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Abstract

As computers are widely used and computer-programming gets increasingly complicated,
computer users and programmers demand more convenient human-computer interfaces and
programming tools. Motivated by facilitating computer programming and human-computer
interaction, this project explores teaching a computer to react properly to external stimuli
through natural human-computer interaction. The long-term goal of the project is to program
a computer as we teach an infant, and to enable the computer to interact with us like a human
and perform jobs accordingly.

The project uses a multisensory mobile robot as the interface for natural human-
computer interaction. We develop a computational efficient scheme that facilitates the robot
to learn spoken language online, and react properly to learned speech commands. Compared
to the existing speech recognizers, our systemn does not use text or other symbolic
information to represent speech, thus is not restricted by the limitations that a speech-to-text
mechanism may inherently have. Due to this fact, our system can learn speech online in any
language. This learning flexibility is not achieved by state-of-the-art speech recognizers.

The thesis reports the design and implementation of our scheme for spoken language
acquisition. In the thesis, we discuss the available resources and possible pitfalls for the
robot project; we discuss the speech communication techniques that can be or cannot be used
in our project; we choose the classifiers that are suitable to our project; and we also present a
human-computer interaction model and the robot training strategies. Based on these analyses
and discussions, we develop our learning scheme that can learn online from both labeled and
unlabeled data. The learning scheme is based on successive refinement of the decision
boundary. It learns incrementally through its interaction with the teacher. Experimental
results of a multilingual short-utterance learning task are given after the presentation of the
learning scheme. In the learning experiment, both speech and tactile sense are incorporated.
Further extension of this project includes incorporating more versatile modalities into
human-computer interaction, and applying our learning scheme to practical systems such as

home appliances.
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Chapter 1

Introduction

After the first electronic digital computer was invented in 1946, computers gradually
penetrated into human life, from Deep Blue to our desktop PC, from spacecraft to quartz
watches. Accompanied with increasing computer applications, computer-programming tools
and human-computer interfaces evolve through many stages.

When the computer was first invented, computer scientists developed computer
programs with machine languages (Wakerly, 1981). Machine languages use instructions that
are encoded as strings of bits. With these languages as communication tools, programmers
may communicate with computers using punch cards. Because machine languages can be
directly interpreted by the computer hardware, it is easy for a computer to accept these
languages. However, it is very difficult for humans to use these bit-strings. Therefore, as
computer programs grew in complexity, it became difficult to program with machine
languages, and maintain program codes.

To simplify programming tasks, computer scientists developed assembly languages,
keyboards, and printers. Assembly languages represent machine instructions with mnemonic
names. With these assembly languages, memory addresses and other constants in a program
can be represented by symbols rather than by bit strings; human-computer interaction can be
achieved through typewriter-like keyboards and printers. Following the emergence of
assembly languages, it became easy to remember the instructions. Following the emergence

of typewriter-like keyboards and printers, it became easy to communicate with computers.



Therefore, assembly languages, keyboards, and printers improved the human’s ability of
programming difficult tasks.

Even if assembly languages were used for computer programming, program
development and management became difficult again as computer applications got
increasingly complicated. Studies have shown that both the time and difficulty of managing
a program are proportional to the number of instructions in the program, with little
dependence on the complexity of each instruction. To efficiently decrease the number of
instructions in each application, scientists developed high-level computer languages such as
BASIC, C, and FORTRAN; high-level languages are heading toward increasingly compact
languages, such as script languages, and visual languages. Using these high-level languages,
programmers are able to communicate with computers in a convenient way, with keyboards,
monitors, mice, etc.

The computer industry grows at an exponential rate. With this increasing growth,
program development and management will become difficult again even if programmers use
high-level languages. What kind of approaches can we take to program computers in the
future? No one knows the correct answer right now. However, we may get some guidelines
from the history of programming-language evolution. In the past, programming-language
design and user-interface design always focused on usability enhancement, maintainability
enhancement, and cost-reduction. With these goals in mind, we propose to program next-
generation computers through multi-modality human-computer interactions. In other words,
we expect next-generation computers to have essential intelligence, so that they may
communicate with humans in a natural way.

Natural communication between humans and computers can enhance computer usability
and program maintainability, and therefore reduce the cost of program development.
Provided that humans may communicate with computers in a natural way, a computer
programmer may program a computer in a way with which a teacher instructs a student.
More specifically, programmers may start the development process from asking a computer
to solve some problems. If the computer can correctly respond to human questions, the
software for correctly responding to the asked questions is completed. Otherwise, program
“bugs” will be located based on incorrect responses. These “bugs” may be fixed by

programmers through intensive training on specific stimulus-response relations. With these

o






