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1 Introduction

1.1 Objectives of this Workshop

Progress in robotics has yielded physical platforms that are slowly becoming more competent in the unstruc-
tured physical world. These growing capabilities raise the prospects for realizing their huge potential value as
autonomous sensors: for survivors in search and rescue settings; for anomalies or threats in surveillance applica-
tions; for novelty or scientifically motivated collection in extraterrestrial exploration. At the same time, sensor
technology has taken off, and the materials, communications and computational technology underlying its advance
now raise the prospect of data torrents so vast that they cannot even be reasonably stored, much less processed
and interpreted without some active, real- time interpretive control. Whether in electromagnetic ranging, electro-
optical (laser, cameras), or, chemotaxis modalities, the multiplicity of tuning affordances and resulting highly
variable focus of attention invites and even demands that algorithms for autonomous sensor management move
into the realm of real time feedback control. Addressing such control problems raises novel questions of how to
formulate tasks whose goals have as much to do with the agents state of information as with its material situation;
how to couple internal variables such as belief state with physical degrees of freedom; and how to develop new rep-
resentations that facilitate that integration and promote the expression of information-sensitive mechanical goals.
This day-long workshop will sample the range of new opportunities, questions, and issues that arise as sensors
become robots, and robots become sensors. New sensing modalities such as chemo-sensitive nanoscale devices
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raise the prospect of unparalleled access to perceptual domains long the unique province of animals: do we know
how to use them? Traditionally “high-end” modalities such as radar have been transformed both regarding cost
(in footprint and dollars) as well as realtime tunability by the advance of electronics and computation: can the
sophisticated offline designs that emerged over nearly a century of waveform and receiver engineering be adapted
for closed loop operation on mobile robots? Decades following the initial push for active vision in robotics, what
is todays state of the art, what theoretical insights have emerged, with what implications for practice, and how
close to realtime implementation? Even assuming a nicely adaptive and computationally tractable sensorium,
how should information-sensitive tasks be formulated to express the appropriate tradeoff between exploration and
exploitation? How should strategic operation shift this tradeoff in the face of adversarial environments? How does
a “distributed body” enhance or complicate the opportunities for joint inference and control over the sensorium?
How does an imperfectly actuated body subject to a highly irregular, unpredictable environment support and
benefit from the tunable sensorium?

1.2 Intended Audience

We target robotics researchers working in the traditional area of active sensing as well as experts in technology
and policy seeking to understand emerging opportunities for multidisciplinary advances bearing upon robotics.
There has been a great deal of interest in this topic arising from various research communities and so we have a
very full day of speakers planned. The format for the workshop would be roughly one dozen 20 min individual
talks (e.g., two 1.5 hr sessions in the morning and afternoon respectively) followed by a panel discussion with
audience participation at the end of the day.

2 Invited Talks

2.1 Dynamic Belief States and Information-Theoretic Decision Making in Adver-
sarial Environments

Speaker Daniel Lee (University of Pennsylvania)

Abstract The need to properly account for uncertainty in sensing has resulted in the recent interest in robotic
applications of probabilistic inference techniques. In these algorithms, the role of maintaining a dynamic belief
state which describes the distribution over potential states as they evolve in time is critical. These belief states
can then be used as inputs to policies that attempt to choose optimal actions. I will discuss recent computa-
tional approaches to handling the unbounded dimensionality of these belief states. I will also show how recent
information-theoretic approaches to bounded rationality can be interpreted as optimal stochastic policies in an
adversarial environment.
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2.2 Bayesian Path Planning for Learning Spatial-temporal Processes

Speaker Fabio Ramos (University of Sydney)

Abstract In this talk I will present a novel technique for learning spatial-temporal environment processes such
as air pollution or wind speed with a mobile robot. The method is based on Bayesian optimisation and is able
to select paths that maximise the prediction performance for processes where tracking peaks is crucial (such as
air pollution), trading exploration-exploitation in a principled statistical manner. I will show applications in air
pollution monitoring, vibration modelling while navigating on uneven terrains, and lightening changes to illustrate
the benefits of the approach. Finally I will show a web-based app built for the Environmental Protection Agency
in Australia for real-time air pollution forecast in the Hunter Valley region, where coal mines, urban centres and
vineyards need to coexist.

7











2.3 Autonomous Exploration of Large Scale Natural Environments

Speaker Stefan Williams (ACFR, Sydney)

2.4 Active Inference of Representations: Control’s Role in Visual Perception and
Vice-versa

Speaker Stefano Soatto (UCLA)

Abstract The “state” of a system or agent, understood as a function of measured data that is “useful” towards
a control or decision task, should ideally “separate” sensing and control: Sensing would infer the function of
all past data that is “sufficient” and hand it off to a control or decision module – agnostic of how the state
or “representation” is inferred – to accomplish the task. While this is indeed possible for linear systems in
Gaussian noise, complex sources of uncertainty make the separation imperfect if not impossible. Specifically, when
uncertainty is due to sensing mechanisms that involve occlusion and scaling – such as visual sensing, whether
in the visible or other spectra – control is actually necessary to infer a state that is sufficient to accomplish
even elementary decision tasks. In addition, there may be uncertainty on the task itself. In this talk, we will
explore ways of formalizing the properties that an “ideal representation” should have to support a variety of
decision, control and interaction tasks with physical space, where sensing is provided by visual as well as other
modalities. We will then see how some drastic simplifications yields to methods that are currently in use today,
and point to ways to improve them. We will show applications in visual recognition (finding a known object in
an unknown environment) as well as reconstruction (building a model of the environment to support navigation
tasks) exploiting visual and inertial sensors.

Speaker Bio Stefano Soatto is the founder and director of the UCLA Vision Lab (vision.ucla.edu). He received
his Ph.D. in Control and Dynamical Systems from the California Institute of Technology in 1996; he joined UCLA
in 2000 after being Assistant and then Associate Professor of Electrical and Biomedical Engineering at Washington
University, Research Associate in Applied Sciences at Harvard University, and Assistant Professor in Mathematics
and Computer Science at the University of Udine, Italy. He received his D.Ing. degree (highest honors) from
the University of Padova- Italy in 1992. Dr. Soatto is the recipient of the David Marr Prize (with Y. Ma, J.
Kosecka and S. Sastry) for work on Euclidean reconstruction and reprojection up to subgroups. He also received
the Siemens Prize with the Outstanding Paper Award from the IEEE Computer Society for his work on optimal
structure from motion (with R. Brockett). He received the National Science Foundation Career Award and the
Okawa Foundation Grant. He is a Member of the Editorial Board of the International Journal of Computer Vision
(IJCV), the International Journal of Mathematical Imaging and Vision (JMIV) and Foundations and Trends in
Computer Graphics and Vision.

2.5 Designing Efficient Low-latency Sensorimotor Control

Speaker Andrea Censi (MIT)
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2.6 Information-based, Multi-target Localization Using Small Teams of Mobile
Sensors

Speaker Philip Dames (University of Pennsylvania)

Abstract There are many situations in which teams of robots can be used for active information acquisition,
such as security and surveillance, infrastructure inspection, target tracking, and search and rescue. All of these
scenarios share a common problem: while the types of objects of interest are known (e.g., a cell phone signal from
a trapped individual) the number of such objects in the environment will not be a priori. The estimation problem
is further complicated by the sensors returning false positive measurements, missing detections, and returning
noisy estimates of true objects. We utilize a mathematical tool called the probability hypothesis density (PHD)
filter that allows us to simultaneously estimate the number of objects in the environment and their positions
while dealing with imperfect sensors. Then using the resulting estimate of the target set, the robot team follows
a receding horizon, information-based control law which maximizes the mutual information between the target
set and the binary event of getting no target detections, effectively hedging against non-informative actions in a
computationally tractable manner.

In some of these scenarios, such as surveillance, the robot team operates in an environment with existing com-
munication infrastructure. In such instances, the robots may leverage that infrastructure to quickly disseminate
information across the robot team without requiring direct peer-to-peer links to other robots in the team. In this
case we model the information trade off between directly taking measurements of objects in the environment and
receiving measurements through communication channels with base stations.

Suggested reading [EWBS09, VSD03, HT10, Pul05, Gro06, DK13a]
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2.7 Toward Dynamical Sensor Management: Reactive Wall-following on RHex

Speaker Avik De (University of Pennsylvania)

Absract We propose a new paradigm for reactive wall-following by a planar robot taking the form of an actively
steered sensor model that augments the robot’s motion dynamics. We postulate a foveated sensor capable of
delivering third-order infinitesimal (range, tangent, and curvature) data at a point along a wall (modeled as
an unknown smooth plane curve) specified by the angle of the ray from the robot’s body that first intersects
it. We develop feedback policies for the coupled (point or unicycle) sensorimotor system that drive the sensor’s
foveal angle as a function of the instantaneous infinitesimal data, in accord with the trade-off between a desired
standoff and progress-rate as the wall’s curvature varies unpredictably in the manner of an unmodeled noise
signal. We prove that in any neighborhood within which the third-order infinitesimal data accurately predicts the
local “shape” of the wall, neither robot will ever hit it. We empirically demonstrate with comparative physical
studies that the new active sensor management strategy yields superior average tracking performance and avoids
catastrophic collisions or wall losses relative to the passive sensor variant.

This work was presented in poster form at ICRA 2013.

Suggested reading [Cow06, JK05, DK13b, DBK14, KR90]
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2.8 The Impact of Perception Capabilities on Agile Robot Motion: A Statistical
Mechanics Perspective

Speaker Sertac Karaman (MIT)
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