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Abstract

With the widespread use of the computer in modern society, traditional human
machine interaction (HCI) technologies based on mouse and keyboard show their
increasing limitations. Thus, the research on multimodal HCI becomes more and
more important in real life. Sign language recognition (SLR), as one of the important
research areas of HCI, has spawned more and more interest in HCI society. The goal
of sign language recognition is to provide an efficient and accurate mechanism to
transcribe sign language into text or speech so that communication between deaf and
hearing society can be more convenient.

The major challenges that SLR faces now are how to build the effective models
for signer-independent, large vocabulary, continuous sign and how to improve the
SLR accuracy through language models. The ability to accurately recognize
signer-independent, large vocabulary and continuous sign language for a system,
without the introduction of artificial pause, has a profound influence on the
naturalness of the human-computer interface. Therefore, the research on these four
challenges can promote the development of more robust and convenient system, so
that the SLR system will be widely used in the various situations.

Aiming at four issues: signer-independent, large-vocabulary, continuous, and
how to improve SLR performance using language models, the dissertation proposes
the corresponding models to solve them:

First, aiming at signer-independent SLR characteristics: 1) the model
convergence difficulty caused by noticeable distinctions among different people
signs, 2) the lack of effective features extracted from different signers' data,
self-organizing feature maps/hidden Markov models (SOFM/HMM) is proposed.
This model uses SOFM as an implicit feature extractor for continuous HMM and
their parameters are trained simultaneously in a global optimization criterion. SOFM
transforms input signs into significant and low-dimensional representations that can
be well modeled by the emission probabilities of HMM. Experimental results show
that the proposed model increases the recognition accuracy about 3-5% compared
with conventional HMM, and well solve signer-independent SLR issue.

Second, to overcome the difficulty of the huge time complexity due to a variety
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of recognized classes, a fuzzy decision tree with heterogeneous classifiers based on
SOFM/HMM is proposed for large vocabulary SLR. As each sign feature has the
different discrimination to gestures, the corresponding classifiers are presented for
the hierarchical decision to sign language attributes. One- or two- handed classifier
base on Gaussian mixture models and hand shape classifier based on finite state
machine are first used to progressively eliminate many impossible candidates, and
then SOFM/HMM classifier is proposed as a special component of fuzzy decision
tree to get the final results at the last non-leaf nodes that only include few candidates.
Experimental results on a large vocabulary demonstrate that the proposed method
dramatically reduces the recognition time by 11 times, and also improves the
recognition rate about 0.95% over single SOFM/HMM.

Third, the major challenge for continuous SLR is how to alleviate the effect of
movement epenthesis between two adjacent signs. Based on two strategies:
segmentation-based and modeling extra movements, this dissertation respectively
proposes simple recurrent networks/hidden Markov models (SRN/HMM) and
transition model for continuous SLR. 1) SRN/HMM is a divide-and-conquer
recognition method that breaks down the problem of continuous SLR into individual
sign recognition. This method applies the improved SRN to segment continuous sign
language, and the outputs of SRN are taken as the HMM states in which the lattice
Viterbi algorithm is employed to search the best word sequence. 2) Transition model
is to build similar sign models for transition movements between adjacent signs in
SLR. To overcome a large amount of transition movements, the temporal clustering
algorithm is proposed to cluster them. The clustered models can improve the
generalization of transition movement models, and are very suitable for large
vocabulary continuous SLR. Experiments show that large vocabulary continuous
SLR based on transition movement models has good performance.

Fourth, in statistical language models, how to integrate diverse linguistic
knowledge into a general framework as long-distance dependencies to improve SLR
performance is a challenging issue. In this dissertation, an improved language model
incorporating linguistic structure into maximum entropy framework is presented. The
proposed model combines trigram with structure knowledge of base phrase in which
trigram is used to capture the local relation between words, while structure
knowledge of base phrase is considered to represent the long-distance relations
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between syntactical structures. The knowledge of syntax, semantics and word is
integrated into the maximum entropy framework. Experimental results show that the
proposed model improves by 24% language model perplexity over trigram.
Furthermore, the concept of sign language synonymy is proposed. After the
enlargement of sign language synonymy, the proposed model is integrated as the
post-process of continuous SLR, and effectively improve sign language recognition
rate.

Keywords sign language recognition; sign model; language model; artificial neural
network; hidden Markov model



