4.2　Speech recognition for closed captioning
　We are researching speech recognition for expanding the range of programs covered by closed captioning so that more people including the elderly and those with hearing difficulties can enjoy TV programs. 

■Cooperative conversation recognition

　The “re-speak” method, in which automatic speech recognition is used for a speaker in a quiet environment who is rephrasing the speech of a program, has been used to produce closed captions for information programs with background noise and inarticulate speech. We began our research on speech recognition technologies for recognizing program audio directly and for producing closed captions efficiently for information programs of local broadcasters, which cannot secure a re-speaker, and for some of the programs currently using the re-speak method.
　The conventional method using a probability model fails to accurately recognize speech in a noisy environment and speech with poor articulation. To overcome this problem, we improved the performance of a language model that provides probabilities of word sequences for ambiguous spoken words(1) and that of an acoustic model that provides the frequency distribution of vowels and consonants not pronounced accurately by introducing a deep learning model based on neural networks(2). We also added a layer in this deep neural network model to eliminate noise and thereby improve tolerance of background noise. The model was trained using an automatically built highly accurate corpus containing approximately 1,000 hours of speech(3). We also developed a translation model for estimating the phoneme sequence of inarticulate speech from the phoneme sequence of articulate speech(4) to increase recognition accuracy. 
　With these new technologies, we reduced the false recognition rate of program audio selected for evaluation from a local information program, “Hirumae Hotto,” from 36% to 13%. 

■Application for practical use

　NHK STRL has been developing a sophisticated recognition error correction system equipped with cooperation and re-listening functions for multiple correctors as well as a high-precision recognition engine for closed captioning of news programs. Closed captioning by direct recognition of program audio is frequently used for news programs. We upgraded these two technologies so that they can be applied to closed captioning using the re-speak method for programs other than news programs. While the conventional system with limited correction functionality requires repeated re-speaking until the spoken words are correctly recognized, the upgraded system with higher correction capabilities requires only one re-speaking, resulting in efficient closed captioning. 
　For closed captioning at local broadcasters, which cannot secure staff to correct recognition errors, we developed an algorithm for producing closed captions without manual effort. It compares news scripts prepared in advance with the speech recognition result, estimates the text corresponding to the speech, and outputs the text as the closed caption(5). A system incorporating this algorithm was put into operation at the NHK Hiroshima station (Figure 1).

　


Figure 1. Closed-captioning system introduced at NHK Hiroshima station
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