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Abstract

gle channel and multi channel AV speech enhancement (SE)
frameworks [5, 6, 7, 8, 9, 10, 11]. Most of these frameworks
use a synthetic mixture of clean speech and noises to evaluate
the enhancement quality and intelligibility. However, a synthetic mixture does not depict everyday noisy settings, since in
real mixtures the speech is often reverberantly mixed with multiple competing background sources and the Lombard effect is
observed.
Although, there exist a number of controlled AV speech
corpora [12, 5, 13, 14, 15] with limited vocabulary and noise
types, there is need for more realistic AV speech data comprising a wide variety of speakers, competing noises and visual imperfections. Recently, Gogate et al. [10] introduced ASPIRE, a
AV speech corpus recorded in real noisy settings such as restaurants and cafeterias. However, the main limitation with the corpus is the lack of speakers variety as it only consists of three
speakers’ recorded uttering sentences from the limited vocabulary Grid corpus[16]. Further, the noisy visual recording conditions are ideal with uniform lighting and minimum speaker
movements. We envisage future AV hearing devices will not
only be expected to generalise on a large variety of speakers,
including non-native English speakers, but also work with noisy
visual data including speaker movement, imperfect lighting and
various levels of background noises. To the best of our knowledge, there currently exists no medium vocabulary AV corpus
that comprises a sufficient number of speakers along with a variety of acoustic and visual noises.
In this study, we introduce VISION, a first of its kind
medium vocabulary, binaural AV corpus comprising 2500 utterances from 209 speakers, recorded in real noisy settings including social gatherings, streets, cafeterias and restaurants. The
corpus can serve as a test or validation set for the development
of AV speech enhancement/separation, speech recognition and
lip reading systems. In addition, we present a baseline deep
neural network (DNN) based spectral mask estimation model
for speech enhancement. The DNN model integrates convolutional feature extraction with long short-term memory (LSTM)
to take into account the temporal dynamics and long-term contextual dependencies of AV data, and is trained on a synthetic
mixture of GRID [12] and CHiME3 [19] corpus. The DNN
learns the correlation between noisy AV cues and the ideal binary mask (IBM) to estimate noise and speech dominant regions. Finally, the enhanced speech is re-synthesised by combining the processed signal across frequency channels. We exploit the VISION corpus to demonstrate superior speech quality
resulting from application of our proposed baseline over stateof-the-art A-only speech enhancement approaches, including
spectral subtraction (SS) and linear minimum mean square error
(LMMSE), as well as recent DNN based AV speech enhancement models, including the new CochleaNet[10]).
The rest of the paper is organised as follows: Section 2 introduces the VISION corpus. Section 3 presents the baseline

In this paper, we present VIsual Speech In real nOisy eNvironments (VISION), a first of its kind audio-visual (AV) corpus comprising 2500 utterances from 209 speakers, recorded
in real noisy environments including social gatherings, streets,
cafeterias and restaurants. While a number of speech enhancement frameworks have been proposed in the literature that exploit AV cues, there are no visual speech corpora recorded in
real environments with a sufficient variety of speakers, to enable evaluation of AV frameworks’ generalisation capability in
a wide range of background visual and acoustic noises. The
main purpose of our AV corpus is to foster research in the area
of AV signal processing and to provide a benchmark corpus that
can be used for reliable evaluation of AV speech enhancement
systems in everyday noisy settings. In addition, we present a
baseline deep neural network (DNN) based spectral mask estimation model for speech enhancement. Comparative simulation results with subjective listening tests demonstrate significant performance improvement of the baseline DNN compared
to state-of-the-art speech enhancement approaches.
Index Terms: Speech Enhancement, Audio-Visual Fusion, VISION Corpus, Deep Learning, Multi-modal Speech Processing,
Listening Tests

1. Introduction
Approximately 360 million people in the world currently suffer
from a debilitating hearing loss [1]. By 2030, these numbers
are expected to rise by 50%. The most common age-related and
noise-induced hearing losses are progressive and neither curable
nor reversible. People with serious hearing-issues often find
themselves socially isolated leading to depression and a range
of other negative consequences. Hearing aids and cochlear implants are the most widely used devices for compensating hearing loss. However, even sophisticated listening devices cause
huge problems for the hearing impaired, as they often make the
speech more audible but do not always restore intelligibility in
noisy social situations [2]. Human beings in such settings are
known to exploit the audio-visual nature of speech to contextually suppress background noise and focus on the target speech.
In addition, it is well known that visual information help
disambiguate the phonological ambiguity. For example, in
speech recognition, people integrate AV cues in order to better perceive speech. This phenomenon was observed in the
McGurk effect [3] where a visual /ga/ with a voiced /ba/ is
perceived as /da/ by most subjects. In particular, the visual
cues provide information on the place of articulation [4] and
muscle movements that can often aid to differentiate between
speech with similar acoustic sounds (e.g., the unvoiced consonants /p/ and /k/).
In the literature, extensive research has been carried out,
inspired by the unique human hearing ability, to develop sin-
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Figure 1: Sample Frames from the VISION Corpus
Dataset

Modality

Speakers Real
Noisy Noise types
Environment
COSINE [17]
A-only
133
Yes
Cafeteria, Streets
VOICES [18]
A-only
300
No
Television, Speech
GRID [12]
AV
34
No noise
Mandarin Sentences [5] AV
1
No noise
AVSPEECH [13]
AV
No noise
BANCA [14]
AV
208
Yes
Speech noise only
AVICAR [15]
AV
100
Yes
Car noise only
ASPIRE [10]
AV
3
Yes
Cafeteria, Restaurant, Speech
VISION
AV
209
Yes
Social gathering, Street, Cafeteria, Speech
Table 1: Comparison of VISION with state-of-the-art A-only and AV Corpora

2.2. Speaker Population
Speaker

iPad for
Sentence Prompt
and Recording Visuals

100-120 cm

Recorder

209 speakers (105 male and 104 female) contributed in the corpus. The speakers age ranged between 18 to 55. Most of the
participants spoke English as their first language. A limited
number of participants were recorded with English as their second language. The corpus comprises a total 2500 utterances
(around 3 hours) recorded in a range of real world noisy environments. The distribution of the noisy environment is depicted
in Table. 2.

Binaural Microphone

Figure 2: Recording Setup

2.3. Collection
DNN based AV SE model. Section 4 discusses comparative experimental results and finally, Section 5 concludes this work and
proposes some future directions.

The VISION corpus has been recorded in real noisy environments including busy cafeterias, restaurants, streets and social
gatherings. The recorded setup is depicted in Fig. 2. An Apple iPad mini was used to prompt the sentences to the user and
record the video. The listener was holding the iPad opposite
to the speaker at an approximate distance of 100 cm. In addition, a high quality Sennheiser binaural microphone was used
to record the audio. A custom iOS application was developed
to simultaneously prompt the sentence and to record the video
(consisting of speaker’s face and background surrounding) and
audio from the iPad and binaural microphone respectively. This
ensured synchronisation between the binaural audio and video.

2. Vision Corpus
In the literature, as illustrated in Table 1, extensive research has
been carried out to develop A-only and AV corpora for speech
enhancement. It can be seen that previous AV corpora recorded
in real noisy environments consist of limited noise types (visual and acoustic) and speakers. In this section, we present VISION, a first of its kind medium vocabulary AV speech corpus
recorded in real noisy environments to support evaluation of AV
SE frameworks. Fig. 1 shows a few sample frames from the VISION corpus.

The purpose of the research was first explained in detail to
the speakers prior to recording. Initially, the participants were
trained with a few utterances. They were allowed to repeat sentences if any mistake identified by the speaker or listener. In
total, 2500 utterances were collected in real noisy environments
and around 5% of the utterances were re-recorded.

2.1. Sentence Design
The VISION corpus follows the same sentence format as IEEE
‘Harvard’ sentences [20]. The sentences consist of 720 phonetically balanced sentences. Most of the words are monosyllabic (e.g. cat, break, bus), with exception of a few words that
are longer (e.g. shimmered, friendly). The sentences are selected to represent various phonemes of English in accordance
with their frequency of occurrence. The IEEE sentences were
used because of the low word context predictability, standardised sentence structure and length.

3. Proposed Baseline DNN-driven AV
Speech Enhancement System
This section describes the proposed baseline DNN architecture,
inspired by CochleaNet[10], depicted in Fig. 3.

4522

LSTM

LSTM
LSTM

LSTM
LSTM

..
.

Fully Connected
Layers

Ideal
Binary
Mask

..
.

LSTM

LSTM
LSTM
BN

Conv

ReLU

Conv

..
.

ReLU

BN

Conv

ReLU

Conv

BN

ReLU

Conv

ReLU

Conv

ReLU

BN

BN

ReLU

Conv

STFT
Magnitude

Conv

Conv
ReLU

Shared Weights

ReLU

Conv

ReLU

Conv

ReLU

Conv

Audio-Visual
Fusion

..
.

..Cropped
.
Lip Region
t n-k - t n

BN

ReLU

Conv
ReLU

Convolutional Feature
Extraction

Figure 3: Proposed DNN based Speech Enhancement Baseline Model

Noisy Environment
# utterances
University
734
Street
633
Social gathering
677
Cafeteria/Restaurant 456
Table 2: VISION corpus: Noisy environments distribution

activation. Note that the A-only baseline model is constructed
by removing the video-feature extraction part of the network.

4. Experimental Results
4.1. Synthetic AV Dataset
For training and evaluation, a widely used benchmark Grid corpus [16] was randomly mixed with non-stationary noises from
the 3rd CHiME challenge (CHiME 3)[19], consisting of bus,
cafeteria, street, and pedestrian noises, for SNRs ranging from
-12dB to 12dB with a step size of 3dB. The dataset was divided
into 21, 4 and 8 speakers for training, development and evaluation respectively. All utterances from each speaker were used in
the training, development and evaluation set. To avoid the dominance of audio modality during multimodal training, 25% of
the utterances were mixed with speech from the same speaker.
Note that the VISION corpus cannot be used for training SE
systems, since a corpus mainly consisting of noisy recordings
and a clean reference signal is required for computing the IBM
and training the DNN. Hence, a synthetic AV dataset (GRID +
CHiME 3) was used here.

3.1. Audio Feature Extraction
The input temporal short-time fourier transform (STFT) magnitude features are first fed into a batch normalisation layer. The
batch normalisation output is then fed into the audio-feature extraction part of the network with 5 convolutional layers. The
first four convolutional layers consist of 64 filters and the last
convolutional layer consists of 8 filters. Each filter is of size
3 x 3. After each convolutional layer, batch normalisation and
ReLU activation is applied. The output of the last convolutional
layer is fed into the AV fusion part of the framework as shown
in Fig. 3.
3.2. Video Feature Extraction

4.2. Preprocessing

The cropped temporal lip images are fed into the visual-feature
extraction part of the framework with four convolutional layers
including 32, 48, 64 and 96 filters respectively. Each convolutional filter is of size 3 x 3. ReLU activation is used after each
convolutional layer. The output of the last convolutional layer
is fed into a LSTM layer with 512 units. The visual features
at 25 frames-per-second (fps) are upsampled by a factor of 3 to
match the audio feature sampling rate i.e. 75 vector-per-second
(VPS). The output of the LSTM layer is fed into the AV fusion
part of the framework. Note that the convolutional weights are
shared across the temporal dimension.

Audio: The audio signals were resampled at 16 kHz and a
mono-channel used for processing. The resampled audio signals were segmented into 65 milliseconds (ms) frames and 20%
increment rate. A hanning window and STFT were applied to
the segmented audio to produce a 526-bin magnitude spectrogram.
Video: The speakers lip images were extracted out of the 25 fps
Grid corpus video using a minified dlib [21] model optimised
for extracting the lip landmarks. A lip-centred region of aspect
ratio 1:2 was extracted using lip landmark points. The extracted
region was converted to grey scale and resized to 40 pixels x
80 pixels. Note that the lip sequences were extracted at 25 fps
while the audio features were extracted at 75 VPS.

3.3. Audio-Visual Fusion
The features extracted from audio and video streams are concatenated across the time dimension and fed into a bidirectional
LSTM layer with 512 units. Note that the visual features are
upsampled to match the audio VPS. The output of the bidirectional LSTM is concatenated and fed into 2 fully connected layers with 526 neurons and ReLU activation. Finally, the output of
the last connected layer is fed into an output layer with sigmoid

4.3. Experimental Setup
The DNN was trained using TensorFlow library and NVIDIA
Titan Xp GPUs. A subset of speakers from Grid CHiME
3 corpus (as described in section 4.1) were used for training/validation of the neural network. When a missing visual
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In order to assess the effectiveness of the proposed AV framework, subjective listening tests were conducted with selfreported normal-hearing listeners in terms of MOS, using the
real noisy VISION corpus. The listeners were presented with
25 randomly selected, enhanced speech utterances and were
asked to rate the resynthesised speech on a scale of 1 to 5. The
rating choices were: (1) - Very Annoying (Bad), (2) - Annoying (Poor), (3) - Slightly Annoying (Fair) (4) Perceptible but
annoying (Good), (5) - Perceptible (Excellent). The proposed
AV baseline was compared with A-only DNN, SS and LMME
methods. A total of 12 listeners took part in the subjective evaluation sessions. Fig. 5 shows the box plot of listeners’ MOS ratings when the noisy speech from VISION is enhanced using the
SS, LMMSE, CochleaNet [10], A-only DNN and AV DNN. It
can be seen that the AV baseline outperforms the A-only model,
SS, and LMMSE based SE methods. The results demonstrate
the ability of the proposed baseline to generalise in real noisy
settings including reverberations caused by multiple competing
background sources. In addition, the subjective test results reveal that an AV model trained on a synthetic mixtures of clean
speech and noise generalises well to a real noisy corpus.

le IBM

AV

Orac

Figure 4: PESQ scores for SS, LMMSE A-only, AV and Oracle
IBM for the synthetic AV test set
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Figure 5: Results of MOS Subjective listening tests

5. Conclusions
The VISION corpus1 provides real noisy binaural AV data
consisting of speech signals reverberantly mixed with multiple
competing noise sources. The corpus will enable development
of robust speech enhancement systems that can generalise to a
large number of speakers, multiple competing noises and imperfect visual inputs. The corpus can serve as a test and development benchmark for AV signal processing applications including speech enhancement/separation, speech recognition, and lip
reading. By making this corpus publicly available, we aim to
promote AV and multimodal speech processing research and applications. In addition, we have shown that the proposed baseline DNN trained on a synthetic mixture of GRID and CHiME
3 noises generalises well on the VISION corpus even though
there is not much overlap in the GRID and VISION vocabularies. In future, we intend to extend the VISION corpus with a
greater variety of speakers and noisy environments. In addition,
we intend to further evaluate the VISION corpus for binaural
speech enhancement applications.

frame was encountered, an array of zeros was used. The network was trained to minimise binary cross-entropy using backpropagation with the Adam optimiser [22] for 50 epochs. Early
stopping was used if the validation error stopped decreasing after 5 epochs. Note that no thresholding was applied to the sigmoidal outputs of the network i.e. the sigmoidal outputs were
considered as the predicted mask.
4.4. Objective testing using a Synthetic AV Dataset
The Perceptual Evaluation of Speech quality (PESQ) method
[23] was used for an objective evaluation of the resynthesised
speech. Specifically, PESQ was used to evaluate the speech
quality computationally. A linear combination of the average
disturbance value and the average asymmetrical disturbance
values between a reference signal and modified signal were
used to calculate PESQ scores ranging from [−0.50, 4.50], indicating the minimum and maximum reconstruction quality.
The PESQ results for spectral subtraction (SS), linear minimum mean square error (LMMSE), CochleaNet [10], A-only,
AV and Oracle mask are depicted in Fig. 4. It can be seen that
the AV model significantly outperformed SS, LMMSE, A-only,
and CochleaNet model at low SNRs. Specifically, at -12dB, the
AV model achieved a PESQ score of 1.42 compared to 1.14,
1.22, 1.29, and 1.34 achieved by the SS, LMMSE, A-only and
CochleaNet models respectively. On the other hand, at 6dB,
A-only and AV models achieved PESQ scores of 1.78 and 1.79
compared to 1.62, 1.72 and 1.81 achieved by SS, LMMSE and
CochleaNet respectively. It can be seen that, at low SNR, the
AV model performs better than the A-only model and other
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