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Research Statement
Mobile robots have the unrealized potential to assist or substitute for human rescuers after disasters during
initial response, restoration, reconstruction, and betterment. My research is motivated by the goal of enabling
robots to dramatically improve our ability to mount such after-disaster missions quickly and safely, so as
to maximize our ability to save victims, restore basic facilities, reconstruct infrastructures, and improve
preparedness for future disasters, while minimizing the risk to human rescuers. To accomplish this objective,
future mobile robots need to be (1) highly capable of reliably moving through those challenging and most likely
adversarial environments, and (2) highly intelligent so that involvement of human rescuers, both physically
and intellectually, can be effectively minimized.
Disaster is among many of the potential applications of mobile robots, which also include delivery, service,
healthcare, agriculture, inspection, and exploration. However, most autonomous robots being deployed in the
field today either work in highly controlled workspaces (e.g., factories and warehouses), or repeatedly perform
one single pre-programmed task (e.g., vacuuming and mopping). But for uncontrolled environments and for
novel tasks (e.g., disaster robotics), today’s robots must seek help from highly skilled humans in the field (e.g.,
bomb squads). Motivated by all these applications and the current limitations of how robots are being used,
my research goal is to develop highly capable and intelligent mobile robots that are robustly deployable

in the real world with minimal human supervision. In the pursuit of such real-world field robotics with
capable motion planning augmented by intelligent machine learning (see Fig. 1 with all peer-reviewed
publications), I build advanced robot platforms, develop complex sensing and actuation systems, design
sophisticated motion planning and machine learning algorithms, and set up standardized testbeds and
metrics in order to create highly capable and intelligent robots to locomote on land, in air, and at sea.

Field Robotics

Fukushima Nuclear
Disaster [1–8]

Hurricanes and Greece
Refugee Crisis [9–11]

Mexico City
Earthquake [12]

Motion Planning

Theory
– Risk-Awareness for Un-
structured or Confined
Spaces [2, 4]
– Viewpoint Quality Theory
based on Affordances [1]
– Ground Vehicles Energetic
Models [13, 14]

Algorithm
– Risk-Aware Motion Planning [2]
– Tethered Aerial Motion Suite for
Localization, Planning, Execution,
and Visual Servoing [5–8]
– Cooperative Planning and Stabi-
lization for UAV-USV Team [9, 10]
– Locomotive Reduction [12]

Benchmark
– The BARN Dataset [15]
– The DynaBARN Dataset
[16]
– The BARN Challenge at
ICRA [17]
– Snake Robot Testbeds
[18]

Machine Learning [19]

Reinforcement Learning
– End-to-End Motion Policy [20]
– APPL Parameter Policy [21]
– Visual-Observation-Only Imitation
Learning [22]

Human-Interactive Learning
Demonstration [23–25]

Preference [26] Interventions [27]

Feedback [28]

In-Situ Learning
– IMU Inverse Kinodynamics [29]
– Visual Inertial Inverse Kinodynamics
[30]
–Optim Forward Kinodynamics [30]
– Lifelong Learning for Navigation [31]

Reflective Learning
– Learning from Hallucination [32]
– Hallucinated Learning and Sober
Deployment [33]
– Learning from Learned Hallucination
[34]

Cycle-of-Learning [35]

Fig. 1: Developing Field Robotics with Capable Motion Planning Augmented by Intelligent Machine Learning

Field Robotics: Collaborative Robot Teams with Human Users in Humanitarian Crises

The ultimate goal of my research aims at pushing current robots out from the labs and toward real-world
robust field deployment, collaborating with or serving real-world users, e.g., fire fighters, first responders,
and agency stake holders. Unlike controlled factory or lab environments, field robotics needs to consider a
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