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ABSTRACT

Multimodal signal processing has become an important topic of re-
search for overcoming certain problems of audio-only speech pro-
cessing. Audio-visual speech recognition is one area with great po-
tential. Difficulties due to background noise and multiple speakers
are significantly reduced by the additional information provided by
extra visual features. Despite a few efforts to create databases in
this area, none has emerged as a standard for comparison for sev-
eral possible reasons. This paper seeks to introduce a new audio-
visual database that is flexible and fairly comprehensive, yet easily
available to researchers on one DVD.

The CUAVE database is a speaker-independent corpus of over
7,000 utterances of both connected and isolated digits. It is de-
signed to meet several goals that are discussed in this paper. The
most notable are availability of the database, flexibility for use of
the audio-visual data, and realistic considerations in the record-
ings (such as speaker movement). Another important focus of the
database is the inclusion of pairs of simultaneous speakers, the first
documented database of this kind. The overall goal of this project
is to facilitate more widespread audio-visual research through an
easily available database. For information on obtaining CUAVE,
please visit our webpage (http://ece.clemson.edu/speech).

1. INTRODUCTION

Over the past decade, multimodal signal processing has been an in-
creasing area of interest for researchers. The power of computing
has increased to the level where separate modalities such as audio
and video can be used in a complementary method to improve de-
sired results. Audio-visual speech processing has shown great po-
tential, particularly in areas such as speech recognition and speaker
authentication. For speech recognition the addition of information
from lipreading or other features helps make up for information
lost due to corrupting influences. Because of this, audio-visual
speech recognition can outperform audio-only recognizers in en-
vironments where there are background noises or other speakers.
Researchers have demonstrated the relationship between lipread-
ing and human understanding [1, 2] as well as produced perfor-
mance increases with multimodal systems [3, 4, 5, 6].

Because of the relative novelty of the research area as well as
difficulties associated with the high volumes of data necessary for
simultaneous video and audio, the creation of audio-visual databases
has been limited. Because of this, most researchers in the area have

had to record their own data. In order to allow for better compar-
ison and for researchers to enter the area of study more easily,
available databases are necessary that meet certain criteria. This
paper presents the Clemson University Audio Visual Experiments
(CUAVE) database that has been designed to help meet some of
these criteria. It is a speaker independent database of isolated and
connected digits of high quality video and audio of a representative
group of speakers and is easily available on one DVD. Section 2
of this paper discusses a brief survey of audio-visual databases and
presents motivation for a new database. Next, Section 3 presents
design goals of the CUAVE database and specifics of the data col-
lection and corpus format. Section 4 presents some of our work
in audio-visual speech recognition as well as some preliminary re-
sults and discussion about the database. Finally, Section 5 closes
with some observations and suggestions about possible areas of
research in audio-visual speech processing.

2. AUDIO-VISUAL DATABASES AND RESEARCH
CRITERIA

There has been some effort in creating databases for the audio-
visual research community. Tulipsl is a twelve subject database of
the first four English digits recorded in 8-bit grayscale at 100x75
resolution [7]. AVLetters includes the English alphabet recorded
three times by ten talkers in 25 fps grayscale [8]. DAVID is a
larger database including various recordings of thirty-one speak-
ers over five sessions including digts, alphabets, vowel-consonant-
vowel syllable utterances, and some video conference commands
distributed on multiple SVHS tapes [9]. It is recorded in color
and has some lip highlighting. The M2VTS database and the ex-
panded XM2VTSDB are geared more toward person authentica-
tion and include 37 and 295 speakers, respectively, including head
rotation shots, two sequences of digits, and one sentence for each
speaker [10]. The M2VTS database is available on HI-8 tapes,
and XM2VTSDB is available on twenty 1-hour MiniDV cassettes.
There have also been some proprietary efforts by AT&T and by
IBM [11, 6]. The AT&T database was to include connected digits
and isolated consonant-vowel-consonant words. There were also
plans for large-vocabulary continuous sentences. The database
was never finished nor released, however. Front-end features from
the IBM database are becoming available, but there are currently
no plans to release the videos [11].

Large-vocabulary, continuous speech recognition is an ulti-
mate goal of research. Because audio-visual speech processing is



Fig. 1. Sample speakers from the database.

a fairly young discipline, though, there are many important tech-
niques open to research that can be performed more easily and
rapidly on a medium-sized task. To meet the need for a more

widespread testbed for audio-visual development and testing, CUAVE

was produced as a speaker independent database consisting of iso-
lated and connected digits in different situations. It is flexible,
representative, and easily available. Section 3 discusses the design
goals, collection methods, and format of the corpus.

3. DESIGN GOALSAND CORPUSFORMAT

The major design criteria were to create a flexible, realistic, eas-
ily distributable database that allows for representative and fairly
comprehensive testing. Because DVD readers for computers have
become very economical recently, the choice was to design CUAVE
to fit on one DVD-data disc that could be made available through
contact information listed on our website. Aside from being a
speaker independent collection of isolated and connected digits
(zero through nine), CUAVE is designed to enhance research in
two important areas: audio-visual speech recognition that is robust
to speaker movement and also recognition that is capable of dis-
tinguishing multiple simultaneous speakers. The database is also
fully, manually labeled to improve training and testing methods.
This section discusses the collection and formatting of the database
performed to meet the aforementioned goals.

The database consists of two major sections, one of individual
speakers and one of speaker pairs. The part with individual speak-
ers consists of 36 speakers. The selection of individuals was not
tightly controlled, but was chosen so that there is an even represen-
tation of male and female speakers, a rarity in databases, and also
so that different skin tones and accents are present, as well as other
visual features such as glasses, facial hair, and hats. See Figure 1
for a sample of images from some of the speakers.

Fig. 2. Sample speaker pair from the database.

Each speaker was framed including the shoulders and head
and recorded speaking digits in several different styles. Initially,
50 isolated digits are spoken while standing naturally still (not
forced). This is for general training and testing without very diffi-
cult conditions. Video is full color with no aids given for face/lip
segmentation. Secondly, each individual speaker was asked to
move side-to-side, back-and-forth, or tilt the head while speak-
ing 30 isolated digits. This is an important part of the database to
allow for testing of affine-invariant visual features. In addition to
this isolated section, there is also a connected-digit section with
movement as well. So far, much research has been limited to low
resolution, pre-segmented video of only the lip region. Including
the speaker’s upper body and segments with movement will allow
for more realistic testing. The third and fourth parts spoken by
each individual include 20 isolated digits with both profile views,
and then 60 connected digits facing the camera again. The final
60 connected digits include telephone-number-like sequences, 30
while standing still and 30 while moving.

The second major section of the database includes 20 pairs
of speakers. Its goal is to allow for testing of multispeaker solu-
tions. These include distinguishing a single speaker from others
as well as the ability to simultaneously recognize speech from two
talkers. This is obviously a difficult task, particulary with audio
information only. Video features correlated with speech features
should allow solutions to this problem. In addition, techniques can
be tested here that will help with the difficult problem of speech
babble. (One such application could be a shopping-mall kiosk
that distinguishes a user from other shoppers nearby while giving
voice-guided information.) The two speakers in the group section
are labeled persons A and B. Person A speaks a connected-digit
sequence, followed by speaker B and vice-versa a second time.
For the third sequence, both speaker A and B overlap each other
while speaking each persons separate digit sequence. See Figure 2
for an image from one of the speaker-pair videos.

The database was recorded in an isolated sound booth at a res-
olution of 720x480 with the NTSC standard of 29.97 fps, using
a 1-megapixel-CCD, MiniDV camera. Several microphones were
tested. An on-camera microphone produced the best results: au-
dio that was clear from clicking or popping due to speaker move-
ment and video where the microphone did not block the view of
the speaker. The video is full color with no visual aids for lip or
facial-feature segmentation. Lighting was controlled, and a green
background was used to allow chroma-keying of different back-
grounds. This serves two purposes. If desired, the green back-



Fig. 3. Example of varied video backgrounds for speakers.

ground can be used as an aid in segmenting the face region, but
more importantly, it can be used to add video backgrounds from
different scenes, such as a mall, or a moving car, etc. See Figure 3.
In this manner, not only can audio noise be added for testing, but
video “noise” such as other speakers’ faces or moving objects may
be added as well that will allow for testing of robust feature seg-
mentation and tracking algorithms. We plan to include standard
video backgrounds (such as recorded in a shopping mall, crowded
room, or moving automobile) in an upcoming release.

Nearly three hours of data from about 50 speakers were recorded
onto MiniDV tapes and brought into the computer using the IEEE
1394 interface. The recordings were edited into the selection of 36
representative speakers (17 female and 19 male) and 20 pairs. Dis-
ruptive mistakes were removed, but occasional vocalized pauses
and mistakes in speech were kept for realistic test purposes. The
data was then compressed into individual MPEG-2 files for each
speaker and group. It has been shown that this does not signifi-
cantly affect the collection of visual features for lipreading [12].
The MPEG-2 files are encoded at a data-rate of 5,000 kbps with
multiplexed 16-bit, stereo audio at a 44 kHz sampling rate. An ac-
companying set of downsampled “wav” format audio files checked
for synchronization are included at a 16-bit, mono rate of 16 kHz.
The data is fully-labeled manually at the millisecond level. HTK-
compatible label files are included with the database [13]. The
data-rate and final selection of speakers and groups was chosen so
that a medium-sized database of high-quality, digital video and au-
dio, as well as label data (and possibly some database tools) could
be released on one 4.7 GB DVD. This helps with the difficulty of
distributing and working with the unruly volume of data associated
with audio-visual databases. The next section discusses some work
in preparation of collecting the database and preliminary work on
the actual corpus.

4. PRELIMINARY WORK RELATED TO CUAVE

Before recording the database, we conducted research in the area
of visual features and data fusion related to audio-visual speech
recognition using a single speaker for a 10-word isolated speech

task [14] [15]. The audio-visual recognizer used was a late-integration

system with separate audio and visual HMM-based speech recog-
nizers. The audio recognizer used sixteen Mel-frequency discrete

audio % | video % | av %
clean 100 87 100
18 db 96.5 87 99.3
12 db 80.9 87 96.9
6 db 52.6 87 92.9
0db 29.1 87 89.8
-6 db 21.0 87 88.4

Table 1. Recognition Rates Averaged Over Noises for a Single
Speaker

wavelet coefficients extracted from speech sampled at 16 kHz [16].
The video recognizer used red-green plane division and threshold-
ing before edge-detection of the lip boundaries [17]. Geometric
features based on the oral cavity and affine-invariant Fourier de-
scriptors were passed to the visual recognizer [14]. (We believe
that the new database will provide a good test bed for further re-
search on affine-invariant methods.) Speech noise was added from
the NOISEX database [18] at various SNRs, and the system was
trained on clean speech and tested under noisy conditions. Initial
results for the single speaker were good and led us to choose the
database design goals mentioned in Section 3. See Table 4 for a
summary of these results. (Here, the field-of-view was cropped to
lips-only to ease preliminary work).

We have begun initial work using the completed CUAVE database

and include some baseline results here. Our first experiments have
been on the audio of the 36-speaker isolated digit task. The 36
speakers were divided arbitrarily into a set of 18 training speakers
and 18 different test talkers for a completely speaker independent
grouping. With a simple, MFCC-based HMM recognizer imple-
mented in HTK using 8-state models and only one mixture, we ob-
tained 92% correct recognition with an accuracy of 87% (slightly
lower due mostly to insertions between actual spoken digits). With
some tuning and the addition of more mixtures, recognition near
100% should be attainable. The next task areas for baseline re-
sults consist of visual-feature extraction, lipreading, and data fu-
sion. We plan to begin testing with the affine-invariant Fourier de-
scriptor visual features used in our earlier work [14] and possibly
expand for comparison to other techniques such as principal com-
ponents analysis, snakes, or B-splines. An arbitrary thresholding
of red/green division used to initially segment the lips in our ear-
lier work is not sufficient for a database of many speakers. For this
reason, we have manually segmented the face and lip regions for
all 36 speakers, such as demonstrated in Figure 4, to obtain Gaus-
sian approximations of the face and lip color distributions. These
have shown promising initial results for face/lip segmentation over
the whole database. We are performing MPEG-2 decoding under
Linux along with an implementation of our visual feature extrac-
tion routines. Based on developmental results, we believe that our
final algorithms will execute in near realtime, including the decod-
ing. In upcoming releases of the database, we plan to make the
color distribution information available, as well as source code for
MPEG-2-based tools to facilitate use of the included videos.

5. CONCLUSIONSAND RESEARCH SUGGESTIONS

This paper presents a flexible, speaker-indpendent audio-visual speech

corpus that is easily available on one DVD-data disc. The goal
of the CUAVE database is to faciliate multimodal research and
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4. Manually segmented face and lips for distribution training.

rovide a basis for comparison, as well as to provide test data

for affine-invariant feature methods and multiple-speaker testing.

Our

website, listed in the title section, contains sample data and

includes current contact information for obtaining the database.

Hopefully, the database may be used to progress audio-visual speech

recognition methods. As it is a representative, medium-sized dig-
its task, it may also be used for testing in other areas as well, such
as speaker recognition, lip synchronization, etc.

There are several areas that are wide-open for audio-visual

speech recognition research that may be tested on this database.
A very important area is visual-feature extraction. A variety of
speakers and speaker movement has been included for this end.
Also, data fusion is an important area of research. Improved tech-
niques for multimodal, multistream HMMs could also provide im-

portant strides, particularly in continuous audio-visual speech recog-

nition. Finally, the ability to distinguish and separate speakers is
important for powerful interfaces that may be desired where mul-
tiple speakers are present, such as in public areas or automobiles
with passengers. Hopefully, the CUAVE database will facilitate
more widespread research in these areas.
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