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Abstract—The goal of this research is to develop systems that
empower individual wearers with cognitive abilities that they
never had before. An intelligence amplification system is proposed
to assist the user with understanding their social environment.
This is done by creating two wearable functionalities. One serves
as a facial memory extension and a prototype cure for prosopognosia. The other tool reads body language and facial expression to
decode nonverbal communications and present important social
information to the wearer. These social intelligence tools must
run on a wearable computer that has a socially acceptable form
factor. Thus, a wearable computer design is presented that looks
and feels like a pair of large consumer heaphones.
Index Terms—wearable computing, prosopagnosia, social intelligence, humanistic intelligence, intelligence amplification

I. R ESOURCES
I. Wearable Facial Recognition: [24]
II. Wearable Social Intelligence Cognitive Extension: [25]
II. I NTRODUCTION
A common aim of Wearable Computing research is to
develop systems that empower the individual wearer with
abilities that they never had before. This is realized by creating
human-machine systems that extend the mind of the human
with a wearable computer acting as a mental coprocessor.
This type of human-machine symbiosis has been realized with
multiple frameworks, principally Humanistic Intelligence [14]
(HI), which serves as the foundational principle of much of
this work. Such systems are a combination of the most important intelligent processes of the human mind with the most
powerful computational processes of technological processors,
with the aim to create superhuman systems that are greater
than either man or machine can be on their own. Work is
being done in the field of wearable computing and Brain
Computer Interfaces (BCI) to allow people living inside a
human-machine system to surpass ordinary human cognitive
abilities. This can also come in the form of helping individuals
with neurological issues to mitigate their symptoms, allowing
them to rise above disabilities to achieve levels of normal
human functioning.
Past research has made great progress in creating wearables that are effective in Humanistic Intelligence loops [13].
However, a limitation that has been observed in the literature
and in practice is the lack of social acceptance [2], [19],
[32] of head worn computers. The current norm in the field
utilizes heads-up-displays [26], [31] or SLM beam splitters
[16] that are built into a glasses form factor wearable. These

Fig. 1. Headphones Form Factor Wearable Computer (Social Intelligence
Cognitive Extension) Prototype. This prototype looks like a regular pair of
audio headphones but features an HD camera, two microphones, on-board
processor, power systems, and stereo sound.

are often highly effective, but cover the face (specifically the
eyes). Occlusion of the eyes and face is socially detrimental in
many situations as it conceals emotional expression and limits
facial perception of individuals looking at the wearer (facial
perception being a core part of social intelligence, as described
below). There are many widely publicized releases of wearable
technologies to serve as examples of how individuals and
establishments often balk at the overt nature of a head-worn,
eye-concealing wearable [11]. Additionally, many people who
are not familiar with the personal empowerment [15] aspect
of personal wearables assume that they are surveillant spying
devices, and thus an invasion of privacy.
More recently, earables [1], [23], [28] have become a

popular wearable form factor. This form factor is widespread
and socially normal for headphones, ear buds, wireless ear
pods, etc. Thus, wearable computers adopting the ”earable”
form factor are marked by their unobtrusiveness. Presented is a
new wearable computer design (see Fig. 1) that is headphones
(”earable”) based. This prototype is designed to mitigate
the adverse social effects and social opinion that have been
associated with Wearable Computing in the past by adopting
the modern, socially acceptable earable form factor.
This working design is utilized to upgrade one’s social
intelligence by creating wearable functionalities that enhance
the user’s access to information about the social environment
that surrounds them.
III. BACKGROUND
A. Wearable Computing
Wearable computing is the development of computing systems with the express intent for those systems to be worn
by the user like clothing. Since the inception of wearable
computing in the 1970’s, there has been an express focus on
always-on, always-available systems that seamlessly integrate
with the user. The benefit of a computing system that is
wearable is thus its ability to enter the world of the user,
conforming to the users needs and lifestyle, as opposed to
the user conforming to the limited world of the computing
system.
In this regard, Nerak et al. have recently developed an Open
Source wearable hardware and software initiative named the
OpenEyeTap [21]. OpenEyeTap-based wearables were built,
iterated on, and utilized during the initial development of
socially intelligent wearables [24], [25]. A similar but more
subliminal hardware form factor has now been developed,
but the OpenEyeTap served as the hardware base for the
initial development of various socially intelligent wearable
functionalities.
B. Social Intelligence
Social intelligence has been defined as the ”ability to get
along with others” [17]. Similarly, but broader, social intelligence is the ”ability to get along with people in general, social
technique or ease in society, knowledge of social matters,
susceptibility to stimuli from other members of a group,
as well as insight into the temporary moods or underlying
personality traits of strangers” [30]. These ideas are commonly
summarized as ”The capacity to know oneself and to know
others” [4], [27]. Overall, social intelligence is an intelligence
that focuses on people, their relationships, and their interactions.
In the past, the area of Wearable Computing has made
progress by extending the wearers networked connection and
ability to perform computation. Much work has been done with
the goal of extending the application of Wearable Computing
to social and human-centric use-cases [3], [6], [18]. This work
is built upon by presenting a socially intelligent wearable hardware form factor and social intelligence extending wearable
functionalities.

IV. FACIAL P ERCEPTION AS THE BACKBONE FOR
S OCIALLY I NTELLIGENT W EARABLE C OMPUTING
Facial perception serves as the backbone for human social
interaction [8]. Before spoken language, written language,
non-verbal communication, or facial expressions are communicated, both parties first perform the rapid recognition of
each other’s faces. Facial perception is therefore vital to an
individual’s social intelligence.
As a basic human social ability, it is proposed that the ability
to use technology to understand, recreate, and extend our
natural facial perception abilities allow for the enhancement
of human social intelligence and thus enhancement of our
abilities to understand ourselves and others.
Prosopagnosia (also known as face blindness) is a debilitating neurological condition that impairs the ability of the individual to recognize faces. This means that, at best, those with
the condition have an extremely difficult time remembering
faces of friends and acquaintances. At worst, prosopagnosia
can result in the complete inability to recognize the faces of
even of the most intimate of relations, such as parents and
spouses. In this paper is a wearable computer, a Humanistic
Intelligence system [16], that serves as a functioning prototype
solution for the condition of prosopagnosia.
Consider the observation that, in a face to face interaction,
once the other individual has been identified, one of the most
important skills becomes the portrayal and perception of nonverbal communication [9], which makes up most of human
communication [33]. It has been shown [20] that humans
miss most of the non-verbal communication that goes on
around us. To further extend our social intelligence, proposed
is a Humanistic Intelligence loop in which the technological
processor is decoding the non-verbal communication displayed
by the wearer’s conversation partner. Salient details of the
non-verbal information (message) space can be extracted by
a wearable computer and communicated to the user through
audio messages. Research has already begun in this area, using
pose estimation and algorithmic decoding of body language
to quantify and relay to the wearer levels of confidence and
stress.
V. A H EADPHONES F ORM FACTOR S UBLIMINAL
W EARABLE S YSTEM
A. Proposed System
A wearable computer should serve as an extension to
oneself. Thus, it should be able to be worn at all times, in all
circumstances. The current trends in wearable computing are
either non-Humanistic Intelligence systems that do not become
a seamless extension of the user (i.e. smart watches), or they
are devices of highly questionable social acceptance due to
their appearance.
One aims to create wearable computers that serve as an
extension to oneself. This type of human-machine system
is realized by an always-on wearable computer that is able
to capture sensory data about the wearers environment. The
device then relays this information to the wearer through full

duplex communications channels with the user. Being worn on
the head, or having some part of the wearable on the wearer’s
head, is necessary in order to capture a sensory point-of-view
that is accurate to the user and to provide direct full duplex
communications (in this case, to the ear).
Thus, a new custom wearable has been developed with the
foundational intention of creating a wearable that is subliminal
and unnoticeable by most individuals, yet still able to take full
advantage of the benefits that come from having a head worn
form factor (such as point-of-view video, direct access to the
primary sensory pathways of the human user, etc.).
The ability to always wear a wearable device is a prerequisite for the success of any super-intelligent human-machine
system, and thus the wearable system presented is designed
to be used as part of a Humanistic Intelligence loop while
simultaneously avoiding the issue of social discouragement.
Presented is a socially intelligent, audio-based, headphones
form factor wearable prototype that leaves the face fully
exposed (no covering of the eyes whatsoever) and achieves
commonality of appearance by replicating the look of a
normal pair of audio headphones. This is an adoption of
the earable form factor, as discussed above. This has the
effect of creating a subliminal wearable that doesn’t cause
alarm and disarray among individuals who are unfamiliar
with wearable computing. This system has been tested at
universities, grocery stores, public parks, fitness gyms, lecture
halls, public transportation, city streets, etc. and has never
raised alarm, disarray, or anger from any bystanders. This is a
wearable platform that fully enables Humanistic Intelligence
while remaining accepted by common consciousness. See the
headphones form factor wearable in Fig. 1.
A system of this type is characterized by social intelligence
for two distinct reasons. First, because it manifests a form factor that doesn’t cover the face and is already a part of popular
consciousness, so it is socially accepted. Second, because the
social intelligence of the human wearer can be maximised by
creating human-machine feedback loops that perform social
processing tasks, achieving greater and more accurate results
in social situations than any human can achieve on their own.
B. Hardware System Prototype
A fully functioning hardware prototype has been constructed. This has undergone multiple iterations to achieve a
current state that is comfortable and functional. The current
design can be seen in Fig.1. The system’s electrical components are exposed and labelled for the reader’s understanding
and aid in reconstruction, shown in Fig. 2.
The frame/casing is based upon a consumer pair of hearing protective headphones. The sound cancelling foam and
plastic was removed from each earpiece to make room for
the electronics. The leather head protector was removed and
replaced with wire for inter-wearable communications and
power. Finally, a rotary tool was used to create multiple holes
in the casing to allow for input/output of power and sensory
information.

Inside is a 4,400 mAh, 3.7 Volt battery that provides enough
charge for a full day of use. This is wired to a 3.7 to 5.1
Volt boost converter circuit. The boost converter circuit is also
wired as a Micro-USB load-sharing battery charger circuit.
This results in a wearable that is more portable as it can be
charged with any normal Micro-USB phone charger and is
still fully functional while charging. The output of the boost
converter is connected to the onboard processor through wires
that run along the headband of the casing.
Internally attached to each earpiece of the casing is a high
fidelity headphone speaker. These are used as the output of
the wearable (the input to the human), providing the wearer
with the live information about their environment and the coprocessing that is being performed by the wearable computer.
The on-board processor is a Raspberry Pi Zero W singleboard computer (SBC) running Raspbian operation system.
Connected to the Pi Zero W is a Raspberry Pi Spy Camera
that is positioned to capture a video of the wearer’s point-ofview. Also connected to the Pi are the headphone speakers
and a microphone which captures the voice of the wearer (for
voice command) and the ambient voices and noise.
The on board processor connects to a software router
running on a Samsung Galaxy S7. This functionality is known
as WiFi sharing in the Samsung Galaxy derivative of Android
Oreo. This setup means that supplying the wearable with an
internet connection is as simple as connecting an Android
smart phone to a WiFi network.
Once connected to the internet, the socially intelligent wearable computer prototype immediately opens a TCP connection
to a cloud server (Ubuntu 18 LTS with Nvidia GTX 960).
This opens up the processing capabilities of the wearable, as
sensory information can be communicated to our cloud server,
thereby allowing for offloading computer vision processing to
the cloud.
Another advantage of this soft-router system is the ability
to directly connect to and develop for the wearable at any
time. One can sign into the wearable via SSH (secure-shell,
a remote command line utility) from any host on the softrouter network. Once connected, the wearer can develop new
applications and change the setup of the device.
On the processor is a suite of wearable functionalities
available to the user. In the scope of this research paper, there
are two important programs. Those are that manages facial
detection and facial memory, and the cloud-based service that
analyzes the social situation around the wearer and provides
live social updates. For a reference of work in facial recognition for prosopagnosia, see [5], [24].
VI. E NHANCED S OCIAL P ROCESSING WITH W EARABLE
C OMPUTING
A. Wearable Computer for Prosopagnosia and Enhanced Facial Memory
See Resources I for the software to run this tool on any
RaspberryPi based wearable computer.
A key aspect of social intelligence is the capability to
know others. This core ability is impossible without the ability
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Fig. 2. Socially Intelligent Wearable Hardware Prototype electrical design.

to identify individuals, on sight, using our facial perception
abilities. Therefore, presented is a wearable computer able
to function as an extended facial perception skill, providing
individual empowerment by extending one’s ability to know
others.
Prosopagnosia, also called face blindness, is an impairment
in the recognition of facial identity. As such, prosopagnosics often have difficulty recognizing family members, close
friends, and even themselves. This is a common condition
with various studies showing prosopagnosia to affect over two
percent of the population [7], [10]. An insidious property of the
condition is that it manifests itself on a spectrum of intensity.
Many people with otherwise healthy eyesight and memory
have difficulty remembering and placing names. Some careers
(such as public professionals or university professors) go
through periods where they will meet hundreds of people in a
single week. This type of environment makes it impossible to
remember and place every name that is learned. Thus, creating
a solution able to solve the symptoms of prosopagnosia will
help a broad range of people.
This solution has been developed in a wearable computer.
This has achieved by creating a facial database containing
entries for all the people that the wearer knows. When the
wearer meets someone new, a picture is taken and saved for
subsequent tagging, so this new individual can become part of
the facial database. Then, whenever a friend, family member,
or acquaintance is seen by the wearer, they receive a live
update of the name of that individual, in the form of a heads-

up-display or spoken through headphones.
To do so, the wearable takes point-of-view video of the
user’s environment at all times. The environment is then
scanned for faces. This scanning works by running the frames
of the video through a pre-trained facial-detection neural
network [5], [12]. If a familiar face is seen, the wearable will
speak that individuals name into the headphone speaker of
the user, immediately updating them with the name of the
person they are about to interact with. If the face is unknown,
an image of that face is stored in memory, so the user can
immediately tag that image after their interaction. Immediately
upon doing so, the new acquaintance is added to the facial
database, so the user can be reminded of the individuals name
at any point in the future.
If a face is detected, the encoding of the face is then taken
and compared to the face encodings that are saved in the
database. If a match is found in the database, the name is
extracted from the match, and this name is played back to the
user through their earpiece, providing them with a live update
of the names of anyone they are seeing. If no match is found,
the encoding and image is saved for subsequent tagging. To
tag images, the user utilizes a command line utility that allows
them to view the face and to assign it a name. The next time
the prosopagnosia program is used, it will include the ability
to recognize the newly added individual and update the wearer
of that person’s name. This effectively offloads the cognitive
process of identifying and remembering anyone’s name.

B. Nonverbal Communication Wearable Extension
See Resources II for the software to run this tool on any
RaspberryPi based wearable computer.
In a face to face interaction, after one has identified the
adjacent individual, there are a number of social skills that
one employs, one of the most important being the portrayal
and perception of non-verbal communication [9]. However, it
has been shown [20] that people miss most of the non-verbal
communication that goes on around us. To further extend our
social intelligence, proposed is a Humanistic Intelligence loop
in which the technological processor is decoding the nonverbal communication displayed by the wearer’s conversation
partner. Salient details of the non-verbal message space can
be extracted and relayed to the user through audio messages.
The current system decodes body language and facial expression providing the wearer with heads up notification if
their conversation partner is experiencing high levels of stress.
This is one of the two core concepts that body language experts
use to decode body language: stress and confidence.
Simply explained, there is a camera on the headphones that
streams HD video over the internet to a private server. Running
on the server is two neural networks. The first neural net
is a pose estimation, human body keypoint detection model
[22]. The other net detects emotion in human faces [29]. Body
language rules from [20]’s work were implemented to detect
distinct body language stress indicators from pose estimation
keypoints. This stress prediction is combined with the facial
emotion model’s output to give the user a warning if stress
levels are getting high.
VII. C ONCLUSION
Wearable computers can be socially acceptable, socially
functional, and social intelligence enhancing tools. A wearable
computing form factor design was presented that achieves the
necessary requirements for a Humanistic Intelligence system
while maintaining a socially normal and acceptable appearance. Two functionalities were developed for this wearable that
serve as extensions of human social processing. It is the aim of
this work to push towards the development of human-machine
intelligence systems that achieve superhuman performance.
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