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Abstract—This paper introduces a Sensory Substitution Device
(SSD) prototype, which aims to support -conversation
situations. The purpose of the SSD is to convert facial
expressions into emotions based on the seven basic emotions
according to Paul Ekman and the Facial Action Coding
System. The paper describes a study by which vibration and
temperature stimuli have been compared and a suitable
feedback method for the SSD prototype was selected. As a
result of the study, vibration stimuli were selected for the
feedback of the SSD, as these were recognized more reliably,
more quickly and were perceived as less distracting on average
by most of the subjects. The SSD prototype was further
developed on the basis of the results. The work in progress of
the SSD prototype design is described in detail.
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1. INTRODUCTION

The following paper is based on the work in progress
paper about the development of a wearable vision
substitution prototype, presented at ACHI 2020 [1].
Everyday face-to-face communication situations use a
variety of communication channels. In addition to the
verbalized information, several non-verbal cues are
communicated, which have to be interpreted by the
communication partners. These include, e.g., facial
expressions, intonations, and gestures. Sighted people can
use all these communication channels, which allows them,
e.g., to interpret facial expressions. According to studies, in
this way, they are able to read emotions to understand their
interlocutor better. Since our emotions are involuntarily
reflected in our facial expressions, they reveal valuable
information [2].

Blind and visually impaired people are limited in the
interpretation of a communication situation as they are not
able to process the visual non-verbal information. For this
reason, the communication situation can only be analyzed
incompletely. Although an emotional valence can be
determined through the interlocutor's intonation, this is only
possible when the other person is speaking. While a visual

Nicholas H. Miiller

Socio-Informatics and Societal Aspects of Digitalization
Faculty of Computer Science and Business Information
Systems
University of Applied Sciences Wiirzburg-Schweinfurt
Wiirzburg, Germany
e-mail: nicholas.mueller@thws.de

impaired person speaks, he or she is not able to determine the
emotional valence, since the interlocutor is listening and,
therefore, only non-verbal cues are transmitted.

A survey carried out with focus groups of blind people
and disability experts proves that there are several key needs
of non-verbal information that blind people may need to
access during social encounters [3]. These include, but are
not limited to, the facial expressions of a person standing in
front of the user. Based on this demand, the purpose of this
work is to design an interface prototype that assists people
with visual disabilities in everyday conversations. The
proposed system is based on vision substitution, and thus, it
can be classified under Sensory Substitution Devices. The
goal of the SSD is to communicate the facial expressions of
the conversation partner to the blind user in a conversation
situation by converting the visual information into tactile
stimuli.

The paper is structured as follows. In Section II, the
theoretical basics for sensory substitution and related work
are presented. Section III describes the relationship between
emotions and the Facial Action Coding System (FACS),
which is used for the SSD prototype emotion recognition.
Section IV presents the procedure of choosing a suitable
feedback method for the SSD. In Section V, the prototype of
the SSD and important design decisions are described.
Finally, Section VI summarizes the paper and describes the
next steps.

II.  SENSORY SUBSTITUTION AND RELATED WORK

The term sensory substitution was introduced at the end
of the sixties and describes the transformation of sensory
stimuli from one sensory modality into another, in order to
substitute a sense that is missing or impaired by illness or
disability [4]. At that time, Paul Bach-y-Rita and his
colleagues developed the first SSD, which was dedicated to
the scientific investigation of the plasticity of the brain in
congenitally blind people. This SSD converts image
information into pressure stimuli on the skin and enables
blind people to find their way around the room. For this
purpose, the image from the video camera is displayed on the
skin using a vibrotactile belt that is worn on the stomach.

Nowadays, sensory substitution devices for vision are
largely divided into tactile and auditory substitution systems.
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These consist of the sensor, in this case, a video camera, and
a human-machine interface (HMI), which consists of a
coupling system and a stimulator [5]. The coupling system
receives the stimuli recorded by the sensor, interprets them,
and forwards them to the stimulator. In this way, the
recorded information is analyzed, converted, and sent to the
user through either the tactile sense or the hearing.

In the following, examples of vision substitution are
presented, and the research needs are derived.

Lykawka et al., for instance, presented a tactile interface
that allows users to navigate in environments including
obstacles and to detect the movements of people and objects.
The system converts the visual information into tactile
feedback and conveys it with the help of a vibrotactile belt
[6].

Bernieri et al. dealt with visually impaired people's
mobility. The authors describe a prototype of a smart glove
that complements the classic cane. The proposed glove
provides vibrotactile feedback on the position of the next
obstacle in the range [7].

In [8], a text reading system called FingerEye is
proposed, which translates text into audio information or
braille.

Bhat et al. also presented a system that aids reading texts.
Additionally, it assists in recognizing objects. Both stimuli
are translated into audio output [9].

The interaction assistant ICare, described in [10], deals
with choosing an appropriate face recognition algorithm to
build an assistant for social interactions. It also describes the
prototype, of which the feedback method is also aural.

While a lot of research has been done to meet a wide
range of needs of people with visual disabilities, less
attention has been given to the development of assistive
devices that satisfy the need for access to non-verbal
communication in social interactions. However, there are a
few systems that deal with social interaction, among other
functions, and are available for purchase.

Orcam MyEye 2.0 [11] is a wearable device, which is
worn on the temple stem of eyeglasses and it combines
several features. With the help of a camera on the front and a
loudspeaker on the back, the device can read texts, recognize
the time, identify goods by their barcodes and recognize
people, by storing and voicing their name out loud. All
recognitions are translated into audio information and
conveyed through a loudspeaker.

Microsoft SeeingAl [12] is an application for the
Smartphone, which shares a lot of features with the Orcam
MyEye. Moreover, it offers a feature, which recognizes and
describes scenes, people, and people’s emotions. All types of
recognition are translated and represented by audio feedback.
To enable the recognition and translation, a photo of the
object to be analyzed has to be taken.

An important shortcoming of SeeingAl and Orcam
MyEye is that the solutions provide only aural outputs.
People with visual impairment rely on their hearing to
perceive their environment. Therefore, aural signals that are
played by an assistance system during social interactions,
such as face-to-face communication, could be perceived as
disturbing as they may interfere with the hearing of the
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speech of the communication partner or the own speech.
Moreover, SeeingAl is able to recognize people and
emotions, but not to communicate these in real-time. Instead
of this, the user has to take a photo first. Orcam and
SeeingAl thus are not sufficient solutions to support face-to-
face communication.

What is needed is a system that communicates non-
verbal cues in real-time and whose output is based on a
different sense than the hearing, on which verbal
communication is perceived.

A common alternative to audio-vision substitution is to
use vibrotactile feedback, which was already used for a
haptic belt in the described work about navigation [6].
McDaniel et al. also presented a haptic belt to assist in
communication situations [3]. The focus of the work is on
communicating non-verbal cues, like the number of people
in the visual field, the relative direction and distance of the
individuals with respect to the user. The output of the belt is
created and delivered to the user continuously and in real-
time through the haptic belt with vibrotactile feedback.
Experiments have shown that non-verbal communication can
be successfully conveyed through vibrotactile cues.

In addition to the vibrotactile feedback, it is also
conceivable to use other tactile feedback methods for the
SSD to be designed. Temperature feedback would be one
such possibility. However, this has not been used in SSDs
yet, but for direct heating or cooling of the human body [13],
[14].

Since temperature feedback has not yet been used in
SSDs, it should be examined which of the tactile feedback
methods described is best suited to convey emotions during a
conversation. Building on this, the SSD prototype presented
in [1] can then be adapted and expanded.

III.  EMOTIONS AND THE FACIAL ACTION CODING
SYSTEM

Every emotion sends signals, which are most visible
through our voice and facial traits. According to Paul
Ekman, there are so-called basic emotions that are
understood by all cultures in the world, since they can be
recognized through universal facial expressions. The seven
basic emotions include the emotion groups anger, happiness,
sadness, disgust, contempt, fear, and surprise. Emotion
groups mean that there can be different forms and intensity
levels of emotions in a group [2], [15].

Although the basic emotions can be separated well in
terms of their nature and their characteristic facial
expression, mixed emotions occur more often than pure
emotions [16]. Some examples of mixed emotions are listed
below:

e Rejection of a loved one can evoke both sadness and

anger.

e  When we feel threatened, we are afraid, but often we
are also angry. For example, we could be angry with
ourselves for feeling fear if we found out afterwards
that it was completely unfounded.

e Anger can come with contempt. If we find that we
have reacted angrily, we can despise ourselves for it.
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e It often happens that the emotion of contempt
alternates with the emotion disgust. For example, if a
person does something disgusting, we may find it
disgusting and, therefore, despise the person.

Moreover, emotions should not be confused with moods,
because unlike emotions, they can last up to two days [2].
However, emotions come and go within minutes or seconds.
For example, the emotion surprise lasts at most a few
seconds. After that, it ends in fear, happiness, anger, or other
emotions, depending on the quality and nature of what
surprises us [2]. For the development of the prototype, this
means that it is important, among other things, that the
emotions can be recognized quickly by the user as these can
change quickly.

The basis for the analysis of facial expressions and the
emotion recognition in this project is the FACS, an
anatomically based coding system for all visually perceptible
facial muscle movements and also a common standard for
the recognition of basic emotions and their intensity. The
system assigns Action Units (AUs) to almost every visible
movement of facial muscles. AUs can be divided into two
categories. One part of them refers to the upper face and one
part to the lower face. An Action Unit can combine single or
multiple muscle movements. A combination of certain AUs
can be assigned to emotions. Besides, the intensity of the
muscle movements is differentiated based on a five-tier
ranking. In order to determine the emotions of a facial
expression using FACS, it has to be deconstructed in AUs
[17], [18]. For example, if a face has the combination of the
AUs "Inner brow raiser", "Outer brow raiser", "Upper Lid
Raiser" and "Jaw drop", this facial expression would indicate
the emotion of surprise [2], [18].

IV. CHOOSING A FEEDBACK METHOD

As previously reported in [19] this section describes the
process of deciding on a suitable feedback method for the
stimulator of the proposed SSD. The goal of this project is to
create an SSD that conveys the emotions of the interlocutor
in real-time, meaning that the stimulator feedback should be
conveyed during a conversation. The study described below
focuses on tactile feedback methods since these are received
through a different sense than the hearing and, therefore,
would not interfere with verbal communication.

A. Approach

In order to investigate which tactile stimuli are best
suited to convey emotions during a communication situation,
a quantitative study was carried out in which the tactile
stimuli heat, cold, and vibration were compared. Data were
collected through a laboratory experiment in which test
subjects received various tactile stimuli. During the
experiment, detection rates of the stimuli and the reaction
times to them were measured. The experiment's within-
subject design ensured that each test subject could test all
three stimuli types. After the experiment demographic data,
information on the perceived distraction by the stimuli as
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well as other dependent factors was collected using a
questionnaire.

B.  Experimental Setup

The test subject’s task in the experiment was to read a
text aloud and to respond to heat, cold, and vibration stimuli
while reading. Depending on the stimulus type sent, the
reading volume should be adjusted in the following way: The
vibration stimulus calls to read on in a normal volume, the
heat stimulus is the signal to continue reading aloud and the
cold stimulus signals to read on in a whisper.

The stimuli were always sent at the same text passages
and appeared both at the beginning of a paragraph and in the
running text and lasted about 2 seconds. After the signal
stopped, the volume had to be maintained until the next
stimulus would be sent. In order to not influence the reaction
times, the test subjects sat with their backs to the
experimenter and, therefore, could not see when the stimuli
were sent.

To generate the tactile signals a Groove vibration motor
and two Peltier elements of the size 8 x 8 x 2,6 mm were
used. The temperatures chosen are 40 °C for the heat
stimulus and 10 °C for the cold stimulus. When choosing the
temperatures, the orientation was based on the selected
temperatures in related works [13], [14], a pretest carried out,
and the 45 °C limit, which is the temperature that could lead
to first degree burns [20].

C. Evaluation

In the study, a total of 55 test subjects were tested of
which 36.21% were female, and 64.79% were male. The
average age of the subjects was 24.34, while the youngest
person being 17 and the oldest 40 years old.

Each test person received 12 stimuli during the reading
process and thus 4 of each stimulus type. However, not all
signals were always recognized correctly. Sometimes certain
stimuli were not noticed and, therefore, there was no reaction
to measure.

Before statements could be made about reaction rates and
reaction times, the data first had to be cleared of outliers with
the help of the SPSS software. Except for one outlier, all data
were used for the calculation. This was the reaction time of a
test person to the heat signal. The person recognized only
one of four transmitted heat signals and reacted to it only
after more than 9 seconds. Since this is a far above average
reaction time, it was assumed for the subsequent calculations
that the person did not recognize any of the four heat signals.

After cleansing the data, the reaction rates and response
times could be calculated. Table I shows the frequencies of
tactile stimuli recognition. When analyzing the frequency of
reactions to the stimuli, it was found that it was often the
case that people did not recognize a particular stimulus type
in all four interventions. However, this does not apply to the
recognition of the vibration signal, as it was recognized by
all 55 test subjects at least once.
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TABLE L. STIMULI RECOGNITION AS PREVIOUSLY REPORTED IN [19].
Stimuli Recognition rate Number of recognized stimuli Number of test subjects,
/ Number of interventions who recognized stimuli
Vibration 98.63% 217/220 55
Cold 91.36% 201/220 52
Heat 80.45% 177/220 49

Furthermore, the vibration signal was most frequently
recognized. Of 220 stimuli sent in total, 217 were correctly
recognized, resulting in a recognition rate of 98.63%.

The cold stimulus did a little worse with a recognition
rate of 91.36%. Moreover, only three subjects out of 55 did
not react to any of the cold signals sent.

The heat stimulus has been recognized least frequently,
resulting in a recognition rate of 80.45%. Out of 55 people,
49 people responded to the heat stimulus at least once. The
remaining six people did not adapt their volume when
reading.

A reason for the differences in the recognition rates of the
vibration and the temperature feedback could be the different
perceived intensity of the sent stimuli (see Fig. 1). In the
questionnaire, 58.63% of the test persons classified the
intensity of the vibration stimulus as strong or too strong and
0% classified it as weak or too weak. In contrast, the other
two stimuli were more often classified as weak or too weak.
The heat stimulus was classified by 58,62% and the cold
stimulus by 39% as weak or too weak. The weaker perceived
intensity of the temperature stimuli could also be

related to the temperature of the test subject’s hands, on
which the actuators were worn. The temperature of the hands
was not measured, however.

The reaction times to the stimuli were compared using
the dependent t-Test. Since normally distributed samples are
a prerequisite for the application of a t-test, the Kolmogorov-
Smirnov test was carried out to test the whether the samples
for reaction times were normally distributed [21]. The SPSS
software was used for data analysis of the reaction times to
the different stimuli. The test showed in the SPSS
examination that the samples of reaction times for the
vibration, heat and cold stimuli are normally distributed. For
this reason, the t-test to dependent samples was applied.

For the calculation, the signal types were compared in
pairs (see Table II). Looking at the number of comparison
pairs for the groups, it is noticeable that they vary from
group to group. The reason for this is that a comparison can
only be made if a person has reacted to both signal types.
This is not the case with all of them, since not all test persons
have recognized every stimulus type. For example, the
vibration signal was reliably detected at least once by each

TABLE I RESULTS OF THE DEPENDENT T-TEST AS PREVIOUSLY REPORTED IN [19].
Groups for t-test Cold / Vibration Warm / Cold Warm / Vibration
Number of pairs 52 46 49
Reaction time mean values 2.097/1.376 3.059/2.059 3.091/1.1372
t-statistic 9.386 9.356 17.173
p-value .000 .000 .000
Effect size r .80 .81 93

Perceived intensity: Vibration

to strong- 5 18,97%

to strong -

5

Perceived intensity: Cold

0%

Perceived intensity: Heat

to strong- 5 0%

4 39,66% 4 13,79% 4 12,07%
3 41,48% 3 46,55% 3 29,31%
2 0% 2 27,59% 2 27,59%

tooweak-1 =~ 0%

too weak - 1 12,07%

too weak - 1 31,03%

Figure 1. The perception of the stimuli types in terms of intensity.
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test person, but only 49 of 55 test persons detected the heat
signal. As a result, only 49 comparison pairs could be
formed for the vibration/cold group. In the following, the
results of the t-test are presented in pairs.

On average, the response time to the vibration stimulus
was significantly shorter than to the cold (t=9.386, p=.000,
n=52). The effect size r=.80 corresponds to a large effect.

A similar result is obtained when comparing heat and
cold. The reaction time to the cold stimulus is significantly
shorter than to the heat stimulus (t=9.356, p=.000, n=46).
The effect size is r=.81 and also corresponds to a large
effect.

The mean values of the reaction times to heat and
vibration stimuli differ the most. The response time to the
vibration stimulus is significantly shorter compared to the
heat stimulus (t=17.173, p=.000, n=49). Therefore, there is
also a larger effect size with r=.93.

A similar outcome to the t-test can be seen when the
response times are correlated with the intervention type (see
Table III). This results in strong, highly significant positive
correlations between the intervention type warm and the
reaction time for all 12 interventions. In contrast, there is a
highly significant negative correlation between the
intervention type vibration and the corresponding reaction
time. There are no significant correlation values between the
cold intervention type and the reaction time (p<0.05).

The reason why the temperature stimuli also performed
worse in terms of reaction times could be that the Peltier
elements also need some time to adapt to the set heat and
cold temperatures. Besides, the differently perceived
intensity of the stimuli may also play a role here (see Fig. 1).

TABLE IIL.
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For example, a person who is not very sensitive to heat
would probably only notice the heat stimulus at a maximum
temperature of 40 °C. In contrast, a person who is more
sensitive to heat would determine the increase in temperature
more quickly. It should be noted that the heat temperature
has already been chosen very close to the limit of a potential
burn trauma [20].

In the questionnaire the test subjects were asked, among
other things, to sort the signals according to the degree of
distraction from speaking. In this way, the vibration stimulus
was ranked 1.6 as the least distracting on average. The heat
signal followed with the rank 2.1 and the cold stimulus with
the rank 2.7 on average distracted most from reading.

This ranking is also reflected in the evaluation of the
perceived comfort of the signals (see Fig. 2). The vibration
signal was rated as rather pleasant or pleasant by 65.51% and
as rather unpleasant or unpleasant by only 12%. In contrast,
the two temperature signals were perceived as pleasant less
often. The heat signal was even classified by 20.69% and the
cold signal by 39.66% as rather unpleasant or unpleasant.

The perceived intensity also seems to influence the
degree of distraction. Some test subjects reported that they
were distracted by a signal that was too weak, as they were
too focused on not missing it. This is also reflected in Fig. 1.
The vibration was not rated too weak by any, whereas the
heat of 58.62% and cold of 39.66% were rated as weak or
too weak. A stimulus that is perceived too strongly does not
seem to have an influence on the degree of distraction. Even
if 58.63% perceived the vibration stimulus to be strong or
too strong, it still distracted the least on average.

PEARSON CORRELATIONS OF THE VARIABLES REACTION TIME AND INTERVENTION TYPE AS PREVIOUSLY REPORTED IN [19].

Interventions

Intervention type warm

Intervention type vibration

1. Intervention (n=54) r=.474%%; p=.000

r=-.570**; p =.000

2. Intervention (n = 53) r=.656**; p=.000

r=-.500**; p=.000

3. Intervention (n = 45) r=.555%%p=.000

r=-.585%*p=.000

12. Intervention (n = 45) r=471%%; p=.000

r=-.613**p=.000

Perceived convenience: Vibration

Perceived convenience: Cold

Perceived convenience: Heat

pleasant -5 pleasant - 5 pleasant - 5 - 8,62%
2 - 690% 2 2

unpleasant-1 - 5,17%

unpleasant -1 - 6,90%

unpleasant -1 . 3,45%

Figure 2. The perception of the stimuli in terms of convenience.
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D. Feedback method selection

Based on the evaluation of all stimuli tested, the vibration
stimulus is best suited to convey emotions and is, therefore,
selected as a feedback method for the tactile interface. The
vibration stimulus impresses with higher detection rates and
shorter reaction times, which have the advantage that even
emotions that only last a few seconds could be recognized
quickly.

Moreover, since the aim of the project is to support
communication rather than divert from it, the degree of
distraction is also a key criterion. The vibration feedback,
which was classified as the least distracting on average, is
convincing at this point, too.

The temperature feedback did worse and is hence, not
suitable for conveying emotions. Nevertheless, it can prove
useful to aid communication.

One possible application would be to convey other non-
verbal information, such as moods, as these have higher
latency. The detection rates, however, are significantly lower
than those of the vibration stimulus. The temperature stimuli
were also more often perceived as unpleasant, which makes
the use of Peltier elements unattractive for an interface.

For this reason, it should first be investigated how the
perception is and whether the temperature stimuli are better
recognized if larger Peltier platelets are used or if the stimuli
are sent for longer than two seconds.

V. PROTOTYPE CONSTRUCTION AND DESIGN

This section discusses the architecture of the SSD
prototype and design decisions made in this project. The
prototype’s architecture is formed by four main components:

e (Camera unit
Smartphone
Notebook / FaceReader
Haptic device

The camera unit records the interlocutors face during the
communication and is, therefore, the sensor of the SSD. It is
attached to glasses so that the face of the communication
partner is always in focus. The camera uses a smartphone for
the power supply, which sends the captured photos
continuously and in real-time to the FaceReader software.
The smartphone thus represents a supplement to the main
sensor.

A notebook is used to run the FaceReader software [27],
which analyzes and categorizes the photos by utilizing the
FACS. Both together form the coupling system of the
substitution system. After categorization, the results are sent
to the haptic device.

The haptic device is the stimulator of the SSD. It consists
of a controlling unit and a vibrotactile glove. The controlling
unit receives the signals from the FaceReader Software via a
Bluetooth module and controls the vibrotactile glove.
Depending on the classified emotions, the associated
vibration motors vibrate. In the following, the technical
procedure and components of the system will be described in
greater detail.
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A. Camera-Unit and Smartphone

As previously reported in [1] the predecessor prototype
was working with a Logitech Brio 4K webcam, whereby the
device was not mobile. For this reason, the webcam is now
replaced by the HD Mini camera from Spyschool [22],
which is attached to the temple of eyeglasses, similar to the
proposed face recognition device in [10]. For the power
supply of the HD Mini Camera, an android smartphone is
used, which can be carried in the pocket. The smartphone
also runs the application CameraFI for the HD Mini Camera
und sends the image of the camera to the notebook in real-
time. Fig. 3 shows the Camera-Unit connected to a
Smartphone. In order not to strain the battery of the
smartphone, a special power bank can be used for the power
supply of the camera.

In the previous paper, the use of the smartphone camera
was described as an alternative. In this case, the smartphone
would be carried in the breast pocket. Although this could be
very convenient and cheap, this turned out to be impractical
for this application, as the camera would not be pointed at
the face of the conversation partner and would, therefore,
lead to restrictions in emotion recognition. By attaching the
HD mini camera to glasses, the conversation partner's face is
always in view.

Figure 3. Camera-Unit connected to a smartphone.

B. Notebook / FaceReader

The notebook is used to run the FaceReader software
[27]. In order to recognize the emotions of the interlocutor, it
is not necessary to develop software that will recognize faces
and analyze facial expressions. This task can be undertaken
by the FaceReader, which is an automatic analysis tool for
facial expressions. It utilizes the FACS and is, therefore, able
to recognize the seven universal emotions and their intensity,
which are described in Section III as well as neutral facial
expressions. The functionality of the software in relation to
emotion recognition is described below.

When the software has detected the presence of a face
with the Viola-Jones algorithm [23], a 3D model of the face
is created. The model is generated using an algorithm based
on the Active Appearance Method of Cootes and Taylor
[24]. With the help of the model, points are placed around
and in the face, and around those parts of the face that are
usually easy to recognize such as eyebrows, lips, nose, and
eyes. Furthermore, the texture of the face is also determined.
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In this way, not only the position and shape of the face but
also the shape of the eyebrows, wrinkles, and the like are
described.

The classification of facial expressions is based on the
training of an artificial neural network [25]. Training
material from over 10,000 images was used for this purpose.
The FaceReader also uses the Deep Face classification
method [26], which allows the face classification from image
pixels and the recognition of patterns with a neural network.
Hence, the face does not necessarily have to be completely
visible. It is sufficient if the position of the eye area can be
determined. The Deep Face classification method is used
when modeling with the Active Appearance method is not
possible. More detailed information about the functionality
of the system can be found in the FaceReader white paper
[27].

After the classification in FACS, the recognized
emotions are forwarded to the haptic device. If the
FaceReader cannot recognize a face because the
communication partner has moved or the image quality is
poor, no analysis is possible. This information is also
forwarded to the haptic device. Due to the privacy aspects of
having a camera recording during a conversation, we
constructed the prototype as a closed-loop-system. This
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means the recordings are interpreted by the FACS software
instantaneously and no video recording remains on the
server.

C. Controlling unit

The controlling unit’s main component is an ESP32-
WROOM-32U (ESP32). It controls the vibrotactile glove,
which will be described in section D and is controlled by a
built-in Bluetooth module. In this way, the filtered real-time
data from the analysis of the FaceReader are sent to the
ESP32 controller via Bluetooth. The data sent include on the
one hand the emotions of the conversation partner in real-
time. On the other hand, the user is also notified if no
analysis is possible because the conversation partner has
moved, or the lighting conditions are insufficient. A
notification is also sent as soon as the analysis can be
continued. The vibrotactile glove is controlled on the basis
of the received data. A detailed description of the hardware
used for the controlling unit and the vibrotactile glove can
be found in the wiring diagram in Fig. 4. The ESP32 is in
this graphic the U2-component. The close-up view of the
controlling unit and vibrotactile glove hardware is presented
in Fig. 5.

*
11 !
10

Figure 4. Wiring diagram of the haptic device.
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Figure 5. Close-up view of controlling-unit and vibrotactile glove hardware.

Important upgrades to the last prototype are the use of
the ESP32 and the light and flat BL-5C Nokia battery
instead of a power bank. In contrast to most Arduino
controllers, the ESP32 has a Bluetooth module and also
offers WiFi connection to the chip. For future
developments, the categorization of the data recorded by the
camera could possibly be shifted to the chip. It would
therefore no longer be necessary to use a notebook, which
runs the FaceReader software for the analysis.

Thanks to the built-in Bluetooth module and the use of
the BL-5C battery for the power supply, it is also possible to
make the controlling unit very light and compact. The
controlling unit including the battery is therefore no longer
worn on the neck, but on the wrist. The length of the cables
that connect the controlling chip with the vibrotactile glove
is thus reduced to a minimum and ensures more freedom of
movement.

D. Vibrotactile glove

As previously reported in [1], it was planned to expand
the predecessor prototype with Ekman’s seven basic
emotions. The task of the predecessor prototype was to
convey the emotional valence of the interlocutor to the user.
The haptic interface thus consisted of two vibrating rings,
one of which represented the positive and the negative
valence. In the following, the improvements of this haptic
component of the prototype are described.

One of the most important decisions that were made
concerning the haptic device was the selection of the
feedback method. As described in Section II, vibrotactile
cues for vision substitution have proven to be a good
alternative to aural cues in terms of navigation and social
interactions [1][2]. Moreover, in the study described in
Section IV, in which various haptic signals were compared,
vibration signals also proved to be particularly suitable for
conveying emotions. For this reason, it was decided in this
project to use vibration signals for the haptic interface.

Another design decision that was made was related to the
placement of the vibration actuators. Some described vision
substitution systems in Section II have successfully used and
tested vibrotactile cues in haptic belts or gloves [1][3]. Since
SSDs for navigation use both vibrotactile cues in haptic belts
and gloves, it follows that this also applies to communication
for which only haptic belts were previously presented.

In order to keep the haptic device small and easy to put
on for future experiments, it was decided to develop a
vibrotactile glove that can be worn on the non-dominant
hand. The haptic glove is based on a set of vibration motors
attached to an elastic bicycle glove.

Initially, it was planned to use fewer vibration motors to
save costs, so that an emotion could be signaled by one or a
combination of different vibration motors, but this idea was
discarded. Although the basic emotions can be separated
well in terms of their nature and the associated facial
expression, it is necessary to take into account that mixed
emotions occur in addition to pure emotions [2]. If an
emotion were addressed via a combination of several
vibration motors, it would not be possible to convey mixed
emotions. For this reason, the prototype was developed so
that a vibration motor always addresses exactly one emotion.
Figures 6 and 7 show the haptic device when it is worn.

Each of the seven vibration motors, which are attached to
the fingers the back of the hand, signal a basic emotion. The
eighth vibration motor is attached to the palm and vibrates
when the software cannot recognize a face. This happens on
the one hand due to poor lighting conditions or if the
communication partner has moved and, therefore, cannot be
recognized by the camera.

As more vibration motors are necessary, it was decided
to use smaller vibration motors so that they can be attached
to all fingers without the motors touching each other and
distorting the signal.
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Figure 6. Front of the haptic device.

VI. CONCLUSION AND OUTLOOK

This paper has introduced the prototype of an SSD
designed to assist people with visual impairment in daily
face-to-face communication situations.

An important sub-goal was to select a suitable feedback
method for the SSD stimulator. This was done by means of a
within-subject design study in which test subjects tested and
compared vibration and temperature stimuli. Unlike many
substitution solutions that send aural feedback signals, the
focus here was on tactile stimuli, since these are received on
a different channel than verbal communication.

Since the SSD was developed to aid communication,
great importance was also attached to creating a test
environment in which the test subjects should react to the
stimuli while they are speaking.

The vibration stimulus emerged as the clear winner in
this study as it convinced with higher detection rates and
shorter reaction times than the ones of the temperature
feedback. Furthermore, the vibration stimulus was also
classified as less distracting during speech and perceived
more rarely as unpleasant. For this reason, the temperature
stimuli were classified as unsuitable for conveying emotions
in communication.

Nevertheless, it is necessary to investigate how the
perception of the temperature stimuli changes when the
signals are sent for longer periods or larger Peltier platelets
are used. With unchanged reaction times and improved
detection rates, the use of temperature stimuli to support
everyday conversational situations would also be possible,
e.g., to convey moods, as these have a higher latency.

However, since this project is focused on conveying
emotions that can last only a few seconds, it was decided to

Figure 7. Back of the haptic device.

choose the vibrational stimulus as a feedback method for the
SSD.

In the next step the previously presented prototype of [1],
which conveys the emotional valence of the conversation
partner, was expanded. The further development of the
prototype was aimed at making the prototype more mobile
and providing the user with more detailed information about
the emotional state by extending the prototype with the basic
emotions according to Ekman [2]. This is made possible by
recording the interlocutor during communication with a
portable camera and determining the emotions in real-time,
using the FaceReader software. Subsequently, the recognized
emotions are translated into tactile information and
transmitted to the user via a vibrotactile glove, which can be
worn on the non-dominant hand.

Thus, the camera-based recording of facial expressions,
the recognition of emotions, and finally, the conversion into
mute vibration movements on a hand, an unobtrusive signal
transmission can be ensured. Additionally, the device is
discreet, and the user is free to gesticulate with the dominant
hand.

The next milestone is the implementation of a qualitative
study using a guided interview. The cognitive interest of the
work is to discuss which non-verbal cues people perceive in
face-to-face conversation situations, which of them are
important for a smooth conversation, e.g., to avoid
misinterpretations or to better understand their interlocutor.
On the other hand, the SSD prototype will be experimentally
validated as part of a master’s thesis. It is planned to survey
to what extent the developed substitution system helps to
recognize emotions in a conversation situation and how this
could be expanded or improved in order to optimize the
support of a communication.

It is important to note that there is still room for
improvement in terms of mobility. Here, for example, the
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FACS analysis could be shifted to the haptic device or the
smartphone. However, the degree of mobility of the SSD
solution is sufficient for the planned experiments.

Future developments could include passing on individual
AUs to the user. Since these can occur without indicating an
emotion, their feedback could also provide wvaluable
information for communication.

Furthermore, there might be even more communication
situations, which might benefit from the SSD and are
currently not in focus of our research. Besides substituting
physical limitations of being able to visually perceive the
interlocutor, there might be a useful application for people
who simply are not capable of interpreting facial actions
correctly. Therefore, training scenarios for various
communication settings could benefit from a direct and
discreet form of an independent non-verbal-cue
interpretation device. In order to get a better insight into the
advanced applications for the SSD, further studies together
with the applied social sciences department are being
prepared. Especially during the training of nursing
professions and social workers, the nonverbal feedback of
their counterparts might provide useful insights.
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