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My primary research specialization is in developing reasoning and planning algo-
rithms for intelligent robots in dynamic, human-robot collaboration environments.

Reasoning in Robotics. If robot has to work with human, it will need to be able
to perform tasks with minimum human guidance. However, decision-making is still
a challenge for robots for the following reasons: 1) robot needs accurate observations
over a task domain to select actions, but robot’s observations are noisy and not
reliable; 2) robot actions have non-deterministic outcomes; and 3) it is not possible to
provide robot all commonsense and domain knowledge in advance. I have developed
novel algorithms to enable robots to represent and reason with incomplete, possibly
inconsistent commonsense knowledge while planning under quantitative uncertainty.

Since underlying state in the real world is not fully observable, I use partially ob-
servable Markov decision processes (POMDPs) to update a probabilistic belief over all
possible states. Given a problem formulated as a POMDP, existing solvers can produce
a “policy” that enables robots to select an action. However, solving such POMDP prob-
lems soon becomes impossible because of state-space explosion, i.e., the well-known
curse of dimensionality. I developed algorithms using a hierarchical decomposition to
solve such problems. First, a POMDP problem that is similar to (but smaller than)
the goal problem is modeled as a baseline POMDP. It is solved to generate a baseline
policy, from which a policy kernel is extracted to capture the features of the goal policy.
A convolutional policy for the goal problem is then generated by extending this policy
kernel. Second, hierarchical POMDPs were designed to decompose complex POMDP
problems into layers of tractable ones. For instance, in my previous work, I designed
a POMDP hierarchy with three layers to decide where to look, what to process and
how to process that as a whole solved a complex visual-planning problem. This work
has been presented at ICRA-11 [Zhang et al. 2011]. An AAMAS-12 paper further
extended the work to a team of mobile robots [Zhang and Sridharan 2012]. A journal
paper summarizing this line of research has been published in IEEE Transactions on
Robotics in 2013 [Zhang et al. 2013].

Although POMDPs can be used to model the uncertainties from robot observations
and actions, robots cannot do reasoning about commonsense knowledge, which
is critical for robots to make decisions in real-world domains. I used Answer Set
Programming (ASP), a non-monotonic logic programming paradigm, to represent and
reason with logical commonsense knowledge. The reasoning result in ASP is used
to inform and guide the performance of POMDP. I have developed an architecture
combining ASP and POMDP for reasoning with (logical) commonsense knowledge
and probabilistic planning. Experimental results on a target localization problem
have shown that commonsense knowledge could greatly accelerate the searching
procedure. This research received a Paper of Excellence Award in the IEEE Interna-
tional Conference on Development and Learning (ICDL) in 2012 [Zhang et al. 2012].
A journal version of this paper presenting more technical details and experimental
results is currently under review at a journal. Another attempt of combining logical
commonsense knowledge and POMDP-based planning has been published as a
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conference paper [Zhang et al. 2014], where the use of an action language enables
tighter coupling between logical reasoning and POMDPs.

During my postdoctoral training at UT Austin, I developed an algorithm, CORPP,
that combines P-log, a probabilistic extension of ASP, with POMDPs to enable rea-
soning with (both logical and probabilistic) commonsense knowledge and probabilistic
planning. Reasoning with P-log produces a distribution over a set of possible worlds,
where the set of possible worlds specify the state space of POMDP models and the
distribution is directly used for initializing POMDP beliefs. This algorithm has been
applied to a spoken dialog system on mobile shopping robots, where P-log enables
commonsense reasoning, e.g., people prefer coffee in the morning, and POMDPs en-
able planning under the uncertainties caused by the imperfection of speech recognition
techniques. The work will be presented at AAAI-15 [Zhang and Stone 2015].

Mobile Sensing. GPS-based outdoor positioning service has been widely available
for years. However, it is still a challenge to provide accurate positioning service in in-
door environments. Many researchers focused on WiFi-based positioning algorithms.
However, these algorithms require considerable human involvement during training.
During my internship in Microsoft Research Asia in 2012, I developed an alternative
solution based on the ambient magnetic field. I used a probabilistic state estimation to
model the hypotheses positions and revise the hypotheses by reading the disturbance
of the magnetic field caused by infrastructure. When human carry the phone, walk
about 5∼10 meters in any direction, the position is given in a map. This approach
has a great potential to provide low-cost, accurate positioning service in environments
without artificial electronic signals like underground parking lots. During my gradu-
ate study at Tsinghua University, my teammates and I placed second in the Freescale
Design Contest (2007), an annual national level competition in China. We designed a
keyless mobile phone, enabling basic operations to be performed based on the move-
ment and orientation of the mobile phone’s body. I added the capability to recognize
Arabic numerals using Hidden Markov Models, enabling the phone to recognize digits
drawn by moving the phone in the air.

In summary, my long-term objective is to provide people significantly practical and
social benefits and help people have a better life by developing algorithms to give more
autonomy on intelligent robots.
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