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Abstract. In recent years audio-visual speech recognition has emerged
as an active field of research thanks to advances in pattern recognition,
signal processing and machine vision. Its ultimate goal is to allow human-
computer communication using voice, taking into account the visual in-
formation contained in the audio-visual speech signal. This document
presents a command’s automatic recognition system using audio-visual
information. The system is expected to control the laparoscopic robot da
Vinci. The audio signal is treated using the Mel Frequency Cepstral Co-
efficients parametrization method. Besides, features based on the points
that define the mouth’s outer contour according to the MPEG-4 stan-
dard are used in order to extract the visual speech information.
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1 Introduction

The da Vinci system is a laparoscopic surgery system which consists of a control
console, a stretcher, four robotical arms and a high performance vision system.
The control console can be located at the side of the surgery table or even
at an adjacent room, enabling the surgeon to use the system without carrying
a face mask. While the surgeon observes 3D images through a stereo vision
system, both camera and instruments are controlled by joysticks, and the surgeon
switches between them with pedals. When driving the camera, the surgeon loses
the instruments control, and sometimes it is necessary to reposition them. In
order to avoid this situation, the development of an alternative interface for
commanding camera movements is desired.

There are several approaches for commanding an endoscope holder robot pro-
posed in literature. Some of them assist the surgeon in endoscope location by
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using joysticks [I], [2], pedals [3], voice commands [3], [], etc.. Others use visual
or force feedback and geometrical constraints in order to track tool’s location
during the intervention [5].

Automatic speech recognition systems (ASR) is an active research field,
mainly because noise in the audio signal propose an unresolved challenge to
the recognition systems. Carelessness of the speaker, variation in the frequency
and duration of the words, grammar subjects, are other factors that also impose
some difficulties when performing the voice command recognition [6], [7], [§].

ASRs proposed in [4] and [9] have a high recognition rate and showed that
using voice commands is a admissible approach for controlling the laparoscope
holder robot. Nevertheless, those results are unsustainable in noisy environments.
In those cases, human beings tends to use also visual information in order to
filter speech through lip reading. In fact, it has been considered that to observe
the speaker is equivalent to a 15 dB gain in the signal to noise ratio [7], [§].

In our previus work [9], two different approaches for solving the laparoscope
command problem were presented. The first one was a Gesture Based Command
System, which used a set of mouth movements in order to identify the gesture
commands using a state machine. The second one was an only Audio Command
System, which used 10 english words in order to fit a state machine.

Audio-visual speech recognition (AVSR) has arisen as an alternative when
noise or distortion affect the speech [6]. The selection of acoustic features has
been studied widely, and the current efforts are concentrated in the extraction of
the visual features and the selection of the audio-visual integration model [10],
[11], [12]. With the aim of recognizing a little set of commands to handle the
three degrees of freedom of the da Vinci’s laparoscope holder, an audio-visual
speech recognition system is proposed in this work.

This paper is organized as follows. Section [2] presents the visual features used
and the visual feature extraction algorithms. Section [3 describes the model used
in the AVSR system. Section ] shows the experimental tests and results of the
system. Conclusions of this work are presented in Section [B

2 Visual Features

The visual features used in speech recognition can be divided in high level, low
level and combined features. Model parameters which define the lip contours
are used as high level or shape features [6], [II]. The low level features, or
appearance features, are obtained as a result of transformations at pixels level
of the mouth region [13], [14] and finally, the combined features mix the shape
and the appearance of the mouth concatenating the features or using statistical
models [I5]. Generally, the visual features vector captures dynamic information
including the first and second time derivatives. In addition, because the sampling
frequency of the audio is higher that the one of the video, the visual features
must be interpolated [15].

The MPEG-4 standard has arisen due to the necessity to standardize the vir-
tual objects of real and synthetic video. It includes video codification, geometric
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compression and audio-video synchronization. This standard presents a complex
set of Face Definition Parameters (FDPs) which are used for face standardiza-
tion, and another set which allows the animation of synthetic face models called
Face Animation Parameters (FAPs). FAPs serve to describe face movements
(model deformations) with respect to the neutral state face model.

The MPEG-4 standard defines 68 FAPs divided in 10 groups, where groups
2 and 8 are used in speech recognition. They describe the movements of inner
and outer lip contour, respectively. For visual speech synthesis, Group 1 is used.
It defines 14 clearly distinguishables visemes. A viseme is the visual reference
pattern of a phoneme, and it can represent to more than one phoneme.

The FAPs are mesured in specific units called FAPUs (Face Animation Pa-
rameter Units) [16]. Figure [Ilshows the standardized anthropometric measures.
The five FAPU represent the distance between the eyes (ES0), the diameter of
the iris (IRISDO), the separation between the eyes and the nose (ENSO0), the sep-
aration between the mouth and the nose (MNSO0), and the mouth width (MWO).

In order to extract the high level visual features of the speech, it is necessary
to do precise mouth tracking in the video sequences. Lip tracking is still an
open subject in artificial vision due to shape, color and texture complexity,
and also because of unexpected changes in illumination [I7]. This topic has
been successfully treated for lateral face views using controlled background and
wearing lipstick, but not with frontal views and without lip markers.

For this work an assisted lip tracking algorithm based on appearance and
morphologic restrictions defined in the MPEG-4 standard was designed and im-
plemented. The algorithm assumes that all video frames show frontal face views
and that speakers do not uses lip markers. Since psychological studies suggest
that the most influent visual feature in lip reading is the outer lip contour, only
FAPs from Group 8 were tracked (Figure 2)). Moreover, in [I1] the authors show
that using the Group 2, which describes the inner lip contour, does not increase
significantly the performance of the automatic recognition speech system, and

Fig. 1. Groups 2 and 8 of FAPs and the FAPUs measured in a neutral face model
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the algorithms are significantly more expensive than those used in outer lip
contour tracking.

For calculating the FAPs both magnitude and direction of movement must
be preserved, and therefore, they are codified using signed distance functions.
Those displacements are standardized using mouth width as normalization fac-
tor, which is the FAPU (MWO) for Groups 2 and 8.

Another feature used in this work is mouth roundness. Roundness is found
using the Equation [l in which A corresponds to the area within the outer
contour, and d represents the greatest diameter of the mouth region and is
equivalent to the mouth width.

4A
R= 1
The area is calculated in polar form according to Equation[2, where r; represents
the distance from each one of the 10 points to the mouth center, and AO; rep-
resents the separation angle in between each pair of neighboring points counter
clockwise, as shown in Figure

10

A=>"r}Ae; (2)

i=1

Fig. 2. Outer lip contour defined by the group 8 of the MPEG-4 standard

3 Model Selection

The most popular methods on Automatic Speech Recognition Systems (ASRs)
are those based on Hidden Markov Models (HMMs). The HMMs are statisti-
cal models whose output is a sequence of symbols. The HMMs deal with the
audio sequence as a piecewise statical signal [I8], and proved to be more accu-
rate than templates or neural networks at speech recognition [I9]. According to
recognition task, systems can be classified in the following types: isolated word
recognition, where words are separated by pauses; keyword recognition, in which
system recognizes certain words in continuous speech; and finally, connected or
continuous speech recognition, where the input signal is decoded in a sequence
of words, having acknowledged that words are not separated by pauses [20].
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HMDMs can use either phonemes or words as basic units. There is not direct
way to define the number of states for each model, but it has been assumed that
using phonemes, three active states is enough [2I]. When the models represent
words, the model architecture must be assumed in advance. Several configura-
tions must be tested for each word because the system performance strongly
depends on the number of states and the probability function of each state.

Figure Bl shows the block diagram of the audio-visual speech recognition sys-
tem used in our experiments. In this work we used the isolated word recognition
approach and words as basic units; we varied the number of states from 3 to 20
active states and used one, two an three probability function of each state. We
did not get better results than those obtained using 20 states and one Gaussian
per state. We also used the early integration model [I0], where the set of the
combined visual features from the lip tracking and the audio features is used as
the system input.
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Fig. 3. Block diagram of the AVSR system used in this work
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4 Tests and Results

Acquired video data used in this work complies with NTSC standard, whose
sampling frequency is of 29.97 frames per second (30 Hertz approximately).
Data was recorded in a not controlled enviroment, simulating a realistic situation.
There was presence of normal acustic noise sources as computers or other devices.
Besides, in the images there was presence of shadows and the light was not
controlled. Audio features were extracted using 20 ms windows with overlaps
of 50 % between them, which corresponds to 100 Hertz frequency. In order to
achieve audio-video synchronization, video features were interpolated from 30
Hertz to 300 Hertz and then subsampled to 100 Hertz.

Principal Components Analysis (PCA) of the FAPs was performed in order
to reduce the number of visual features for the audio visual speech recognition
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system. At the end, only the first three components of the PCA were used,
along with the roundness of the region of the mouth, in the visual feature set.
In order to include dynamic information, the first two time derivatives of the
visual features were also fed to the system.

The system was trained to recognize six spanish words as commands:
“izquierda”, “derecha”, “arriba”, “abajo”, “adelante” and “atras”. Words’ time
fetures are shown in Table[Il Video sequences were acquired from 18 people who
all were born in Colombia - 5 women and 13 men.

Table 1. Commands used in the experimets

Derecha Izquierda Adelante Atras Arriba Abajo
mean (seconds) 0.95 1.05 1.11 0.96  0.90 0.96
standard deviation (seconds) 0.19 0.19 0.24 0.18 0.25 0.27

70% of the data was used to train the system, while the remaining 30% was
used for testing. In Table2test Word Rate Recognition (WRR) is shown, for the
cases in which audio, visual and audio-visual features were taken into account.
The best performance was obtained with audio features.

Table 2. Word Rate Recognition using 10 and 20 states

audio 97.70 98.85
video 31.03 5.63
audio + video 90.54 97.30

In order to measure the system roboustness against noise, the audio signal was
contaminated with white Gaussian noise. The tests were made to match SNR levels
between 20 dB and 0 dB. In Figuredlit can be seen that the performance of audio
only system falls abruptly when the noise is as low as 1:100. Also, performance of
the audio-visual system was showed superior for all the SNR levels.
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Fig. 4. Audio only and audio-visual WRR vs several SNR levels
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5 Conclusion

In this paper we present a speech recognition system for solving the laparoscope
command problem. We used audio only, visual only and audio-visual features.
Visual features related to mouth shape proved not to be sufficient for solving the
recognition task by themselves, but helped when acoustic noise is present in the
audio-visual signal. Audio-visual performances exhibited higher errors than the
voice based approach when no noise was added, but outperformed in all other
cases.

The ASR system based in HMMs using words as basic units in isolated word
recognition scheme, which uses both the MFCC as acoustic features and high
level visual features based on the standard MPEG-4, presented a WRR near to
100% for recognizing the six spanish words selected as commands. Therefore,
the system is reliable for solving the laparoscope holder command task.

Acknowledgments. The authors thank the CHU de Lyon and Doctor Olivier
Jegaden for making it possible to access the DaVinci command console.
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