IEEE TRANSACTIONS ON HUMAN-MACHINE SYSTEMS, VOL. 47, NO. 1, FEBRUARY 2017

1

Guest Editorial
Special Issue on Wearable and Ego-Vision Systems
for Augmented Experience
APID progress in the development of low-level component technologies such as wearable sensors, wearable displays, and wearable computers is making our digital lives grow,
connect, and play a relevant role in reality. To name a few examples, body-mounted sensors and displays help athletes in training by presenting real-time performance metrics such as speed,
distance, and heart rate. Wearable systems allow medical staff in
hospitals to consult specialists located anywhere in the world, in
real time, providing optimal patient care. And within the context
of assistive technologies, a head-mounted camera can be used
to identify and convey the presence of objects, people, or text to
a visually impaired user. Given the huge potential of wearable
technologies, high-tech companies have hastened to release devices, such as the Google Glasses, Microsoft Hololens, Fitbit
Flex, Facebook’s Oculus, and Epson’s Moverio glasses.
These recent technological developments have introduced
considerable challenges and opened new lines. Most wearable
and egocentric vision systems generate multimodal data streams
(e.g., video, audio, motion, and emotions). Motivated by the processing of heterogeneous data, relatively young research communities such as Computer Vision, Multimedia, Augmented
Virtual Reality, Human Computer Interaction, and Pervasive
Computing are permanently developing new ideas to understand human activities, enhance our capabilities, and augment
perception.
Wearable and egocentric data are unstructured and continuous, without evident boundaries, and most of the time datasets
are of huge size. Information such as relevant events and personal experiences is not easy to retrieve. There is a clear need for
automated tools that assist users in accessing long lasting stream
of information. Regarding recognition and segmentation of human daily activities, several research studies have explored object detectors, video motion, and biomechanical features [items
1), 2), and 3) in the Appendix]. Moreover, methods that produce
a compact summary of a day of the wearer have been suggested.
They predict involvement or attention by detecting the most
salient objects, people with whom the camera wearer interacts
[items 4) and 5) in the Appendix], or by investigating physiological data such as brain waves [item 6) in the Appendix] and
gaze [item 7) in the Appendix]. Egocentric vision systems can
also provide insight into social interaction by estimating, for example, the three-dimensional (3-D) position and gaze direction
of faces around a recorder [item 8) in the Appendix].
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Tactile sensors on the skin have also been explored to communicate emotions, thus augmenting the user perception of selected
experiences. Researchers have presented techniques to generate
illusory tactile sensations by electrodermal activity processing
and vibration feedback devices [items 9), 10), and 11) in the
Appendix].
Recent advances in head-mounted displays opened doors to
applications that use bare hands for augmented experiences, particularly those related to interaction with virtual objects. Methods have been presented for the estimation of the position of
fingertips or palm center [item 12) in the Appendix], hand segmentation [item 13) in the Appendix], and gesture recognition
[item 14) in the Appendix]. [items 15), 16), and 17) in the Appendix] present comprehensive reviews on such topics.
Although we have witnessed impressive progress in several
specific applications, our opinion is that the field is only at
its beginning. More impressive developments will come in the
short and mid-term, and we believe that the most impressive
will be ones we cannot imagine now. Based on the multidisciplinary nature of this field, one of the next steps is calling for a
converged effort of communities such as psychology, cognitive
science, and computer science to understand and identify emerging challenges and opportunities of wearable devices augment
human lives.
This Special Issue is one of the first attempts to gather recent
advances of different research communities in enhancing human
performance through egocentric sensing. It contains 13 papers
that we have divided into three different groups, according to
their content. The first part of the Special Issue presents several
relevant works on wearable and egocentric vision systems aiming to scene understanding and summarize user interaction with
the world.
In item 18) of the Appendix, the authors study the recognition of personal locations from egocentric videos. Contextual
awareness is a relevant factor in many wearable computing applications, and location stands out among the different context
features. GPS positioning is not enough, as it only provides
outdoor locations. The authors suggest a multiclass classification algorithm followed by an entropy-based negative rejection
mechanism to shape temporal coherence. Their experimental results show deep convolutional networks outperform more traditional classification schemes and that most of the false positives
are due to negative classes, hence the negative rejection scheme
is of key importance.
Item 19) of the Appendix presents a smartwatch platform
based on an ultralow power heterogeneous system. It consists
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of a TI MPS430 microcontroller and a set of four different sensors: camera, microphone, accelerometer, and thermistor. The
proposed hardware enables the implementation of complex vision algorithms based on convolutional neural network. In particular, they present a visual context classification technique to
infer whether the smartwatch user is in one of the following
contexts: morning preparation, walking outdoors, public transportation, in the car, and in the office.
Item 20) of the Appendix presents an approach for fall detection based on a wearable camera that can be applied for
monitoring the activities of elderly people; avoiding a more
expensive and complex setup based on static sensors covering
home spaces. It uses a modified version of histogram of oriented
gradients (HOG) features and gradient local binary patterns. The
threshold of the fall detection is then learned by a training set
using a relative entropy approach which is a member of AliSilvery distance measures.
Item 21) of the Appendix proposes an approach for a multimodal target identification task relevant to egocentric applications with wearable audio–visual devices. The authors define time-dependent target models for each modality, which are
adapted in an unsupervised fashion using the complementary
of the other modality when a new observation is available. Experiments on two real challenging audio–visual datasets show
the robustness of their solution even in presence of mild mismatches.
Item 22) of the Appendix introduces a real-time face recognition solution to assist visually impaired individuals. The system
uses a Microsoft Kinect sensor to acquire RGB-D images. The
author solution uses a variation of the K-nearest neighbors algorithm over HOG descriptors dimensionally reduced by principal
component analysis. Once the system recognizes a face, it uses
its location to generate 3-D audio signals coming from a face
location.
Item 23) of the Appendix provides a comprehensive survey
of the state of the art on egocentric video summarization. First,
the authors illustrate a wide range of applications that may
benefit from a robust summarization. They describe the specific
differences between first-person view videos and third-person
videos. The authors finally compare all relevant approaches,
highlighting their main strengths and limitations and present
the datasets and evaluation procedures.
Item 24) of the Appendix presents an overview of the state
of visual life-logging analysis organizing the literature around
the key task-related question, including: was the user interacting
with somebody?, how?, where was he/she?, when did the event
occur?, and, what was the person wearing the camera doing?
The review presents relevant solutions for acquiring, organizing,
summarizing, and browsing large collection of egocentric video
data.
The second part of the Special Issue presents wearable systems posing stimuli to the human body that can be used to
understand a user’s internal state.
Item 25) of the Appendix presents a study about the effects
of affective haptic stimuli on autonomic nervous systems. In
particular, the authors suggest a convex optimization technique
to automatically determine force and velocity of caressing stimuli estimated through the analysis of the Electrodermal Activ-

ity (EDA). A solid experimental evaluation is presented on a
wearable haptic system, which conveyed to subjects caress-like
stimuli by means of two motors.
Item 26) of the Appendix examines whether and how out-ofbody illusions (e.g., through user-held external objects) can be
extended to improve the feedback experience of a user who is
interacting with augmented virtual objects. The authors focus
their study on the most notable out-of-body tactile illusions,
funneling, and saltation, in order to minimize the number of
tactile actuators required.
The third part of the Special Issue is dedicated to techniques
and interfaces for controlling and interacting with virtual and
augmented realities.
Item 27) of the Appendix presents a natural user interface framework for a virtual reality environment, called MetaGesture, which can simultaneously recognize static and dynamic
gestures for holding and manipulating the tools of daily use. The
authors suggest an approach that combines a novel voxel coding schema, called Layered Shape Pattern, and a variation of
Random Forest classifier.
Item 28) of the Appendix presents TunnelSlice a freehand interaction system to select and attain a distant 3-D region specifically designed for head-mounted displays. In particular, the
authors present a new slicing solution to determine the cuboid
transform via a pinch-tip gesture. TunnelSlide was tested in six
scenarios involving central objects status and different levels of
occlusions showing better performance than recent and related
techniques.
Item 29) of the Appendix proposes an augmented navigation
system designed to assist people in indoor environments. During
navigation, the route was presented to participants via visual
and auditory channels. The proposed solution can be installed
in both head-mounted displays and smartphones. The paper
presents comparative tests between these two settings analyzing
human factors and usability issues such as the feasibility and
reliability of the system, subjective comfort, perceived accuracy,
and navigation time.
Item 30) of the Appendix presents a framework to support the
automatic generation of speech interfaces for controlling virtual
and augmented reality applications. The generated interface allows the user to activated functionalities, by a set of voice commands, which are also represented visually in a head-mounted
display. An extensive evaluation is presented by comparing the
automatically generated interface with a user-generated interfaces in terms of the impact of visual cues, semantic processing,
and first-time user experience.
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