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Sensing Expressive Lips with a Mobile Phone
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Abstract. Considering potential benefits of vibrations in mobile phones,
we propose an intuitive method to render human emotions for the vi-
sually impaired. A mobile phone is “synchronized” with emotional in-
formation extracted from human lips dynamics. By holding the mobile
phone, the user will be able to get on-line emotion information of others.
Experimental results based on usability evaluation of the system are en-
couraging. The user studies show a perfect pattern recognition accuracy
on the designed vibration patterns.

Key words: emotion estimation, vibrotactile rendering, lip tracking,
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1 Introduction

More than 65% information carried out through nonverbal during face-to-face
communication [1] and emotion information has a significant importance in deci-
sion making and problem solving [2]. Missing emotional information from facial
expressions makes the visually impaired extremely difficult to interact with oth-
ers in social events. The visually impaired have always to rely on hearing to get
other’s emotional information since their main information source is the voice.
To enhance the visually impaired’s social interactive ability, it is important for
them to get reliable, “on-line” emotion information. The prevalence of mobile
phones, in today’s society, makes them ideal for communication and entertain-
ment. The mobile phone technology is mature enough to effectively interact with
three major human senses namely, vision, touch and hearing. Neither vision nor
hearing is completely suitable for online emotional information rendering for the
visually impaired: visual rendering is useless, audio information is too annoying
in daily life experiences. As a communication channel, human sense of touch is
often considered inferior to vision and hearing. Only two discernible stimuli, i.e.,
1-bit (0 and 1) information, are often employed in mobile phones as vibration
signals. Nevertheless, if the information is properly presented, human can process
touch information at the rate of 2 − 56 bits/sec [3]. Human touch can provide
a way to explore the possibilities of using vibration as emotional information
carrier.
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Fig. 1. A block system diagram of expressive lips video to vibration.

The paper addresses a challenging topic of how to display of expressive lips
through vibration of mobile phones. We propose a method of rendering emotional
information using the vibrator in a mobile phones, letting a mobile phone act
as a social interface for online emotional information. It produces vibrational
signals corresponding to different facial expressions (expressive lips in our case).
In this work, we have built an experimental system and carried out user tests.

2 Expressive Lips and Vibrotactile Rendering

To offer the users an experience of a social interface which can render emotion
information, we focus on using human lips dynamics and movements to extract
human emotions. In our system, mobile phone vibrates according to human emo-
tions extracted from the human lips. By holding the mobile phone the user will
be aware of current emotional situation of the dialogue or communication. Our
system is shown in Fig. 1. The key components of our system are: 1) Expres-
sive lips video analysis 2) vibrotactile coding of estimated visual information 3)
vibrotactile display.

2.1 Expressive Lips

Without any effort humans can extract and/or perceive the information regard-
ing the physical/mental state and emotional condition by reading facial expres-
sions mainly on the eyes and the lips areas. Human lips are one of the most emo-
tionally expressive features. Various emotional states can be categorized based
on different lips shapes, e.g. grin-lips express happiness; grimace represents the
fear, lip-compression shows the anger; canine snarl symbolizes disgust, where as
lip-out is sadness. Similarly, jaw drop (or sudden open-Lips) is a reliable sign of
surprise or uncertainty [4, 5]. If an explicit lip model with the states is employed
and the underlying parameters of the lip model are extracted for recognition,
average recognition rates of 96.7% for lower face action units can be achieved [4].
This very encouraging result implies that a high recognition rate of human emo-
tions can be maintained as long as the lip parameters can be reliably extracted.
Normally, human emotions can be classified into six classes: happy, sad, surprise,
anger, fear and disgust [5]. The shape of the lips reflects the emotion associated
with it. By examining dynamics of lip contours, one can estimate certain types



of emotions. Four types of emotion happiness, surprise, disgust and sadness are
of high interest, since they are closely related to quite dissimilar shapes of the
lips.

To enable an accurate and robust lip tracking, an intuitive solution is to find
‘good’ visual features [6] around lips for localization and tracking. The motion
and deformation from tracked features are then used to deform the modelled
semantic lips contour. Here we adopt the strategy of an indirect lip tracking.
Since it is not the semantic lips to be tracked but the lip features around lips,
we call the approach lipless tracking [7]. This approach has the following unique
features:

– Lip features are localized instead of semantic lip-model or lip-states [4].
– Non dependent on large databases and heavy training [8].
– No initial manual operation and fully automatic tracking on a per user basis

with no bad convergence [9].

In lipless tracking [7], 1D deformable template is used to represent the dy-
namic contour segments based on lip features. Personal templates based on four
images per subject (normal, happy, sad and surprise) are taken off-line and seg-
ment contours based on features are identified manually. These lipless templates
serve as look-ups during lipless tracking process. In the lipless tracking method,
the Lipless Template Contours (LTC) are fitted to the edges extracted from in-
dividual video frames. The deformation flexibility is achieved by dividing the
each template into smaller segments, which are split apart. This allows the tem-
plates to be deformed into shapes more similar to the features in given video
frames. Formally, the LTC is divided into n sub-sequences or segments. For each
subsequence, i = 1, .., n; ti denotes the index to the first ’site’ in the ith seg-
ment. In other words, the ith segment contains the sites mti , ...,mti+1−1. The
length of the each segment is fixed to approximately 5 pixel; i.e. the indexes
t1, ..tn where t1 = 1, and for i = 2... n, ti is defined by

ti ≡ min{t = ti−1, .., k : |mt −mti−1 | ≥ 5} (1)

where |mt −mti−1 | denotes the euclidian distance between the two sites.
When allowing one pixel of gap or overlapping, the overall deformation is around
1/5 = 20% of the original template size. After the template matching, the best
matched template is selected. The search over the edges using lipless tracking
finds the optimal location of the segmented templates. Expressive lips are esti-
mated based on lip states (i.e. normal lip-state, happy lip-state (Smile + laugh),
sad lip-state and surprise lip-state). After performing the template matching,
two parameters are extracted to estimate certain emotions, i.e. Emotion Type
Estimator (ETE) and Emotion Intensity Estimator (EIE). ETE estimates the
type of emotion based on matched LTC and EIE based on how much LTC is de-
formed from its original shape within allowed deformation (i.e. 20%). Formally;

Ej
intensity = uj

ti+1
− uj

ti
(2)

Here j = 1, 2, 3, 4 corresponding to different LTC’s.
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Fig. 2. Expressive lips : (a) Lip tracking based on 4-lip contours states from real-time
video sequence. (b) Emotion indicators from template deformation. From template
deformation parameters emotion type and emotion intensity are estimated.

From our live video collections, the results of expressive lips localization using
lipless tracking are shown in Fig. 2(a). Fig. 2(b) shows emotion indicators from
LTC deformation parameters of live video sequence which is used as Emotion In-
tensity Estimator (EIE).The details of method and techniques along with result
both on private collection and publicly available database can be found in [7].

3 Design Emotional Experience

Using “lipless modelling” two parameters namely Emotion Type Estimator
(ETE) and Emotion Intensity Estimator (EIE) from expressive lips are ex-
tracted. This information is used to render emotions on mobile phones.

Primarily, there are four different parameters through which the vibrotactile
information can be studied, namely, frequency, amplitude, timing and location.
In our system, a vibrotactile signal is controlled by two parameters of vibration:
1) frequency ; 2) magnitude. The emotion type is coded into the magnitude of
vibrotactile stimuli, whereas emotion intensity is coded into the frequency of the
vibrotactile pattern. The magnitude is determined by the relative duration ratio
of on-off signals. The guidelines in designing vibrotactile displays are [10, 11]:

– No more than 4 intensity (magnitude) levels and no more than 9 frequency
levels should be used for vibrational coding. The difference between adjacent
levels should be at least 20%.

– The vibrations should be carefully dealt with and the long durations might
make users irritated. Vibration intensity can be used to control threshold
detection and sensory irritation problem,; similar to volume control in audio
stimuli.

We study the following two coding schemes:
Coding 1- What is the type of emotion?
Coding 2- What is the type of emotion and its intensity?
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Fig. 3. (a)Divided GUI areas for Coding 1; (b) Divided GUI areas for Coding 2, users
are also asked to indicate the emotion “intensity” in case of happy (bottom-up).

In the design of vibrotactile coding of expressive lips, we follow the tip, “mak-
ing tactile messages self explaining” [11]. In Coding 1, the focus was on providing
the user an emotion type information i.e., current type of the subject’s emotion.
In Coding 2, the information of not only the “emotion type” but its “intensity”
was provided. To reduce the mental workload of mobile users, in Coding 2, no
vibration signal was given when expressive lips were in the neutral state. From
our subjective tests, we found it suitable to choose 4 vibration modes for display
because of humans limited touch recognition and memorizing capabilities. This
was also the reason that the GUI was not divided into more areas (see Fig. 3).
Fig. 4(a) shows the vibration stimuli for specific expressive lips to associate GUI
areas.

3.1 Experimental Platform

To carry out a user test, a vibrotactile mobile system was built. Currently our
system’s tactile module is based on two parts vibrotactile box (VTB) and ordi-
nary mobile phone. The VTB consisted of single printed circuit board (PCB) as
shown in Fig. 4(b). The PCB, containing micro-controller, was programmed to
generate Pulse Width Modulation (PWM) at one of the pins and send signals
to the vibration motor and connected with a computer installed with our GUI
application. The computer used extracted video semantics from expressive lips
to generate vibrotactile signals and then sent them to the PCB. By adjusting
PCBs output to switch it on or off, the vibration motor could rotate at different
frequencies and intensities. The tactor was a low-cost coin motor used in pagers
and cellular phone. The vibration frequencies had been selected in a range from
100 Hz to 1 kHz.

To overcome the limitation such as, stimuli masking and adaptation effect
and to enhance the perception of vibrating stimuli, 4 different inter-switched
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Fig. 4. (a) Vibrotactile modes used for expressive lips rendering on mobile phone. (b)
A mockup of a mobile phone with the vibration motor driven by our self-designed PCB.

vibration signal levels with ∼ 20% difference were used. Each vibration signal
was used to present a specific “emotion” estimated from expressive lips.

3.2 Participants and Procedure

Participants were recruited in the campus of Ume̊a University, Sweden, includ-
ing both students and staff members. There were 20 people aging from 20 to
50 in total involved in the experiments, while 70% are from 26 to 35. All the
participants had mobile phones and had prior experience with mobile vibration.
All the users were provided with 2 minutes training session. The subjects were
asked to point out the “emotion” through the mouse click based on vibration
(see GUI Fig. 3). During the experiments, the participants hearing sense was
also blocked to remove any auditory cues using head phones.

4 Experimental Results

After two minutes training session all the subjects had taken part in 2-experiments
sessions. Each session had approximately 10 minutes time duration with 5-
minutes rest time between experiments. The result of these experiments shows
that performance of almost all the subject is increased in the 2nd test and there
are less false identification of area based on vibrotactile patterns (see Fig. 5).
It can be concluded that user perception of the system has increased with the
training and usability. The results also show that average false identification of
Coding 1 are less than coding 2 i.e. 5% and 15% respectively. The reason why
more error in coding 2 can be due to the delay time and more cognitive load.
In Fig. 5, the delay time between original signal and user detected can be seen;
it can be stimuli detection time plus user reaction time (as observed during
experiments).
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Fig. 5. Sample user results: (a) Case 1 before training (b) Case 1 after training.
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Fig. 6. Mean Questionnaire Scores.

4.1 System Usability

At the end of experiments, each participant was given a questionnaire to mea-
sure levels of satisfaction and main effects. Our subjective questionnaire used
Likert style 7-point rating system, which scales from 1 to 7. Its values repre-
sented strong disagreement (negative) and strong agreement (positive) respec-
tively. Fig. 6 shows mean questionnaire responses to questionnaire questions.
Each label on the x axis in the figure represents a question where we used the
following notation:

– HCI - Is the human computer interface is easy to use?
– Pattern Mapping Accuracy (PMA) - Is the pattern mapping recognizable?
– Trainability (TA) - Is the training helpful?
– Comfort - Is this application comfortable to use?
– Accept - Is this application acceptable?
– Interest - Is this application interesting?
– Willingness - Are you willing to buy such a service at a cost of 1$ per month?



Experimental results indicated a high interest level for our application, mean
score of 6.2311. Participants gave an average score of 5.95 indicating the difficulty-
easiness to recognize the vibration signals before training and an average score of
5.5532 after training. They considered the training a helpful procedure. An aver-
age rating of 4.7826 was given by participants to consider it is a good application
and showed a rate of 3.5621 on willingness.

5 Concluding Remarks

In this paper, the experimental platform of vibrotactile rendering of expressive
lips for the visually impaired is presented. The user tests show that after a bit
training subjects are able to clearly distinguish the vibrotactile patterns. Most
participants found our system innovative and interesting. In future studies, we
will include the information from upper-face (e.g. eyes) for complete emotion
estimation. Furthermore, we would also like to enhance the software and hard-
ware design of our experimental platform system. We believe that the platform
will promote not only existing normal mobile usage but also be beneficial for the
visually impaired.
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