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Human can effortlessly express their spatial experience and talk about where objects are located in relation to some
underlying objects. Since it is impossible for us to learn all objects, such information has been critical to explore the
visual world. Intuitively, if we know where the objects are, recognizing them will become easier. In computer vision, in
order to mimic human's ability, an important and open problem is to endow robotic systems the ability to comprehend
spatial relations as humans do. This is somewhat like a school child does when learning to write a descriptive sentence,
such as the CD is to the left of the book.

The primary goal of this work is to design and demonstrate spatial recognition methods to bridge the gap between
visual information and human cognition. Towards this goal, we treat spatial relations as a kind of feature as well as
other visual features, such as color, size, etc and have developed computational templates to represent spatial relations.
We propose a novel model to encode linguistic spatial expressions.

We first investigate how humans manipulate space by the action of natural language and classified basic class of
relation. We then extend the observations from cognitive systems to computer vision applications. We propose templates
for recognizing spatial relation, translating linguistic expression into visual information, and representing spatial terms
in an angular fashion. The templates have been tested over 720 scenarios where 1-3 unknown objects within.

Comprehending spatial relations is beyond simply distinguishing them. It is noticeable that spatial relation needs a
pair of objects. In determination of different classes of relation, the underlying objects which are named as reference
objects play a decisive role. Concretely, objects like humans, animals and computer displays are somewhat different
from objects like balls, boxes, cups in that they have intrinsic front side. The former’s front is independent from
interlocutors’ viewpoint whereas the latter’s is not. It turns out that the front orientation adjacent to the frontal-side of
those objects are transformed accordingly if they are rotated from the frontal view. We then focus on introducing an
estimation model for those objects, from estimating pose transformations, to adjusting intrinsic-front orientation. The
first step studies one prominent type of pose variation given viewpoint transformation in supervised fashion. Naive

Bayesian classifier is followed for prediction. The estimator performs highly competitively with the state of the arts on



the ETH-80 database, and an everyday-object database that we collected on our own.

The models profit from an interactive interface, which is developed to understand some simple English words and
grammatical structures. Our models can make the interaction closer to the way of human-human interaction. Finally,
we conduct experiments integrally within the system, which consists of an object detector, a spatial recognition model,
a pose estimator and a user interface. The goal is recognizing unknown objects via comprehending spatial relations by

interactive means. The simple yet effective models outperform in recognition tasks in the author’s database.
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