA

We present a receding-horizon planning

architecture for UAVs in unknown, urban

environments that enables fast replanning

necessary for reactive obstacle avoidance. We

achieve this by:

« Efficient spatial partitioning data structures
to reason about geometry in real-time

« Dynamic velocity planning according to
obstacle density B

* Receding horizon, minimum-jerk trajectory
generation to enable smooth, robust, high-

speed flight 720m autonomous fIigh't
with peak velocities of 7m/s
[10:45-12:00 MoAL.6 |

AgriColMap: Aerial-Ground Collaborative
3D Mapping for Precision Farming

Ciro Potena', Raghav Khanna?, Juan Nieto?,
Roland Siegwart?, Daniele Nardi', and Alberto Pretto’

Department of Computer, Control, and Management
Engineering “Antonio Ruberti“, Sapienza University of Rome, Italy
2Autonomous Systems Lab, ETH Zurich, Switzerland

Y ettt s

_ B

iy ;

« Novel map registration framework
specifically designed for heterogeneous
robots in an agricultural environment

» We cast the data association problem as a
multimodal, large displacement dense
optical flow estimation

» We evaluate our system using real world
data for 3 fields with different crop species

. . AgriColMap enables to accurately merge

+ Datasets and open-source implementation 'z independenty buit from UAVs and

released with this paper UGVs
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MoAL.1 |

A Practical Approach to Insertion with Variable
Socket Position Using Deep Reinforcement
Learning
Mel Vecerik, Oleg Sushkov, David Barker,

Thomas Rothorl, Todd Hester, Jon Scholz
DeepMind, UK

RL from Demonstration algorithm, using
vision and force-feedback.

Learns robust controllers for difficult
insertion tasks in under 20 minutes.

Does not require modeling, simulation, ~
object trackers, reward shaping, or Deformable-clip insertion
manual tuning of control parameters. With variable socket pose

10:45-12:00 MoAL3 |

Uncertainty Aware Learning from Demonstrations in
Multiple Contexts using Bayesian Neural Networks

Sanjay Thakur, Juan Gamboa, David Meger, Doina Precup
Computer Science, McGill University, Canada
Herke Van Hoof
Informatics Institute, University of Amsterdam, Netherlands

« Neural network controllers can silently and
unexpectedly fail when conditions change.

» We propose using Bayesian neural nets to
quantify predictive uncertainty in the Learning
from Demonstration setting.

» We show that predictive uncertainty can flag
when the controller will likely fail.

* Requesting data only when failure is likely can
reduce the amount of demonstrations
necessary to learn a good controller.

We demonstrate our
method on a Furuta
Pendulum.

10:45-12:00 MoALS |

A Data-Efficient Framework for Training and

Sim-to-Real Transfer of Navigation Policies
Homanga Bharadhwaj*
Department of Computer Science, IIT Kanpur, India
Zihan Wang*
Engineering Division, University of Toronto, Canada
Liam Paull and Yoshua Bengio
Mila, Universite de Montreal, Canada

« We incorporate adversarial domain - il
adaptation for developing a gradient-
based planner that transfers well from =
simulation to the real environment - o
» We train our model primarily in a
simulation environment using imitation
learning and through domain adaptation
and little fine-tuning in the real setup,
show that the model transfers well.

[10:45-12:00

Uncertainty-Aware Active Data Aggregation for
Deep Imitation Learning

Yuchen Cui, Scott Niekum

Computer Science, University of Texas at Austin, USA
David Isele, Kikuo Fujimura
Honda Research Institute, USA

« UAIL is a data aggregation algorithm that aims
to collect training data at uncertain points of a
given deep model; :

+ During on-line data collection, UAIL utilizes :
predictive uncertainty to anticipate mistakes and AY
switch control to a human expert; : &d )= Eprt Domo

[

Agent Exeoution

+ Given similar amount of human effort during
data collection, the deep model trained with
UAIL data outperforms alternative methods in
our simulated driving tasks.

= Suh-optimal Stute
Sub-opdinnal Area

© Unceriain State

10:45-12:00 MoAl1.4

Learning from Demonstration in the Wild
Feryal Behbahani, Kyriacos Shiarlis, Xi Chen,
Vitaly Kurin, Sudhanshu Kasewa, Ciprian
Stirbu, Jodo Gomes, Supratik Paul, Frans A.
Oliehoek, Joao Messias and Shimon Whiteson
Latent Logic, England; University of Oxford, England;
Delft University of Technology, Netherlands

« We propose video to behaviour (ViBe), a new
approach to learn models of behaviour from
unlabelled raw video data of a traffic scene
collected from a single, monocular, uncalibrated
camera with ordinary resolution.

ViBe calibrates the camera, detects relevant
objects, tracks them through time, and uses the
resulting trajectories to perform LfD.

We apply ViBe to raw videos of a traffic
intersection and show that it can learn purely
from videos, without additional expert knowledge.

[10:45-12:00 MoAL.6 |

Simulating Emergent Driving Properties Using
Reward Augmented Imitation Learning

Raunak Bhattacharyya, Derek Phillips, Changliu Liu,
Jayesh Gupta, Katherine Driggs-Campbell and Mykel J. Kochenderfer
Stanford University, U.S.A

State of the art multi-agent imitation learning struggles

to model emergent properties arising from interactions

* Reward Augmented Imitation Learning allows for
the learning agent to learn from domain knowledge
as well as expert demonstrations

» Our method captures unmodeled global phenomena
and emergent properties

« We demonstrate improved imitation performance on
real-world driving data for local, global, and
emergent driving properties

Snapshot of generated traffic
scene from proposed model,
capturing realistic, emergent
driving phenomena in multi-
agent settings
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A Supervised Approach to Predicting Noise in
Depth Images

Chris Sweeney and Greg Izatt
EECS, MIT, US
Russ Tedrake
EECS, MIT, US

Simulated Depth  Realistic Depth Image

+ Current depth simulations are too unrealistic to verify robotic tasks
+ We use a CNN to learn and predict depth camera dropouts
» Our method closes the reality gap for practical perception tasks

10:45-12:00 MoAL3 |

A Learning Framework for High Precision
Industrial Assembly

Yongxiang Fan and Masayoshi Tomizuka
Mechanical Engineering, University of California, Berkeley, USA
Jieliang Luo
Media Arts & Technology, University of California, Santa Barbara, USA

« We propose a reinforcement learning
(RL) framework called guided-DDPG for =5
industrial assembly

« Guided-DDPG combines model-free RL
(DDPG) and model-based RL (GPS).

« Guided-DDPG is more efficient than
DDPG, and more reliable than GPS.

« The effectiveness is verified by both
simulation and experiment.

Figure: Guided-DDPG on
Lego brick insertion.

10:45-12:00 MoALS |

Learning to Predict Ego-Vehicle Poses for
Sampling-Based Nonholonomic Motion Planning

Holger Banzhaf, Paul Sanzenbacher, and Ulrich Baumann
Robert Bosch GmbH, Corporate Research, Germany
J. Marius Zéliner
FZI Research Center for Information Technology, Germany

« Prediction of future ego-vehicle
poses given the current environment
as well as the start and the goal
state using a CNN

« Integration of those predictions into
the sampling of Bidirectional RRT* to
improve its efficiency in challenging
automated driving scenarios

« Benchmark against uniform
sampling and an A*-based heuristic

[10:45-12:00 MoA1.2

Quantum Computation in Robotic Science
and Applications

Christina Petschnigg, Mathias Brandstétter*, Horst Pichler,

Michael Hofbaur and Bernhard Dieber
Institute for Robotics and Mechatronics, JOANNEUM RESEARCH

« Position paper on the expected impact of
quantum computing on the field of robotics

« Potential applications of quantum computing in
key methodologies and components of robots
are described

« Possible challenges related to the use of
quantum computing in robotics are discussed

« Detail are given in artificial intelligence and
machine learning, sensing and perception,
kinematics as well as system diagnosis

10:45-12:00 MoA14 |

Manipulation by Feel: Touch-Based Control with
Deep Predictive Models

Stephen Tien®, Frederik Ekers®, Dines

ey Mitwi Mudiganss, Chelses Frn, Fob

Fine Manipulation based on tactile information only

Custom Build
GelSight Sensor

Rolling 20-sided die

Rolling a Bearing Ball Moving Analog Stick

Tactile MPC: Sampling-based planning with deep
visual dynamics model

—

Deep visual dynamics model

2 kB
oy PP ol
[10:45-12:00 MoA1.6

Learning from humans how to grasp: a data-driven
architecture for autonomous grasping with
anthropomorphic soft hands
Cosimo Della Santina, Visar Arapi, Giuseppe Averta,

Francesca Damiani, Gaia Fiore, Alessandro Settimi, and Matteo Bianchi
Centro E. Piaggio, University of Pisa, Italy

Davide Bacciu
Dipartimento di Informatica, University of Pisa, Italy

Manuel G. Catalano, Antonio Bicchi
Department of Advanced Robotics, Istituto Italiano di Tecnologia, Italy

Soft hands come with clear advantages in
terms of ease-to-use and robustness if
compared with classic rigid hands, when
operated by a human.

However, their potential for autonomous
grasping is still largely unexplored, due to the
lack of suitable control strategies.

+ We propose a human inspired multi-modal,
multi-layer learning architecture that
combines feedforward components with
reactive sensor-triggered actions, able to
exploit effectively the intelligence embodied
in the soft hand to perform dexterous grasps.

Pimi

Diep Clacszhier
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3D Printed Soft Pneumatic Actuators with Intent
Sensing for Hand Rehabilitative Exoskeletons

Benjamin W.K. Ang, Chen-Hua Yeow
Department of Biomedical Engineering, National University of Singapore,
Singapore

« Soft pneumatic actuators are often limited to
1DoF bending and sensing.

« Adopting a dual chamber fold-based design
allows for bidirectional bending and intent
sensing for finger flexion-extension.

« Design, fabrication process of the actuators .’
and the intent sensing mechanism are Bidirectional bending of
described. fold-based design actuators

« Characterization tests and evaluation of the with intent sensing

actuator are also presented.

10:45-12:00 MoAL3 |

A Novel Skin-Stretch Haptic Device for Intuitive
Control of Robotic Prostheses and Avatars
Nicoletta Colella’, Matteo Bianchi'-3, Giorgio Grioli?,
Antonio Bicchi'22 and Manuel G. Catalano?
'Research Center “E. Piaggio”, Univ. of Pisa, Italy

2Soft Robotics for Human Cooperation and Rehabilitation Lab, IIT, Genoa, Italy
3Information Eng. Department, University of Pisa, 56122, Pisa, Italy

« A skin stretch-based wearable device to deliver
proprioceptive information on artificial hand
aperture

» Worn by a pilot of remote robotic avatars or
integrated in a prosthetic socket

» Results suggest that the system could be a
viable solution for proprioceptive feedback

10:45-12:00 MoALS |

Learning Patient-specific Intervention: Robotics-
vs Telerobotics-mediated Hands-on Teaching

Jason Fong, Carlos Martinez and Mahdi Tavakoli
Electrical and Computer Engineering, University of Alberta, Canada

« The effectiveness of teaching a robot ...}'.-,.;',"'*"? Flin
therapeutic behaviors through robotic and 25

B

telerobotic interfaces is compared B

» Robotics-mediated Kinesthetic Teaching «_ I‘}‘EW_

L

e
(RMKT) may be more intuitive than its = 7
telerobotic equivalent, TMKT, providing better &
RMKT (top) and TMKT

redia.

robotic reproductions of therapeutic behaviors
« A motion-following experiment shows that (bottom) setups for an

behaviors demonstrated in both modalities are example therapy task

able to be imitated accurately, but TMKT

demonstrations have less repeatability

On the Development of Adaptive, Tendon-Driven, Wearable
Exo-Gloves for Grasping Capabilities Enhancement

Lucas Gerez, Junan Chen and Minas Liarokapis
Department of Mechanical Engineering, University of Auckland, New Zealand

« We propose two compact, affordable and
lightweight assistive devices that provide
grasping capabilities enhancement.

* The devices are experimentally tested
through grasping tests, force exertion
capability tests, and motion tracking.

« The body-powered device weighs 335 g,
costs less than 100 USD to produce, and
can exert more than 13 N.

« The EMG controlled motorized device Side view of the proposed exo-
weighs 562 g, costs less than 400 USD to ~ gloves:  body-powered  (top)
produce and can exert more than 16 N. and motorized (bottom).

10:45-12:00 MoAl1.4

Gaze-based, Context-aware Robotic System for
Assisted Reaching and Grasping

Ali Shafti, Pavel Orlov and A. Aldo Faisal
Department of Computing and Department of Bioengineering,
Imperial College London, United Kingdom

« Robotic solution for restoration of reaching
and grasping capabilities

« Gaze and context-driven: Look at objects to
activate complex sequences of action

« 3D gaze estimation method developed
integrating eye-trackers with a depth camera

» Human action grammars used to implement
task-level intelligence and automation

[10:45-12:00 MoA1.6

Development of a Force Sensing System to Measure
the Ground Reaction Force of Rats with Complete SCI

Dollaporn Anopas, Eng Kiat Sei, and Wei Tech Ang
Mechanical Engineering, Nanyang Technological University, Singapore
Junqguan Lin and Sing Yian Chew
Biomedical Engineering, Nanyang Technological University, Singapore
Seng Kwee Wee and Peh Er Tow
Tan Tock Seng Hospital, Singapore

+ Developing force sensing system for measuring
the ground reaction force of rats with severe SCI

« Testing with rehabilitated and non-rehabilitated
spinalized rats with a full transection

* Rehabilitated rats were able to gradually exert
more force as compared to non-rehabilitated rats. t

« This system is feasible to evaluate the motor Experiment for force
recovery of the hindlimbs in spinalized rats. assessment of hindlimb
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10:45-12:00 MoAL.1 | [10:45-12:00 MoA1.2

A Four-magnet System for 2D Wireless Open-
Loop Control of Microrobots

Azaddien Zarrouka, Karim Belharet®, Omar Tahri2 and Antoine
Ferreira2
2PRISME, INSA Centre Val de Loire, France
®PRISME, HEI campus Centre, France

A novel permanent magnets based actuator
capable of 2D wireless control the motion of
microrobots,

« It creates local maxima of the magnetic fields
magnitude at distance in a planar workspace,

« Trapping microrobots at distance makes their
open-loop control possible in presence of

reasonable perturbations, Four-magnet based
« The workspace is reduced, the actuator actuator
displacement is simplified (No orientation is
needed).
10:45-12:00 MoAL3 |

Tetherless Mobile Micro-Surgical Scissors Using
Magnetic Actuation

Onaizah Onaizah and Eric Diller
Department of Mechanical and Industrial Engineering, University of Toronto,
Canada

« Introducing a proof-of-concept prototype of the
first completely wireless surgical scissors
capable of dexterous motion .

« A 3D magnetic coil system is used to generate
an external magnetic flux density of 20 mT and
is used for cutting as well as orienting, moving
and closing the scissors.

« The scissors can generate up to 75 mN of

M aclll
cutting force and are capable of cutting agar in i

R sl MRl
a remote environment as a mobile microrobotic &)Top view and b) side view

device. of the prototype scissors. c)
3D simulation of cutting.
10:45-12:00 MoALS |

Modular FBG Bending Sensor for Continuum
Neurosurgical Robot

Nahian Rahman, Nancy Deaton, Jun Sheng, and Jaydev P. Desai
The Wallace H. Coulter Department of Biomedical Engineering, Georgia
Institute of Technology, USA
Shing Shin Cheng
Mechanical and Automation Engineering, University of Hong Kong, China

* Bending sensor (1 mm diameter) comprised of
a fiber Bragg grating (FBG) fiber, a
Polydimethylsiloxane (PDMS) cylinder, and a
superelastic spring

« The sensor does not require to be glued
entirely with the robot-backbone and it adds
insignificant rigidity (bending stiffness <3x10-5
N/mm) to the robot

« The sensor is customizable, and it has been
fabricated using 3D-printed molds

Bending sensor prototype
(right)

Nitinol Living Hinges for
Millimeter-sized Robots and Medical Devices

Peter York and Robert Wood
John A. Paulson School of Engineering, Harvard University, USA

« Living hinges facilitate the creation of .
compact, large-range-of-motion transmissions. \
« Manufacturing process is based on
mechanical etching and laser micromachining. €
V"

+ Can be properly sized using the processing
parameters and stiffness model presented.

+ Endoscopic wrist mechanism and laser beam
steering device demonstrate the usefulness of
these components.

10:45-12:00 MoAl1.4

A Large-Deflection FBG Bending Sensor for SMA
Bending Modules for Steerable Surgical Robots

Jun Sheng, Nancy J. Deaton, and Jaydev P. Desali,
Department of Biomedical Engineering, Georgia Institute of Technology, USA

« Developed a fiber Bragg grating (FBG)
bending sensor for shape memory alloy (SMA)
bending modules.

« By using an ultra-thin substrate and flexible
adhesive, the sensor has low stiffness and can
measure large curvatures.

+ Due to orthogonal arrangement, the influence  g\a Bending module

of temperature variation caused by SMA integrated with the developed
actuation can be compensated. sensor
[10:45-12:00 MoA1.6

A Compact Dental Robotic System Using Soft
Bracing Technique

Jing Li, Zhong Shen, Wen Yu Tian Xu and Zheng Wang*
Mechanical Engineering, the University of Hong Kong, China
Walter Yu Hang Lam and Edmond Ho Nang Pow
Discipline in Prosthodontics, Faculty of Dentistry, the University of Hong Kong,
China
Richard Tai Chiu Hsung
Information Engineering, Guandong University of Technology, China
Kazuhiro Kosuge
Department of Robotics, Tohoku University, Japan

+ A 6 DOF manipulator with optimized
workspace for dental procedures.

« Compact structure realized by tendon-sheath
mechanism.

« Bracing technique applied for increasing
system stiffness.
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10:45-12:00 MoAL.1 | [10:45-12:00 MoA1.2

Towards Learning Abstract Representations for
Locomotion Planning in High-dimensional State
Spaces

Fast Stochastic Functional Path Planning in
Occupancy Maps

Gilad Francis', Lionel Ott' and Fabio Ramos'?
1. School of Computer Science, The University of Sydney, Australia
2. NVIDIA, USA

Tobias Klamt and Sven Behnke
Autonomous Intelligent Systems, University of Bonn, Germany

Cew g T e

| « Functional gradient path optimisation in -~
ra‘t\“lll continuous occupancy maps — instead of i

sampling-based methods (RRT, PRM, etc.)

« Generate an abstract representation for a
high-dimensional planning problem i

* Represent the cost function as a CNN to =
mitigate manual tuning efforts

« Use the abstract representation to generate
an informed powerful heuristic

* Use heuristic to plan hybrid driving-stepping
locomotion paths for large scenes in
feasible times

« Utilises kernel approximation and stochastic
gradient descent for a fast optimisation of an
expressive and continuous path.

—
A traditional planner is
supported by a heuristic
based on a learned
abstract representation

« Fixed computational complexity — instead of a
cubic cost of a non-parametric representation.

10:45-12:00 MoA1l.4

EWUIR ror nedi-iune
1man Collision Avoidance

bert*, David Fridovich-Keil,
«ar, Anca Dragan, Claire Tomlin
iter Science, UC Berkeley, USA

MoAL.3 | [10:45-12:00

Lazy Evaluation Of Goal Specifications Guided
By Motion Planning

« We enable fast human motion prediction b
* We generate safe and real-time multi-robot
* We demonstrate our robust multi-human, i

10:45-12:00 MoALS5 |

Reconfigurable Motion Planning and Control in
Obstacle Cluttered Environments under Timed
Temporal Tasks
Christos K. Verginis and Dimos V. Dimarogonas
Decision and Control Systems, KTH, Sweden
Constantinos Vrohidis, Charalampos P. Bechlioulis, and Kostas J.

Kyriakopoulos
Control Systems Laboratory, NTUA, Greece

« Timed temporal tasks over discretized
obstacle environment subject to minimal
control effort

« Formal verification and convex optimization
techniques for timed plan derivation

« Employment of continuous control for
navigation in prescribed time

« lteration of plan derivation between transitions
for control effort optimization

Execution of a time plan in
3 regions of interests

Juan David Hernandez, Mark Moll, Lydia E. Kavraki
Computer Science, Rice University, USA

This work introduces a lazy grounding approach

for dealing with multi-interpretation requests:

« Such requests are formulated as a motion
planning problem, where interpretations are
represented with goal regions.

« A new planner solves this start-to-goal-region

problem. The manipulator arm of the
- Areward-penalty strategy prioritizes promising F‘E'Cht Robot is 't”hs"fcgfd“m
goal regions. puta cup on the table,

; . ) . . when multiple cups are
« Experimental evaluation with simulation and available in the scene.

real-world tests.

[10:45-12:00 MoAL.6

Learning Navigation Behaviors End-to-End
with AutoRL

Hao-Tien Lewis Chiang*, Aleksandra Faust*, Marek Fiser, Anthony
Francis
Robotics at Google, Google Al, Mountain View, CA 94043, USA
*Authors contributed equally

* Learn end-to-end, point-to-point and path-
following policies that avoid moving obstacles.

« AutoRL: evolutionary automation layer around
deep Reinforcement Learning.

+ Searches for best reward and neural network
architecture that comples the task with large-
scale hyper-parameter optimization.

* Learned policies >20% more successful,
generalize to new envrionments, and are
resilient to sensor and localization noise.

Moving obstacle
avoidance in unstructured
envrionments
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10:45-12:00 MoAL.1 |

Door opening and traversal with an industrial
cartesian impedance controlled mobile robot

Marvin Stuede, Kathrin Nuelle, Svenja Tappe and Tobias Ortmaier
Institute of Mechatronic Systems, Leibniz University Hannover, Germany

« Approach for autonomous door handle
detection, door opening and traversal

* CNN in combination with depth data
segmentation used for handle detection

« Door opening by task frame formalism based
controller as outer loop for impedance control ;
« Evaluation for 12 different handles and 5 I
different doors
10:45-12:00 MoAL3 |

Neural Network Pile Loading Controller
Trained by Demonstration

Eric Halbach and Reza Ghabcheloo
Automation and Mechanical Engineering, Tampere University, Finland
Joni Kamarainen
Computing Sciences, Tampere University, Finland

« Neural Network (NN) controllers were
developed for automated scooping with a
robotic wheel loader

» NNs were trained with recorded data from
manually controlled scooping actions

« Comparisons in scooping performance were
made between NNs with different training and
structure

« Apile transfer test compared an NN controller,
heuristic controller and manual control

10:45-12:00

A Model-Free Extremum-Seeking Approach to
Autonomous Excavator Control Based on
Output Power Maximization

MoALS |

Filippos E. Sotiropoulos and Harry H. Asada
Mechanical Engineering, MIT, USA

« Autonomous excavator trajectory planning is
approached by maximizing mechanical
power output to soil.

« Unique bucket depth for maximum power
output proven.

« Extremum-seeking algorithm used to
determine depth set-point online without
bucket-soil model.

« Successfully implemented and tested on
miniature electric excavator.

[10:45-12:00 MoA1.2

An Algorithm for Odor Source Localization
based on Source Term Estimation

Faezeh Rahbar, Ali Marjovi, Alcherio Martinoli
Distributed Intelligent Systems and Algorithms Laboratory,
School of Architecture, Civil and Environmental Engineering,
Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland

+ Design and evaluation of an algorithm based
on source term estimation for odor source
localization

« An innovative navigation strategy to balance
exploration and exploitation

« Evaluated systematically through high-fidelity
simulations and in a wind tunnel

+ Studied the impact of multiple algorithmic and
environmental parameters

The experimental
environment with a
Khepera IV robot and the
emulated odor source

10:45-12:00 MoAl1.4

Dynamic Manipulation of Gear Ratio and Ride Height for a
Novel Compliant Wheel using Pneumatic Actuators

Tim Hojnik and Paul Flick and Tirthankar Bandyopadhyay
Cyber Physical Systems, Data61, CSIRO, Australia
Jonathan Roberts
Science and Engineering, QUT, Australia

« Configurable wheel exhibits desired properties
of varied radius wheels by adjusting ride height

« Uses pneumatic cylinders to move centre hub
and exhibit compliance via air compressibility

« Kinematic model of the system presented for
theoretical calculations and control system

« Controller and system built and demonstrated
functionality with gravity loading results of
manipulating the effective radius

Four wheels mounted to
platform demonstrating
ride height adjustment.

[10:45-12:00 MoA1.6

The SlothBot: A Novel Design
for a Wire-Traversing Robot

Gennaro Notomista, Yousef Emam and Magnus Egerstedt
Institute for Robotics and Intelligent Machines,
Georgia Institute of Technology, USA

« In this paper we present the SlothBot, a solar-
powered, slow-paced, energy-efficient robot
capable of moving on a mesh of wires.

* The SlothBot is suitable for long-term robotic
tasks such as environmental monitoring and
agriculture robotics applications.

+ The design of a novel fail-safe wire-switching
mechanism is presented, and it is tested on a
robot prototype.

+ The results of preliminary long-term monitoring
experiments are also reported.
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10:45-12:00 MoAL.1 |

Feasible coordination of multiple heterogeneous
mobile vehicles with various constraints

Zhiyong Sun, Marcus Greiff, Anders Robertsson
and Rolf Johansson

LCCC Linnaeus Center and the ELLIIT Excellence Center

Department of Automatic Control, Lund University, Sweden

+ Various constraints for mobile vehicle
coordination involve holonomic/nonholonomic
motion constraints, equality/inequality task
constraints, etc.

Via viability theory, we derive differential-algebraic -
equations to determine coordination feasibility fo
multiple homogeneous or heterogeneous mobile
vehicles.

K £ T

A heuristic motion-generation algorithm is
proposed to generate feasible trajectories for
each individual vehicle.

Coordinating three mobile vehicles with
visibility and distance motion constraints.

10:45-12:00 MoA1.3 |

Efficient Kinodynamic Multi-Robot Replanning in
Known Workspaces

Arjav Desai, Matthew Collins, and Nathan Michael
The Robotics Institute, Carnegie Mellon University, U.S.A

« We leverage offline state lattice reachability
analysis to decouple the kinodynamic planning
problem into two sequential graph searches.

« The first graph search finds safe geometric
paths in the geometric workspace graph.

 The second graph search assigns higher-order
derivatives to the vertices of geometric paths.

» Without additional refinement, trajectories are
dynamically feasible and safe even from non-
stationary start states.

» The proposed approach can generate
trajectories for up to 10 robots in under 1 s.

Trajectories for 10 robots
in 3 dimensional
warehouse environment
from non-stationary initial
states

10:45-12:00 MoALS5 |

PRIMAL: Pathfinding via Reinforcement and
Imitation Multi-Agent Learning
Guillaume Sartoretti, Justin Kerr, Yunfei Shi, and Howie Choset
Robotics Institute, Carnegie Mellon University, USA
Glenn Wagner
CSIRO, Australia
T. K. Satish Kumar and Sven Koenig
Computer Science Department, University of South California, USA
« Distributed reinforcement learning and imitation
learning to online multi-agent path finding.
« Improved scalability (up to 1024 agents), no
communication required among agents.
+ Extensive experimental comparison with
state-of-the-art planners (CBS / M* / ORCA).
+ Outperforms every other planner in
environments with low density of obstacles,
but struggles in cluttered scenarios.
+ Experimental validation on physical robots.

Team of 2 physical robots
and 2 simulated robots
planning paths in a factory
mockup using PRIMAL.

[10:45-12:00 MoA1.2

Turn-minimizing multirobot coverage

Isaac Vandermeulen and Roderich GroR3
Automatic Control & Systems Engineering, University of Sheffield, UK
Andreas Kolling
iRobot, USA

» Environment is decomposed into sets of
perimeter ranks and interior ranks

« Interior ranks cover a contracted rectilinear
polygon and have orientation determined to
minimize the number of turns needed

» Ranks converted into paths by solving the
multiple traveling salesperson problem

+ Used to compute vacuuming plans for the
iRobot Roomba using real world maps

[10:45-12:00 MoAl.4 |

Chance-Constrained Collision Avoidance for
MAVs in Dynamic Environments

Hai Zhu and Javier Alonso-Mora
Cognitive Robotics, Delft University of Technology, Netherlands

“amed
Trajactery

« Online collision avoidance for MAVs using
chance-constrained model predictive control

« Collision probability is ensured to be below
a user specified threshold

« Atighter bound for chance constraints over
ellipsoidal obstacles, accounting for robot
localization, sensing uncertainties

« Incorporation of chance constraints into
three frameworks for multi-robot motion
planning

Schematic of quadrotors,
human, plans and uncertainties

[10:45-12:00 MoAL.6

Multi-Robot Motion Planning with Dynamics via
Coordinated Sampling-Based Expansion Guided
by Multi-Agent Search

Duong Le and Erion Plaku
EECS, Catholic University of America, USA

» Combine sampling-based motion planning
with multi-agent search

« Coordinated expansion of motion tree
along routes obtained by multi-agent
search

« Construct roadmap to provide suitable
discrete abstraction

« Approach is shown to be significantly
faster than related work
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10:45-12:00

MoAL.1 |

Cannot avoid penalty? Let's minimize

Chayan Sarkar and Marichi Agarwal
TCS Research & Innovation, India

« Scheduling a wave of tasks to a group of
homogeneous robots in a warehouse, where a
soft task deadline signifies the desired time by
which it should be completed; otherwise, it
incurs a penalty.

« During the peak times, a large number of tasks
are bound to miss their deadline leading to a L
significant accumulation of penalty.

« We develop minimum penalty scheduling
(MPS) that tries to minimize the overall penalty
while completing all the tasks.

« MPS is robust, scalable and near optimal.

Performance comparison
for 1000 tasks and linearly
increasing robots.

10:45-12:00

MoA1.3 |

End-Effector Pose Correction for
Versatile Large-Scale Multi-Robotic Systems

Lukas Stadelmann, Timothy Sandy and Jonas Buchli
Agile & Dexterous Robotics Lab, ETH Zurich, Switzerland
Andreas Thoma
Gramazio Kohler Research, ETH Zurich, Switzerland

« We present a fully-integrated end-effector
positioning system for large-scale multi-robotic F*%
setups.

« Static and dynamic correction is implemented
using fused data of an external pose tracking
system and an IMU.

« The capabilities of the conventional robot
setup are extended and its usability and
efficiency is fundamentally improved.

Robotic Fabrication Lab
(RFL), ETH Zurich

10:45-12:00

MoALS5 |

Circular and Concentric Formation
of Kinematic Unicycles

M.Igbal', S.Azumaz?, J. Leth3, T.D.Ngo*
TInternational Islamic University, Pakistan
2Nagoya University, Japan
3Aalborg University, Denmark
“University of Prince Edward Island, Canada

Circular formation and concentric formation

stabilization problem of kinematic unicycles

« Distributed control laws driving unicycles to #
converge to a common circle.

« Velocity control law enabling unicycles to
achieve a specific formation on the circle

« Concentric formation by dividing unicycles < P
into groups. Ny

« Distributed control laws reinforcing each
group at a desired circular orbit from the
stationary center.

N

HNCP with three groups of a
beacon and three agents

[10:45-12:00 MoA1.2

Mixed-Granularity
Human-Swarm Interaction

Jayam Patel, WPI Yicong Xu, PTC Carlo Pinciroli, WPI

&%

* We consider the problem of an
intuitive interface to interact
with a robot swarm for
accomplishing a complex task
— collective transport.

* We propose an interface
design to use multiple
modalities of swarm control;
robot-oriented and

environment-oriented 9 S
* We validate the interface with = e <=

a user study and proved the =l

importance of a mixed-

granularity interface over using 5\ Ongin Markar

a single modality.

[10:45-12:00 MoA .4

Flexible collaborative transportation
by a team of rotorcraft

Hector Garcia de Marina' and Ewoud Smeur?
TUAS Center, University of Southern Denmark
2MAVLab, Department of Aerospace Engineering, TU Delft, the Netherlands

« Drones lifting and maneuvering payloads that
are impossible to handle for a single unit.

« Adistributed rigid formation controller keeps a
desired shape, and disagreements among
robots create rigid motions for the shape.

« The 3D acceleration signals generated by the
formation-motion guidance algorithm are
tracked by an Incremental Nonlinear
Dynamic Inversion controller.

« Worst-case analysis involving ropes’ tensions
and payload is assessed to guarantee
nominal conditions during the transportation.

[10:45-12:00 MoAL.6

Navigation Functions With Time-Varying
Destination Manifolds in Star Worlds

Caili Li and Herbert G. Tanner
Mechanical Engineering, University of Delaware, USA

« Robotic-assisted pediatric rehabilitation
provides context for play-based child-robot
interaction

« Robotic toy automation requires real-time
navigation that adapts to child’s actions

« Time-varying navigation functions are
developed to facilitate dynamic robot-child
interaction

« These functions provide feedback for robot
control aimed at chasing a moving target in
star-world environments

« Under certain conditions, gradient-based
convergence is guaranteed

Chase and hide & seek
games with infants require
robots to navigate in
complex dynamic
environments
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10:45-10:57 MoA2.1 |

LineRanger: Analysis and Field Testing of an
Innovative Robot for Efficient Assessment of
Bundled High-Voltage Powerlines

Pierre-Luc Richard, Nicolas Pouliot, Frangois Morin, Marco
Lepage, Philippe Hamelin, Marin Lagacé, Alex Sartor, Ghislain

Lambert and Serge Montambault
Hydro-Québec’s Research Institute, Canada

« New robotic rolling platform for high-
voltage powerlines assessment

- Innovative mechanism allowing quick |
and easy obstacle crossing

« Mathematical analysis to ensure
stability while rolling on cable bundles

« Prototype with cameras and sensors
tested on a full scale mock up

Prototype of the LineRanger

11:09-11:21 MoA2.3 |

Development and Experimental Validation of Aerial
Vehicle with Passive Rotating Shell on Each Rotor

Carl John Salaan?, Kenjiro Tadakuma?, Yoshito Okada'-2,
Yusuke Sakai?, Kazunori Ohno':3, and Satoshi Tadokoro?
TRIKEN Center for Advanced Intelligence Project, Japan
2Graduate School of Information Sciences, Tohoku Univ., Japan
3New Industry Creation Hatchery Center, Tohoku Univ., Japan

« Anew idea is introduced in response to the
limitations of aerial vehicle with a protective
shell that can rotate passively.

« ltis proposed to position two passive rotating
hemispherical shells in each rotor.

« General concept, design and proof of concept
are presented.

« Various experiments are conducted to
demonstrate the advantages of the proposed
flying robot.

11:33-11:45 MoA2.5 |

Towards Robust Product Packing
with a Minimalistic End-Effector

Rahul Shome, Wei N. Tang, Changkyu Song, Chaitanya Mitash, Chirs Kourtev,
Jingjin Yu, Abdeslam Boularias, and Kostas E. Bekris

Computer Science Dept, Rutgers University, USA

<

Initial scene

« Complete hardware stack and software
pipeline for developing and testing algorithmic
solutions for robotic packing tasks.

+ Explores the use of a minimalistic, suction-
based, end-effector.

« Develops and evaluates corrective prehensile
and non-prehensile manipulation primitives:

— Toppling, robust placement via adaptive pushing,
and corrective packing

» Experiments show that the primitives provide
robustness to errors and failures

Final scene

[10:57-11:09 MoA2.2

Adjustable Power Modulation for a Leg
Mechanism Suitable for Running

Mark Plecnik, Katherine M. Fearing, and Ronald S. Fearing
Dept. of EECS, University of California, Berkeley USA

+ Power modulation previously used for high
vertical agility jumping robots

« Here, power modulation provides energy
storage during part of leg cycle in running

» Leg mechanism is designed with adjustable
power modulation, suitable for different gaits
and terrain types

« 1 leg prototype demonstrates both high and
low power modes

[remrp——

Llnkage deS|gn for task
with energy storage

[11:21-11:33 MoA2.4

Robotic Orientation Control of Deformable Cells

Changsheng Dai, Zhuoran Zhang, Yuchen Lu, Guangiao Shan,
Xian Wang, Qili Zhao, and Yu Sun
Advanced Micro and Nanosystems Laboratory,
University of Toronto, Canada

« Deep neural networks for polar body detection "/ o

with an accuracy of 97.6% 2 gyl
* Modeling and path planning to determine the

micropipette path to rotate the oocyte with — Folir hody

minimal cell deformation |
« Compensation controller to accommodate the fk e

variations of cell mechanical properties S Lo |
« Accuracy of 0.7° in oocyte orientation control "

with maximum oocyte deformation of 2.69 um S

[11:45-11:57 MoA2.6

Contactless Robotic Micromanipulation in Air
Using a Magneto-acoustic System

Omid Youssefi and Eric Diller
Department of Mechanical and Industrial Engineering,
University of Toronto, Canada

« Micromanipulion tasks at sizes smaller than
3mm are challenging due to increasing ratio of

o Ev{ [
surface to volumetric forces.
« Microcomponents are positioned vertically by ﬁ r-‘ir q!
an encapsulating acoustic field (levitated).
» A magnetic field constrains the pose of the hﬁ-
e !T"i. o

levitated component.
Mlcroassembly Demo

+ Using vision feedback, the components are
assembled without direct physical contact.

« Potential for fully automated microassembly is
demonstrated.
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Move Fast and (Don’t) Break Things: Commercializing
Robotics at the Speed of Venture Capital

Ryan Gariepy, Clearpath Robotics Inc.
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Biomimetic Human Simulation and the Deep Learning
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DEMETRI TERZOPOULOS, University of California, Los Angeles
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Dynamically-consistent Robotic Joint Control System based on Analogue
Generalized Hierarchical Control Spiking Neural Networks and SMA Actuators
Niels Dehio'2 and Jochen J. Steil? Mircea Hulea, Adrian Burlacu and Constantin Florin Caruntu
. Faculty of Automatic Control and Computer Engineering,
21 'Feiﬂi:zzrdzf\t/g?;i)toé;?;hsr::(;l\?v%{g Gé;?;;:y Gheorghe Asachi Technical University of lasi, Romania
- Combine advantages from both classical soft and strict + Spiking neural networks control efficiently the

contraction of the SMA actuators

» Neural network has bioinspired structure

* The spiking neural network uses inhibitory
feedback to control precisely the robotic arm
rotation

» The arm positioning precision is not affected
by a small load or by the initial angle

prioritization schemes for multi-objective robot control

« Extend Generalized Hierarchical Control by
adding dynamic-consistency — DynGHC

« Reduce inertia coupling between tasks
» Smoothly rearrange task priorities online
« Matlab and C++ source code is available

14:40-15:55 MoB1.3 | [14:40-15:55 MoB1.4
Model Reference Adaptive Control of a Two- A Robust Tracking Controller for Robot Manipulators:
Wheeled Mobile Robot Embedding Internal Model of Disturbances
Hussein Al-Jlailaty and Daniel Asmar and Naseem Daher Wonseok Ha and Juhoon Back
Vision and Robotics Lab, American University of Beirut, Lebanon School of Robotics, Kwangwoon University, Republic of Korea

» Formulates a design for a nonlinear controller to ﬂ « Robot manipulators have high nonlinearities,
balance a two-wheeled mobile robot (TWMR) unknown disturbances, and large uncertainties ..
based on Model Reference Adaptive Control. B by structural complexity.

« The proposed solution overcomes the « When this system operates, uncertainties can

be regarded as sinusoidal disturbances
depending on the speed. ;
+ This research proposes a robust controller for gy, re of the ﬁroposed
uncertain robot manipulators subject to robust controller.
sinusoidal disturbances.
« The controller’s stability is proved, and its
performance is validated by the simulation.

limitations of control systems that rely on fixed
parameter controllers.

« Studying the influence that hidden dynamic
effects can cause, we show the preference of
the proposed controller over other designs.

14:40-15:55 MoB1.5 | [ 14:40-15:55 MoB1.6

Receding horizon estimation and control with
structured noise blocking for mobile robot slip
compensation

Decoupled Control of Position and / or Force of
Tendon Driven Fingers

. . Friedrich Lange, Gabriel Quere, and Antonin Raffin
Nathan D. Wallace, He Kong, Andrew J. Hill and Salah Sukkarieh Institute of Robotics and Mechatronics, German Aerospace Center (DLR)
ACFR, University of Sydney, Australia

« Motors for finger motion are
in the forearm or the palm.

« Tendons to distant joints
pass by the more proximal
joints and have an effect
there.

« The resulting couplings are
different for force control
and for position control.

« A generic control law is

« Receding horizon estimation and control ';'j'_
(RHEC) is a powerful adaptive optimisation- 3
based framework

« Slip experienced by a robot can be modelled
as environmental noise in this framework

« Current methods assume constant slip over
the estimation horizon, which is untrue at
faster speeds

« Structured blocking is proposed to trade off

computation for improved estimation accuracy "% "+ w Ti m wl e w o presented that decouples
Structured blocking concept in joint space or in task DLR AWIWI Il hand
space. of the DLR David robot
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14:40-15:55

MoB1.1 |

Reconfigurable Network for Efficient Inferencing
In Autonomous Vehicles
Shihong Fang and Anna Choromanska
ECE Department, New York University, USA

Ladt Camenn Center Comerz

Right Lememn

« We propose the reconfigurable
network for handling multiple sensors
on autonomous platforms.

« We address the problem of inefficient
inferencing when multiple sensors are
used.

« The proposed network effectively
selects the most relevant input and
reduces computations.

» The network steers the UGV and Exemplary images captured by the three
chooses the relevant sensor for cameras during autonomous driving

i atinm ; when turning left, driving straight, and
navigation in real ime. turning right. The inputs selected by the
gating network are in red.

14:40-15:55

MoB1.3 |

Learned Map Prediction for Enhanced Mobile
Robot Exploration

Rakesh Shrestha, Ping Tan and Richard Vaughan
School of Computing Science, Simon Fraser University, Canada
Fei-Peng Tian and Wei Feng
School of Computer Science and Technology, Tianjin University, China

« Autonomous ground robot capable of
exploring unknown indoor environments for
reconstructing their 2D maps

« Generative neural network to predict unknown
regions which are used to enhance the
exploration

+ Evaluated in simulation on floor plans of real ~ Deep learning based map
buildings demonstrating superior performance Prediction for autonomous
over traditional methods exploration

14:40-15:55

MoB1.5 |

Trajectory Prediction for Autonomous Driving via
Recurrent Meta Induction Neural Network

Chiyu Dong', Yilun Chen2 and John M. Dolan?
1ECE, 2the Robotics Institute, Carnegie Mellon University, USA

« Abehavioral and trajectory prediction for =
autonomous driving cars in urban areas.

« Captures mutual influences among all
surrounding cars.

« Learns the interactive model from small
datasets.

« Historical observations are used and
contribute to the prediction of a target vehicles’
future trajectory.

‘ .

Fig. 1 The structure of the

Recurrent Meta Induction
Neural Network.

| 14:40-15:55 MoB1.2

Fast Radar Motion Estimation with a Learnt
Focus of Attention using Weak Supervision

Roberto Aldera, Daniele De Martini, Matthew Gadd,
and Paul Newman
Oxford Robotics Institute, Dept. Engineering Science, University of Oxford, UK

» We seek to KEEP features that are present in
both the current and previous frames

» Using weak supervision, we train an image
segmentation network to classify incoming
returns

+ Landmarks in the KEEP class are used for
radar odometry and achieve consistent results

* By processing fewer measurements, we
speed up radar-only motion estimation by a
factor of 2.36

KEEP class is highlighted
for returns that are wide-
baseline visible

| 14:40-15:55 MoB1.4

Propagation Networks for Model-Based Control
Under Partial Observation

Yunzhu Li, Jiajun Wu, Jun-Yan Zhu,

Joshua B. Tenenbaum, Antonio Torralba, and Russ Tedrake
MIT CSAIL

« We use machine learning to build dynamics
models for tasks that current physical
simulators cannot effectively deal with.

« We propose Propagation Networks (PropNet), rs
a differentiable, learnable dynamics model that

- handles partially observable scenarios, Sk
- enables instantaneous propagation of effects,

- outperforms current learnable physics engines
in both simulation and control.

Environments:

- Newton’s Cradle

- Rope Manipulation
- Box Pushing

[ 14:40-15:55 MoB1.6

Comparing Task Simplifications to Learn Closed-Loop
Object Picking Using Deep Reinforcement Learning

Michel Breyer, Fadri Furrer, Tonci Novkovic, Roland Siegwart, and Juan Nieto
Autonomous Systems Lab, ETH Zurich, Switzerland

« We learn closed-loop policies for "
reaching, grasping and lifting
objects. -

« We compare different approaches, :
including a curriculum of tasks with
increasing difficulty.

« Policies are trained in simulation
and evaluated on a set of unseen
objects, both in simulation and a
real platform.

re

s a e THDE
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14:40-15:55 MoB1.1 |

Studies on Positioning Manipulators Actuated by
Solid Media Transmissions

Haoran Zhao, Xin Liu, Rahul Korpu, Michael J. Heffernan, Aaron T.
Becker, and Nikolaos V. Tsekos

+ Mechanical design of one and two-DoF manipulators
+ Manipulator kinematic and configuration space.

+ Experiments studies of material selection on one-DoF
manipulator.

= Experiments studies of positioning control on two-DoF
Manipulator with 2m transmission conduits.

14:40-15:55 MoB1.3 |

Georgia !
High Force Density Reflexive Gripping Teeh!

Rianna Jitosho
Mechanical Engineering, Massachusetts Institute of Technology, USA
Kevin Choi, Adam Foris, and Anirban Mazumdar
Mechanical Engineering, Georgia Institute of Technology, USA

« Reflexive activation without
sensing or actuation.

« Rapid grasp closure (0.15s).

« High hanging force density
(15-28:1)

« Low power grasp opening
using pneumatic actuation.

« Designed for use on mobile
platforms.

FARATING TRR KT

14:40-15:55 MoB1.5 |

Overpressure Compensation for Hydraulic Hybrid
Servo Booster Applied to Hydraulic Manipulator

Sang-Ho Hyon', Yuuki Taniai', Kazuyuki Hiranuma?2,
Kazutoshi Yasunaga® and Harutsugu Mizui'
1 Ritsumeikan University, Japan
2 Fine Sinter Co., Ltd. , Japan
3 Tokyo Keiki Inc. , Japan

« Novel hydraulic hybrid servo drive is first
applied to a robotic manipulator

« High-speed, large torque, high-precision
control are possible at low cost

« A model-based compensation scheme to
mitigate the overpressure is presented

« Position and torque control performance are
demonstrated on a three-axis manipulator
(video attached)

Torque-controllable
hydraulic hybrid
manipulator

| 14:40-15:55 MoB1.2

Super Dragon: A 10 m-long
Coupled Tendon-driven Articulated Manipulator

Gen Endo, Atsushi Horigome and Atsushi Takata
Dept. of Mechanical Engineering, Tokyo Institute of Technology, Japan

* Long-reach manipulator is required to
investigate inside Fukushima Daiichi NPPs

» Coupled tendon-driven mechanism and a
gravity compensation mechanism using
synthetic fiber ropes are introduced

« Specifications are 10 m-long, 10 D.O.F, 10 kg
payload and 350 kg weight (arm: 50 kg, base:
300kg)

« Basic experiments are carried out and its
feasibility was demonstrated

Super Dragon keeping
horizontal posture

| 14:40-15:55 MoB1.4

Compliant Bistable Gripper for Aerial Perching
and Grasping

Haijie Zhang, Jiefeng Sun and Jianguo Zhao
Mechanical Engineering, Colorado State University, USA

« We designed a bistable & passive gripper for
aerial robot perching

« The gripper does not require external force to
close

« This perching method can extend aerial
robot’s flight time in surveillance and
monitoring tasks

Aerial robot perching system

[ 14:40-15:55 MoB1.6

An Analytical Loading Model for n-Tendon
Continuum Robots

Mohsen Moradi Dalvand
IISRI, Deakin University, Australia and SEAS, Harvard University, USA
Saeid Nahavandi Robert D. Howe
IISRI, Deakin University, Australia SEAS, Harvard University, USA

+ An analytical tendon tension model for
n-tendon catheters is developed.

+ The model accounts for the bending
and axial compliance of the manipulator
as well as the tendon compliance.

+ The model is experimentally verified for =
three- to six-tendon robots for different
configurations in an open-loop control
architecture

_Pnns e Ll
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14:40-15:55 MoB1.1 |

MH-iSAM2: Multi-hypothesis iSAM Using Bayes
Tree and Hypo-tree

Ming Hsiao and Michael Kaess
Robotics Institute, Carnegie Mellon University, USA

» A novel nonlinear incremental solver that
outputs multi-hypothesis results based
on ambiguous measurements in SLAM.

* Modeling different types of ambiguities as
different types of multi-mode factors
(MMF).

« Extending Bayes tree and combining it
with Hypo-tree to solve mutli-hypothesis
SLAM problems efficiently.

« Designing a pruning algorithm that
prunes the unlikely/unwanted hypotheses
to maintain robustness and efficiency.

Multi-hypothesis Bayes tree
(MHBT) (top) and Hypo-tree
(bottom) with their hypothesis
associations shown in colors

14:40-15:55 MoB1.3 |

Fast and Robust Initialization for Visual-Inertial
SLAM

Carlos Campos, José M. M. Montiel, Juan D. Tard6s
Universidad de Zaragoza, Spain

« Joint visual-inertial initialization in less than
two seconds

« New observability and consensus tests to
discard bad initializations, increasing
robustness

« Scale error around 5% after initialization, |
and lower than 1% with BA after 10s = 5

- Computationally efficient (max. 215ms) trajig{gﬁ:tsegn'”&agzg'sq o1

14:40-15:55 MoB1.5 |

DRAPER Do MEAL
Efficient Constellation-Based Map-Merging for
Semantic SLAM

Kristoffer M. Frey, Jonathan P. How
Department of Aerospace Engineering, MIT, USA
Ted J. Steiner
Charles Stark Draper Laboratory, USA

« Data association is hard, and SLAM systems s A b e g
must be cautious — “duplicate” landmarks - L

« We propose a mechanism for loop closure {

(constellation merging) in the back end

« Use only local information (geometric | =
consistency) to apply probabilistic gating e Vs

?elchniques. with minimal access to the full Estimate drift manifests
joint covariance matrix itself as “duplicate”

« Flexible correspondence graph formulation landmark constellations
facilitates efficient global search being added to the graph.

[14:40-15:55 MoB1.2

Improving Keypoint Matching Using a
Landmark-Based Image Representation
Xinghong Huang, Zhuang Dai, Weinan Chen and Li He
Electromechanical Engineering, Guangdong University of
Technology, China
Hong Zhang
Computing Science, University of Alberta, Canada

« Extracting landmark proposals from two um
-mﬁ'

images whose keypoints are being
matched.

« Computing ConvNet features for detected
landmarks and matching the landmarks
between the two images.

* Matching keypoints within each pair of
matched landmarks.

» Combining all the matched keypoints of the
landmarks as putative matches between the
two images and identifying inlier matches
with MVG and RANSAC.

[14:40-15:55 MoB1.4 |

Accurate Direct Visual-Laser Odometry with
Explicit Occlusion Handling and Plane Detection

Kaihong Huang and Junhao Xiao
Institue of Inteligence Science, National Uni. of Defense Technology, China
Cyrill Stachniss
Institute of Geodesy and Geoinformation, University of Bonn, Germany

« A novel direct visual-laser odometry
designed to maximize the information
usage of both the image and the laser
scan;

Foier ot |
K

« Explicit plane detection in the motion 'Im .

estimation process to avoid discarding . e -
image pixels without depth information; e

« A novel method for predicting occluded
image pixels;

Fig. Algorithm overview.
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14:40-15:55 MoB1.2

MoB1.1 |

Learning Robust Manipulation Strategies with Multimodal
State Transition Models and Recovery Heuristics

Austin S. Wang
Dept. of Mechanical Engineering, Carnegie Mellon Unviersity, USA
Oliver Kroemer
The Robotics Institude, Carnegie Mellon Unviersity, USA

« A general framework for learning skill-chaining
policies in contact-rich tasks is proposed.

« Contact modes are observed and incorporated
as auxiliary state information.

« Skills are modeled as funnels with multimodal
output distributions.

 Aheuristic is also presented to generate skills
to recover from errors.

* Results on 3 simulated tasks demonstrate a
significant increase in success rate

— |

Robot attempting to open
a drawer in simulation

14:40-15:55 MoB1.3 |

Manipulability Optimization Control of a Serial
Redundant Robot for Robot-assisted Minimally
Invasive Surgery

Hang Su, Jagadesh Manivannan, Luca Bascetta,
Giancarlo Ferrigno and Elena De Momi
Department of Electronics, Information and Bioengineering,
Politecnico di Milano, Italy
Shuai Li
Hong Kong Polytechnic University, Hong Kong

« Hierarchical Control Architecture
» Remote center of motion

« Manipulation optimization

* RNN

Hierarchical Control Architecture

14:40-15:55 MoB1.5 |

Object centered teleoperation of mobile
manipulators with RCM constraint
Manuel A. Ruiz Garcia and Rafael A. Rojas

Faculty of Sci. and Tech., Free University of Bozen-Bolzano, Italy

Fiora Pirri
DIAG, Sapienza University of Rome, Italy

* Reactive control scheme based on the remote
center of motion constraints (RCM).

« Base and end-effector motions coupled be
means of manipulability maximization and self-
collision avoidance.

Lo lllustrative setup of a teleop-
« Prioritized control scheme to enforce safety erated visual inspection task

during the robot motion.

[14:40-15:55

Adaptive Critic Based Optimal Kinematic Control
for a Robot Manipulator

Aiswarya Menon, Ravi Prakash and Laxmidhar Behera
Electrical Department, Indian Institute of Technology Kanpur, India

= Optimal kinematic control of rabot manipulator
following task space trajectory is addressed
using SNAC framewark.

= Critic weight update law proposed ensures
convergence to the desired optimal cost

analytically; W, = aVa,JRJ' Flie)
= Stability and performance of the closed loop
kinematic control law: ﬁ‘=?L RS FoT W, has
been guaranteed using Lyapunov approach.
* Proposed scheme is validated in simulations

Kinematic control scheme
for a robot manipulator
using adaptive critic
method

[14:40-15:55 MoB1.4

Accounting for Part Pose Estimation
Uncertainties during Trajectory Generation for
Part Pick-Up Using Mobile Manipulators
Shantanu Thakar, Pradeep Rajendran, Vivek Annem,

Ariyan Kabir and Satyandra K. Gupta
Realization of Robotic Systems lab, University of Southern California, USA

+ To minimize operation time, mobile manipulators
need to pick-up parts while the mobile base and
gripper are moving

» We present an active learning based approach
to select permissible gripper velocities which
ensure that the pick-up operations do not fail due
to uncertainties in the part pose estimation

« Our approach allows computation of the velocity
of the mobile base to achieve the desired gripper
velocities

» We have demonstrated the technical feasibility of
picking up parts with a moving mobile base using
simulations and physical experiments

A moving mobile manipulator
picking-up a part which has
pose uncertainty

[14:40-15:55 MoB1.6

Adapting Everyday Manipulation Skills to
Varied Scenarios

Pawet Gajewski, Paulo Ferreira, Georg Bartels, Chaozheng Wang
Frank Guerin, Bipin Indurkhya, Michael Beetz, Barttomiej Sniezynski
AGH Univ. of Sci. and Tech., Poland. University of Birmingham, UK.
Universitat Bremen, Germany. University of Aberdeen, UK.

+ Allow robot manipulation skills to be adapted
to varied tools and target objects

« Skills: scraping material from a tool, scooping
from a container, cutting.

« Robot vision extracts features of tool and
object, robot motion parameterized to use
these.

PR2 scraping off food
from spatula to bowl.
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14:40-15:55 MoB1.1 |

Feedback Control and 3D Motion of
Heterogeneous Janus Particles

Louis William Rogowski, Xiao Zhang, Anuruddha Bhattacharjee,
Jung Soo Lee, and Min Jun Kim
Mechanical Engineering, Southern Methodist University, USA
Li Huang and Aaron T. Becker
Electrical and Computer Engineering, University of Houston, USA

« This paper explores the viability of feedback
control for heterogeneous Janus particles.

« Janus particles with magnetization vectors |
coincidental and offset to their propulsion
vectors were fabricated.

« Analysis was performed on predicting Janus
particle trajectories.

« 3D open loop control with Janus particle
heterogeneity is discussed.

A 6 pm heterogeneous
Janus particle performing
arbitrary trajectories (red)

and compared with the
desired trajectory (blue)

14:40-15:55 MoB1.3 |

High-bandwidth 3D Multi-Trap Actuation
Technique for 6-DoF Real-Time Control
of Optical Robots

Edison Gerena, Stéphane Régnier and Sinan Haliyo
ISIR, Sorbonne Université, France

« New approach to generate and control
several optical traps in 3D with low
latency and high bandwidth

« True 6-DoF control of an optical robot in
a teleoperated scenario

« Optical robots for biological applications:
dexterous single-cell handling

14:40-15:55 MoB1.5

Four Wings: A New Insect-Sized Aerial Robot with
Steering ability and Payload Capacity for Autonomy

Sawyer B. Fuller
Assistant Professor, University of Washington

* A four-winged robot slightly
heavier than a honeybee
* new capabilities:
 actuate about a vertical axis
« greater payload capacity with
more wings

[14:40-15:55 MoB1.2

Nanoliter Fluid Handling for Microbiology via
Levitated Magnetic Microrobots

Elizabeth E. Hunter, Edward B. Steager, and Vijay Kumar
GRASP Laboratory, University of Pennsylvania, USA
Allen Hsu, Annjoe Wong-Foy, and Ron Pelrine
Advanced Technology and Systems Division, SRI International, USA

» We develop a microrobotic fluid handling Rotatonanin o
system consisting of diamagnetically /o motionllones /'"‘:;j“'“
levitated robots equipped with LA - %
micropipette end-effectors. M

» We show nanoliter fluid loading, Zf\‘*‘;'ﬁ',if;':;;':‘:"“
transport, and release with micrometer- e
scale positioning. \ 13

« We demonstrate patterning fluorescent | €9 € ) ) @) @)

molecules on hydrogel substrates and
induction of engineered bacterial cells
with signaling molecules.

Microrobotic fluid handling system
for microbiological experiments

[14:40-15:55 MoB1.4

IPMC Monolithic Thin Film Robots
Fabricated through a Multi-Layer Casting Process

Akio Kodaira', Kinji Asaka?, Tetsuya Horiuchi?,
Gen Endo?, Hiroyuki Nabae' and Koichi Suzumori?
1Department of Mechanical Engineering, Tokyo Institute of Technology, Japan
2National Institute of Advanced Industrial Science and Technology, Japan

+ IPMC actuator has a huge potential for 500
soft robots and biomimetic systems.

» Multi-Layer Casting Process realizing
the precise production of a quasi-three
dimensional film.

« Fabrication of Monolithic Thin Film
Robots which have bone and actuator
parts in one film.

« Success in selective resonance and
self-sustaining driving.

(100°C)

e mj»\li_r‘\»& 7

@Drying (3 Heating @ Separating

O] 2
(layer-by-layer)

Schematic diagram of Multi-Layer
Casting Process and fabricated
Monolithic Thin Film Robot
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14:40-15:55 MoB1.1 | [14:40-15:55 MoB1.2

Data-Driven Gait Segmentation for Walking
Assistance in a Lower-Limb Assistive Device

Aleksandra Kalinowska, Thomas A. Berrueta, Todd Murphey
Northwestern University, Chicago, IL
Adam Zoss
Ekso Bionics, Richmond, CA

« Hybrid systems, such as bipedal walkers, are challenging to control
without a model of the transitions between modes.

» We propose an algorithm for determining switching conditions that can
be used real-time for model predictive control.

« Based on experimental data from a lower-limb exoskeleton, we learn
to predict gait transition events with only kinematic information.

14:40-15:55 MoB1.3 |

Safe 3D Bipedal Walking through Linear MPC
with 3D Capturability

Adrien Pajon and Pierre-Brice Wieber
Univ. Grenoble Alpes, Inria, 38000 Grenoble, France

« Linear MPC scheme to walk perfectly safely on
a piecewise horizontal ground such as stairs

« Balance and Passive Safety guarantees are
secured by enforcing a 3D capturability
constraint

« Comparison between CoM and CoP B 3
trajectories involving exponentials instead of 35 5o\ trajectories when

polynomials walking up stairs with the
proposed linear MPC
scheme
14:40-15:55 MoB1.5 |

Online Walking Pattern Generation for Humanoid
Robot with Compliant Motion Control

Mingon Kim, Daegyu Lim and Jaeheung Park
Graduate School of Convergence Science and Technology,
Seoul National University, South Korea

« This paper presents a real-time walking
pattern generation method for humanoid robot
with compliant motion control.

« The preview control based on the LIPM and
the control performance model is proposed to
consider the tracking performance of the robot
by compliant motion control.

« The performance of the proposed method was
demonstrated by improved stability during the
walking with obstacles.

Closed-loop MPC with Dense Visual SLAM -
Stability through Reactive Stepping

Arnaud Tanguy'-?, Daniele De Simone*, Andrew |. Comport!,
Giuseppe Oriolo* and Abderrahmane Kheddar32
1. CNRS-I3S/UCA, 2. CNRS-LIRMM/UMontpellier, 3. CNRS-AIST/JRL, 4. Sapienza University of Rome, DIAG.

* A closed-loop MPC scheme is proposed to
estimate the robot's real state through :
+ Simultaneous Localization and Mapping
(SLAM)
* Proprioceptive sensors (force/torque).
* Robot is shown to react to pushing
disturbances by stepping to recover.

. HRP4 walki ith
» SLAM allows the robot to navigate to target CIOSed-IOo":}asll_rEMwll\/IPC.

positions in the environment without drift.

[14:40-15:55 MoB1.4

Feedback Motion Planning of Legged Robots by
Composing Orbital Lyapunov Functions Using
Rapidly-Exploring Random Trees

Ali Zamani, Joseph D. Galloway, Pranav A. Bhounsule
Mechanical Engineering, University of Texas at San Antonio, USA

« Presenting a novel framework based on
switching between limit cycles for
feedback motion planning of legged
robots

« Developing a control policy using deep
neural networks

« Adopting rapidly-exploring random tree
algorithm to plan transitions between the
limit cycles using the regions of attraction

[14:40-15:55 MoB1.6

Bayesian Optimization for Whole-Body Control
of High-Degree-of-Freedom Robots through
Reduction of Dimensionality

Kai Yuan, lordanis Chatzinikolaidis, and Zhibin Li
School of Informatics, The University of Edinburgh

Typically, control parameters are in a scale up-to il

hur?dreds and often hand-tuned yielding sub- —— b

optimal performance. i

We propose an automatic tuning framework for b“’ ‘;,".' P
optimal parameters of whole-body control ¢ Ty v
algorithms Robust balancing against
Alternating Bayesian Optimization: perturbations of Valkyrie

using 36 automatically

« iteratively learn. rameters of -
teratively learns parameters of sub-spaces tuned control parameters.

from the whole high-dimensional parametric
space through interactive trials
« is sample efficient and has fast convergence
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14:40-15:55 MoB1.1 |

A Kalman Filter-Based Algorithm for Simultaneous
Time Synchronization and Localization in UWB
Networks

Justin Cano, Saad Chidami and Jerome Le Ny
Dept. of Electrical Eng., Polytechnique Montréal, Canada

« Comprehensive localization system for robots
based on UWB Decawave® modules and
STM32F4© MCUs;

* Protocol based on Kalman filtering and TOA
localization technique;

* Precise node synchronization and robot
localization simultaneously managed;

+ Experimental validation on UGV Husky©
reaching 0.1m precision in LOS condition.

UWB module and UGV
used for the validation.

14:40-15:55 MoB1.3 |

LookUP: Vision-Only Real-Time Precise
Underground Localisation for
Autonomous Mining Vehicles

Fan Zeng', Adam Jacobson', David Smith?, Nigel Boswell?,
Thierry Peynot! , Michael Milford?
TQueensland University of Technology, Australia
2Caterpillar

« Objective: Infrastructure-free underground
autonomous operation of mining vehicles.

« Laser scanners and feature-based methods
challenged by aliased tunnel environment.

« Coarse localisation system previously
designed, accuracy needs to be improved.

« Refinement system uses ceiling images.

« Homography estimated based on pixel
correspondence between query and reference.

« Neural network generates sample quality heat
map to improve computation efficiency.

14:40-15:55 MoB1.5 |

ColLo: A Performance Evaluation System for
Multi-robot Cooperative Localization Algorithms

Shengkang Chen and Ankur Mehta
ECE Department, University of California Los Angeles, the United States

« Colo is a performance evaluation system for
localization algorithms available at
httos./qit.uclalemur.comy/billyskc/CoLo

« It allows users to easily add algorithms and test
them extensively.

« CoLo-PE(Physical experiment) provides a
framework to setup a robotic testbed.

« CoLo-AT(Analysis Tool) evaluates the
performance of users’ algorithms with real-
world data.

Colo-PE (the physical
experiment part)

[14:40-15:55 MoB1.2

eRTIS: A Fully Embedded Real Time 3D Imaging
Sonar Sensor for Robotic Applications

Robin Kerstens, Dennis Laurijssen, Jan Steckel
CoSys-Lab, Faculty of Applied Engineering, University of
Antwerp and the Flanders Make Strategic Research Centre, Belgium

» An accurate 3D imaging in-air ultrasound
sensor using a pseudo random microphone
array is presented

» Two possible sensor architectures are
investigated and compared

» The sensor’s way of working is explained in
detail

» Measurements from the sensor in an office
environment are presented and discussed

A 3D imaging sonar
sensor using a pseudo
random microphone array

[14:40-15:55 MoB1.4

Analysis of Robust Functions
for Registration Algorithms

Philippe Babin, Philippe Giguére and Frangois Pomerleau

Northern Robotics Laboratory, Université Laval, Canada

&
g
different overlaps and subjected to

Sl L (S
large perturbation.

« For a better replication of our results, ' ' 2
we provided the open-source The effect of different outlier

. . . filters on the registration of two
implementations of the tested outlier overlappir?g curves
filters. ’

Finne Hidse N 5

+ There are no large scale analysis of
outlier filters for ICP.

» We compare 14 outlier filters subject
to more than two million registrations
in different types of environment,

PWABTY,

[14:40-15:55 MoB1.6

Tightly-Coupled Visual-Inertial Localization and
3D Rigid-Body Target Tracking

Kevin Eckenhoff ,Yulin Yang,
Patrick Geneva*, and Guoquan Huang
Dept. Mechanical Engineering, University of Delaware, USA
*Dept. Computer and Information Sciences, University of Delaware, USA

g

* Propose a MSCKF-based framework to
perform both visual-inertial localization and
tracking of a rigid-body moving object

« Jointly estimate the pose, local point cloud,
and motion parameters of the object along
with the standard VIO navigation states

« Allow for collecting target measurements
even when viewing the object from different
angles, and can be udbesteatifutgfdhadfetigid-body target tracking process
motion prediction
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14:40-15:55 MoB1.1 | [14:40-15:55 MoB1.2
A cane-based low cost sensor to implement A Deployable Soft Robotic Arm with Stiffness
attention mechanisms in telecare robots Modulation for Assistive Living Applications

Joaquin Ballesteros’, Alberto Tudela?, Juan Rafael Caro-Romero?
and Cristina Urdiales?
'Division of Intelligent Future Technologies, Mélardalen University, Vasteras
2Department of Electronic Technology, University of Malaga, Malaga, Spain

Jahanshah Fathi, Timo J. C. Oude Vrielink, Mark S. Runciman
and George P. Mylonas LastName
Department of Surgery and Cancer, Imperial College London, United Kingdom

« Three tendon actuation with origami
backbone

» Pneumatic stiffness modulation using a
solenoid valve to regulate internal

« Attention mechanisms for Comprehensive
Geriatric Assessment (CGA).
« Low cost force sensor system to detect

user’s trends. " chamber pressures
- Asystem easily attachable to any i + Length variation capabilties (15cm - 56 | , |}
standard commercial cane with reduced cm) 3
consumption. » Weight bearing capabilities of up to 500g N
and a packing efficiency of 73% Demonstration of usability
14:40-15:55 MoB1.3 | [14:40-15:55 MoB1.4

Interaction Force Estimation Using Extended
State Observers: An Application to Impedance
Based Assistive and Rehabilitation Robotics

Development of a Novel Gait Rehab. Device with
Hip Interaction and a Single DOF Mechanism
Mohammad Reza Sabaapour’, Hosu Lee2, Muhammad Raheel

Gijo Sebastian, Zeyu Li, Vincent Crocher, Demy Kremers, Afzal3, Amre Eizad* and Jungwon Yoon2
Ying Tan and Denny Oetomo 'Fac. of Mech. and Energy Engg., Shahid Beheshti Univ., Iran; 2Sch. of Int.
School of Engineering, Tech., Gwangiju Inst. of Sci. and Tech., S. Korea; ®Dept. of Mech. Engg., KU
The University of Melbourne, Australia. Leuven, Belgium; 4Sch. of Mech. Engg., Gyeongsang Natl. Univ., S. Korea.

« A novel gait rehabilitation device using single
DOF 8-bar Jansen mechanism is presented. A

« The mechanism generates ankle trajectory / '
during gait relative to the hip, in terms of both -—
position and time. - 2N

« A seat-type weight support system is used to
support weight of the user and mechanisms
while providing interaction at the hip.

« A prototype is manufactured, and a pilot study Detailed design of the

« In rehabilitation robotics, knowledge of interaction
forces between patient and robot is critical
to quantify the motion capabilities
to provide an appropriate physical assistance
» We propose a model-based force observer with
convergence proof to estimate the time-varying
interaction forces
« Preliminary evaluations in clinical context are
promising to estimate interaction forces

A subject with the EMU with a healthy subject is conducted to prototype (mechanism of
rehabilitation robot demonstrate feasibility of the concept. only one side is shown).
14:40-15:55 MoB1.5 | [14:40-15:55 MoB1.6
Robot-Based Training for People with Mild Differentially-Clutched Series Elastic Actuator
Cognitive Impairment for Robot-Aided Musculoskeletal Rehabilitation

D. Stogl, O. Armbruster, M. Mende, B. Hein, X. Wang
Institute for Anthropomatics and Robotics, Intelligent Process Automation and
Robotics Lab (IAR-IPR), Karlsruhe Institute of Technology (KIT), Germany
P. Meyer
Department of Applied Psychology, SRH University, Germany

Brayden DeBoon, Scott Nokleby and Carlos Rossa
Faculty of Engineering and Applied Science, University of Ontario Institute of
Technology, Canada
Nicholas La Delfa
Faculty of Health Sciences, University of Ontario Institute of Technology,

« Motor activation using a mobile robot i Canada

- Possible influence on the cognitive level "
« Guidance of the robotic device along the
marked paths using force input
-> Passive controller with high-level modes
« Evaluation with 10 participants (66 — 78 years)

» DC motor, torsion spring, and a magnetic
particle brake coupled through a differential
gear.

« Able to infer output torque by measuring
spring deflection.

+ Results: precision and time performance got « Three distinct operating modes suitable for
better during the training; the participants felt human-robot interaction with focus on i -
safe and adapted to changing device behavior rehabilitation. Differentially-Clutched
- Training with the device is feasible Series Elastic Actuator
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ANovs!RoboticSuturing Syt o
Flexible Endoscopic Surgery . -
Laparoscopic Surgical Camera
Lin Cao, Xiaoguo Li, Phuoc Thien Phan, Anthony Meng Huat Ning Li and Jindong Tan
Tiong, Jiajun Liu and Soo Jay Phee Biomedical Engineering, University of Tennessee, USA
School of Mechanical and Aerospace Engineering Gregory J. Mancini
Nanyang Technological University, Singapore Graduate School of Medicine, University of Tennessee, USA
« Arobotic suturing system is developed to + Aims to recover the lost force feedback for an

close perforations in flexible endoscopy @ T insertable laparoscopic surgical camea (SCAM)
« Aflexible, through-the-scope, dexterous '& & « A noninvasive force measurement approach
suturing device (J4.4 mm) is proposed © " T was proposed, implemented and verified
* Ex-vivo trials demonstrate how surgical A ﬁ « Experiments characterized camera-tissue
stitches and knots can be endoscopically o

contact forces (anchoring, translation, and

created and secured Suturing process rotation) and demonstrated effectiveness oo o
« The demonstrated endoscopic suturing is not « Force feedback enabled closed-loop camera Overview of the sCAM
possible with existing devices in the literature control assisted by a robotic arm
14:40-15:55 MoB1.3 | [14:40-15:55 MoB1.4
Develcl:;m;erlﬂ of_ta;‘l\ll_!ulll-lei-\llel ?tlf;nezi Sokftf Robotic Feasibility Study of Robotic Needles with a
odu eEV:IIdos:;cﬁ: Aap Ili(z:aﬁgnsac or Rotational Tip-Joint and Notch Patterns
P PP Shivanand Pattanshetti, Abhishek Kottala and Seok Chang Ryu
H. Naghibi, M. W. Gifari, W. Hoitzing, J. W. Lageveen, Mechanical Engineering, Texas A&M University, USA
D.M.M. van As, S. Stramigioli, M. Abayazid Read Sandstrém
Robotics and Mechatronics (RaM), University of Twente, The Netherlands Computer Science and Engineering, Texas A&M University, USA
Nancy Amato

* An existing pneumatic endoscopic module was Computer Science, University of lllinois Urbana-Champaign, USA

improved to achieve larger bending and multi-level
stiffening.

+ A force sensing module is mounted on the
endoscopic tip, to estimate the tissue interaction
force.

» A haptic-feedback control system in 3D was
developed to increase the safety during the

« Robotic steerable needle developed with an
embedded tip joint, proximal notches and
inner channel.

« Planning simulations run using Cosserat rod
based mechanics model with Dynamic Region
RRT.

« Steerability tested with 18 BWG needle in

Tzniduen, T

operation. Soﬂl (‘endoscopic n;odule ballistic gelatin phantom.
with haptic feedback « Minimum radius of curvature of ~12cm
achieved.
14:40-15:55 MoB1.5 | [14:40-15:55 MoB1.6
Autonomous Laparoscopic Robotic Suturing with a Play Me Back: A Unified Training Platform for
Novel Actuated Suturing Tool and 3D Endoscope Robotic and Laparoscopic Surgery
H. Saeldr, b N -1, J. D. Cpfermanr S, Leanard?, A. Kim, A. E. Abdelaal’, M. Sakr2, A. Avinash', S. K. Mohammed, A. K.
. H. Hsieh3, J. U. Kang?, and A. Krieger Y ” 3 T ]
"Dept. of Mechanical Engineering, Univ. of Maryland, College Park, USA; BaJW%E’C“é-DseathnLIJr;ivSe.rsli-th:)f,B%i;e(l:sol:Jr?t.aig.(:‘,saifdl;dean
2Electrical and Computer Science Engineering Dept., Johns Hopkins University, 2Mechanical Enginzé’ring Dept.yUniversity of British’Cqumbia Canada

USA; 3Sheikh Zayed Institute for Pediatric Surgical Innov., Children’s Nat'|

3 ’ ) : o
Health System, USA; “University of Maryland School of Medicine, USA. Electrical Engineering Dept., Stanford University, USA

+ DisPlay training approach combines hand-over-
hand and trial and error training approaches.

« User studies conducted to evaluate this
approach for robotic and standard laparoscopic
surgical training.

« DisPlay training leads to better accuracy and
better transferable skills.

» The da Vinci can be used as a training platform
for conventional laparoscopy.

* Developed a new 3D imaging endoscope, an
actuated laparoscopic suturing tool, and a suture
planning strategy for the smart tissue anastomosis
robot (STAR).

« Confirmed the feasibility of laparoscopic suturing
with STAR using the new suturing tool and 3D
endoscope.

« Achieved a superior consistency in suture spacing
and minimized the suture repositioning compared to

manual laparoscopic methods. Robotic laparoscopic
suturing system

The da Vinci as a conventional
laparoscopy training platform.

2019 International Conference on Robotics and Automation (ICRA)
—45-




Session MoB1
Telerobotics & Teleoperation II - 1.2.11

Chair
Co-Chair

220 Monday, May 20, 2019, 14:40-15:55

14:40-15:55 MoB1.2

MoB1.1 |

Active Constraints for Tool-Shaft Collision
Avoidance in Minimally Invasive Surgery

Artur Banach
ACRYV, Queensland University of Technology, Australia
and Hamlyn Centre, Imperial College London, UK
Konrad Leibrandt, Maria Grammatikopoulou
and Guang-Zhong Yang
Hamlyn Centre, Imperial College London, UK

« Surgical tools collision-avoidance framework
with frictional Forbidden Region Dynamic
Active Constraints

« Frictional Active Constraints approach
protecting delicate anatomy in Minimally
Invasive Partial Nephrectomy

« Safe resolution of multiple, simultaneous
opposing Active Constraint objectives

Teleoperation-based
da Vinci Surgical System

14:40-15:55

MoB1.3 |

Tele-Echography using a Two-Layer
Teleoperation Algorithm with Energy Scaling

Enrico Sartori, Carlo Tadiello and Riccardo Muradore
Department of Computer Science, University of Verona, ltaly
Cristian Secchi
DISMI Department, University of Modena and Reggio Emilia, Italy

« Passivity-based bilateral teleoperation
architecture using the two-layer paradigm

« Scaling factors to cope with different kinds
of robots at the master and slave side

« No mathematical models of the robots are
required

« Transparent system for tele-echography
with both soft and hard contacts

. [
E,
Bilateral Teleoperation

Architecture with Scaling
Factors

14:40-15:55

MoB1.5 |

Enhancing the Force Transparency of Time Domain
Passivity Approach: Observer-Based Gradient Controller

Harsimran Singh
Institute of Robotics and Mechatronics, DLR, Germany
Aghil Jafari
Faculty of Environment and Technology, UWE, UK
Jee-Hwan Ryu
School of Mechanical Engineering, Koreatech, South Korea

« A new observer-based gradient controller to
eliminate TDPA's force jittering on the master
side is presented. - T
« It can be added to any teleoperator without
having any prior system information and i
irrespective of its dynamics.
« Enhances intuitiveness of teleoperation by
satisfying the user’s expectation of force
profile even under time-delayed
communication.

| 14:40-15:55

Energy Budget Transaction Protocol
For Distributed Robotic Systems

Stefan S. Groothuis and Stefano Stramigioli
Robotics and Mechatronics, University of Twente, The Netherlands

Wgnicoan sabp ¥
» Systems should be passive for guaranteed stability
» Energy-aware actuators can enforce passivity using energy budgets
« Naive unreliable communication of energy budgets may generate
energy or be unnecessarily dissipative
« Transaction protocol developed and simulated to keep passivity in a
system during energy communication

| 14:40-15:55 MoB1.4

EMG-Controlled Non-Anthropomorphic
Hand Teleoperation Using a Continuous
Teleoperation Subspace

Cassie Meeker and Matei Ciocarlie
Dept. of Mechanical Eng., Columbia University, USA

BT R

» We present a teleoperation control
that projects from forearm EMG into
a subspace and then into the pose
space of a robot hand.

»  We are the first to demonstrate
teleoperation of a non-anthropomorphic, multi-DOF
robot hand using forearm EMG.

» To increase robustness, we use a model which combines
continuous and discrete predictors.

» Novice users completed tasks faster using our method than
using state-of-the-art methods.

[ 14:40-15:55 MoB1.6

Motion Scaling Solutions for Improved
Performance in High Delay Surgical Teleoperation

Florian Richter, Ryan K. Orosco and Michael C. Yip
University of California San Diego, USA

» Remote telesurgery is currently not feasible
due to the latency

« This work proposes three simple motion
scaling solutions to reduce errors when
operating under delay

+ Conducted a user study on da Vinci® Surgical
System to measure the proposed solutions
effectiveness

 16/17 participants performed best with regards
to errors using one of the proposed solutions

Flow chart of teleoperated
surgery under delay
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Robust object grasping in
clutter via singulation

Kiatos Marios and Malassiotis Sotiris
Center of Research and Technology Hellas, Greece
Aristotle University of Thessaloniki, Greece

« We propose a strategy of singulating a target-
object from its surrounding clutter

« Singulation is approximated by lateral pushing
movements

» We trained an RL agent in simulation in order
to obtain optimal push policies

« The robot learns to free the target-object with
the minimum number of pushes and achieved
a 97% success singulation in simulation

* The learned policy successfully transferred to
a real world scenario

Simulated environemt for
singulation of white cube

14:40-15:55 MoB1.3 |

Design Principles and Optimization of a
Planar Underactuated Hand for Caging Grasps

Walter G. Bircher and Aaron M. Dollar
Department of Mechanical Engineering and Materials Science,
Yale University, United States

« Simple underactuated hands can be designed
to naturally cage objects as they close

« This behavior is greatly influenced by the
chosen design parameters of the hand

« We describe a simple kinematic model to
simulate this behavior, and a metric based on
quality of cage

« Abrute force design space search reveals
guiding principles to aid in design of simple
“made to cage” hands

Two finger 2-link tendon
driven underactuated hand
caging an object

14:40-15:55 MoB1.5 |

Transferring Grasp Configurations using Active
Learning and Local Replanning

Hao Tian, Changbo Wang and Xinyu Zhang
School of Computer Science and Software Engineering,
East China Normal University, China
Dinesh Manocha
Department of Computer Science, University of Maryland, USA
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Grasp configurations of novel

objects before and after part
assembly and local replanning

* Anew hybrid grasp measure for
determining stable grasp configurations.

« Grasp transfer through bijective contact
mapping and compute the corresponding
grasps for novel objects.

« Assemble the individual parts and use local
replanning to adjust grasp configurations.

» Our method can handle objects represented
using mesh or point cloud and a variety of
robotic hands.

| 14:40-15:55 MoB1.2

Towards an Integrated Autonomous Data-Driven
Grasping System with a Mobile Manipulator

Michael Hegedus', Kamal Gupta' and Mehran Mehrandezh?
" School of Engineering Science, Simon Fraser University, Canada
2 Faculty of Engineering, University of Regina, Canada

+ Combines next-best-view (NBV) for modeling
with grasp planning and execution

* Eye-in-hand mobile manipulator

» Uses scan overlap as the key feature to
improve scan registration for NBV

» Reconstructs an object and performs a grasp
while experience base pose uncertainty

Fig. 1: Eye-in-hand Mobile
Manipulator System

| 14:40-15:55 MoB1.4

Mechanical Search: Multi-Step Retrieval
of a Target Object Occluded by Clutter

Michael Danielczuk'™, Andrey Kurenkov?*, Ashwin Balakrishna’,
Matthew Matl', David Wang', Roberto Martin-Martin?,
Animesh Garg?, Silvio Savarese?, Ken Goldberg'’
1Electrical Engineering and Computer Science, UC Berkeley, USA

2Computer Science, Stanford University, USA
Tavget S &
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The system selects between

grasping and pushing objects
until the target object is extracted.

* Mechanical Search describes the class of
tasks where the goal is to locate and extract
a known target object.

« We present a study of 5 algorithmic policies A
for mechanical search for bin picking, with o o
over 15,000 simulated trials and 300 =
physical trials.

« Results suggest that success can be
achieved in this long-horizon task with
algorithmic policies in over 95% of
instances.

[ 14:40-15:55 MoB1.6 |

Cloth Manipulation Using Random-Forest-Based
Controller Parametrization

Biao Jia
Department of Gomputer Science, University of at Maryland at College Park, United States

Zherong Pan

Department of Computer Science, University of North Carolina at Chapel Hill, United States
Zhe Hu
Department of Mechanical Biomedical Engineering, Gity University of Hong Kong, China
Jia Pan
Department of Computer Science, the University of Hong Kong, China
Dinesh Manocha
Departments of Computer Science and Electrical Computer Engineering, University of Maryland at College Park, United States

« A random-forest-based DOM-controller
parametrization which is robust and less
parameter-sensitive.

 An imitation learning algorithm based
framework that trains robust DOM controller.
using a cloth simulator.

« Our approach performs equally well in a
simulated environment and a real-world
scenario.

et
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Kinematic Analysis of a 4-DOF Parallel
Mechanism with Large Translational and
Orientational Workspace
Shoichiro Kamada
Hitachi High-Technologies Corporation, Japan

Thierry Laliberté and Clément Gosselin
Départment de Génie Mécanique, Université Laval, Canada

A novel 4-DOF parallel mechanism having 3
translational DOFs and 1 rotational DOF is
introduced.

« The translational DOF along the y-axis and the
rotational DOF around the x-axis are large.

« The kinematic equations of the mechanism are
derived and the singularities are revealed.

* The geometric description of the boundaries of
the workspace is given.

“End effector

Prototype of one of the
design examples

14:40-15:55 MoB1.3 |

Symmetric Subspace Motion Generators

Yuanqing WU and Marco Carricato
Department of Industrial Engineering, University of Bologna, Italy

« Modeling symmetric manipulation with
symmetric subspaces of SE(3)

« How to design kinematic chains for a
symmetric manipulation task

« How to design parallel manipulators for a
symmetric manipulation task

« Potential applications

Pointing device is a
particular example

14:40-15:55 MoB1.5 |

Modeling Variable Curvature Parallel Continuum
Robots Using Euler Curves

Phanideep S. Gonthina, Apoorva D. Kapadia and lan D. Walker
ECE Department, Clemson University, U.S.A
Isuru S. Godage
School of Computing, DePaul University, U.S.A

« Euler spirals, also termed Clothoids, are
applied to the kinematic modeling of
continuum robots for the first time.

« This new approach was applied to several
continuum sections and compared with the
constant curvature model.

» Mawby: A novel parallel Continuum gripper
inspired by the Barrett Hand.

« Separating Sections: A squid inspired robot.

Euler vs constant curvature
modeling

Vision-Based Control and Stability  [S2N
Analysis of a Cable-Driven Parallel Robot /"

Zane ZAKE'"2, Frangois CHAUMETTES,
Nicolo PEDEMONTE?, and Stéphane CARQ'

lrrzia—

@

« Stability analysis of pose-based
visual servoing control of a
cable-driven parallel robot

« High robustness to coarse models
and mis-calibrations

« Improved final accuracy when
compared to a pure model-based
control

« Experimentally validated on a

1m x 1m x 1m CDPR prototype
ACROBOT

'CNRS, LS2N, Nantes, France
2|RT Jules Verne, Bouguenais, France

3Inria, Rennes, France
contact: stephane.caro@I|s2n.fr

[14:40-15:55 MoB1.4

Kinematically Redundant (6+3)-dof Hybrid
Parallel Robot with Large Orientational
Workspace and Remotely Operated Gripper

Kefei Wen, David Harton, Thierry Lalibert¢é and Clément Gosselin
Department of Mechanical Engineering, Université Laval, Canada

« Very simple type Il singularity conditions

« Both type | and type Il singularities are easily
avoidable throughout the workspace

« The robot can produce a very large
orientational workspace (>%90" tilt and torsion)

* The redundancies can be further utilized to
operate a gripper on the moving platform from
the base actuators

CAD model of the (6+3)-dof
hybrid parallel robot including
partial static balancing

[14:40-15:55 MoB1.6

Periodic Trajectory Planning Beyond the Static
Workspace for Six-DOF Cable-Suspended
Parallel Robots

Xiaoling Jiang, Eric Barnett, and Clément Gosselin
Department of Mechanical Engineering, Université Laval, Canada

+ A passive mechanical system that is i
equivalent to this type of robot is introduced f‘““

+ The dynamic differential equations are 34
linearized and integrated, producing a general
solution for periodic trajectories h

« The solution is used to create complex motion
with changes in position and orientation

+ An experimental implementation is described,
and a video shows the prototype following
periodic trajectories

The six-DOF robot
following a trajectory
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Chair

Co-Chair

14:40-15:55 MoB1.1 | | 14:40-15:55 MoB1.2
Variable Damping Control of the Robotic Ankle Design of a Compliant Mechanical Device for

Joint to Improve Trade-off between Upper-Leg Rehabilitation
Performance and Stability

James Arnold, Harrison Hanzlick, and Hyunglae Lee*
School for Engineering of Matter, Transport and Energy
Arizona State University (ASU)

Dmitri Fedorov and Lionel Birglen
Department of Mechanical Engineering, Polytechnique Montréal, Canada

« This paper presents a variable damping control strategy to improve « Entirely passive mechanism generating
trade-off between agility/performance and stability in the control of the a potential energy field around a the
ankle exoskeleton robot. human gait cycle.

« Depending on the user’s intent of movement, the proposed variable * The elongations of two compliant
damping controller determines the robotic ankle damping from cables are linked to the articular
negative to positive damping values. rotations.

« We demonstrated that humans could get benefits of not only positive « Non-circular pulleys are used to obtain
damping to stabilize the ankle but also negative damping to enhance the desired cable elongations.
the agility of ankle movement as necessary during dynamic ankle
movement.

14:40-15:55 MoB1.3 | [14:40-15:55 MoB1.4 |

Hybrid Open-Loop Closed-Loop Control of
Coupled Human-Robot Balance During Assisted
Stance Transition with Extra Robotic Legs

An Autonomous Exoskeleton for Ankle
Plantarflexion Assistance
Albert Wu

) Dept. of EECS, M.LT., USA. Daniel J. Gonzalez and H. Harry Asada
Xingbang Yang, Jiun-Yih Kuan, Hugh M. Herr Department of Mechanical Engineering

Media Lab, M.I.T., U.S.A. Massachusetts Institute of Technology (MIT), USA

* An autonomous exoskeleton with high P
efficiency transmission and low device inertia %
was developed.

« The exoskeleton has a torque bandwidth of
17.5Hz and can adaptively track walking
biological torque.

< Augmentation Factor (AF) of the exoskeleton
is 64.7W, demonstrating potential to reduce
metabolic cost. =

« The exoskeleton establishes an autonomous (a) Exoskeleton CAD an-d
platform for ankle assistance experiments. (b) Completed Exoskeleton

* Robot must balance itself while applying an
upward assistive force to the human while they
perform work near the ground.

» Robot controls its own balance and stability using
position control of X, Y, Roll, and Yaw.

* Human determines the pace of squat transition
motion (Z, Pitch) through force interaction.

» Hybrid Open-Loop / Closed-Loop Architecture
allows for mixing both control goals in a
systematic manner.

et
it

Srest pubeners =

14:40-15:55 MoB1.5

Continuous-Phase Control of a Powered Knee—Ankle
Prosthesis: Amputee Experiments Across Speeds and Inclines

David Quintero Dario J. Villarreal
Mechanical Engineering, Electrical & Computer Engineering,
San Francisco State University, USA Southern Methodist University, USA

Daniel J. Lambert Susan Kapp Robert D. Gregg
Electrical Engineering, Rehabilitation Medicine, Bioengineering,
University of Texas at Dallas, USA University of Washington, USA University of Texas at Dallas, USA

« Controllers in robotic prosthetic legs typically divide the
gait cycle into periods, resulting in several tunable
parameters across users and activities.

« We present a controller that unifies the gait cycle of a
robotic knee—ankle prosthesis using virtual constraints.

« These constraints characterize the desired joint
trajectories as functions of a phase variable, computed
from the amputee's residual thigh motion.

« The controller has a fixed set of control gains, across
activities and users, and allowed three amputee
subjects control over the timing of the prosthetic joint
patterns at walking speeds from 0.67 to 1.21 m/s and
slopes from —2.5¢ to +9.0°.
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14:40-15:55 MoB1.1 | [14:40-15:55 MoB1.2
Analytic Collision Risk Calculation for A new approach to local navigation for
Autonomous Vehicle Navigation autonomous driving vehicles based on the CVM.
J. Lépez, C. Otero, R. Sanz and E. Paz
Andreas Philipp and Daniel Goehring Dept. of Systems Eng. and Automation, University of Vigo, Spain
Computer Science Institute, Freie Universitat Berlin, Germany E. Molinos and R. Barea

Dept. of Electronics, University of Alcala, Spain

[

This paper presents a car navigation system to
follow a road path consisting on a sequence of
lanelets.
Local Navigation loop is divided in two steps:
» 1.- Apure pursuit method obtains a curvature
reference to follow the planned path.

* Probabilistic Collision Risk Calculation is
Mandatory for Autonomous Vehicles :

« Rectangular Shape of the Vehicles Must Be - g
Taken into Account in Dense Traffic : 2

« Common Solutions Based on Monte Carlo T
Simulation are too Slow Samples of Predicted

+ Fast Analytical Method has been Developed ~ Poses of Moving Object * 2. Using that reference, BCM keeps the car in

and Integrated into Self Driving Car Solution of the center of the free lane space avoiding
the Freie Universitat Berlin obstacles that can partially block the lane.

Local navigation obstacle
avoidance step.

14:40-15:55 MoB1.3 | [14:40-15:55 MoB14 |
Goal-Driven Navigation for Non-holonomic Multi- Efficient Exact Collision Detection between
Robot System by Learning Collision Ellipsoids and Superquadrics via Closed-form
Minkowski Sums
H. W. Jun, H. J. Kim and B. H. Lee Sipu Ruan', Karen L. Poblete’, Yingke Li3, Qian Lin3, Qianli Ma*
Department of Electrical and Computer Engineering, Seoul National University, and Gregory S. Chirikjian-?
South Korea ' Lab for Computational Sensing and Robotics, Johns Hopkins University, USA

2 Dept. of Mechanical Engineering, National University of Singapore, Singapore
3 Tsinghua University, China

« The reinforcement learning based multi-robot 4 Aptiv, USA
collision avoidance approach named Collision _ _ ]
Avoidance by Learning Collision (CALC) is = The closed-form Minkowski sum between an i 5
proposed in the paper G ellipsoid and any surface in " i5 reviewed; 1 &
« CALC learns collision and use the policy into /,\,H\\ = Point gquery for parametric surfaces is derived,
goal-driven multi-robot collision avoidance . N « An exact collision detection algorithm between -
problem :l{ EL 3 ellipsoids and superguadrics is proposed; - |
« The proposed method is validated both in the ) e = Algorithmic accuracy based on the Principal T
robot simulation with Gazebo simulator and The concept of the Kinematic Formula and running time efficiency A Poly-ellipsoidal humanoid

robot is picking up a cup while
avoiding collisions with the
poly-superquadrics table.

proposed method

real robot experiment with e-puck mobile robot are benchmarked.

14:40-15:55 MoB1.5 | [14:40-15:55 MoB1.6
Positioning Uncertainty Reduction of Magnetically Collision Avoidance of Arbitrarily Shaped
Guided Actuation on Planar Surfaces Deforming Objects using Collision Cones
Martin Jurik, Jiri Kuthan, Jiri Vicek, Frantisek Mach V. Sunkara', A. Chakravarthy2, D. Ghose3
Faculty of Electrical Engineering, University of Marine Science, University of Southern Mississippi, USA
West Bohemia, Czech Republic 2Mech. and Aero. Engineering, University of Texas at Arlington, USA

3Aerospace Engineering, Indian Institute of Science, India
» Magnetic actuation of miniature robots

based on the coplanar coils is discussed « We consider collision avoidance of objects

whose shape changes as a function of time.
« Such shape changing objects include snake
robots, boundaries of vehicle swarms,
boundaries of oil spills.
+ A technique based on superposition of : : « Collision cone equations are developed for
actuation and lock-up field is proposed and | ««luclion - aclualion | such deforming entities.
experimentally tested Lele ouly lock-up Lele

« A major goal is to analyze key design and
operation parameters towards the
reduction of positioning uncertainty

« These are then embedded into a Lyapunov  *

M,'t?]'af‘mre robot Ttegactllon framework to determine guidance laws for
with ferromagnetic barrier. collision avoidance.
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MoB1.1 |

Robot Localization Based on Aerial Images for
Precision Agriculture Tasks in Crop Fields

Nived Chebrolu, Philipp Lottes, Thomas Labe and
Cyrill Stachniss
University of Bonn, Germany

« Localization in crop fields over extended
periods of time using aerial images as maps.

* Provides crop-row level accuracy for
navigating in the field.

« Handles changing environment by exploiting
semantics in the field. e

« Supports localization over multiple sessions ;
without requiring explicit remapping. 5

14:40-15:55 MoB1.3 |

An Approach for
Semantic Segmentation of Tree-like Vegetation

S. Tejaswi Digumarti, Lukas M. Schmid, Giuseppe M. Rizzi,
Juan Nieto, Roland Siegwart, Cesar Cadena
Autonomous Systems Lab, ETH Zurich, Switzerland

Paul Beardsley
Disney Research, Zurich, Switzerland

H H
4 H

A sample result
of the proposed approach

« We present a deep learning approach to
segment RGB-D images of vegetation into 4
components — trunk, branches, twigs, leaves.

« Late fusion of depth data, encoded as HHA
images, to RGB images performs better than
early fusion.

= Asynchronous training with different learning
rates for the RGB and HHA sub-networks
achieves best performance (92.5% accuracy).

« Training done on simulated tree data.

14:40-15:55

MoB1.5 |

Dynamic Obstacles Detection
for Robotic Soil Explorations

Francesco Visentin, Ali Sadeghi, and Barbara Mazzolai
Institute of Technology, Center for Micro-Biorobotics

 Robots can navigate complex
and dynamic environments, but
moving into soil is still a
challenge.

« We propos a method to detect
obstacles while moving into the
soil by growing.

* By the use of a 6DOF force
sensor we predict the relative
position of the obstacle before
touching it with the robot.

[14:40-15:55

Visual Appearance Analysis of Forest Scenes for
Monocular SLAM

James Garforth and Barbara Webb
School of Informatics, University of Edinburgh, UK

« Performance of state of the art visual mapping
systems is compared on forest datasets

 Visual scene statistics used to identify
distinguishing traits of forests over "classic"
urban scenes

o Photorealistic forest simulation proposed as
testbed for developing improvements, but fails
to reflect distinguishing statistics

[14:40-15:55 MoB1.4

Thermal Image Based Navigation System for Skid-
Steering Mobile Robots in Sugarcane Crops

Marco Xaud and Pal From
Fac. of Sci. and Technology, Norwegian University of Life Sciences, Norway
Antonio Leite
Dep. Elect. Engineering, Pontifical Catholic University of Rio de Janeiro, Brazil

« Autonomous navigation of TIBA robot along
row crop tunnels in sugarcane farms;

« Thermal IR imaging and deep learning for
offset estimation and trajectory planning;

« Modeling and control design for mobile robots
with the skid-steering driving profile;

« Numerical simulations and experimental tests
for verification and validation.

TIBA robot in sugarcane
field; RGB and IR images.

[14:40-15:55 MoB1.6

Non-Destructive Robotic Assessment of Mango
Ripeness via Multi-Point Soft Haptics

Luca Scimeca and Perla Maiolino and Fumiya lida
Department of Engineering, University of Cambridge, United Kingdom
Biologically Inspired Robotics Laboratory

« There is a need to find alternatives to the
destructive fruit ripeness estimation by
penetrometer instruments.

« We propose a non-destructive alternative
to mango ripeness estimation.

« A custom-made gripper, coupled with
capacitive tactile sensor arrays performs
soft-touch experiments on mangos.

« The method is capable of classifying
mangos at different ripeness stages,
without fruit damage.

Experimental set-up', tactile
skin, and example sensor
data
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14:40-15:55 MoB1.1 | [14:40-15:55 MoB1.2

. . . The Open Vision Computer: An Integrated
UAV Pose Estimation using Cross-view Sensing and Compute System for Mobile Robots

Geolocalization with Satellite Imagery Morgan Quigley*, Kartik Mohta, Shreyas S. Shivakumar, Michael
Watterson, Yash Mulgaonkar, Mikael Arguedas*, Ke Sun
*Open Source Robotics Foundation, Mountain View, USA
Sikang Liu, Bernd Pfrommer, Vijay Kumar and Camillo J. Taylor
GRASP Laboratory, University of Pennsylvania, USA

Akshay Shetty and Grace Xingxin Gao
Aerospace Engineering, University of lllinois Urbana-Champaign, USA

« Estimated global pose of a UAV using Ex8
nearby satellite imagery i

« Combined outputs from two neural
network to obtain the pose output

« Integrated pose output with visual

« Tightly integrated compute and sensing
platform to support high speed, vision guided
autonomous flight

« Sufficient computational power from NVIDIA

bt |

odometry TX2 and Cyclone V FPGA
« Significantly reduced trajectory Global camera pose estimate « Efficiently runs real-time state estimation,
estimation errors comparedto from our cross-view mapping, planning, depth perception and Open Vision Computer on
previous cross-view geolocalization geolocalization method learning based methods for object detection our Falcon 250 Platform
methods and segmentation
« Open source: http://open.vision.computer
14:40-15:55 MoB1.3 | [14:40-15:55 MoB1.4

UVDAR System for Visual Relative Localization
with Application to Leader-Follower Formations
of Multirotor UAVs

Viktor Walter, Nicolas Staub, Martin Saska
Bo Fu, Kumar Shaurya Shankar, and Nathan Michael Department of Cybernetics, Czech Technical University, Czech Republic
Robotics Institute, Carnegie Mellon University, USA Antonio Franchi
LAAS-CNRS, Université de Toulouse

RaD-VIO: Rangefinder-aided
Downward Visual-Inertial Odometry

« Adirect frame-to-frame VIO algorithm that » UVDAR system for relative mutual localization

minimises a joint photometric and inertial cost .M;Ime:mwl oS of UAVs based on ultraviolet light and
function; Homography Based | Aoour specialized image processing

« An EKF structure to incorporate this with a State Estimation Amé.a:m » The system is robust to a range of outdoor
single-beam rangefinder signal and estimate l”v";f;!:’;’ conditions
IMU bias; Extended Kalman Fitter « This paper demostrates the use of UVDAR in

« Extensive evaluation on a variety of onenaion frioend Ime real-world setting, on an example of directed Example of trajectory
environments with comparisons with state of o I;H;%va: Renge leader-follower flight, showing the retrieved derived from UVDAR data
the art algorithms. * knowledge of relative position and orientation

System Diagram of the leader
14:40-15:55 MoB1.5 | [14:40-15:55 MoB1.6
Communication-Efficient Planning and Mapping for Minimum-Time Trajectory Generation

Multi-Robot Exploration in Large Environments Under Intermittent Measurements

int i 2 i 1
Micah Corah, Cormac O'Meadhra, Kshitij Goel, Bryan Penin', Paolo Robuffo Giordano?, Frangois Chaumette

and Nathan Michael 1Inria, Univ Rennes, CNRS, IRISA, Rennes, France

Robotics Institute, Carnegie Mellon University, Pittsburgh, PA 2CNRS, Univ Rennes, Inria, IRISA, Rennes, France

+ Planning minimum-time and feasible 3D
trajectories for flat systems (e.g., a
quadrotor, a unicycle)

« Considering intermittent visual
measurements function of the system
state (from scattered visual targets) :

« A bi-directional hybrid-A* uncertainty- gy SO0
aware algorithm is proposed

« Initial and final state exact connection Lo .

. . A quadrotor following a trajectory.

« Experimental validation on a quadrotor State uncertainty is reduced

« Achieve communication-efficient multi-robot
exploration via compact representations

« Gaussian mixture model efficiently
approximates depth data for use in mapping

« Alibrary of views represents the distribution of
informative observations

» Robots maximize information gain and
minimize distance to informative views on a
local grid map

Three robots explore a X
warehouse environment UAV with onboard camera when a landmark is visible
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14:40-15:55

MoB1.1 |

Learning to Capture a Film-Look Video with a

Camera Drone

Chong Huang', Zhenyu Yang', Yan Kong', Peng Chen?,
Xin Yang?, and Kwang-Ting (Tim) Cheng*

1 University of California, Santa Barbara
2 Zhejiang University of Technology
3 Huazhong University of Science and Technology
4 Hong Kong University of Science and Technology

» Propose a learning-based approach, which
can imitate a professional cameraman’s
intention for capturing a film-look aerial
footage of a single subject in real-time:

« 1) Train a network to predict the future image
composition and camera position.

« 2) Generate control commands to achieve the
desired shot framing.

Experimental Setup

14:40-15:55

MoB1.3 |

Online Estimation of Geometric and Inertia
Parameters for Multirotor Aerial Vehicles

Valentin Wiest!, Vijay Kumar?, Giuseppe Loianno?
1 University of Pennsylvania, USA
2 New York University, USA

* Flexible multirotor framework for onboard
in-flight estimation of key dynamic parameters

« Recursive filtering on SO(3) to fuse motor
speeds with IMU & pose sensor measurements

me Mass

Moment of Inertia
srev Center of Mass
stsr Pose Sensor
srer IMU

» Non-linear Observability Analysis providing
insights into the role of each sensor module

« Experiments showing convergence and the
ability to re-estimate parameters online

[14:40-15:55

MoB1.5 |

A Novel Development of Robots with
Cooperative Strategy for Long-term and
Close-proximity Autonomous
Transmission-line Inspection
Jiang Bian, Xiaolong Hui, Xiaoguang Zhao and Min Tan

The State Key Laboratory of Management and Control for Complex Systems,

Institute of Automation, Chinese Academy of Sciences, Beijing, China.

« We develop two cooperative robots for power
transmission lines (PTLs) inspection.

« Alight climbing robot (CBR) can stably move
on the overhead ground wire (OGW).

« An unmanned aerial vehicle (UAV) with a
grabbing mechanism can automatically put the
CBR on the OGW and take it off.

« It is different from the existing transmission-
line inspection methods and can satisfy the
two challenging inspection requirements —
long term and close proximity.

The UAV can
automatically place
and grab the CBR

[14:40-15:55

MoB1.2

Design and Experiments for Multl-Section-
Transformable (MIST)-UAV

Ruben D’Sa and Nikolaos Papanikolopoulos
Department of Computer Science and Engineering
University of Minnesota, USA

« Discussion of aerial robot design and
hardware components.

+ Overview of system modeling and
control.

« Demonstration of multiple outdoor
multi-rotor to fixed-wing to multi-rotor
transformations.

Multi-rotor to Fixed-wing
Transformation

[14:40-15:55

MoB1.4

External Wrench Estimation for Multilink Aerial
Robot by Center of Mass Estimator Based on
Distributed IMU System

Fan Shi, Moju Zhao, Tomoki Anzai, Xiangyu Chen, Kei Okada,
Masayuki Inaba
Information Science and Technology, the University of Tokyo, Japan

« Estimate external force and torque based on
distributed IMU systems

« Estimate contact position based on robot
model and external wrench

« Design contact-aided strategy for aerial
transformable robot to avoid collision

« Experimentally validate the framework on
simulation and the real robot

The 4-links aerial
transformable robot with
distributed IMU sensors

on each link

[14:40-15:55

MoB1.6

Hunting Drones with Other Drones:
Tracking a Moving Radio Target

Louis Dressel and Mykel J. Kochenderfer
Aeronautics and Astronautics, Stanford University, USA

* Seeker drone tracks a moving target drone by g z
its telemetry radio emissions . J
« Seeker drone has simple antennas and low- = o
cost software-defined radios
« Seeker uses non-myopic planner to quickly
localize target while reducing near-collisions

« Flight tests validate system but suggest
unmodeled noise is present

n
k

Seeker drone (left) and
target drone (right)
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14:40-15:55 MoB1.1 |

Design and Testing of a New Cell Microinjector
with Embedded Soft Force Sensor

Yuzhang Wei and Qingsong Xu
Department of Electromechaincal Engineering, University of Macau,
Macau, China

« A novel force-sensing cell injector is designed Frsin
with piezoresistive force sensor embedded in >
soft materials

The soft sensor acts as fixed-guided beams,
which achieve uniaxial force measurement with
high sensitivity

The injector is developed by considering the
installation and replacement issues of the
micropipette and the connection issue of air tube

A prototype is fabricated and experimental study
is conducted to verify its performance

I;A ATy
holder

14:40-15:55 MoB1.3 |

Design of Versatile and Low-Cost Shaft Sensor
for Health Monitoring

Erik Gest, Mikio Furokawa, and Kamal Youcef-Toumi
Mechanical Engineering, MIT, USA
Takayuki Hirano
The Japan Steel Works, LTD., Japan

« Measures torque, speed, vibration, and some
modes of bending

« Transmits data wirelessly

« All components mounted on shaft; no
stationary parts required

« Very low cost compared to other torque
sensors

14:40-15:55 MoB1.5 |

Endoscope Force Generation and Intrinsic
Sensing with Environmental Scaffolding

J. E. Bernth, J. Back, G. Abrahams, L. Lindenroth and H. Liu
Haptic Mechatronics and Medical Robotics Lab, King’s College London, UK
B. Hayee
King’s College Hospital, King’s College London, UK

« Endoscopic surgery is becoming an
increasingly popular alternative to
laparoscopic techniques.

« The maximum force endoscopes can apply is
limited due to flexibility and length.

« This paper presents techniques for intrinsically
measuring contact forces in endoscopic robots 5, endoscope using the
and... environment to increase

» How endoscopes can use the colon lumento ~ maximum palpation force.
increase the maximum applied distal force.

[14:40-15:55 MoB1.2 |

Energy Optimization for a Robust and
Flexible Interaction Control

Cristian Secchi, Federica Ferraguti
University of Modena and Reggio Emilia

« The possibility of adapting the behavior of
a robot during the interaction is very
important

« The robustness of admittance control is
lost when trying to change the admittance
dynamics

« An energy tank based architecture for
ensuring an optimally robust and flexible
behavior is proposed

« Experiments in physical human robot
interaction are proposed

Desired
admittance

[14:40-15:55 MoB1.4 |

Robust Execution of Contact-Rich Motion Plans
by Hybrid Force-Velocity Control

Yifan Hou and Matt Mason
Robotics Institute, Carnegie Mellon University, United States

« Using hybrid force-velocity control, robots can
execute contact-rich motion plans robustly.

« Velocity control is precise and robust against
force disturbances. Force control is robust
against positional uncertainties. We combine
the best part of both worlds.

« We propose an algorithm to compute the best
hybrid force-velocity control for given tasks

« Our method is experimentally tested on two
tasks.

[14:40-15:55 MoB1.6

Task-Based Control and Design of
a BLDC Actuator for Robotics

Avik De, Abriana Stewart-Height, and Daniel E. Koditschek
Electrical and Systems Engineering, University of Pennsylvania, USA

» We propose a new multi-input brushless DC
motor control policy beyond a “torque o
amplifier” abstraction an

« For force and power-constrained tasks, this
controller achieves better empirical I
performance i ’a«

« It retains torque-tracking and stability v
characteristics of the conventional strategy L

« Non-conventional motor design optimizations
are shown to vastly amplify the effectiveness
of this new control strategy
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14:40-15:55 MoB1.1 | [14:40-15:55 MoB1.2

On the Combination of Gamification and
Crowd Computation in Industrial Automation
and Robotics Applications

A New Overloading Fatigue Model for Ergonomic
Risk Assessment in Human-Robot Collaboration
Marta Lorenzini, Wansoo Kim, and Arash Ajoudani
HRII Lab. of the Dept. of Advanced Robotics, Istituto Italiano di Tecnologia, Iltaly

Elena De Momi
Dept. of Electronics, Information and Bioengineering, Politecnico

Tom Bewley
Dept. of Computer Science, University of Bristol, United Kingdom
Minas Liarokapis

di Milano, Ital
Dept. of Mechanical Engineering, University of Auckland, New Zealand Y g
» We propose a new whole-body fatigue model 5 ‘.,_,
« We propose the use of video games to crowdsource the cognitive to evaluate the cumulative effect of the o e E
versatility and creativity of human players to solve complex problems in overloading torque induced on the joints over ;. M |
industrial automation and robotics applications. time by external Ilghtvlve!ght paylogds. . q 07
» We introduce a theoretical framework in which robotics problems are * The proposed m°de| is integrated in a human- & - P!
embedded into video game environments and gameplay from crowds of robot collaboration (HRC) framework to set the B 2.8
players is aggregated to inform robot actions. t'm'”ngfra boicc’jy g%s“tjr:e cr’plgglzzgiosl;ance P!
I .
« Further work is needed to explore these wider implications, as well as to procedure gl{ ed oy the ,0 fo-y
develop the technical theory behind the framework and build prototype * The robot guides the subject towards a more -
applications. ergonomic body posture to reduce the risk of i
injuries while performing repetitive tasks. .
14:40-15:55 MoB1.3 | [14:40-15:55 MoB1.4
Human-inspired balance model to account for . . .
foot Fl))eam interaction mechanics Real-time Robot-Assisted Ergonomics
Jongwoo Lee!, Meghan E. Huber', Enrico Chiovetto?, Martin A. Shaﬂ"HAAA{/?/kaaeBr:ng;t:izzd}gkﬁ‘ﬁggﬁe’f\' Shiva,
Giese?, Dagmar Sternad?, Neville Hogan'- e #rerial College London
"Department of Mechanical Engineering, MIT, USA, 2Department of Cognitive Kii s Colle ge London !
Neurology, University Clinic Tubingen, Germany, 3Departments of Biology, Univegrsity Coliqege Lond(;n
Electrical and Computer Engineering, and Physics, Northeastern University, . : . .
USA, “Department of Brain and Cognitive Sciences, MIT, USA Queen Mary University of London, United Kingdom
: Wr? exatmir:fd human mediokl)ateral balance A B « Robotic system continuously inspects the
when standing on a narrow ear’r?. . user’s postural ergonomics
: dOur results sﬁovn tha}lfoot-be;m: interaction _l_h_ + Human-robot interaction is driven by the user’s
ynamics critically influence balancing. : comfort, continuously being optimised
« A simplified model of foot-beam interaction Organi . .
) « Organically leads to robot moving as desired d
added to a double inverted pendulum model )
could replicate the change in human behavior. and needed o fulfil the task at hand
* Understanding human whole body coordination & ) t,
may inform the development of balance :
controllers for bipedal robots.
14:40-15:55 MoB1.5 | [14:40-15:55 MoB1.6

Activity Recognition for Ergonomics Assessment

A Fog Robotic System for Dynamic of Industrial Tasks with Automatic Feature

Visual Servoing

Selection
Nan Tian, Aja% K. 'Ir;anwtar:l,EgCeg Sglgbirlg' SSSmayeh Sojoud Adrien Malaisé, Pauline Maurice, Francis Colas, Serena Ivaldi
epartment o ’ erl eley, Inria Nancy, Université de Lorraine, Nancy, France
Mas Ma, Robert Zhang, Bill Huang

Advanced Technology Department, CloudMinds Inc., US . .
= . « Inferring postures and actions related to
standard ergonomic assessment
worksheet

« ldentifying dedicated sets of features to
be used for activity recognition models

« Human whole body motion capture data
from 17 inertial sensors (Xsens suit)

* A Fog Robotic Cloud-Edge hybrid
controller

® Cloud-based assisted teleoperation of
a self-balancing robot

* A Fog Robotic image-based visual
servoing (IBVS) module for automatic

=

box pickups « Classification based on Hidden Markov
. . . Models trained with supervised learning
® Automatic box pickups from a moving
person

Automatic Box Pickup using
a Dynamic Self-Balancing Robot
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14:40-15:55 MoB1.1 |

Approximate Probabilistic Security for Networked
Multi-Robot Systems

Remy Wehbe and Ryan K. Williams
Department of Electrical and Computer Engineering, Virginia Tech, USA

« Formulating a combinatorial optimization I‘=.._
problem for estimating the probability of . e
security of a multi-robot system (MRS) F=.-"’J ] M &
« Performing the necessary simplifications and LN
presenting a solution to the optimization Y 3
® . O
Multi-Robot system with
probabilistic interactions

problem
under attack

« Introducing two approaches that allow the
optimization algorithm to be applied to
dynamic MRS

« Tracking the probability of security of an MRS
performing a rendezvous objective.

14:40-15:55 MoB1.3 |

Asynchronous Network Formation in
Unknown Unbounded Environments

Selim Engin and Volkan Isler
Computer Science and Engineering, University of Minnesota, USA

» We study the problem of online network formation
where the robots have bounded communication
range and their locations are unknown

» We present an online algorithm whose
competitive ratio is O(MH) for arbitrary and O(M)
for uniformly random deployments, where M is
the longest edge length in the MST of the initial
configuration and H is the height of the tree

* The algorithm is demonstrated on a multi-UAV
system in field experiments

Robots searching for their
peer robots who are inactive

14:40-15:55 MoB1.5 |

Multi-Vehicle Trajectory Optimisation On Road
Networks

Philip Gun, Andrew Hill, and Robin Vujanic
RTCMA, ACFR, University of Sydney, Australia

« Time-optimal trajectories planned for multiple
cooperative agents along specified paths

« Trajectories are centrally optimised with MILP,
and account for interactions at intersections

« Computational performance improved by gt
reducing binary variables with iteratively e
applied targeted collision-avoidance

constraints

« Simulation results compare proposed methods
against a fast heuristic method and on-site
practices

Mine road network graph.
Trajectories are planned
over coloured paths

[14:40-15:55 MoB1.2

A Decentralized Heterogeneous Control Strategy for
a Class of Infinitesimally Shape-Similar Formations

lan Buckley and Magnus Egerstedt

Institute of Robotics and Intelligent Machines,
Georgia Institute of Technology, USA

« Control of triangulations, a class of infinitesimally e
shape-similar formations, is considered.

o The multi-robot team is heterogeneous in terms e
of the sensing modalities available to the robots. | *° ",

« By exploiting the structure, the formation can be
maintained using bearing-only information.

 Limited access to distance information enables
control of the formation's position, heading, and
scale.

B,y
b E)

The decentralized formation
control strategy is deployed
on a team of differential-
drive robots.

[14:40-15:55 MoB1.4

ICRA 2019 Digest
Switching Topology for Resilient Consensus
using Wi-Fi Signals

Thomas Wheeler and Ezhil Bharathi and Stephanie Gil
CIDSE, Arizona State University, USA

Cotrssa b e Pt Zenat sus

« Distributed consensus is a fundamental
algorithm to multi-robot coordination, but is
vulnerable to Sybil attack.

« Build off prior work, leveraging physical
information from commodity Wi-Fi chips to
recognize malicious nodes.

« We achieve consensus through deliberate
topology switching in a stochastic manner
based off inter agent trust

[14:40-15:55 MoB1.6

Design Guarantees for Resilient
Robot Formations on Lattices

Luis Guerrero-Bonilla, David Saldafa, and Vijay Kumar
GRASP Laboratory, University of Pennsylvania, USA

* Robot formations with r-robust communication
networks achieve consensus in the presence
of malicious robots.

» We guarantee r-robust networks in robot
formations over triangular and square lattices.

+ Our design guarantees consider obstacles,
number of robots, energy usage,
heterogeneous communication ranges.

Examples of robot
formations on lattices
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14:40-15:55 MoB1.2

MoB1.1 |

Disturbance Compensation Based Control for an
Indoor Blimp Robot

Yue Wang, Gang Zheng, Denis Efimov and Wilfrid Perruquetti
CRIStAL (CNRS UMR 9189), Centrale Lille, France
Non-Ateam, INRIA Lille, France

« Blimp robot dynamic model simplification and
separation

« Homogeneous differentiator as observer

« Disturbance estimated then compensated in
the controller

« Controller performance and robustness
verified by real experiments

Non-A blimp V2 robot

14:40-15:55

MoB1.3 |

A Generic Optimization Based Cartesian
Controller for Robotic Mobile Manipulation

Emilia Brzozowska
Department of Automatic Control and Robotics, UST AGH, Poland
Oscar Lima
DFKI Robotics Innovation Center, Germany
Rodrigo Ventura
Institute for Systems and Robotics, Instituto Superior Técnico, Portugal

« Generic real time base + arm closed loop
Cartesian velocity controller

« Nonlinear constrained optimization approach

« Experimental evaluation in simulation
(Gazebo) and in a real robot (MBot), including
a RoboCup@Home participation

« ROS based open-source implementation

MBot robot

14:40-15:55

MoB1.5 |

Continuous Task Transition Approach
for Robot Controller based on
Hierarchical Quadratic Programming

Sanghyun Kim ', Keunwoo Jang ', Suhan Park ',
Yisoo Lee 2, Sang Yup Lee ', and Jaeheung Park
1 Seoul National University, South Korea
2 Istituto Italiano di Tecnologia, Italy

« This paper presents a novel task transition
strategy for the HQP-based controller to avoid
the discontinuity of the control input.

« Our approach can handle both equality and T,
inequality tasks by modifying the offset value
of the existing tasks and the bound set of the
new task with the activation parameter.

« Based on the proposed framework, various
applications including the joint limit, singularity,
and obstacle avoidance have been proposed.

iy

Trainitin
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[14:40-15:55

Informed Information Theoretic
Model Predictive Control

Raphael Kusumoto! and Luigi Palmieri?2 and Markus Spies® and
Akos Csiszar! and Kai. O. Arras?
1I1SW, University of Stuttgart, Germany
2Robert Bosch GmbH, Corporate Research, Germany
3 Robert Bosch GmbH, BCAI, Germany

* Inform sampling-based model predictive
controllers with learned models

+ Learn generative models that draw
samples in low-cost areas of the state-
space, conditioned on the contextual
information of the task to solve

« An extensive evaluation suggests our learned
model considerably improves performance
in autonomous navigation settings

With our method (in red) the
robot is capable of successfully
navigating among obstacles
differently from a state-of-the-art
method IT-MPC (in blue), which
could not find a solution.

[14:40-15:55 MoB1.4

Task-Driven Estimation and Control via
Information Bottlenecks

Vincent Pacelli and Anirudha Majumdar
Mechanical and Aerospace Engineering, Princeton University, USA

1y

T
e PR
Ty e [t | _||

* Presents a framework for synthesizing low-dimensional task-relevant state
representations sufficient for control.

« Rigorously characterizes the robustness of this framework to sensor
modelling errors.

« Demonstrates efficacy of this method through numerical examples,
including a spring-loaded inverted pendulum (SLIP) model.

[14:40-15:55 MoB1.6

Feasibility Analysis For Constrained Model
Predictive Control Based Motion Cueing Algorithm

Carolina Rengifo'?, Jean-Rémy Chardonnet?,
Hakim Mohellebi',Damien Paillot? and Andras Kemeny'-2
Virtual Reality and Immersive Simulation Center, Renault, France
2 ISPEN EA7515, Arts et Métiers, Institut Image, France

« Implicit model predictive control based
motion cueing algorithm for a dynamic
driving simulator

» Comparison of four techniques to
enforce feasibility and ensure stability

« Different simulations are carried out in
the ULTIMATE simulator

+ Only one technique can provide ensured
closed loop stability by assuring
feasibility over all the prediction horizon

Comparison of four techniques for
the longitudinal motion: position,
velocity and acceleration in one

scenario
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Robustness to Out-of Distribution Inputs via Task-Aware Generative Uncertainty

Rowan Nehllister, Gregory Kahn, Jeff Cune, Sergey Levin

mulx, A)

e

14:40-15:55

MoB1.3 |

Classifying Pedestrian Actions In

Advance

Using Predicted Video Of Urban Driving Scenes

Pratik Gujjar and Richard Vaughan
School of Computing Science, Simon Fraser University, Canada

« Predict future video of driving scenes
containing pedestrians.

« Recurrent convolutional decoder transforms
features learnt by 3D convolutional encoder
to the future.

« Takes 117 msec to predict 16 future frames
on a commodity GPU, for an effective
lookahead of 416 msec.

« Action classifier predicts pedestrians’
crossing intent with an AP of 81% on JAAD
dataset'.

Correctly predicting pedestrians
will step into the road

14:40-15:55

MoB1.5 |

Transformer

Barr Eﬁayﬁ i M jﬁ.ﬁ)to‘
2Dept. of Automatic: locybernetics, and Robotics, Joz Stefan Institute,

jubljana,

Encoder-Decoder

Image-to-Motion Epcader- Decoder Network
(STIMEDNet) e Wan k

« Learns to represe [
images in canonical form to predict DMPs of
rectified writing trajectories.

+ Experiment with real Talos humanoid: Talos humanoid robot
human writes digit in arbitrary pose on writing a digit that it sees
whiteboard; robot draws its own digit in the on a whiteboard.
same pose.

| 14:40-15:55 MoB1.2

Multimodal Trajectory Predictions for Autonomous
Driving using Deep Convolutional Networks

* We propose a method to infer multiple modes of movement of
vehicle actors in traffic domain

* We show improvements over the state-of-the-art, and following
offline tests successfully experimented on SDVs in closed-course tests

Output trajectories and corresponding probabilities for increasing number of modes M. Predicting trajectories using intended paths

| 14:40-15:55 MoB1.4

Lightweight Contrast Modeling for Attention-
Aware Visual Localization

Lili Huang, Guanbin Li and Liang Lin
Sun Yat-sen University, China
Ya Li
Guangzhou University, China

» We propose a novel end-to-end lightweight
multi-scale network for salient object detection KEiegs

« We introduce a lightweight bottleneck module m pBry -
for lowering computing cost to improve
efficiency

« We introduce a multi-scale contrast module for
capturing visual contrast to improve accuracy  gyerview of our proposed

« Experimental result demonstrates its lightweight multi-scale
superiority over state-of-the-art works network.
[ 14:40-15:55 MoB1.6

Motion Planning Network

Ahmed Qureshi, Anthony Simeonov, Mayur Bency, Michael Yip
University of California San Diego

» We present Motion Planning Networks
(MPNet), a neural network-based novel motion
planning algorithm.

+ Has mean computation time ~1 sec (150x
improvement over latest planning methods) for
shown high-dimensional problems.

* O(1) complexity during online execution.

« Generalizes to new unseen obstacle locations.

7 DOF Baxter arm executing a
motion planned by MPNet

» Has completeness guarantees
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Improving Data Efficiency of
Self-supervised Learning for Robotic Grasping

Lars Berscheid and Torsten Krdger
Karlsruhe Institute of Technology (KIT), Germany
Thomas Rihr
KUKA Deutschland GmbH, Germany

« Learning bin picking solely based on depth camera
input and gripper force feedback

« Improvements regarding time and data efficiency:

« Geometric consistency between orthographic
depth image and fully-convolutional neural network

« Active learning for grasp space exploration
« Training for 60h result in grasp rates of more than 95% Setup for learning the
skill of grasping objects
from a densely filled bin

« Transfer and generalize knowledge to novel objects

14:40-15:55 MoB1.3 |

Dynamic Manipulation of Flexible Objects with
Torque Sequence Using a Deep Neural Network

Kento Kawaharazuka,
Mechano-Informatics, The University of Tokyo, Japan
Toru Ogawa, Juntaro Tamura, Cota Nabeshima
Preferred Networks, Inc., Japan

« Dynamic manipulation of flexible objects

« Dynamics-Net: a network representing
motion equation using vision image and
time-series torque sequence Caalaag

« Real-time calculation process of optimized g g P
torque command using Dynamics-Net 3 4
« Comparison with changes of parameters ...

« We realized manipulation of rigid object,
flexible object, flexible object with "
Dynamics-Net and
dynamic manipulation

Trymuraics-Ne- |

environmental contact, and cloth in 3D.

14:40-15:55 MoB1.5 |

Reinforcement Learning in Topology-based Representation
for Human Body Movement with Whole Arm Manipulation
Weihao Yuan', Kaiyu Hang?, Haoran Song', Danica Kragic?,
Michael Y. Wang' and Johannes A. Stork*
1Hong Kong University of Science and Technology, China
2Yale University, USA
3KTH Royal Institute of Technology, Sweden

4QOrebro University, Sweden
« Moving a human body or a large object can
require the strength of whole arm manipulation
(WAM) which relies on global properties of the
interaction to rather than local contacts.

« We use Writhe and Laplacian coordinates to
model the task as reinforcement learning in a
topology-based state space to learn a reactive
controller that copes with external influences.

« The state captures spatial relations between
body parts and allows transfer to unseen
scenarios with different body shapes.

Sea rescue of a body
moved by waves

[14:40-15:55 MoB1.2

Online Object and Task learning via HRI

Masood Dehghan*, Zichen Zhang*, Mennatullah Siam*,
Jun Jin, Laura Petrich and Martin Jagersand
Computing Science, University of Alberta, Canada

» We present a system for incremental
learning of objects and motion tasks. .

+ System allows a human to intuitively - =8
teach new objects to the robot. — "g‘" b

a - -

* Human can specify 3D motion tasks " 4 B
on a 2D user interface. = na . !

« A hybrid force-vision control module woitonnn L IR0 R
performs compliant motions on System Overview
unstructured surfaces.

o tms [

[ ]

3

[14:40-15:55 MoB1.4

Color-Coded Fiber-Optic Tactile Sensor for
an Elastomeric Robot Skin

Zhanat Kappassov, Member, IEEE, Daulet Baimukashev, Zharaskhan
Kuanyshuly, Student Members, IEEE, Yerzhan Massalin, Arshat Urazbayev and
Huseyin Atakan Varol, Senior Member, IEEE
Department of Robotics, Nazarbayev University, Astana, Kazakhstan

« The sense of touch is essential for the 4
robot that manipulate soft and rigid
objects.

« We present a color-coded tactile
sensor, incorporating plastic optical
fibers, transparent silicone rubber and
a camera.

« Classical machine learning techniques
are used for contact localization.

« We achieved a force sensing range up
to 18 N with the resolution of 3.6 N and
the spatial resolution of 8 mm.

GREEN

[14:40-15:55 MoB1.6

Demonstration-Guided DRL of Control Policies
for Dexterous Human-Robot Interaction

Sammy Christen, Stefan Stevsi¢, Otmar Hilliges
Department of Computer Science, ETH Zurich, Switzerland

» We present a reward function for training a
robot to perform hand interactions

» We analyze contributions of different terms in
the reward function in an ablation study

« Large-scale user study shows that produced
motions are perceived as natural

» We release a motion capture dataset of human
hand interactions
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Team-based Robot Righting via Pushing and
Shell Design

David McPherson and Ronald Fearing
Dept. of Electrical Engineering and CS, University of California, Berkeley, USA

« While exploring irregular terrain, minimalistic By carefully designing
rovers can fall and get trapped on their backs robot shape, robot
. ) teammates can add lost
« Adding DoF tp Fhe robot could fix, but can be degrees of freedom to
done more minimally through teamwork fallen compatriots
« Designing robot hull shape is critical for
directing reaction forces usefully
= With the designed shell an assisting robot can
right another in 0.7 seconds with 87% success

[14:40-15:55 MoB1.2

14:40-15:55 MoB1.3 |

Deformation-based shape control
with a multirobot system

Miguel Aranda, Juan Antonio Corrales and Youcef Mezouar
SIGMA Clermont-Institut Pascal, Clermont-Ferrand, France

. We lco_n‘trol a robotic tgam’s ZD shape by a) h) 'h@' «
minimizing a deformation metric €L Ce v . L

+ Method is simple and produces tightly e ;o TnyfHes,
coordinated and efficient team motions LR 2 Ote

« Itis particularly well-suited for multirobot ® .l

manipulation of a deformable object

« One robot can steer the team’s size and
orientation in the workspace

Robot motions (e.g., d1)
minimize deformation
w.r.t. desired shape a)

One-to-many bipartite matching based coalition
formation for multi-robot task allocation

Ayan Dutta and Asai Asaithambi
School of Computing, University of North Florida, USA

« We study the multi-robot coalition formation
problem for task allocation — an NP-hard
problem.

« Our proposed algorithm is a variant of the b
classical bipartite matching technique —
provides a linear (on edges) time
complexity. ‘o

« The approach is scalable — takes less than Fig.: (left) Classical and (right)

1 millisecond with 100 robots and 10 tasks. ~ One-to-many
Bipartite Matching

[14:40-15:55 MoB1.4

14:40-15:55 MoB1.5 |

Coordinated multi-robot planning while
preserving individual privacy

Li Li', Alfredo Bayuelo?, Leonardo Bobadilla’,
Tauhidul Alam3, and Dylan A. Shell*
Florida International University, 2National University of Colombia,
3SUNY Old Westbury, 4Texas A&M University.

= While planning, two robots communicate over
Wi-Fi to detect whether there is any collision
between their respective paths.

« The robots coordinate securely without -
revealing information or disclosing their own ;,;: ;
path to the other robot. | ¢

« Using garbled circuits and homomorphic %‘\
encryption, we construct interactive protocols
and algorithms, demonstrating them on
rendezvous and persistent monitoring tasks.

Multi-Agent Synchronization Using Online
Model-Free ADDHP Approach

Mohammed Abouheaf and Wail Gueaieb
School of Electrical Engineering & Computer Science,
University of Ottawa, Canada

« The solving capabilities of ADDHP schemes
for dynamic graphical games degrade in "%,
uncertain dynamical environments.
An online model-free reinforcement learning :|
solution based on policy iteration process is
adopted to solve the graphical games.
The duality between Bellman equation and
Hamiltonian function's temporal difference o
solutions is explained. Synchronization among
. . . . multi-agent system using
Adaptive critics is used to approximate the ADDHP.
optimal value function and model-free control
strategy for each agent.

[14:40-15:55 MoB1.6

Robust Area Coverage
with Connectivity Maintenance

Luca Siligardi2, Jacopo Panerati®, Marcel Kaufmann®, Marco
Minellia, Cinara Ghedini¢, Lorenzo Sabattini2, Giovanni Beltrame®
aUniversita degli Studi di Modena e Reggio Emilia, Iltaly
bPolytechnique Montréal, Québec, Canada
cInstituto Tecnolégico de Aeronautica, Brazil

» We study the problem of A2 o Cover. (m*) Performance
maintaining robust swarm 1 1 Fsziss [ 1]
connectivity while performinga | g1 228 | 290

o |
coverage task t 11 |
« We implement a tri-objective

control law in a team of eight L

Khepera IV robots T8 Lennard-Jones Potential [ Voronoi Tessellation |
« We show that exploiting the Means and standard deviations of

Voronoi tessellation of an area of  algebraic connectivity A,, robustness ©,

interest outperforms potential- coverage, and performance metric.
based coverage Potential- vs. Voronoi- based coverage.
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14:40-14:52 MoB2.1 |

Gesture Recognition via Flexible Capacitive
Touch Electrodes

Louis Dankovich
Mechanical Engineering, University of Maryland College Park, United States
Sarah Bergbreiter
Mechanical Engineering, Carnegie Mellon University, United States

gl

« Preliminary trial of Capacitive Touch Gr.;pz\:‘
(CT) sensing for wearable gesture m

recognition

« Novel wearable device using flexible CT
electrode straps was prototyped

« Random Forest algorithm applied to
data from 32 motions/gestures
(including Cutkosky grasp taxonomy)
achieved recognition rate of 95.6+/-

(a) AC with different grasps

(b) Wearable armband
0.06% with CT electrodes

15:04-15:16 MoB2.3 |

The Role of Closed-Loop Hand Control
in Handshaking Interactions

Francesco Vigni', Espen Knoop?,
Domenico Prattichizzo'2 and Monica Malvezzi'3
" University of Siena, ltaly; 2Disney Research, Switzerland; 8 IIT, Italy

« We implement and evaluate 3 different
handshaking hand controllers combining
open- and closed-loop contributions.

« A user study shows that controllers
change perceived handshake quality and
robot personality traits.

« Adding a controller delay (mimicking
human CNS reaction time) is beneficial
for making interactions more human-like.

We study open- and
closed-loop controllers for
hand forces in human-
robot handshakes

15:28-15:40 MoB2.5 |

Shape Sensing of Variable Stiffness Soft Robots
using Electrical Impedance Tomography

James Avery, Mark Runciman, Ara Darzi and George P. Mylonas

HARMS Lab, NIHR Imperial BRC, Imperial College London, United Kingdom

« Soft hinged actuators with internal electrodes and conductive working fluid

« Impedance measurements obtained using Frequency Division Multiplexed
Electrical Impedance Tomography (FDM EIT)

« FDM EIT can infer shape changes with 20 ms temporal resolution

« Potential for low-lost, low profile proprioceptive robots

I I FOME D&TA

= - 2w issehto

[14:52-15:04 MoB2.2

Deconfliction of Motion Paths with Traffic Inspired Rules
in Robot—Robot and Human—Robot Interactions

Federico Celi and Lucia Pallottino
Research Centre E. Piaggio - Universita di Pisa, Italy
Li Wang and Magnus Egerstedt

Georgia Institute of Technology, GA, USA

* Motion algorithms for autonomous vehicles are
designed in compliance with traffic rules; however
there are environments where rules are not as firm
and they may be broken (e.g., parking lots)

» We consider mixed autonomous and human-driven . Ch )
vehicles where the rules of the road are less strict i

» We ensure safety with Safety Barrier Certificates and & ¢ g %2
disengage conflicting motions with traffic-like rules by
perturbing the underlying problem formulation

* Results are verifies and tested on the Robotarium,a 5 4 ;¢
remotely accessible swarm robotics platform a®

[15:16-15:28 MoB2.4
Soft Robotic Glove with Integrated Sensing

for Intuitive Grasping Assistance Post

Spinal Cord Injury

Yu Meng Zhou, Diana Wagner, Kristin Nuckols,

Roman Heimgartner, Carolina Correia, Megan Clarke,
Dorothy Orzel, Ciaran O'Neill, Ryan Solinsky,
Sabrina Paganoni, and Conor J. Walsh
Harvard SEAS & Wyss Institute, Harvard University, MA, USA

“aa

« We present a fully-integrated soft
robotic glove for grasping assistance
for individuals with SCI.

« The glove is controlled through a state Cvntral Bax
machine controller with contact
detection by textile-elastomer sensors.

« Through human subject testing, | !
participants operated the glove H.‘;:;‘:‘,pme, R o] 5'13?@:5
independently and improved grasping SClI participant wearing and

on select metrics. operating the glove during
human subject testing

Rescarcher

[15:40-15:52 MoB2.6 |

Adaptive Control of Sclera Force and Insertion
Depth for Safe Robot-Assisted Retinal Surgery

Ali Ebrahimi' and Niravkumar Patel' and Changyan He?
Peter Gehlbach? and Marin Kobilarov' and lulian lordachita’
" Dept. of Mechanical Engineering, Johns Hopkins University, USA
2School of Medicine, Johns Hopkins University, USA
3 Dept. of Mechanical Engineering, Beihang University, China

* This paper addresses the safety issues in
robot-assisted eye surgery.

+ An adaptive control method is investigated to
keep the sclera force and insertion depth in
safe ranges.

+ The control method makes the sclera force
and insertion depth to follow desired and safe
trajectories.

« After implementing the method on the eye
surgical robot, it is observed that it can
guarantee surgery safety.

Implementation results for the
insertion depth control on the robot
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Living with a Mobile Companion Robot in your
Own Apartment - Final Implementation and
Results of a 20-Weeks Field Study with 20 Seniors

H.-M. Gross, A. Scheidig, St. Miller, B. Schiitz, Ch. Fricke’, S. Meyer’
TU limenau, Cognitive Robotics & SIBIS Institute for Social Research Berlin

+ 20 weeks field study in 20 single-person
households (62-94 y.; mean 74 y.) with 2 robots
without supervising/supporting persons on-site

» Overview of developed functional-emotional
domestic robot companion incl. skills & behaviors

* Results re technical system robustness (25.4 km
travelled, in 2,752 h more than 4,000 interactions)

+ Results from social scientific analysis regarding
acceptance of the robot & impact on daily routine

16:15-17:30 MoC1.3 |

Inverse Reinforcement Learning of Interaction
Dynamics from Demonstrations

Mostafa Hussein, Momotaz Begum, and Marek Petrik
Cognitive Assistive Robotics Laboratory, University of New Hampshire, USA

» Aframework to learn the reward function
underlying high-level sequential tasks
that are typically modeled as POMDP.

» The core idea is to reduce the underlying
POMDP to an MDP and apply any efficient
MDP-IRL algorithm.

» Through a series of HRI experiments we
show that the reward function learned
this way generates POMDP policies that
mimic the policies of the demonstrator
well.

« Achieves better accuracy in learning than
the existing IRL approaches for POMDPs.

Reward, R

IRL frame work for POMDP models for learning
from demonstration

16:15-17:30 MoCl.5 |

Deep Reinforcement Learning Robot for Search
and Rescue Applications: Exploration in Unknown
Cluttered Environments

Farzad Niroui, Kaicheng Zhang, Zendai Kashino, and Goldie Nejat
Autonomous Systems and Biomechatronics Laboratory, Department of Mechanical and
Industrial Engineering, University of Toronto, Canada

« Anovel exploration strategy for a robot to autonomously
explore unknown cluttered environments is proposed
using the unique combination of A3C deep reinforcement
learning and frontier-based exploration.

« The proposed network architecture uses a robot’s
sensory data to determine the appropriate frontier
locations to navigate.

« The robot learns from its own experiences to maximize
its information gain early on during exploration to assist
in faster victim recovery in search and rescue scenarios.

« The proposed method is robust to different cluttered
environments with varying sizes and layouts, and is
shown to outperform traditional exploration techniques.

Mobile robot exploring a
cluttered environment

[16:15-17:30 MoC1.2

Enabling Identity-Aware Tracking via Fusion of
Visual and Inertial Features

Richard Yi-Chia Tsai, Hans Ting-Yuan Ke, Kate Ching-Ju Lin and Yu-Chee Tseng
Computer Science, National Chiao Tung University, Taiwan

» We propose a robot system named RCU that
fuses visual data and internal data to enable
reliable ID-aware tracking

« Our fusion algorithm can perform PIT without
relying on biological features of human

« Our pairing framework considers historical and
statistical measures to deal with ambiguous 't
pairing and occlusion

« Our prototype evaluation shows the person

identification rate of 95% and target following
rate of 88%

T semsars (Twhot wil Mt 3 Camar

iz Sear

Architecture of RCU
(Robot Catch yoU)

[16:15-17:30 MoCl.4

Investigating Design Elements of Companion
Robots for Older Adults

Young Hoon Oh
School of Integrated Technology, Yonsei University, Republic of Korea
Jaewoong Kim, Soyon Jeong, and Da Young Ju
Technology and Design Research Center, Yonsei Institute of Convergence
Technology, Yonsei University, Republic of Korea

« Face-to-face Survey study 191 Older adults
at 4 senior centers

« Investigated preference regarding the type,
weight, and material of toy-sized robots

« Independent variable = age, gender, living
arrangement

« Newborn baby was the most preferred type,
and older adults prefer lightweight robot

Stuffed toys and a
humanoid robot used in
the experiment

[16:15-17:30 MoCl1.6

Using Human Attention
to Address Human-Robot Motion

Rémi Paulin, Thierry Fraichard and Patrick Reignier
Univ. Grenoble Alpes, INRIA, CNRS, Grenoble INP, LIG, Grenoble, France

o Human-Robot Motion (HRM) = study of how robots should move among
people

o Research question: can human attention be useful to address HRM?

o Contrib. 1: computational model of human visual attention

o Contrib. 2: based on the concept of attention field, concept of attentional
properties of motions, e.g. distraction, surprise

o Contrib. 3: proof-of-concept multi-objective socially acceptable motion
planner on various scenarios

Fig.: motion examples: less distracting
(green), shortest (red), trade-off (magenta)
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Development of Informative Path Planning for
Inspection of the Hanford Tank Farm

Sebastian A. Zanlongo, Leonardo Bobadilla
SCIS, Florida International University, United States
Dwayne McDaniel, Yew Teck Tan
Applied Research Center, Florida International University, United States

« Adaptive sampling to localize leaks within
nuclear waste tanks at the Hanford facility.

« Bayesian Optimization approach for selecting
sampling locations also allows for prior
knowledge to be incorporated.

« Allow for balancing of overall mapping vs rapid
localization.

* Quickly reduces RMSE error around leak and
shortens the distance the tethered robot must
travel.

Time representation of a
robot moving through
refractory slots, vertical
axis is time.

16:15-17:30 MoC1.3 |

Learning to Predict the Wind
for Safe Aerial Vehicle Planning

Florian Achermann’, Nicholas R.J. Lawrance', René Ranftl?,
Alexey Dosovitskiy?, Jen Jen Chung', Roland Siegwart’
T Autonomous Systems Lab, ETH Zirich, Switzerland
2Intel Labs, Germany

« Aim is to predict wind around complex
terrain for safer planning with small
UAVs

« A convolutional neural network is
trained using data generated from
CFD simulations with terrain patches
from Switzerland

« Evaluation using an RRT planner
shows reduced prediction error and
safer paths than existing methods

Paths planned using different wind
predictions. Only the red one using the
wind from the CNN is feasible

16:15-17:30 MoCl.5 |

Active Localization of Gas Leaks
Using Fluid Simulation

Martin Asenov, Kartic Subr and Subramanian Ramamoorthy
Institute of Perception, Action and Behaviour, The University of Edinburgh, UK
Marius Rutkauskas and Derryck Reid
Institute of Photonics and Quantum Sciences, Heriot-Watt University, UK

« Formulate gas leak localization as model-
based inference using a fluid simulator as the
model

« Develop a practical optimization algorithm
based on a single simulation per iteration

« Develop an online algorithm that locates gas
leaks using active sensing

« Demonstrate that our algorithm results in
acceptable localization error in real
experiments

Gas-leak localization

[16:15-17:30

A Fuzzy Based Accessibility Model for Disaster
Environment

Karthika Balan, Melvin P Manuel, Mariam Faied, Mohan Krishnan,
Michael Santora
Department of Electrical and Computer Engineering and Computer Science,
University of Detroit Mercy, Detroit, Michigan, United States

« A new method to assess terrain accessibility
index from obstacle distance is developed.

« A Fuzzy Inference System Vector Field [}
Histogram (FISVFH) method for improved g”\s
robot velocities is formulated.

« FISVFH testing results in four challenging (e
environments and a disaster environment are
presented.

* The generation of smooth and efficient robot
trajectories by FISVFH is validated.

[16:15-17:30 MoCl.4

Distributed Radiation Field Estimation for
Nuclear Environment Characterization

Frank Mascarich, Christos Papachristos, Taylor Wilson and
Kostas Alexis
Department of Computer Science, University of Nevada, Reno, USA

« Autonomous estimation of distributed
radiation fields in GPS-denied environments
using the RadMapper Robot

« Informative path planner guides the
RadMapper to radiation-informative waypoints = =
for efficient radiological characterization

« Custom three sensor apparatus for estimating
instantaneous radiation field gradient

« Mapping and planning demonstrated in real
experiments using unprocessed uranium and
thorium ore

The RadMapper Robot

[16:15-17:30 MoCl1.6

Bi-directional Value Learning for
Risk-aware Planning Under Uncertainty
Sung-Kyun Kim
The Robotics Institute, CMU, USA

Rohan Thakker, Ali-akbar Agha-mohammadi
NASA-Jet Propulsion Laboratory, Caltech, USA

« Safety-critical large-scale POMDPs
- Mars rover in obstacle-laden environments

= R

g =

« Bi-directional Value Learning
» Forward short-range solver: Local but
near-optimal online policy
» Backward long-range solver: Approximate
but risk-averse global policy
» Bi-directional solver: Improves scalability
and optimality by unifying the two solvers
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Visual Recognition in the Wild
by Sampling Deep Similarity Functions

Mikhail Usvyatsov and Konrad Schindler
Civil, Environmental and Geomatic Engineering, ETH Zrich, Switzerland

« Problems: small dataset -> overfitting, not
enough intra-class variability

+ Solution: solve more difficult problem of
learning similarity between random objects

» Reuse existing large-scale datasets for
transfer learning

Siamese Network
Objects

B

snared weinis

16:15-17:30 MoC1.3 |

Focal Loss in 3D Object Detection

Peng Yun, Lei Tai, Yuan Wang and Ming Liu
ECE, HKUST, Hong Kong SAR, China
Chengiju Liu
EIE, Tongji University, Shanghai, China

« We extend focal loss to 3D object detection
to solve fore-background imbalance in one-
stage detectors.

« We conduct experiments on 3D-FCN and
VoxelNet, and the results demonstrate up
to 11.2AP gains from the focal loss in a
wide range of hyperparameters.

« We analyze its effect towards foreground
and background estimations, and validate it [fig
plays a role similar to image-based =
detection.

« We demonstrate that the focal loss with the
increasing hyperparameter decreases the
estimation posterior probabilities.

Upper rows: trained with BCE loss
Lower rows: trained with focal loss.

16:15-17:30 MoCl.5 |

DispSegNet: Leveraging Semantics for End-to-
End Learning of Disparity Estimation from
Stereo Imagery
Junming Zhang
Electrical Engineering and Computer Science, University of Michigan, USA
Katherine A. Skinner
Robotics Institute, University of Michigan, USA
Ram Vasudevan
Mechanical Engineering, University of Michigan, USA
Matthew Johnson-Roberson
Naval Architecture and Marine Engineering, University of Michigan, USA

« This work designs a CNN architecture
that focuses on unsupervised stereo
matching guided with the semantic
segmentation task

« The state-of-the-art results are shown
on KITTI benchmark stereo matching
task.

Architecture of DispSegNet

[16:15-17:30

Evaluating Merging Strategies for Sampling-based
Uncertainty Techniques in Object Detection

Dimity Miller, Feras Dayoub, Michael Milford and Niko Stnderhauf
Queensland University of Technology, Australia

« It's unclear how to merge detection samples mnn

from sampling-based uncertainty techniques in
object detection

» Poor merging strategies degrade detector
performance and reliability of uncertainty
measure

» We perform an in-depth investigation of
merging strategies for MC Dropout with SSD

« We establish evaluation protocol and metrics
for quality of uncertainty in object detection

A good merging strategy
should correctly cluster
detection samples to

obtain an accurate final
detection and uncertainty.

[16:15-17:30 MoCl.4

Vision-Based High Speed Driving
With a Deep Dynamic Observer

Paul Drews and Grady Williams and Brian Goldfain and

Evangelos A. Theodorou and James M. Rehg
Institute for Robotics and Intelligent Machines, Georgia Tech, USA

« We combine Deep Learning based road
detection, Particle Filters, and Model
Predictive Control

« An LSTM Encoder-Decoder detects track
surface

« Aggressive driving using monocular cameras,
IMU, and wheel speed sensors

« Performance beats the best lap time in our
training dataset

AutoRally vehicle under
autonomous control

[16:15-17:30 MoCl1.6

Training a Binary Weight Object Detector by
Knowledge Transfer for Autonomous Driving

Jiaolong Xu and Yiming Nie
Unmanned System Research Center, NIIDT, China
Antonio M. Lopez
Computer Vision Center, UAB, Spain

o

* Knowledge transfer from intermediate .. ... p. 1
o

layers with L, loss
* Model compression (float vs binary):
~ Darknet-YOLO: 157MB vs 88MB | e .
~ Mobilenet-YOLO: 193 MBvs 7.0MB - |oim f=fmlmi i
« Accuracy on KITTI (float vs binary): i b

—E- =
— Darknet-YOLO: 78% vs 76% The proposed knowledge transfer
— Mobilenet-YOLO: 78% vs 72%

method for training binary weight
YOLO object detector

\—_ T 3
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16:15-17:30 MoCl.1 | [16:15-17:30 MoC1.2

Visual SLAM: Why Bundle Adjust?

Alvaro Parra, Tat-Jun Chin and lan Reid
School of Computer Science, The University of Adelaide, Australia
Anders Eriksson
School of Electrical Engineering and Computer Science, QUT, Australia

« Alternative SLAM optimisation core: instead of
bundle adjustment, we conduct rotation
averaging to incrementally optimise only

Algorithm 2 Leinfinity SLAM

1+ for each keyframe step 1 = 1.2.... do

formulation that can be solved efficiently and
globally optimally. .

+ No need to estimate positions and 3D map at 1. et for
keyframe rate. More capable of handling slow
motions or pure rotational motions.

Ry, + rotation-averaging ({R; ¢} xen,,,)
t1. X « known_rotation_prob(Ry, Zo. )

camera orientations. 2 s (window size) + 1
. . . . 3 {Rji}jkeny, + relative_rotation(Z(, ),
« Given the orientations, we estimate the camera & .- s e ih) -
positions and 3D map via a quasi-convex o 1 201)
7 {R; 1} xen,, + relative.rotation(Z,).
.
.

16:15-17:30 MoCl1.3 |

A Comparison of CNN-Based and Hand-Crafted
Keypoint Descriptors

Zhuang Dai, Xinghong Huang, Weinan Chen and Li He
Computing Science, Guangdong University of Technology, China
Hong Zhang
Computing Science, University of Alberta, Canada

« In general CNN-based descriptors
outperform hand-crafted descriptors

« Trained CNN descriptors perform
better than pre-trained CNN -
descriptors with respect to viewpoint ..
changes

« Pre-trained CNN descriptors perform
better than trained CNN descriptors Figure Comparsion results of three
with respect to illumination changes ~classes of descriptors

16:15-17:30 MoC1.5 |

Leveraging Structural Regularity of
Atlanta World for Monocular SLAM

Haoang Li', Yazhou Xing?, Ji Zhao3, Jean-Charles Bazin?,
Zhe Liu', and Yun-Hui Liu?
'Dept. of MAEG, CUHK, Hong Kong, China  2HKUST, Hong Kong, China
3TuSimple, China  “KAIST, South Korea.

« a robust image line clustering method and
an accurate Atlanta frame (AF) computation
approach that provides the global optimum
in a non-iterative way

« a novel optimization strategy based on the
maximum a posteriori estimation to refine
the initial clusters and Atlanta frames i
alternately. il 5

« We compute reliable global AFs and also
optimize camera poses and 3D map under ~ Estimated camera trajectories

the directional constraints of Atlanta world and reconstructed 3D line-
based map

lllumination Robust Monocular Direct Visual
Odometry for Outdoor Environment Mapping

Xiaolong Wu
ECE, Georgia Institute of Technoloty, United States
Cedric Pradalier
UMI2958 GeorgiaTech-CNRS, France

« Systematical evaluation of state-of-art
illumination-robust costs in the monocular joint
optimization framework

* A novel illumination-robust monocular VO ]
system using pixel intensity and gradient Aol i
+ An adaptive weighting strategy to preserve the h. h-
convergence basin and tracking accuracy . ‘ % ]
* Treat sun flares as local illumination changes = RS n

and prove its validity

R o~y

52T

[16:15-17:30 MoC14 |

Environment Driven Underwater Camera-IMU
Calibration for Monocular Visual-Inertial SLAM

Changjun Gu, Yang Cong and Gan Sun
State Key Laboratory of Robotics, Shenyang Institute of Automation, Chinese
Academy of Sciences, China

- Nonlinear geometry transformation make the C’ﬁm =
underwater Camera-IMU calibration more Tof E.“
difficult than that in air. w /e

AR

« Establishing the Camera-IMU calibration BT

relationships between in air and under water. %

« Underwater Visual-Inertial algorithm

combining the relationship of parameters Illustration of the Camera-
between in air and under water. IMU model
[16:15-17:30 MoC1.6

Multimodal Semantic SLAM with
Probabilistic Data Association

Kevin Doherty, Dehann Fourie, John Leonard
Computer Science and Attificial Intelligence Lab,
Massachusetts Institute of Technology, USA

« Data association for semantic SLAM is
ambiguous due to perceptual aliasing and
state uncertainty

« We represent multiple object association
hypotheses using multimodal semantic
factors in a factor graph

« The resulting non-Gaussian problem is solved
with multimodal-iSAM using nonparametric
belief propagation

Multimodal measurements
arise from ambiguous

< Our solution is more robust to association data association, here
ambiguity and capable of representing non-  modeled as multimodal
Gaussian uncertainties semantic factors
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16:15-17:30 MoCl.1 | [16:15-17:30 MoC1.2

Improving Incremental Planning Performance Multimodal Policy Search using

through Overlapping Replanning and Execution Overlapping Mixtures of Gaussian Process Prior
Matthew Orton, Siyu Dai,
EECS, Massachusetts Institute of Technology, USA Hikaru Sasaki and Takamitsu Matsubara
Shawn Schaffert, Andreas Hofmann, and Brian Williams Graduate School of Science and Technology, NAIST, Japan

EECS, Massachusetts Institute of Technology, USA

« We propose a multimodal policy search

+ Aroadmap-based planner with trajectory reinforcement learning method based on

optimization realizes superior performance to : “‘F_ Deta enl ectian
either component alone GaL,JS",:'Ian Proces§es ,(GPS)' ) ’W“’"‘?
) . « Variational Bayesian inference with m L

+ Incremental planning algorithms can be overlapping mixtures of sparse GP prior is e : Y
incorporated into this framework to account for applied for policy improvement. S Stats: 2 g
changing environments ) ) Robotic task o
Replanni hil i lid ; « We applied our method to two robotic tasks: S, IR

eplanning whie execuling valc Segments A cube is inserted into the 1) Object grasping and 2) Table-sweep. o CE o
from prior plans shortens replanning time for path to force replanning ) -
these algorithms » Our method can learn multimodal policies Multimodal policy search
even with high dimensional observations.
16:15-17:30 MoC1.3 | [16:15-17:30 MoC1.4

Contact-Implicit Trajectory Optimization Based
on a Variable Smooth Contact Model and
Successive Convexification

Online adaptation of uncertain models using neural
network priors and partially observable planning

Akinobu Hayashi, Dirk Ruiken and Christian Goerick
Honda Research Institute Europe GmbH, Germany
Tadaaki Hasegawa
Honda R&D Co., Ltd. Center X, Japan

Aykut Ozgiin Onol, Philip Long, and Taskin Padir
Department of Electrical and Computer Engineering,
Northeastern University, USA

 Robust task solving despite unknown
and uncertain models

+ Online POMDP planner with RNN
performs continuous model
adaptation while solving the task

« Simulators configured from belief
provide forward models

» Models with discontinuities in the

« A successive convexification-based approach
is proposed to combine the benefits of
shooting and direct optimization methods.

« The proposed method is tested for non-
prehensile manipulation applications and
compared to an iLQR-based version.

« Both methods can efficiently find physically-

> Belief = POMDE Initial and final snapshots

A wlver accurate motions with a trivial initial guess. from planned and
dynaml.cs are hahdled well. _ T « The results show that the proposed approach executed motions
« Evaluation on various robotic pushing e world outperforms the iLQR-based version.
tasks with increasing complexity o
16:15-17:30 MoCl.5 | [16:15-17:30 MoCl1.6
Automated Abstraction of Manipulation Domains Energy Gradient-Based Graphs for Planning
For Cost-Based Reactive Synthesis Within-Hand Caging Manipulation
Keliang He, Lydia E. Kavraki and Moshe Y. Vardi Walter G. Bircher, Andrew S. Morgan,
Department of Computer Science, Rice University, USA Kaiyu Hang, and Aaron M. Dollar
Morteza Lahijanian Department of Mechanical Engineering and Materials Science,
Dept. Aerospace Engineering Sceinces, University of Colorado Boulder, USA Yale University, United States

» We describe a simple energy-based caging
manipulation model

« The gradients of the energy model are
computed, producing vector fields

« We use the vector fields to construct a graph,
representing how objects move between
points in the workspace

« Shortest paths to goal nodes are planned and

« Automated process for discretizing
manipulation domains with human
interferences into finite abstractions

« All robot actions are efficiently validated,
ensuring correctness of reactive synthesis

« Two methods for computing cost of robot
actions that trade off runtime and proximity

* Efficacy demonsirated on URS5 performing URS5 building an arch executed on a physical system, producing The red arrows show the
Elck-and»place tasks in the presence of under human interference simple translation manipulation possible motions that can
uman

be applied to an object
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16:15-17:30 MoCl.1 | [16:15-17:30 MoC1.2
A new robot skating on water surface intimating Performance Metrics for a Robotic Actuation
water striders based on flexible driving mechanism System using Static and Mobile Electromagnets
Jihong Yan, Kai Yang, Yi Yang, Jie Zhao and Gangfeng Liu
State Key laboratory of Robotics and Systems, Harbin Institute of Technology,China Ruipeng CHEN. David FOLIO and Antoine FERREIRA

_~ ShufengTang _ PRISME, INSA Centre Val de Loire, France
School of mechanical engineering, Inner Mongolia university of technology , China

« Based on water strider’s flexible driving

mechgnism, a robot skating on water surface T i « This paper proposes a novel robotized EMA
is designed. e system for minimally invasive ophthalmic
o

e
« The flexible driving effect is analyzed based - \-\ surgery.
on microelement cantilever method. m + The performance of the robotic EMA system
‘\ \

+ Experiments show that the maximum skating I extending the static configurations has been

speed of the robot is 36.2% higher than the investigated.
robot with rigid legs. . :
gid leg . The miniature water-walking The results demonstrate that the designed
* The Weber number reveals that flexible gesigned to study the flexible platform increases the versatility of the EMA proof-of-concept
driving robot is quite analogous to biological driving mechanism system.

water striders.

16:15-17:30 MoC1.3 | [16:15-17:30 MoC1.4
Yaw Torque Authority Data-efficient Learning of Morphology and
for a Flapping-Wing Micro-Aerial Vehicle Controller for a Microrobot
Rebecca Steinmeyer, Nak-seung P. Hyun, T. Liao, G. Wang, B. Yang, R. Lee, K. Pister, S. Levine
E. Farrell Helbling, and Robert J. Wood EECS, UC Berkeley, CA, USA
John A. Paulson School of Engineering and Applied Sciences, R. Calandra
Harvard University, USA Facebook Al Research, Menlo Park, CA, USA
« The Harvard RoboBee filters yaw torque « How do you design morphologies and

signals at typical flight conditions : controllers when morphology evaluation is —

i

+ We expand the control space into an “iso-lift” E more expensive than controller evaluation? @ -
regime to mitigate torque filtering i | T « Using a hierarchical Bayesian optimization —

+ We demonstrate controllable yaw torque at 8= - process, we design morphologies in batches &\
flight-worthy conditions suitable for aggressive |-+ r \? and tune controllers automatically g‘g} %
maneuvers =23 « In simulation: 360% reduction in production Pk s

« We implement the “iso-lift” method to achieve cycles over standard Bayesian optimization,
heading control from 21 months to 4

16:15-17:30 MoCl.5 | [16:15-17:30 MoCl1.6
Retrieval of magnetic medical microrobots from Reconsidering Six-degree-of-freedom Magnetic
the bloodstream Actuation Across Scales

Veronica lacovacci, Leonardo Ricotti and Arianna Menciassi
The BioRobotics Institute, Scuola Superiore Sant'’Anna, Italy
Giovanni Signore and Edoardo Sinibaldi
Istituto ltaliano di Tecnologia, Italy
Fabio Vistoli
Division of Transplantations Surgery, University of Pisa, Italy

Colton R. Thornley, Lan N. Pham, and Jake J. Abbott
Department of Mechanical Engineering, University of Utah, USA

» We reconsider a magnetic actuation method
that uses a three-magnet object in which one
magnet is used for traditional 5-DOF actuation
and two auxiliary magnets achieve the sixth
(torque) DOF via a force couple.

« There is an optimal arrangement of the
magnetic object.

+ Adding the sixth DOF comes at the cost of a An equivalent two-magnet
61% reduction in the original 5-DOF. object, being actuated by

« The sixth DOF scales poorly as manipulation an OctoMag system.
distance is increased or as size is reduced.

« A catheter appointed for magnetic microrobots
retrieval within body fluids can foster their
clinical translation

* Model-based design enabled the retrieval of
different size micro-nano-particles in different
working scenarios (i.e. different blood flows)

« Capture efficiency in realistic bloodstreams
can reach 94% for 500 nm magnetic particles

'
! Magnetic
J “module
protoytpe
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Experiments with Human-inspired Behaviors in a
Humanoid Robot: Quasi-static Balancing using Toe-off
Motion and Stretched Knees

Bernd Henze', Maximo A. Roa', Alexander Werner2,
Alexander Dietrich?, Christian Ott!, Alin Albu-Schéaffer'3
1 Institute of Robotics and Mechatronics, German Aerospace Center (DLR)
2 University of Waterloo, Canada
3 Technical University of Munich, Germany

Application of control framework
for hierarchical whole-body
balancing

Adaptation to balancing with
stretched knees

Experimental evaluation of power
consumption as a function of the
knee flexion

Increase of the kinematic
workspace during stair climbing
via toe-off motions

16:

15-17:30

MoCl1.3 |

See and Be Seen —
Rapid and Likeable High-Definition Camera-Eye
for Anthropomorphic Robots

Simon Schulz and Sebastian Meyer zu Borgsen and

Sven Wachsmuth
CITEC / CLF, Bielefeld University, Germany

« Robotic Camera-Eye with integrated eyelids

« Human-like velocities, accelerations, and
« Comic style design with no mechanic parts

« Specifically crafted to be seamlessly

and a high resolution camera for humanoid
robot heads

range of motion [g l
The proposed prototype
integrated into the
humanoid robot head Floka

visible to the user

integrated into the overall appearance of a
humanoid robot

16:

15-17:30

MoC1.5 |

Thermal Recovery of Multi-Limbed Robots with
Electric Actuators

Steven Jens Jorgensen'2, James Holley?,
Frank Mathis2, Joshua S. Mehling2, and Luis Sentis’
1 The University of Texas at Austin, USA
2NASA Johnson Space Center, USA

« Future thermal states are predicted using W

an effort-based, data-driven model.

« A contact-consistent gradient descent is
used to find which robot configurations will
minimize future thermal states.

» From a set of valid configurations, contact
switching strategies are utilized to
thermally recover actuators as fast as
possible.

Contact switching among valid
contact configurations enable
fast actuator thermal recovery

Prediction Maps for Real-Time
3D Footstep Planning in Dynamic Environments

Philipp Karkowski and Maren Bennewitz
Humanoid Robots Lab, University of Bonn, Germany

» Generate a height map from depth data and <
segment it into planar and non-planar regions ‘)
« Track objects over multiple frames and
predict their motion with a parabolic model
» Precompute a set of prediction maps that
can be used for foresighted footstep planning
» A whole mapping cycle to generate up to
20 prediction maps takes only 10 ms for the
shown example

Predicting the motion of
dynamic objects allows for
foresighted footstep planning

[16:15-17:30

MoC1.4

Generalized Orientation Learning in
Robot Task Space

Yanlong Huang, Fares J. Abu-Dakka, Jodo Silvério
and Darwin G. Caldwell
Department of Advanced Robotics, Istituto Italiano di Tecnologia, Iltaly

« A non-parametric solution of learning reprodugly
orientation is proposed, which is capable of |
(i) learning multiple quaternion trajectories; |
(i) adapting orientations towards arbitrary
desired points that consist of quaternions
and angular velocities;

(i) alleviating the explicit definition of basis
functions.

Robot Painting Task

[16:15-17:30

MoCl1.6

Humanoid Robot HRP-5P: an Electrically Actuated
Humanoid Robot with High Power and Wide Range Joints

Kenji Kaneko, Hiroshi Kaminaga,
Takeshi Sakaguchi, Shuuji Kajita, Mitsuharu Morisawa,
lori Kumagai, and Fumio Kanehiro
AIST, Japan

+ Development of humanoid robot HRP-5P
(Humanoid Robotics Platform — 5 Prototype),
capable of heavy labor

* R&D platform for practical use of humanoid
robots at sites assembling large structures

« High power body with a great number of
degrees of freedom and a wide movable range
for joints can handle large, heavy objects

Humanoid Robot
HRP-5P
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16:15-17:30 MoCl.1 | [16:15-17:30 MoC1.2

ATLAS FaST: Fast and Simple Scheduled TDOA
for Reliable Ultra-Wideband Localization

Janis Tiemann, Lucas Koring and Christian Wietfeld
TU Dortmund University, Dortmund, Germany
Yehya Elmasry
Northwestern University, Evanston, IL, USA

« Provides infrastructure-based
scalable, accurate, energy-
efficient and real-time capable
wireless localization

» FaST is a Time-Division Multiple
Access (TDMA) scheme for
infrastructure-based Real-Time
Locating Systems (RTLS)

« This work is accompanied by an
open-source ROS package and
example dataset for the RTLS

llustration of ATLAS FaST
Application Scenarios

16:15-17:30

MoCl1.3 |

Non-parametric Error Modeling for
Ultra-wideband Localization Networks

Acshi Haggenmiller, Maximilian Krogius, and Edwin Olson
Computer Science and Engineering Department, University of Michigan, USA

« UWB suffers from multipath effects in
non-line-of-sight (NLOS) conditions

« Internal antenna delay parameter
needs to be calibrated

« Instead of rejecting multipath
measurements, we estimate the full
probability density

« Our graph realization achieves RMSE
from 3 to 30 cm for an 8 node network

— our methed |
Flrst pesic |
— Max peak |
— Triangalatan ¥
— Flead dalays 1

Mamal deligs |

(R

Performance of our method in

increasingly difficult (NLOS) data sets

16:15-17:30

MoC1.5 |

Proprioceptive Localization
Assisted by Magnetoreception:
A Minimalist Intermittent Heading-based Approach

Hsin-Min Cheng, Dezhen Song, Aaron Angert and Binbin Li
CSE Department, Texas A&M University, USA

Jingang Yi

Mechanical and Aerospace Engineering, Rutgers University, USA

» We reported a localization method that does not

rely on external landmarks for a robot/vehicle

traveling in urban area

« We tracked the sensory and map uncertainties
and modeled them in the process to formulate a
sequential Bayesian estimation problem

framework.

« We employed information entropy to model map

characteristics to identify typical heading and

information entropy requirements for localization

HD Map Change Detection with a
Boosted Particle Filter

David Pannen and Martin Liebner
BMW Group, Germany
Wolfram Burgard
Department of Computer Science, University of Freiburg, Germany

« Particle Filter localization based on GNSS,
odometry, lane marking and road edge
observations

« Calculation of different metrics and
classification with simple threshold, smoothing
and hysteresis classifiers

« Training of an AdaBoost classifier using the
simple classifier results as input

« Evaluation of classification results per trace
and per bin along a route of interest

Classification results at a
construction site entry

[16:15-17:30 MoC1.4

Getting Robots Unfrozen and Unlost
in Dense Pedestrian Crowds

Tingxiang Fan*, Xinjing Cheng*, Ruigang Yang
Robotics and Auto-Driving Lab, Baidu Research, China
Jia Pan, Pinxin Long, Wenxi Liu and Dinesh Manocha
University of Hong Kong, Metoak Technology, Fuzhou University, China
University of Maryland, College Park, USA

« Address the challenge of robot navigation in
dense crowds without getting frozen or getting
lost

« Formulate a novel framework to handle the
lost and the freezing problem simultaneously

« Propose a reinforcement learning-based
recovery algorithm that enables the robot to
regain the localization

Actor-Critic based localization
recovery behavior

[16:15-17:30 MoC1.6

Learning the See the Wood for the Trees:
Deep Laser Localization on a CPU

Georgi Tinchev, Adrian Penate-Sanchez and Maurice Fallon
Oxford Robotics Institute, University of Oxford, UK

Burgess Fei,
Oxod

» Novel descriptor directly on raw point clouds
» Matching the state of the art in accuracy

» Enables real time performance on a CPU

« Tested extensively on urban and natural data

2 g vz
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16:15-17:30 MoCl.1 | [16:15-17:30 MoC1.2
Self-Supervised Incremental Learning for Sound Automated Models of Human Everyday Activity
Source Localization in Complex Indoor Environment based on Game and Virtual Reality Technology
Andrei Haidu and Michael Beetz
Hangxin Liu™, Zeyu Zhang'", Yixin Zhu'2, Song-Chun Zhu'2 {ahaidu, beetz}@cs.uni-bremen.de
"Equal Contribution
'Statistics Department, UCLA ool T Interpretation. tracking. Data wini "
2International Center for Al and Robot Autonomy (CARA) ..!2‘!‘.1‘233:5‘ - 7 : ozzing ’ S B

“KnowRab ") st

.upsnlsAss

« An incremental learning scheme for sound S,

source localization in the indoor setting with

multiple rooms that allows the system to
accumulate the training data on-the-fly.

* A self-supervision method that combines with

the robot's active exploration.

« An auto-encoder for acoustic implicit feature The algorithm” ranks the
extraction. priority of the rooms to be

explored, and labels the data

16:15-17:30 MoC1.3 | [16:15-17:30 MoC1.4

Development of a Strain Gauge Based
Disturbance Estimation and Compensation
Technique for a Wheeled Inverted Pendulum

Spatio-temporal representation for long-term
anticipation of human presence in service robotics

Robot Tomas$ Vintr', Zhi Yan?, Tom Duckett®, Tomas Krajnik®
Luis Canete and Takayuki Takahashi 1Department of Computer Science, CTU-FEE, Czechia
Symbiotic Systems Science, Fukushima University, Japan 2EPAN Research Group, UTBM, France

3L-CAS, UoL, United Kingdom

« Presents the work regarding strain gauge » Novel representation of time l 0300 ‘ | 11:00
based disturbance estimation and applicable to continuous and ;
compensation for the Inverted Pendulum Type discrete world models
Assistant Robot (I-PENTAR) . « Allows to predict future state

« The model of the system with consideration to of the environment
the strain gauge sensors is developed. « Improves efficiency of long-

« The strain gauge sensor signals are used to term mobile robot operation

Inverted PENdulum Type

improve the proposed unified controller. Assitant Robot (I-PENTAR) * Long-term predictions of
« Actual tests were performed to show the people presence
effectiveness proposed sensor and control
combination
16:15-17:30 MoCl.5 | [16:15-17:30 MoCl1.6
Object Transfer Point (OTP) Estimation Controlling Aerobot: Development of A Motion

for Fluent Human-Robot Handovers Planner for an Actively Articulated Wheeled

Heramb Nemlekar, Dharini Dutia and Zhi Li Humanoid Robot

Robotics Engineering, Worcester Polytechnic Institute, USA Moyin Otubela, Michael Cullinan and Conor McGinn
Mechanical and Manufacturing Engineering, Trinity College Dublin, Ireland
» Aim: Robot response in handovers should
be as fast, natural and fluent as a human’s.
» Background: Human givers choose OTP
before observing any receiver arm motion.

* Method: We learn a model to predict Static
OTP based on position and physical features
of a human giver.

« Static OTP (blue) is updated with Dynamic

« This paper presented a motion planner for
a wheeled humanoid robot, Aerobot.

« A method for transitioning between its
distinct modes is described.

« Sequential quadratic programming was
used to generate feasible motion plans via
the zero moment point.

OTP (green) predicted based on giver’s arm Figurative depiction of ) ) )
motion and grasp affordance of object. Static OTP (blue) which « Crevice crossing and aspect ratio
+ Results: (1) 19% improved initial prediction will be updated with adjustment were demonstrated
2R nse time 3.1 nd Dynamic OTP (green) successfully.
(2) Response time 3.1 secs, al depending on the motion Figure: Aerobot
(3) Prediction generalized across workspace. of human giver’s arm
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16:15-17:30 MoCl.1 |

User Centric Device Registration for Streamlined
Workflows in Surgical Navigation Systems

Paul Thienphrapa, Alvin Chen, and Douglas Stanton
Philips Research North America, Cambridge, MA, USA
Prasad Vagdargi
LCSR, Johns Hopkins University, USA

« Purpose — Improve clinical workflows,
simplify setup, register on-the-fly

« Concept— Simple gesture to register
surgical devices to navigation systems

« Method — Continuous path used to
register (vs. discrete point fiducials)

Clinician gestures device through
fixture for fast registration

16:15-17:30 MoC1.3 |

Pneumatically Attachable Flexible Rails for Track-
Guided Ultrasound Scanning in Robotic-Assisted
Partial Nephrectomy — A Preliminary Design Study

Agostino Stilli, Emmanouil Dimitrakakis, Claudia D’Ettorre
Department of Computer Science, University College London, UK
Maxine Tran
Department of Surgical Biotechnology, University College London, UK
Danail Stoyanov
Department of Computer Science, University College London, UK

A novel approach for the navigation of drop-
in ultrasound probes and for organ
repositioning during RAPN procedures is
presented: g
« Pneumatically Attachable Flexible (PAF) m
rails that enable swift, effortless and -
accurate track-guided scanning of the
kidney are introduced for the first time.
» The proposed system attaches on the
kidney side surface with the use of a
series of bio-inspired vacuum suckers.

Kizuzy

16:15-17:30 MoCl.5 |

Designing, Prototyping and Testing a Flexible
Suturing Robot for Transanal Endoscopic
Micro-Surgery

Yang Hu, Wei Li, Lin Zhang, and Guang-Zhong Yang
The Hamlyn Centre for Robotic Surgery, Imperial College London

» The mechanical design of the suturing W
instrument, including needle driving and o boa i
locking mechanism as well as the two- .3 Y
sectional flexible joint. g = &

]

« Kinematic control the flexible instrument.

« Suturing experiments, including running
stitch with various orientations and knot

tying.

[16:15-17:30 MoC1.2

A Magnetically Steered Endolaser Probe for
Automated Panretinal Photocoagulation

Samuel L. Charreyron*, Edoardo Gabbi, Quentin Boehler*,
Matthias Becker** and Bradley J. Nelson*
* Multi-Scale Robotics Lab, ETH Zurich, Switzerland
** Stadtspital Triemli Zurich, Switzerland

« Panretinal Photocoagulation (PRP) is

performed to treat diabetic retinopathy, a Laser ———Magnet
leading cause of blindness Trocar, )’
» A magnetically steered flexible endolaser N |
probe is proposed to automatize this repetitive y
procedure Retina! =N Flexible
« Fully automatic PRP is performed in an eye probe

phantom using our probe

« Aclinical-level accuracy and faster speeds
than human surgeons are achieved

[16:15-17:30 MoCl.4

Compliant four degree-of-freedom manipulator
with locally deformable elastic elements
for minimally invasive surgery

Jumpei Arata'?, Yosuke Fujisawa', Ryu Nakadate', Kazuo Kiguchi',
Kanako Harada?, Mamoru Mitsuishi? and Makoto Hashizume?
"Kyushu University, 2The University of Tokyo, 3Kitakyushu Chuo Hospital, Japan

» The proposed mechanism allows the elastic
element to deform locally, thus minimizing
its bending radius while the low number of
mechanical parts greatly contributes to its
compactness. S

This paper describes the design strategy, -

optimization method using FEA, prototype /
implementation, and evaluations.

The evaluations reveal high accuracy and

repeat accuracy, which are key elements for Proposed device

Endowrist (Intuitive surgical)
4 DOF, 8mm in diameter

robotic instruments in minimally invasive 4 DOF, 3.5 mm in diameter
surgery.
[16:15-17:30 MoCl1.6

A Mechanics-Based Model for 3-D Steering
of Programmable Bevel-Tip Needles

Thomas Watts and Riccardo Secoli
Ferdinando Rodriguez y Baena
Department Mechanical Engineering, Imperial College London, UK

» We present a model for the steering of
programmable bevel-tip needles using a
multi-beam approach based on Euler-
Bernoulli beam theory

« Finite Element simulations for known loads
are used to validate the multi-beam deflection

model
. . . Figure showing the medical
+ Aset of experiments validate the modelling of  grage 25 mm  outer

the needle via a parameter optimization to diameter  multi-segment
produce a best-fit steering model needle
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16:15-17:30 MoCl.1 | [16:15-17:30 MoC1.2

Safe teleoperation of a laparoscope holder with
dynamic precision but low stiffness.

Jesus Mago, Mario Arico, Jimmy Da Silva and Guillaume Morel
ISIR-Agathe, Sorbonne Université, CNRS, INSERM, France

* Robotic camera holders are of great interest in
laparoscopic surgery as they increase
surgeon’s autonomy and image stability.

« To cope with unknown friction at the trocar,
state-of-the-art robotic holders utilize high
stiffness controllers that can harm the patient.

« We present a low-gain and yet precise control
law for a robotic laparoscope holder.

« Our approach reduces tracking error by more
than 50% in comparison to equal-gain
standard PID.

16:15-17:30

End-User Robot Programming
Using Mixed Reality

Samir Gadre*, Eric Rosen*, Gary Chien*, Elizabeth Phillips*?,
Stefanie Tellex*, George Konidaris*
Computer Science, Brown University, USA
Behavioral Sciences and Leadership, US Air force Academy, USA

« We present a Mixed Reality (MR) Interface to
for end users to program robots

« We ran a user study that compares the (MR)
interface to a 2D interface

« We found the MR interface outperformed the
2D interface Our MR interface

16:15-17:30 MoCl.5 |

A Unified Framework for the Teleoperation of
Surgical Robots in Constrained Workspaces

Murilo M. Marinho', Bruno V. Adorno?, Kanako Harada',
Kyoichi Deie?, Anton Deguet*, Peter Kazanzides?,

Russel H. Taylor 4, and Mamoru Mitsuishi’
1The University of Tokyo, 2Federal University of Minas Gerais, 3The University of Tokyo Hospital,
4Johns Hopkins University

+ Motivated by surgeries in deep and narrow
regions a teleoperation framework is proposed.
+ The framework consists of balancing
teleoperation-related terms while guaranteeing ~ ®
collision-free motion using all of the slave robots’  $2%°%
degrees-of-freedom.
« Cartesian impedance is used on the master-side.
+ The framework is evaluated in experiments with
two robotic systems, the dVRK and a novel
redundant robotic system, showing that smooth
teleoperation can be achieved without collisions.

Master-slave robotic
system teleoperation

Real-time Teleoperation of Flexible Beveled-tip
Needle Insertion using Haptic Force Feedback
and 3D Ultrasound Guidance

Jason Chevrie, Alexandre Krupa and Marie Babel
Univ Rennes, Inria, CNRS, IRISA, INSA, France

« Real-time semi-automated and teleoperated
needle steering using 6 degrees of freedom
base manipulation via a set of user-controlled
or automated task functions

« Intuitive control of the needle tip 3D trajectory
by the user directly in ultrasound images

Teleoperated needle
insertion setup

« Comparison of different haptic feedback laws
to provide guidance to the user

[16:15-17:30 MoCl.4

Control of Delayed Bilateral Teleoperation
System for Robotic Tele-Echography

Jang Ho Cho, Joonho Seo, Hyuk Jin Lee, Kiyoung Kim, Hyun Soo Woo
Korea Institute of Machinery & Materials, South Korea
Maxim Kristalny
Faculty of Mechanical Engineering, Technion-IIT, Israel

« Control design of 6DOF bilateral teleoperation
system for tele-echography under time delays e

« Identical kinematic structure of master/slave &

devices (Stewart-Gough mechanisms) =
« Characterization of achievable teleoperator -
admittance in analytic form under time delays o AT =

+ Demonstration of 1 and 6 DOF experiments of 3
bilateral teleoperations under time delays

[16:15-17:30 MoCl1.6

Multimodal Sensorimotor Integration for
Expert-in-the-Loop Telerobotic Surgical Training
Mahya Shahbazi', Seyed Farokh Atashzar?, Christopher Ward?35,
Heidar Ali Talebi4, Rajni V. Patel®>
Johns Hopkins University, USA; 2Imperial College London, UK; 2University of
Western Ontario, Canada; “Amirkabir University of Technology, Iran; 5Canadian
Surgical Technologies & Advanced Robotics (CSTAR)

« A novel framework to enable hand-over-hand haptic cueing for robot-
assisted surgical training

» Adaptive expertise-oriented training paradigm in real-time based on a
Fuzzy Interface System to actively engage trainees
« Stability analysis of the closed-loop  guurasms == T e Z’;

system in the absence and presence s P :
of tool-tissue interaction forces S H

» Experimental validation on a dual-console
platform consisting of a dVRK-based
da Vinci surgical system and the
dV-Trainer (Mimic Technologies)
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High-Speed Ring Insertion

by Dynamic Observable Contact Hand

Yukihisa Karako and Shinji Kawakami

Technology and Intellectual Property H.Q., OMRON Corporation, Japan
Kensuke Koyama, Makoto Shimojo, Taku Senoo,

and Masatoshi Ishikawa

The Department of Creative Informatics, University of Tokyo, Japan

« This study propose a dynamic observable

contact hand to ensure high-speed insertion

« We evaluate the performance of a robot
system which attached the proposed hand

« We compare the time of ring insertion by the ;
robot system with that by human

« The result (robot:2.42s , human:2.58s)
indicates that the robot outperforms with a
higher speed than human

[16:15-17:30

MoC1.3 |

Soft Hands with Embodied Constraints:

The Soft ScoopGripper

G. Salvietti'?, Z. Igbal’, M. Malvezzi'2, T. Eslami', D. Prattichizzo'-2
"Dept. of Information Engineering, University of Siena, Italy
2 Dept. of Advanced Robotics, Istituto Italiano di Tecnologia, Italy

+ We present a modular under actuated
soft hand in which we added a scoop as
a feature of the palm, which simplify
object grasping.

The scoop allows to grasp objects in
narrow spaces, augments the possible
contact areas, allows to obtain more
robust grasps, with lower forces

Embedding a scoop may open to the
study of a novel generation of soft-rigid
grippers that brings the idea of
environmental constraints exploitation
inside the device

16:15-17:30

MoCl.5 |

Using Geometric Features to Represent Near-
Contact Behavior in Robotic