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Artificial speech bandwidth extension technique
based on opus codec using deep belief network
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ABSTRACT: Bandwidth extension is a technique to improve speech quality, intelligibility and naturalness,
extending from the 300 ~ 3,400 Hz narrowband speech to the 50 ~ 7,000 Hz wideband speech. In this paper, an
Artificial Bandwidth Extension (ABE) module embedded in the Opus audio decoder is designed using the
information of narrowband speech to reduce the computational complexity of LPC (Linear Prediction Coding) and
LSF (Line Spectral Frequencies) analysis and the algorithm delay of the ABE module. We proposed a spectral
envelope extension method using DBN (Deep Belief Network), one of deep learning techniques, and the proposed
scheme produces better extended spectrum than the traditional codebook mapping method.

Keywords: Bandwidth extension, Speech codec, Speech enhancement, Opus codec, Deep belief network
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Fig. 1. The overall structure of Opus codec.

Table 1. Recommended bitrate ranges of Opus codec.

Input type Recommended bitrate range (kbps)
Mono Stereo
Fullband (FB) 28-40 48-72
Super-wideband (SWB) 20-28 36-48
Wideband (WB) 16-20 28-36
Mediumband (MB) 12-16 20-28
Narrowband (NB) 8-12 14-20
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Fig. 2. The output spectrogram of Opus codec for
network conditions (a) in network congestion (b) in
recovery from congestion.

Table 2. Internal sampling rate and maximum bandwidth
of output signal of Opus codec for bitrate.

Bitrate | Internal sampling rate | Maximum bandwidth
8 kbps 8 kHz 4 kHz (NB)
12 kbps 12 kHz 6 kHz (MB)
16 kbps 16 kHz 8 kHZ (WB)
24 kbps 16 kHz 8 kHZ (WB)
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Fig. 3. The block diagram of proposed embedded bandwidth extension scheme.
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