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Executive Summary
This deliverable presents the results of Task T4.1 “The RAMCIP multimodal
adaptive communication framework”, which addresses the issue of developing a
rich set of adaptable and adaptive interaction modalities for Human Robot
Communication. The task has been carried out in the context of the European
Union (EU) HORIZON 2020 Programme (H2020) Research and Innovation Action
RAMCIP. The deliverable has been developed in the scope of WP4 of the RAMCIP
project, responsible for overall Human Robot Communication.
The deliverable focuses on the software part of the framework which has been
designed as a generic framework for developing elderly-friendly applications for
robotic platforms and supporting the RAMCIP interaction modalities. The
applications utilize the functionality of the framework and together comprise the
user interface of the RAMCIP system, which will be running in the primary
RAMCIP tablet screen. The supported modalities can be activated and deactivated
and an adaptation mechanism has been implemented which will allow the
Communication Decision Maker (CDM) component to manage and fuse them
appropriately.
First, the high level system architecture and orchestration of conceptual layers
are presented, followed by information about the implementation of the system
components and the interaction modalities. Second, the activity analysis
description language (ACTA) and its use for RAMCIP applications are described.
Third, the available implemented visual components of the framework are
presented and the methods for user interface and menu navigation are analyzed.
Finally, the globalization/localization methods, the communication planner and
the integration with the other components of the robotic system are described in
their respective sections.
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1. Introduction
1.1 Scope of the Deliverable
This deliverable presents the Human Robot Communication framework that has
been researched and developed for RAMCIP in the scope of Task T4.1 “The
RAMCIP multimodal adaptive communication framework”, towards enabling the
robot to communicate with the user and adapt its interaction modalities according
to the profile of the user, the environment and the context of use.

1.2 Relation to other Deliverables
This deliverable describes the RAMCIP Human Robot Communication framework
which is a core part of WP4 and central to the user interface and SubUCs
implementation. Therefore, it is mainly related to the other WP4 deliverables:


D4.1, submitted on M22, in concerns the empathic communication
channels of the robot. The facial expression displays and expressions
(faces) of the robot are described there. The current deliverable describes
in short how the software utilizes and controls the functionalities of the
facial expressions display of the robot.



D4.2, submitted on M22, concerns the Augmented Reality Interface of the
robot. While the framework developed for T4.1 and described in this
deliverable does not interface with the AR display directly, it offers the
capability to communicate with it and the Communication Decision Maker
submodule uses this functionality to activate and deactivate the AR display
when required.



D4.4, due for M28, will describe the Communication Decision Maker
(CDM). This component is part of the Communication Planner functional
submodule of the framework. The CDM takes full advantage of the
functionalities of the framework and uses its infrastructure for building
applications to implement the communication part of the RAMCIP SubUCs.
Finally, the CDM takes advantage of the implemented modalities and
manages to activate/deactivate and fuse them appropriately by taking into
account parameters from the environment and the user profile.

1.3 Deliverable structure
The deliverable is structured and organized in the following sections/chapters:
Chapter 1 provides the introduction of this deliverable and outlines its scope as
well as its relation to other deliverables.
Chapter 2 presents related work concerning robotic platforms and user
interaction as well as previous work on designing and interacting with the elderly
which is relevant to the work performed for T4.1.
Chapter 3 contains information regarding the RAMCIP Human Robot
Communication framework and each of its subsection describes a different
component or functionality of the framework.
Chapter 4 provides the conclusions about the software, its capabilities and their
use for RAMCIP.
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2. Related work
Robotic platforms have been around for quite some time since researchers have
been trying to overcome essential problems that are related to the nature of
robotics and their usage in domestic environments. Successful integration of
robotic platforms in a domestic environment has been the result of
multidisciplinary efforts from various scientific fields ranging from computer vision
to machine learning and information systems. The challenges of these approaches
have been so overwhelming that more focus was given to achieving a safe robot
existence in a domestic environment than the actual human-robot interaction
between the platform and its users. However, since the field of robotics has
matured over the last years, a focus shift from the hardware itself to the HRI part
of the robot’s existence in such domestic environments is becoming more and
more necessary.

2.1 Assistive household robotic platforms and user
interaction
The field of assistive domestic robotic platforms for household use has been
drawing considerable attention in recent years. As opposed to other assistive
domestic robotics like automatic floor cleaners or pure surveillance robots, these
social robotic platforms are designed to provide services to their human users
through direct interaction, like displaying information, supporting communication
with other people or simply entertaining the users 1.
The primary goal of these robots is to make their users feel safe and less lonely
at home, while enabling and facilitating them in their independent or semiindependent lives at their own residences. In other words, they aim to advance
towards a robot solution that will enhance wellness and quality of life for seniors,
and enhance their ability to live independently for longer at their homes 2. While
technology and particularly innovative robots for ageing well at home can provide
the means and solutions for helping the elderly achieve the desired independent
longevity, elderly people’s attitude, mistrust and suspiciousness towards anything
new to them and especially anything that is hi-tech, is always a major setback.
Finding natural ways to interact with new technologies becomes a challenging
field of research. Towards this objective, RAMCIP employs multimodal ways of
interactions that provide a natural way of interfacing, aiming to increase the
acceptance of its system and increase its level of adaptation.

2.2 Designing for the elderly
Social inclusion, safety and home automation are considered important features
of future homecare environments for the elderly. With respect to interaction in
such environments, one of the main research challenges is the design of
adequate user interfaces. This is due to the fact that elderly people vary
considerably in their physical and cognitive abilities, which makes it difficult to
use traditional interaction models3. Focusing on single interaction strategies may
not always provide appropriate solutions4, as many older computer users are
affected by multiple disabilities, and such multiple minor (and sometimes major)
impairments can interact.
To address this problem various authors developed intelligent user interfaces,
which support users according to their individual needs. For example, Adam et
al.5 introduces a spatial metaphor for universal control devices to structure
available services based on the elderly person’s own apartment. The results of the
study showed that the Apartment Metaphor is actually appropriate to enable
elderly people to access a large number of services available in an AAL
environment in an intuitive way. The metaphor showed a way for structuring and
visualizing services in a universal control device.
December 2016
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Furthermore, D'Andrea et al.6 presented a novel general framework for
multimodal dialogue processing, which is conceived following an applicationindependent philosophy. In fact, it is able to manage multimodal communication
between people and the environment in different application scenarios. The core
framework architecture is composed of the analysis and planning levels, which
enable the processing of information derived from whatever input modalities,
giving these inputs an appropriate representation and integrating these individual
representations into a joint semantic interpretation.
Finally, Majchrzak et al.7 presented a prototype for a Web 2.0–enabled ambient
assisted living (AAL) device that offers easy-to-use functionality to help elderly
people keep and establish new contacts, find events that match their interests
and be aided in sustaining their mobility. The prototype consisted of a hardware
device for mobile usage feasible to host the desired functionality while being
adequate for the use by elderly people. An internet tablet was selected
accommodating a large touch screen. The study focused on analyzing all possible
transportation routes of a local city or area and providing to the elders the most
convenient way of transportation for their desired destination. Based on either an
event suggestion or a contact person, the users of the device could have a travel
advisory calculated to reach the event or person. For routing, any applicable
means of transportation were taken into consideration. For example, taxi services
that do not offer handicapped accessible vehicles were excluded for a person who
used a wheelchair. Also, the maximum distance a person can walk could be
specified.
Intelligent user interfaces can have many different manifestations. The field of
Ambient Intelligence (AmI) has contributed towards the utilization of different
modalities and interaction metaphors in order to achieve natural interaction and
increase the level of acceptance of modern technology by the older users. The
emergence of Ambient Intelligence is leading to the elaboration of new interaction
concepts that extend beyond current user interfaces based on the desktop
metaphor and menu driven interfaces, thus driving a transition to more natural
and intuitive interaction with everyday things8. Natural interaction refers to
people interacting with technology as they are used to interact with the real world
in everyday life, through gestures, expressions, movements, etc., and discovering
the world by looking around and manipulating physical objects 9. Typical examples
are input techniques such as touch, gestures, head and body position tracking
and manipulation of physical objects, which seamlessly integrate the physical and
digital worlds and support the direct engagement of the user with the
environment10. Augmented Reality (AR) allows virtual imagery to augment and
enhance physical objects in real time. Users may interact with the virtual images
using real objects in a seamless way11.

2.2.1

The elderly and touch-based interaction

The elderly user group is a very special user group due to the heterogeneity that
appears among its users. Old age takes its toll on people, while introducing
numerous types of impairments and minor or major disabilities. Thus, researchers
have focused on finding techniques to facilitate the elderly when interacting with
touch or gesture – based interactive applications. These research findings support
the preliminary hypotheses one would make about the elderly.
Nicolau et al.12, while performing research on elderly text-entry performance on
touch screens, found that an optimal inter-key threshold must be defined and key
presses inside this timeframe should be considered to be insertion errors and
should be discarded. This inter-key threshold varies in respect to the device that
is being used. The research showed that the optimal inter-key threshold should
be about 100ms when using mobile phones and 150ms when using tablets.
Moreover, tablet devices were found to compensate some of the challenges
imposed by mobile devices, either due to larger key sizes and/or due to static
December 2016
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positioning. Significant decrease of both insertion (1.7%) and substitution (4%)
errors were observed when tablets were used. Furthermore, the authors suggest
that the elderly participants theoretically benefit from a layout shift in the
bottom-right direction as most substitution errors occur in this direction and
whenever possible keys should be wider instead of taller as width is a more
important factor that reduces errors. On the other hand, the spacebar was
suggested to be narrower, extending from the middle of key C to the middle of
key B. Finally, dealing with poor aiming was found to be more important than
compensating for finger slips and the use of language-based correctors was found
to be beneficial as cognitive errors were quite common among elderly users.
Simple language-based solutions were proven to provide a suitable answer to
these types of errors (for example, to deal with blank space omissions or
substitution of similar letters such as pq, mw).
Kobayashi et al.13 studied the interactions between the elderly and mobile touch
screens. Research showed that larger targets (8 mm or larger in size) should be
used while the gap between intended and actual touch locations should be
addressed. Moreover, the use of drag and pinch gestures should be considered
rather than simple taps and focus should be given to explicitly displaying the
current mode of the applications as the elderly seemed to become confused
otherwise overtime.
Hollinworth et al.14 investigated familiar interactions to help older adults learn
computer applications more easily. Research findings showed that familiar visual
objects should be used for interaction as well as familiar behaviors should be
attributed to these objects. Seldom used application functionality should be
removed while avoiding incorporating hidden functions. Familiar interfaces were
found to help in orienting older users with an application, and that functionality
could be made more explicit by exploiting prior knowledge and skills of the real
world that people already possess. Finally, actions in many cases should be made
much simpler and easily reversible, which can help to encourage novice users to
explore what the applications have to offer.
Wacharamanothan et al.15 evaluated a new touchscreen input method for elderly
users with tremor, called swabbing. Swabbing is a selection method for
touchscreens where all the selectable targets are placed on the circumference of
a circle that is inscribed in the desired selection area. The users are able to select
a target by placing their fingers in the center of the circle and then slowly moving
towards the desired target. The corresponding target that lies on the extension of
the user’s finger trajectory is calculated and then highlighted. The user can select
any highlighted target by lifting her/his finger before or even after having crossed
the desired target. This “sliding” technique was shown to reduce intentional
tremor. The researchers found that tapping is a viable choice for square targets
that are at least 54 mm wide. When the target width is smaller than 41 mm,
swabbing becomes a better alternative. Thus, elderly users with tremor may
prefer a more accurate input method, even if it is slower.
Stößel et al.16 focused on mobile device interaction gestures for older users. They
found that gestures which are suitable for older users might be different from the
ones that are designed with younger users in mind. The researchers stated that if
we want to exploit the potential benefits that gesture-based interaction could
bring about, we need to carefully design interaction patterns suited to older
people’s needs and abilities.
Leonardi et al.17 made an exploratory study of a touch-based gestural interface
for the elderly. They found that tap gestures (when applied to well-recognized
objects) are the easiest ones to understand and remember. However, the
definition of the tap (for example, how much time is allowed between touch and
release) should be carefully considered and possibly automatically adapted.
Moreover, their research showed that tapping on the background outside of an
object to perform some actions on that very object sounded unintuitive and
December 2016
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should be avoided because the idea of “tapping on nothing” (that is, on the
background) is very difficult to communicate. Furthermore, the authors suggest
that objects should not be overloaded with actions performed both by a tap and
by a drag gesture because in case of insufficient pressure or in case of false starts
the two gestures may be easily confused. To this extent, for drag gestures, a
“natural” version should be implemented: when the touch is lost during a drag
the object should stay where it has been left rather than flying back to its initial
position. Iconic gestures (gestures that visually and analogically represent their
meaning, e.g., drawing a rectangle to fire the “create new message” function)
were found to be very engaging and their hedonic value should not be
underestimated as a way to motivate users with high computer anxiety. On the
other hand, a proper setting of the time parameters of gestures is of paramount
importance. In this respect, the possibility of automatic adaptation by the system
should be seriously considered because of the large variability in touch
performance by elderly people (due to age, health-related issue, etc.). Finally,
animations alone were not found to be effective in signaling synchronous and
asynchronous events on the interfaces and research findings suggests that they
should be accompanied by redundant information in other modalities.
Finally, Jako et al.18 investigated the effects of multimodal feedback on the
performance of older adults with normal and impaired vision. Their research
showed that non-visual feedback and additional feedback (in addition to visual)
have the potential to either maintain or improve task performance while the
effectiveness of non-visual feedback (and multimodal feedback generally) is more
apparent as visual acuity loss becomes more severe.

2.2.2

Speech recognition and the elderly

Input through speech is not particularly new. Research has been conducted in this
field for years, and today thousands of commercial and research products have
been developed. Although much work has been done to date, the research field of
human language processing is more than active mainly due to the fact that
modern speech interfaces enable the communication through identification of
simple voice commands on a predefined grammar 19. In the context of Ambient
Intelligence, although desirable, human language understanding is not crucial.
However, it is essential to provide the means for error free detection of speech
when such input is required 20. This is essential mainly because Ambient
Intelligence aims at making the interaction with computing technology
transparent to the user from the one hand and as affective as the usage of
traditional means. It is therefore argued that the adoption of new technologies
resides at least on being as affective as the main stream technologies used at the
time of their presence21.
Furthermore, when designing speech recognition systems for the elderly target
user group, its heterogeneity should be taken into account. Individual persons
have different needs based on their varying age related health impairments. Such
impairments can affect the person’s speech capabilities which results either in an
increasingly limited vocabulary or fluctuations in their pronunciation clarity 22.
These limitations should be taken under consideration when designing the
parameterization properties of such speech engines.

2.2.3

Gesture recognition and the elderly

Gestures are employed in the context of ambient intelligence for providing
alternative ways of user input in a human like fashion. Gestures when used in the
context of human to human communication are a quick and intuitive way of
communication. On the contrary, identifying human gestures in a computerized
environment is not an easy task. Research conducted in this field involves the
usage of gestures for providing input to augmented desk interface systems using
December 2016
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multiple fingertips recognition23,24 (identify fingertips and their trajectories and
infer gestures based on these trajectories). In the same context, computer vision
is used for identifying hand gestures, facial expressions and body postures 25.
Furthermore, the usage of thimble-shaped fingertip markers made of white
printing paper with a ’black light’ source has been proposed for providing gesture
recognition in the context of back projection walls26. Finally, gaze recognition has
been employed for facilitating alternative gesture based input27,28,29.
Furthermore, the heterogeneity of the elderly user group implies various
restrictions when designing and developing gestural interaction modalities for the
elder users. Impairments can affect the person’s mobility capabilities and
cognitive functions which results in mobility restrictions in different body parts
and difficulties in remembering the specified gestures and the optimal way of
performing them. These limitations should be taken under consideration when
designing the parameterization properties of such gesture recognition engines.

2.2.4

Augmented reality and the elderly

Mobile Augmented Reality is a concept that is coming to different elements of the
population, thanks to the increase of computing power in mobile phones and in
related applications. This means that the probability that elderly have been
exposed to concepts of Augmented Reality is increasing along time 30. The case of
Projective Augmented Reality that deals with the projection of light over surfaces
is different. The general public is being exposed to this concept thanks to building
augmentations adopted in some open air shows, while it is very limited for indoor
usage31. This introduction is necessary to explain and justify the adoption of the
Spatial Robotic Augmented Reality technology introduced in the RAMCIP project.
There are two metaphors that can be used for explaining the use of Augmented
Reality in the robot that indeed corresponds to the capabilities of the robot, the
one of the moving video projector, or the torch. The moving video projector is
being also pursued by recent simple commercial robots such as the Panasonic
Companion Robot or Keecker (http://www.keecker.com/). The intelligent torch
should be a quite easy to grasp concept, and it will allow to support robot
interaction in specific situations such as intention of interaction of objects, choice
or interaction with remote objects.

2.2.5

UI adaptation for the elderly

Research efforts in the past two decades have elaborated comprehensive and
systematic approaches to UI adaptations in the context of Universal Access and
Design for All32. The Unified User Interfaces methodology was conceived and
applied33 as a vehicle to efficiently and effectively ensure, through an adaptationbased approach, the accessibility and usability of UIs to users with diverse
characteristics, supporting also technological platform independence, metaphor
independence, and user-profile independence. In such a context, automatic UI
adaptation seeks to minimize the need for a posteriori adaptations and deliver
products that can be adapted for use by the widest possible end-user population
(adaptable UIs). This implies the provision of alternative interface instances
depending on the abilities, requirements, and preferences of the target user
groups, as well as the characteristics of the context of use (e.g., technological
platform, physical environment). The main objective is to ensure that end-users
are provided with the most appropriate UI instance at runtime, based both on
group or individual characteristics.
As the elderly are a highly heterogeneous target user group, user interface
adaptation is crucial to ensure accessibility, usability and acceptance of
interactive technologies for the aging population. Various research efforts have
investigated adaptable and adaptive user interfaces for the elderly.
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Leuteritz et al.34 presented an approach towards ensuring high quality interaction
for older users, building on personalization and adaptation techniques. The
purpose was to facilitate the development of interactive applications and services
for different platforms, to develop various accessibility components that can be
used across a range of interaction devices, and to enable the personalization of
interaction, as well as automatic tailoring-to-device capabilities and
characteristics, thus offering an individualized user experience. Leonidis et al. 35
proposed an adaptation development toolkit and related widget library, which
directly embedded lexical level adaptations into common interactive widgets. The
toolkit was designed for the development of adaptable applications for older
users. An adaptable card game for older users is described in Foukarakis et al.36
The game can modify its user interface, difficulty level and playing mode
according to the users’ profile.
A pattern-based approach to web forms adaptation for the elderly is presented in
Zimmermann et al.37. These patterns allow for dynamic substitution and/or
augmentation of user interface parts at runtime, with the goal of improving the
individual usability for an elderly user in a specific use context. This approach
could eventually lead to highly personalized web forms. A pattern-based approach
is also adopted in Peissner and Edlin-White38, where usability problems which
may be caused by adaptations are investigated, including disorientation and the
feeling of losing control. Design strategies to overcome the drawbacks of
adaptations are proposed, to increase the transparency and controllability of run
time adaptations. An experimental user study to investigate the effectiveness and
acceptability of the proposed patterns in different cost-benefit situations and for
different users is presented. The patterns turn out to increase the transparency
and controllability of adaptations during the interaction. They help users to
optimize the subjective utility of the system’s adaptation behavior. Moreover, the
results suggest that preference and acceptance of the different patterns depend
on the cost-benefit condition. Finally, a further work39 elaborated user
requirements for UI adaptation of the elderly and stroke survivors. User
requirements were defined for general, physical/motor, sensory, cognitive, and
environmental aspects. The user characteristics found to be of most relevance for
adaptive user interfaces were:


Physical/motor: personal mobility, hand strength, dexterity and finger
movement, muscular control including semi-paralysis and speech
impairment. Sensory: vision – diverse impairments, touch sensitivity and
hearing impairments.



Cognitive: memory impairments (long-term and working memory),
reaction time, thinking speed, literacy (including computer literacy),
learning ability, concentration, language comprehension and motivation.

A number of environmental characteristics were found to be important also:
lighting (adequacy, quality, controllability, glare, flickering), ambient noise,
physical layout of environment – devices – TV, remote, sensors, etc., and layout
of controls – taking into account cognitive, physical/motor and sensory
limitations.

2.3 RAMCIP advancements
The robot communication framework developed in the scope of T4.1 aims to
facilitate the design and development of interaction-friendly multimodal
applications and interfaces for RAMCIP. The contribution of this framework is
crucial because it provides all the necessary functionality to adapt to the needs
and preferences of the RAMCIP user group.


The dynamic adaptation capabilities of the framework in terms of adaptive
component hierarchies facilitate the tailoring of the HRI to the
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continuously changing needs of MCI and early AD patients, while
respecting their preferences and adapting to the changing context of use.

1



The adoption of the adaptive cascading style hierarchies maximizes the
adaptation capabilities of the system while delivering a uniform look and
feel throughout the graphical interfaces that the robot offers.



The reuse of the ready-made framework elements, components and
dialogues contributes to a smoother learning curve. This is a very
important aspect regarding robotic platforms and the elderly user group,
especially for the MCI target user group of the RAMCIP project, since the
users will be able to reapply the acquired knowledge throughout their
interaction with the developed applications and the platform. Using a
uniform look and feel as well as reusable components across all developed
applications and functionalities contributes to increased ease of use and
provides the ground for higher acceptance levels of these technologies.



The inherent support for multimodality contributes towards a more natural
interaction between the robotic platform and its users. This also
contributes to the ease of use, since users are able to interact with their
voice and gestures as additional modalities to the robot’s onboard touch
screen.



The integration capabilities of the RAMCIP Human Robot Communication
framework with respect to the ROS 1 framework (i.e. a set of software
libraries and tools that help build robot applications) offer to the developed
applications access to the functionality provided by the robot while
enabling the use of the various robot sensors to build more complex and
smarter robot behaviors. The inherent support for the ROS framework
provides access to the augmented sensing capabilities of the robot that
maximizes the potential of the robot’s behavioral models.



The overall architecture and its integration to the RAMCIP system, as well
as its capability to be adapted to different robotic systems that have
common elements such as interaction modalities and ROS communication
between their components, are significant factors that highlight the
advancement of HRI as concerns multimodal applications and interfaces.

http://www.ros.org/
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3. The RAMCIP multimodal adaptive communication
framework
The following sections describe the main components of the RAMCIP Human
Robot Communication framework.

3.1 Architecture
This section describes the architecture of the framework. Section 3.1.1 discusses
the high level functional architecture layers and describes the different types of
functionality that they provide, while section 3.1.2 discusses the orchestration of
the conceptual layers that comprise the framework and describes their functional
role.

3.1.1

High level system architecture

The different general architectural layers of the framework can be seen in Figure
1.
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Figure 1: Architectural layers of the framework.

The framework is comprised of several architectural layers, as depicted in Figure
1, that are described in detail in the following sections. In brief, the system
includes the following modules:


Sensory infrastructure adapter modules that play the role of an
intermediary transformation engine that transforms the information
provided by the different environment sensors to pieces of information
that can be understood by the system.
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A user profiling and environment modeling subsystem that provides a
priori knowledge used for the adaptation of the applications prior of user
interaction.



An interaction monitoring subsystem that continuously monitors the
ongoing interaction between the user and the system and provides the
necessary input to the rules engine module.



A context information module that provides information about the context
of use and the general context of the surrounding environment (this
module uses the input from the sensory infrastructure adapter modules).



A rules engine subsystem that is used at runtime, to infer facts about the
active user who is interacting with the respective application for adaptation
purposes.



A decision making module (CDM) that is used at runtime to activate or
deactivate the necessary user interface components according to the user
profiling and the ongoing interaction process.



A modality module for every different modality that is supported by the
system (i.e., a gesture recognition module, a speech synthesis module, a
speech recognition module etc.).



A set of user controls that support multimodal activation used for
application development.



A collection of adaptive component hierarchies mainly comprised by
common abstract task hierarchies that are properly instantiated according
to the user profile at runtime.



A collection of cascading style hierarchies that are used for adaptation
purposes regarding the different framework elements and dialogues of the
system, while contributing to a uniform look and feel throughout the
system including the developed applications.

3.1.2

Orchestration of conceptual layers

Based on the aforementioned high level system architectural layers, the
framework comprises a collection of conceptual layers which can be seen in Figure
2.

Figure 2: Orchestration of the different conceptual layers.
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The interaction recognition layer

The user is able to interact with the system through the interaction recognition
layer. This layer consists of the different available interaction modalities that are
provided. The user is able to interact with the system using touch, gestures and
voice:


The touch recognition modality corresponds to the touch interactions
between the user and the robotic platform’s onboard touch screen.



The gesture recognition modality refers to the set of preselected gestures
that the user is able to perform and the robot is able to understand and
behave accordingly based on the context of the interaction.



The speech recognition input modality refers to the predefined set of SRGS
speech recognition grammars that describe the set of vocal commands
that the robotic platform is able to understand. This set of SRGS
grammars is loaded into the speech recognition engine so that the robot
will be able to interpret the user’s speech accordingly.

These modalities are adapted to the profile of the user, her/his preferences and
the context of use. They are managed, selected and fused together by the
Communication Planner (CDM) functional submodule.

3.1.2.2

The input interpretation layer

The output of the interaction recognition layer is fed into the input interpretation
layer. This layer consists of the processing of the user input in terms of semantic
interpretation based on the context of interaction. Each input modality of the
input recognition layer is interpreted accordingly to the profile of the user (Virtual
user Model – VUM) and the interaction context:


The touch modality input can be interpreted based on the dialogue that is
displayed on the respective moment that the interaction took place.



The gesture recognition modality input is interpreted according to the
respective application’s logic that is active during the interaction, as well
as the context of the interaction. For example, the same affirmative
gesture may have different interpretations according to the context that is
being used and hence it could be interpreted either as a “YES” in the
context of a question or as a “NEXT” in the context of an interaction
process.



The speech recognition modality is interpreted according to the semantic
speech annotations that are included in the corresponding SRGS speech
grammars.

3.1.2.3
The
architecture

integration

layer

and

the

low

level

framework

The interpreted input is fed from the input interpretation layer into the modality
integration layer, where the input from all the different available modalities is
integrated based on high level integration scripting. For this purpose, the ACTA
runtime (see section 3.2.1) is used to integrate all the available modalities into a
uniform input channel that can be routed to the Communication Planner
functional component (CDM) in order to take the necessary decisions regarding
the orchestration of the input and output modalities. The same integrated input
becomes available to the respective active applications through the low level
input mechanisms that the framework provides through the base classes that the
developed applications inherit. Furthermore, the different available applications
can communicate with the scene orchestrator functional component in order to
gain access to the functionality it provides regarding the management of the
different application screens and their display on the onboard robot screen. When
there is need for output from the system to the user, the Communication Planner
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(CDM) decides over the selection and the fusion among the different available
modalities to generate the information that is going to be conveyed to the user.

3.1.2.4

The output styling layer

When there is information that is needed to be conveyed to the user, the
information goes from the generation layer to the output styling layer. This layer
is where all the styling over the information delivery takes place. For each one of
the available modalities, the appropriate styling is selected according to the user
model, her/his preferences and the context of the interaction. The styling can
refer to the output for the speech synthesis modality, to the output for the UI
display modality or the output for the audio modality. For the speech synthesis
modality, the appropriate voice is selected according to the preferences of the
user. Additionally, the appropriate rate, volume and pitch of the voice are
selected and the output speech is styled using the SSML markup language. For
the UI display modality that corresponds to the touch display onboard the robotic
platform, the appropriate UI selection and adaptation takes place according to the
decisions of the adaptation manager functional component which interoperates
with the CDM, developed in the context of T4.4. The appropriate UI elements and
dialogues are selected, the appropriate component hierarchies are instantiated
and the output is delivered to the robot’s display for the user to interact with.
Furthermore, for the audio output modality, the appropriate auditory feedback is
selected and the parameters of the audio output are specified. Finally, the output
from the output styling layer is wired to the output rendering layer.

3.1.2.5

The output rendering layer

The final stage of the output delivery is the output rendering layer. This is the
layer responsible for delivering the actual output to the users. It comprises of the
different available output modalities as they have been selected and fused by the
Communication Planner (CDM) functional component. For the speech synthesis
output modality, the actual speech is generated based on the SSML annotations
from the styling layer and the final auditory feedback is delivered to the user. For
the touch display output modality, the appropriately selected framework
elements, components and dialogues are instantiated and the result is presented
on the robot’s onboard display. Finally, for the audio output modality, the
appropriate adaptation parameters are applied and the auditory feedback is
delivered to the user.

3.2 Implementation
This chapter presents the implementation of the RAMCIP Human Robot
Communication framework. The result is a fully integrated development
framework that can support the design and development of elderly friendly,
multimodal interactive applications for RAMCIP. The framework includes all the
necessary tools and building blocks for the creation of speech enabled, voice
recognition enabled, gesture recognition enabled, and touch enabled adaptable
and adaptive interactive applications.

3.2.1
ACTA: A general purpose finite state machine (FSM)
description language for ACTivity Analysis
ACTA is a general purpose finite state machine (FSM) description language 40.
ACTA’s primary design goal was to facilitate the activity analysis process during
smart game design by early intervention professionals who were not familiar with
traditional programming languages. However, developers can use ACTA not only
for developing event-driven sequential logic games, but also for applications
whose behavior is composed of a finite number of states, transitions between
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those states and actions, as well as for application based on rules driven
workflows.

Figure 3: A Finite State Machine example2.

A finite state machine consists of states, inputs, and transitions. A script in ACTA
can describe a finite state machine as depicted in Figure 3, which illustrates a
flowchart of a hero game. The flowchart consists of boxes for each action a hero
character can do such as standing, jumping, ducking, and diving. When acting,
the hero can respond to a button press and perform a different action.
Furthermore, in each of the depicted boxes, there are arrows connecting the
current action with a next one according to the labeled pressed button. In detail,
the ACTA script of this example consists of the following parts: a) a fixed set of
states that the machine can be in (e.g., standing, jumping, ducking, and diving),
b) current state, the machine can only be in one state at a time (the hero can’t be
jumping and standing simultaneously), c) a sequence of inputs or events (e.g.,
the raw button presses and releases), and d) a set of transitions from current
state to a new one based on incoming input or event. When an input or event
comes in, if it matches a transition for the current state, the machine changes to
the state that transition points to. An example of the hero game in ACTA script is
depicted in Figure 4.

Figure 4: Finite states of an action game in ACTA script.

Authors can use ACTA for scripting a smart game or application in general, by
outlining a set of finite states and event-driven transitions (i.e., a transition from
one state to another is triggered by an event or a message). Thus, ACTA
facilitates event driven programming, in which the flow of the program is
determined by events, event handlers, and asynchronous programming.
ACTA supports the dynamic invocation of functions through reflection. The
function calls that are contained in the ACTA script are searched at runtime when
2

Image taken from http://www.padaonegames.com/bb/
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the script instructs for a function call. The ACTA backend starts searching for the
desired function in the base classes of the framework. Upon potential failure, the
search continues in the developer created derived classes. Polymorphism is
inherently supported by the backend as it is written in C# which natively supports
virtual functions. The invocation of the functions is done through reflection and as
such, the appropriate derived class’ function gets called.
Property getting and setting, is done through auxiliary functions namely
GetProperty(string name, object value) and SetProperty(string name, object
value) which operate on the application’s derived class instance. This approach
leverages the properties info function calls that use reflection to accomplish their
goal similarly to the invocation of real functions.

3.2.2
Extending ACTA Runtime to support the development
of RAMCIP Applications
ACTA’s runtime has been adopted and adapted to fit the needs of the creation of
multimodal interactive applications for RAMCIP. ACTA’s runtime is based on the
Windows Workflow Foundation framework. The ACTA IDE is used to code all the
application interaction logic which can then be extracted to an XML rules file for
further use. The rules file can be loaded into a Windows Workflow Foundation
Rule Engine which is an event driven reasoning engine that can run the provided
rules and conclude to the desired actions, results and transitions between the
different states that describe the application logic.
The main workflow for creating an interactive application includes the definition
and design of the different application screens and then the definition of the
different application states. Usually, one state is then mapped to one application
dialogue screen. However, states with no visual output can exist, as well as
multiple states can correspond to the same UI dialogue being displayed at that
time. The integration of the different modalities is discussed below.

Figure 5: ACTA logic snippet for a sample alarm clock application shown inside
the ACTA IDE.
Figure 5 shows a fragment of the ACTA script used to encode the logic behind an

alarm clock application. The ACTA’s runtime part that had to do with maintaining
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and managing the different states of an application or game has been rewritten to
support elements such as the current state the program is in and the next state
that the application is desired to go to upon reception of specific input.
A finite state is described using the keyword “State” that defines a state
statement. A state statement defines a block that contains: a) optional macros for
execution when entering the state, and b) transitions. The latter may be either an
explicit state change using keyword NextState (e.g., NextState = “state id”) or a
set of “when” statements in order for the machine to remain in the current state
until the condition of a “when” statement becomes true and fires its transition.
The NextState keyword is used to set a new state. Using an assignment
expression, the author simply sets the id of the next state to the reserved word
NextState (e.g., NextState = “state id”). Event-driven transitions are described
using the keyword “when”. This keyword is used to define a “when” statement. In
other words, when a condition becomes true, a transition from the current state
to a new one is fired.

Modality integration
Modality integration has been realized by leveraging the different modality
generated events and consolidating them at a higher level where the
corresponding application can treat them appropriately. This was achieved by
implementing various mechanisms in the ACTA backend and in the frameworks
base classes.
The framework contains backing fields for modality events such as ButtonPressed,
SpeechRecognized and GestureRecognized. The ACTA backend was extended
accordingly to support these fields. When the user interacts with the UI using
touch events and touch gestures, these interactions are interpreted into the
corresponding events and transferred to a higher level inside the application. For
example, when the user presses a button, it generates the ButtonPressed event
in the base class of the application which is part of the framework. The base class
contains the rule engine that can run the loaded ruleset against such events. The
user is then able to interact with the UI based on the functionality that has been
coded into the application’s ACTA script. The result of the activation of the
different rules includes state changes and UI dialogues activation in the derived
application classes. This way the sequence of the application’s dialogues can be
easily tweaked and rearranged by the developer as needed.
A very useful feature of the framework is the functionality it provides for modality
integration at two different levels. The various available modalities can be
integrated in the scope of an application’s dialogue screen where the developer
has to cater for each of the available modalities’ events and act accordingly.
Another approach would be the consolidation of the modalities into a single one
and then develop a corresponding modality handling script that caters for this
consolidated modality. Furthermore, modality consolidation can happen either in
the scope of an application’s dialogues or in the higher scope of application ACTA
logic. For example, if the user can press a button by touch, voice or gesture, the
different modalities could be consolidated into the button press in the scope of
the application dialogue or in the ACTA scripting logic scope which is at a higher
level. The developer then would only need to cater for the single touch press
modality as the other two would automatically get consolidated into the touch
modality scope.
Taking the modality events and raising to a higher level where they can be easily
handled by the ACTA script contributes to the modular nature of the framework’s
architecture as the framework’s components are loosely coupled and completely
asynchronous.
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Interaction modalities

Designing and developing multimodal applications for the elderly can be very
challenging, due to the fact that this user group has very different needs between
its members. Different users are facing different difficulties in their everyday lives
depending on their level of cognitive and psychosocial functioning decline due to
aging. The HRI (Human-Robot Interaction) field can significantly help the users of
this group, by adapting and personalizing the functionalities and the behavior of
household assistive robots to fit the needs of their owners. Such needs are
differentiated based on both the abilities or disabilities and the preferences of the
individual persons.
The modalities that have been developed and integrated into the RAMCIP Human
Robot Communication framework range from speech recognition and synthesis to
gesture recognition and touch interactions. They all have been developed to be
fully extensible and configurable both at startup and at runtime so that they can
change to reflect the changing needs of the users or the dynamically changing
factors of the surrounding environment e.g., ambient lighting, environment noise,
active electric appliances etc. In addition, the configurable parts of the developed
integrated modalities have been offered as ROS services to the system, to
support dynamic adaptation based on interaction logic that runs outside of the
tablet PC of the robot.
The offered interaction modalities are discussed in the following sections.

3.2.3.1

Speech Recognition modality

Speech is an effective and natural way for people to interact with applications,
complementing or even replacing the use of mice, keyboards, controllers, and
gestures. A hands-free, yet accurate way to communicate with applications,
speech lets people be productive and stay informed in a variety of situations
where other interfaces will not.
Speech recognition allows users to interact with and control speech-enabled
applications by speaking. The speech recognition modality has been included in
the available interaction modalities of the framework. The users are given the
opportunity and the possibility to interact with the RAMCIP robot using their
voice, in the form of simple vocal commands. This is a set of pre-agreed verbal
instructions that can be recognized and understood by the system, encoded into
the form of speech recognition grammars as discussed below. The developed
framework offers acquisition and monitor of speech input, support of speech
recognition grammars that produce both literal and semantic recognition results,
capturing information from events generated by the speech recognition, and full
configuration and management of the parameters of the provided speech
recognition engine.
The speech recognition engine that has been developed to cover the speech input
needs of the framework is based on Microsoft Speech Platform v11.0 and is fully
configurable. The Microsoft Speech Platform is a product from Microsoft designed
to allow the authoring and deployment of IVR applications incorporating Speech
Recognition, Speech Synthesis and DTMF. The Microsoft Speech Platform SDK
provides a comprehensive set of development tools for managing the Speech
Platform Runtime in voice-enabled applications, including the ability to recognize
spoken words (speech recognition). Also included in the SDK, the Microsoft
Grammar Development Tools provide a comprehensive set of command-line
applications that can be used to validate, analyze and tune grammars for speech
recognition.
A speech recognition grammar is a set of word patterns, and tells a speech
recognition system what to expect a human to say. For instance, in an auto
telephone call responder scenario, the user would be prompted for the name of a
person (with the expectation that her/his call would be transferred to that
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person's phone). The respective application would then start up a speech
recognizer, giving it a speech recognition grammar. This grammar would contain
the names of the people in the application’s directory and a collection of sentence
patterns that are the typical responses from callers to the prompt. Microsoft’s
Speech Platform can load and recognize speech grammars written using SRGScompliant XML markup. Speech Recognition Grammar Specification (SRGS) is a
W3C standard for how speech recognition grammars are specified. The following
points present the capabilities, configurability and adaptability of the developed
speech recognition module:


Configurability: The vocabulary and the variety of the individual
equivalent commands that can be used by the users and understood by
the system can be tweaked to fit the needs of the different users based on
individual speaking habits. This means that the users are able to interact
with a customized pre-agreed set of vocal commands based on their most
frequent or everyday selection of words. The design and development of
individual grammars can be done offline in cooperation with the end users
who can select the sets of recognized spoken words and commands
individually.



Recognition command flexibility: The recognition results can contain
both literal and semantic annotations (e.g., command: Turn Off Light,
semantics: Bedroom) which gives the possibility of supporting different
robot responds and reactions for different commands, even if they are
equivalent. In another example, the user could ask the robot to either
display the user’s daily calendar on the robot’s onboard screen by saying
“Show me my appointments”, or ask the robot “What’s on schedule for
today”. In the latter case, the robot can treat the request differently and
assume that the user expects some kind of response in addition to the
displayed information and hence provide additional auditory feedback by
“reading” the daily schedule to the user. Such differences in recognized
commands can be semantically annotated and treated differently but the
developed application’s logic. To this end, the framework supports this
annotation mechanism by providing dedicated back-end annotation fields
which can hold the reason behind the robot’s actions at any given time.



Flexible recognition threshold: Furthermore, the speech recognition
confidence threshold is able to be configured and adapted individually for
each user based on the selection of spoken commands, the pronunciation
clarity of the user’s speech as well as the level of ambient noise and the
distance between the robot and the user. This means that the higher the
potential confusability factor of the selected phrases, the higher the
recognition cutoff threshold should be. Furthermore, the recognition
threshold should be lowered as the user and the robot moves away from
each other, or increased in cases of higher ambient noise. In this scope,
the developed speech recognition engine can provide useful information
regarding the quality of the input audio signal by providing insights about
potential problems when the audio input has too much background noise,
when it is too loud, too quiet, too fast or too slow, or when no audio input
signal is detected (which most probably refers to hardware failures).



Noise/Silence recognition: The engine can differentiate between
receiving silence or non-speech background noise and receiving speech
input so that the Communication Planner submodule with its CDM
component (discussed in D4.4) can turn the speech recognition engine on
and off. Figure 6 shows a Speech Recognition instance performing speech
recognition, where the ASR engine has successfully recognized a literal
phrase with a confidence level above the predefined threshold. The
recognition confidence is around 55%. The recognized phrase has attached
semantic annotations, while the ASR engine has informed the framework

December 2016

27

FORTH

Deliverable D4.3

Dissemination Level (PU)

643433–RAMCIP

that the audio signal had been too soft, hence the relatively low
recognition confidence. Finally the engine instance has provided an update
on its status, including a list of currently loaded grammars as well as their
current state (active or inactive).

Figure 6: Speech Recognition instance showing the recognition of a literal phrase
along with attached semantic annotations, potential audio signal problems and
engine status regarding the set of loaded speech recognition grammars.



Easy startup: The provided speech recognition engine instance loads and
compiles all SRGS grammars that it finds in a configurable folder at
startup. Compiling XML grammar to a binary grammar file with the .cfg
extension can reduce the time consumed by searches for a match,
especially in grammars that require recognition of a large number of words
and phrases.



Runtime adaptation: Compiled grammars can be loaded and unloaded at
runtime to reflect the needs for speech recognition for the currently
running application at any given time.



Easy accessibility from other software components: The startup and
shutdown or the temporary disablement of the speech recognition engine
is the responsibility of the Communication Decision Maker (CDM) as will be
discussed in D4.4. For the rest of the developed applications, the usage of
the speech recognition engine is transparent. The framework provides the
necessary mechanisms for mapping the various provided user controls
with the respective SRGS grammars that have been developed for this
purpose. The applications that have been developed based on the
framework can access the speech recognition engine at any given time
through the Singleton instance design pattern.

3.2.3.2

Speech Synthesis modality

The most common way for human interaction to understand each other is through
communication with each other, so as in the human robot interaction. The ability
to talk is one of the most important technologies in the field of intelligent
robotics. When it comes to speech, there are two basic types of signals
transmitted by people: Auditory and Visual. Speech synthesis is a crucial ability
for auditory signal. Speech synthesis is the computer-generated simulation of
human speech. It is used to translate written information into aural information
where it is more convenient, especially for mobile applications such as voiceenabled e-mail and unified messaging. It is also used to assist the vision-impaired
so that, for example, the contents of a display screen can be automatically read
aloud to a blind user. Speech synthesis is the counterpart of speech or voice
recognition.
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The speech synthesis modality of the framework has been based on the speech
engine functionality provided by the Microsoft.SpeechSynthesis namespace. This
namespace contains classes that offer the initialization and configuration of a
speech synthesis engine, the creation of prompts, the generation of speech, and
the modification of the synthesized voice characteristics. Speech synthesis is
often referred to as text-to-speech or TTS.
A speech synthesizer takes text as input and produces an audio stream as output.
A synthesizer must perform substantial analysis and processing to accurately
convert a string of characters into an audio stream that sounds just as the words
would be spoken. The easiest way to imagine how this works is to picture the
front end and back end of a two-part system.
The front end specializes in the analysis of text using natural language rules. It
analyzes a string of characters to determine where the words are (which is easy
to do in English, but not as easy in languages such as Chinese and Japanese).
This front end also figures out grammatical details like functions and parts of
speech. For instance, which words are proper nouns, numbers, and so forth;
where sentences begin and end; whether a phrase is a question or a statement;
and whether a statement is past, present, or future tense.
All of these elements are critical to the selection of appropriate pronunciations
and intonations for words, phrases, and sentences. For example, in English, a
question usually ends with a rising pitch, and the word "read" is pronounced very
differently depending on its tense. Clearly, understanding how a word or phrase is
being used is a critical aspect of interpreting text into sound. To further
complicate matters, the rules are slightly different for each language. So, the
front end must do some very sophisticated analysis.
The back end has quite a different task. It takes the analysis done by the front
end and, through some non-trivial analysis of its own, generates the appropriate
sounds for the input text. Older synthesizers (and today's synthesizers with the
smallest footprints) generate the individual sounds algorithmically, resulting in a
very robotic sound. Modern synthesizers, use a database of sound segments built
from hours and hours of recorded speech. The effectiveness of the back end
depends on how good it is at selecting the appropriate sound segments for any
given input and smoothly splicing them together.
The developed speech synthesis engine instance uses Microsoft’s Speech
Application Programming Interface (SAPI). SAPI is an API developed by Microsoft
to allow the use of speech recognition and speech synthesis within Windows
applications. In general, the Speech API is a freely redistributable component
which can be shipped with any Windows application that wishes to use speech
technology. Many versions (although not all) of the speech recognition and
synthesis engines are also freely redistributable. Furthermore, all versions of the
API have been designed such that a software developer can write an application
to perform speech recognition and synthesis by using a standard set of interfaces,
accessible from a variety of programming languages. In addition, it is possible for
a 3rd-party company to produce their own Speech Recognition and Text-ToSpeech engines or adapt existing engines to work with SAPI. In principle, as long
as these engines conform to the defined interfaces they can be used instead of
the Microsoft-supplied engines.
The speech synthesis engine developed to cover the speech output modality
needs of the platform uses SAPI to access pre-installed Windows synthetic voices,
Microsoft Speech Platform’s installed voices as well as voices from third party
companies such as Nuance3. Furthermore, it is able to adapt to fit the needs of
the individual users as well. The following points present the capabilities,
configurability and adaptability of the developed speech synthesis module:

3

http://www.nuance.com/for-business/mobile-solutions/vocalizer-expressive/index.htm
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The auditory output of the system is based on artificial voice synthesis
where the volume can be adjusted based on both the needs and the
preferences of the users as well as the distance between the robot and its
user or the levels of the surrounding environment noise.



In addition, the rate of the synthesized speech can also be configured to
achieve a comfortable speaking pace based on the user’s preferences or
hearing acuity.



Moreover, the option to choose either a male or a female synthetic voice is
provided.



Furthermore, the a-priori adaptation of the pitch of the sound output of
the tablet PC of the robot can be adjusted from inside the operating
system or by providing the appropriate prosody parameters to the speech
synthesis engine.



Finally, the engine raises events for the SpeechStarted and
SpeechCompleted operations that are utilized at a higher level to switch on
and off the speech recognition engine as will be described in D4.4.

3.2.3.3

Gesture Recognition modality

Gesture recognition is the process by which gestures made by the user are made
known to the intelligence system. Gesture recognition plays a significant role in
Human Robot Interaction since it adds a natural dimension to the interaction
process. People inherently use their hands when talking to convey their thoughts,
intentions and feelings. Providing robotic platforms with a way to understand this
kind of body language opens new dimensions for intelligent household robotics
that can understand their user more accurately.
The gesture recognition modality has been integrated into the framework. The
gesture recognition engine that has been developed to cover the gesture
recognition modality needs of the framework is able to understand a predefined
set of gestures that are relatively easy to perform and be remembered by the end
users of the platform. FORTH’s gesture recognition module41,42 has been used to
this end. This gesture recognition module is subdivided into three more
submodules:
a) A submodule capable of tracking the upper body joints, the hand and fingers
and the full 3D skeletal body of a standing and sitting person. When tracking
the upper body joints, the module detects the 3D position for the shoulders,
elbows, wrists, head and torso joints (See Figure 7 left and Figure 9 right).
b) A submodule capable of tracking the person’s full body. The tracker of this
module detects additionally the 3D position of hips and legs joints (See Figure
7 right and Figure 9 right).
c) Finally, a submodule for tracking the hands and fingers of the person. The
tracker of this submodule needs the 3D position of the palm and finger joints.
(See Figure 8 and Figure 9 left).

Figure 7: Left: 3D skeleton detection and tracking of the upper body required for
a sitting human in order to perform gesture recognition. Right: Full 3d skeletonbased body detection and tracking.
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Figure 8 Left: Detection and tracking of only 1 hand and its fingers. Right:
Integrated 3D detection and tracking of upper body and 2 hands/fingers.

Figure 9: Left: Full skeletal-based hand and (right) body models used for 3D
detection and tracking of body parts towards gestural recognition interface. Hand
model involves 1 joint for the palm, 3 joints for the thumb and 4 per finger. The
skeletal body model involves 3 joints per limb (for arms and legs) and 4 for the
main torso (hip centre, torso, neck, head). An upper body model is a partial
model involving the hip-center, torso and rest joints of the upper body.

Regarding the functional specifications of the gesture recognition module,
gestures based on hand/fingers detection/tracking have a working range of 0.6 –
2 meters with respect to the camera. For the needs of the tracker, only hands
and fingers are necessary to be observable by the camera. Gestures based on
upper or full body detection/tracking have a working range of 1 – 4 meters with
respect to the camera. Finally, the camera should face the user’s body front-oparallel when being placed in a horizontal pose or can be placed higher and
observe the user’s body being tilted down up to 30 degrees.
The following table contains a sample subset of gestures that have been
implemented43 and their potential mapping to robot commands.
Id
1

2

3

User
Command

Gesture/Posture

Indicative robot
command

Yes

Thumb up
-palm closed
(close-up- range interaction)

Can provide a positive
response to confirmation
dialogues. YES gesture.

No

Index finger up and wavingpalm closed
(close-up- range interaction)

Can provide a negative
response to confirmation
dialogues. NO gesture.

Cancel

Both open palms towards the
robot
(close-up-range or normal-

Can terminate an on-going
robot behavior/command.
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range interaction)
4

5

Pointing

Circle

The furthest arm from user
torso pointing a direction in 3D
space.
Circle gesture
-open palm circular movement
towards the robot
(at least one complete circle is
needed)

Pointing to an object or
place in 3D space using an
extended arm for 2-3
seconds.

Can be used as a neutral
gesture for any task.

(close-up- range or normalrange interaction)
6

7

Emergency

Cross hands pose (normalrange interaction)

Signifies an emergency
situation.

Come closer

Raise either of the hands and
open the palm toward the body.
Bend the angle toward the body
and back toward the robot 2-3
times.

Can be used to initiate a
procedure for the robot to
approach the user.

Table 1: Sample gestural vocabulary supported by the gesture recognition
engine.

The gestures 1-2 require module C and optionally A. For module C, the 3D
positions of the joints corresponding to palm and fingertips T1-T5 is required to
be provided per frame in order for gestures 1-2 to be functional. Finally, gestures
3-7 require module A and optionally B.
In Figure 10 the set of the above hand and finger-based gestures is
demonstrated.

Figure 10: A sample of hand and finger-based gestures that are supported by the
engine. (a) ”YES” (b) ”NO” (c) “Cancel” (d) Pointing (e) “Circle” (f) ”Help-me”
(g) ”Come closer”

The gesture recognition module runs on Linux and exports the provided
functionality through the ROS framework. A bridge has been developed between
ROS and Windows that runs on the tablet PC in order to be able to integrate the
gesture recognition results in the framework. The bridge was implemented using
ROS.NET and is described in section 3.6.
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Touch modality

The touch modality refers to the interaction that takes place between the human
and the touchscreen tablet pc that is onboard the RAMCIP robot. Touch is an
important aspect of human robot interaction because it is a natural human
approach. Selecting between desired items, reaching for different types of
controls and adjusting various sensors are all part of humans’ daily lives. The
simulation of such daily activities can be done by using a touchscreen tablet PC
that can be used both for output and input from the users to the robotic platform.
The framework integrates all the aforementioned modalities into a seamless set
of interaction modes between the robot and its users. This results into a more
natural nature of interaction, since the user is free to choose how to interact with
the system based both on her/his preferences and the context of interaction. The
robot can display its output on the onboard touchscreen device and use sound at
the same time as redundant auditory feedback just like when people interact with
each other. Furthermore, the robot is able to understand touches on the
touchscreen device, gestures in front of the monitoring image acquisition sensors
as well as speech commands given by the users. This provides redundant
feedback provision which has been proved to be necessary especially when
designing for the elderly user group.
The framework’s building blocks have been designed based on the user-centric
design principles and based on simplicity and clarity of the individual modes that
each module represents.
Furthermore, the used vocabulary can be easily adapted to the cognition levels of
the users. The generated UIs are inherently translated into the user’s native
languages, with the translation files provided by the framework and fine-tuned by
the users. In other words, the produced user interfaces are globalization and
localization ready since the necessary language translation files are automatically
generated by the system at runtime and can be edited offline by the developers
of the developed applications.
Finally, the framework provides quick exit shortcuts to the main menu and access
to emergency scenarios in an effort to increase the level of acceptance of this
kind of technology and contribute to higher levels of user confidence and
satisfaction while adding to the whole seamless user experience. This results into
the user not being afraid or hesitating to use the system, since there are clear
visible interaction paths that can take them to the desired functionalities of the
system.
Examples of screens and dialogs that can be interacted with using touch are
shown in the Annex.

3.2.3.5

Facial Expressions

Apart from the tablet screen, RAMCIP uses a second screen dedicated to showing
facial expressions of the robot. Its design and content has been described in
D4.1. The framework provides a simple mechanism for facial expression support,
described in section 3.3.2. Examples of facial expressions are shown in Figure 31
(Annex).

3.2.3.6

Voice Calls and Notifications

RAMCIP includes the capability for the user to communicate with other people
(relatives, friends or caregivers) outside the user’s home. The framework borrows
the functionalities of a popular voice and video call application (Skype) to
augment its capabilities for this purpose. Skype is a video chat and voice call
service application that provides a library for implementing its functionality in
other applications. The framework uses this library to be able to perform voice
calls, send video feed from the tablet’s camera and send information messages.
Figure 30 (Annex) shows the screen where the robot is trying to call someone.
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Augmented Reality Interface

RAMCIP’s head integrates an Augmented Reality (AR) Interface for projection of
information over the environment. Using an RGB-D sensor and a LED video
projector, the interface allows capturing 3D information of the surrounding area
and thanks to the Degrees of Freedom (DoF) of the head, it can be used to
identify objects in the scene or reconstruct the environment. This sensor, coupled
with the projector, includes the capability for the robot to communicate
interaction with specific objects or part of them by means of light projection over
object surfaces. The system allows the robot to identify an object and project
over that an image that matches the geometry of the object. This allows the
creation of object highlight as a torch light, or alternatively the projection over a
planar surface of a generic image.
The technical solution chosen requires the projector to be centered on the object,
meaning that in some cases the head of the robot will move to center the
direction providing an additional cue where the target object is located. This
interaction paradigm can be used for objects on a table or fallen on the floor and
for large appliances.
More information on the AR interface, its design, development, integration and
functionalities has been reported in D4.2.

3.2.4 User profiling and environment modeling mechanism
The user profiling and environment modeling mechanism that is used for
adaptation purposes in the context of the framework’s adaptivity strategy,
contains the necessary infrastructure to support adaptation based on the user
profile (Virtual User Model – VUM), the context of the interaction, as well as the
context of the surrounding environment. The mechanism supports different
parameters from each one of the above three categories.
The profiling mechanism can either be extended to include complete virtual user
models and environment context ontologies that can drive the adaptability
decisions of the framework or can be connected with already existing VUM
components and profiling ontologies to load the necessary parameters. In the
context of the RAMCIP project, the VUM functional component, which is
implemented on the backend of the robot and described in D3.5, communicates
with the framework through the implemented ROS interface and provides a
subset of the user-related parameters used for adaptation purposes. The
environmental context is derived from the sensors of the robot and the
parameters are made available to the framework through the ROS
interconnection as well. Finally, the framework keeps a local database that stores
and updates data related to the context of use, such as how many times the user
has missed the touch buttons in a dialogue.
The adaptation manager component of the framework makes use of the
adaptation properties that derive from the above. The adaptation rules engine
infers the adaptation decisions that come from adaptation properties such as
target user model characteristics (disabilities, communication skills and
preferences, etc.), user preferences (color theme preference, gesture use
preference, etc.), variable user position in relation to the robotic platform, user
fatigue (physical/cognitive) and environmental factors such as ambient
noise/lighting. These parameters are either static, i.e. defined from the start of
robot operation, or change values dynamically during robot use and user
interaction.
The user profiling and environment modeling mechanism and the adaptation
manager use the ACTA language to model the effect that the adaptation
parameters have to the system visual components and to the available
modalities. For example, when the distance between the user and the platform
changes significantly, the parameter that measures the distance changes and the
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appropriate rule is activated. The adaptation rule engine is triggered at this point
and infers that the visual control sizing should be changed. There are also some
parameters that affect the adaptation of modalities, for example when the user is
having difficulty producing a gesture, the system will be able to adjust its
behaviour to accommodate the fact (e.g., by disabling the gesture recognition or
informing the user that they are doing it incorrectly).
The adaptation manager component, the changing adaptation parameters and the
use of ACTA for describing the adaptations are described in more detail in D4.4,
which is focused on developing a policy for incorporating the user’s profile and
other parameters to offer UI and modality adaptations during user interaction.

3.3 Multimodal UI framework
The software that runs on the robotic platform is a suite of applications and
programs. Each application can be started from the main menu screen, which
acts as a placeholder for all available installed applications. Each application is a
collection or sequence of different dialogue screens that are organized per
application. Every dialogue can be handled in an autonomous way thus adding to
the flexibility of the system while contributing to loose coupling of the
architectural components.

The RobotApp Base Class
The framework provides an easily extendable, modular, concrete set of UI
components, base-classes, building blocks and tools for developing multimodal
interactive applications targeted to RAMCIP users. In this scope, various
adaptable and adaptive user interface components were designed and developed
to support the creation of applications. These components fit together in a
seamless manner that provides a universal look and feel for the created
applications.
The framework’s design takes into account the fact that the set of applications
that are going to be implemented can be independent from each other. In other
words, each application should be able to function on its own, register itself to the
“application suite” of the robot, and manage its own state and status. All created
applications should be provided as system plugins that can register themselves
with the robot and become part of the system’s add-on functionality. To this end,
a base class, namely the RobotApp base class, was provided so that every newly
created application should derive itself from it and use it as a stepping stone for
building on it all the additional necessary functionality.
A very important piece of functionality that was implemented into the
applications’ base class is the capability of monitoring time and providing timed
events. This can have multiple applications as the developers are given the
possibility to include timestamps and timed events in their ACTA scripts.
Applications that are composed of multiple UI dialogues can specify whether or
not they need time tracking for each of their dialogues independently. Whenever
the application transitions to a new state and a new UI component is displayed,
the backend respects the dialogue’s preference for activating or deactivating the
time keeping functionality and act accordingly. This process takes place
transparently to the developer during the loading and unloading of the various UI
dialogues. The time keeping functionality is implemented by the utilization of
system timers that can become active or inactive according to the application’s
needs. The usage of system timers to support the tracking of time introduced the
need for conforming to the IDisposable system interface in order to provide the
functionality for properly disposing and releasing managed allocated resources,
namely the timers. Furthermore, the base class was required to conform to the
property change component model, in order to be able to provide notifications
that signal the invocation of the reasoning engine, as discussed in the previous
sections.
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Every created application is composed of numerous states and dialogues with
each state usually corresponding to a different UI dialogue while a dialogue can
match to one or more states independently. Applications are characterized by a
starting state which is the initial state that the application is in when the system
first starts up. Each created application is required to provide some basic
information to the system, regarding its name, its icon and its starting state in
order for the system to be able to recognize, initialize and display the application
properly.
Furthermore, applications are provided with an instance of a universal translator
engine that is used for automatically and transparently translating the various UI
components into the user’s native language (See 3.4) which is a process that
automatically takes place during the UI initialization without the intervention of
the programmer. In addition, a reference of the last displayed piece of UI
dialogue that the application used to display on screen is kept in order to
maximize performance without any significant memory overhead when
applications come back to the foreground switching back from another system
app, or when navigating back and forth from the main menu. When the
application shuts down, the system automatically creates any missing translations
if instructed to do so by the application’s configuration file.
Moreover, the base class provides applications with an instance of a Windows
Workflow Foundation rule engine that can be used to run the rules that are
generated from the application’s ACTA script in order to implement adaptation
scenarios or high level application functionalities. When the application is
initialized, the WWF rule engine instance gets initialized accordingly and the
application rules are loaded into the reasoning component. The application is then
capable of loading additional rules on demand to fine tune or tweak its
functionality.
Backing fields for the integration of the different modalities have been added to
the applications’ base class as well. The necessary arrangements have been made
to accommodate for the implementation of the touch modality, the gesture
recognition modality and the speech recognition modality. Furthermore, a set of
abstract base function have been provided which are already hooked to the
different interaction modality events such as the recognition of speech or
gestures. If the developer wants to incorporate a modality into her/his
application, all he/she has to do is implement the corresponding modality callback
function and populate it with the desired functionality.
The state in which the application is in at any given time is closely monitored and
stored in the base class as well. Apart from the current state, the previous state
of the application is also tracked as well as an additional special state holder,
namely the ReturnState register. This field is responsible for holding the desired
state that the program should transition to, after completing intermediate tasks
such as the display of an urgent notification on the screen. During the
applications’ state changes, the backend asks the permission of the
Communication Planner (as will be discussed in section 3.5) and then all the state
fields are updated accordingly. The activation or the deactivation of the time
keeping functionality is adjusted and the reason behind the state change is
recorded if available. This contributes to being able to handle the state changes
differently according to the reason behind them that caused the respective
transitions.
Calling an application to appear on screen is as easy as displaying the last
displayed dialogue of the application which is always saved in the base class for
all applications, or if the application hasn’t been initialized yet, instructing the
application to transit to its starting thread which will cause the starting UI
dialogue to be displayed because of the state transition.
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Finally, the base class provides all the necessary virtual functions for displaying
application dialogues on the screen. These functions already contain some of the
provided functionality for communicating with the Communication Planner for
permission.
The following sections discuss the different UI components that were developed.

3.3.1

UI components design and implementation

The RobotAppScreenBase Dialogue Class
While all apps that are built using the framework must derive from the base class
RobotApp as discussed above, all the dialogues that the applications create must
derive from the RobotAppScreenBase base class. The RobotAppScreenBase class
in turn derives from the UserControl class of the WPF framework, making all the
created dialogues to be user controls that can be added to the main window and
displayed on the screen when needed. This dialogue base class provides all the
necessary functionality to transparently support the automatic translations of the
created dialogues and the integration of the different modalities.
The RobotAppScreenBase creates a reference to the parent application to which
each dialogue belongs in order to provide access to all the application’s class
members, functionalities and translations. When the dialogue is instantiated and
loaded on the screen, it registers itself with the adaptation manager so that it can
be automatically and transparently adapted to the preferences of the user, as well
as adapted to the environmental context that the robot is in. Subsequently, the
different modality hooks are created, namely the speech and gesture recognition
modality hooks, so that the dialogue can recognize and respond to input coming
from the various supported modalities. In the meantime, any potential speech
grammars that are supported by the dialogue are loaded into the speech
recognition engine and the parent application is informed whether the dialogue
needs the time keeping functionalities that the application supports. Similarly to
the above, when a dialogue get unloaded because either the application has
something else to display, or it gets taken off screen in order to show the main
menu, the opposite workflow takes place, unloading loaded grammars, unhooking
modality hooks and unregistering the dialogue instance from the adaptation
manager. Specifically regarding the different supported interaction modalities, the
framework supports wired-up virtual functions (defined in the dialogues base
class) which can be overridden in the dialogues in order to provide input from the
modality engines.
The translation of the created dialogues is a process which is automatic and
transparent to the developer. When a dialogue loads on the screen it is
automatically translated to the current UI language by the provided translation
engine of the parent application. To this end, all the needed auxiliary helper
functions that support the traversal of the UI’s visual tree have been developed,
in order to find all the UI elements that can and were meant to be translated.
These functions scan the entire visual tree of the dialogue, find all dependency
objects, search for all translatable elements and pass them to the translation
engine. Text blocks and labels are inherently translated while the content of
content controls is in turn traversed in search for translatable items as well.
Finally, all components that conform to the created translatable code interface are
instructed to initiate their translation process.

Options Presenter
An options presentation user control was created to facilitate the case where the
user needs to choose one among different options. The provided dialogue screen
contains a panel that can be automatically populated with any amount of options.
A representation of the options presenter dialogue can be seen in Figure 11.
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Figure 11: An example options presenter dialogue screen that can be used when
the user has to select one among any amount of options.

The options screen is a dynamic auto-translatable application dialogue that is
derived from the RobotAppScreenBase base class. The different options are
populated automatically through a developer provided collection of dynamic
objects, each of which must provide a name, an icon, and a function that it wants
to be executed upon its selection. It supports activation through the different
available modalities and as such it accepts a user-defined grammar to be loaded
upon its display, to be used for speech or gesture recognition purposes.
The options pane can contain any amount of different items. The system
automatically calculates how many of the available options can be displayed on
the screen, how many pages of options have to be created and whether
navigation buttons (i.e. forward and backward navigation buttons) have to be
enabled or not. Predefined grammars are provided and can be automatically
loaded by the system to support the backward and forward navigation. These
grammars can of course be overridden by user-provided ones. The navigation
buttons are automatically shown as active or disabled according to whether the
user can navigate forward or backwards. This is achieved by binding the UI
buttons to backing dependency properties that get updated accordingly while
automatically triggering the binding to update to reflect the changes.
Finally, the options screen automatically translates its caption and its back and
forward buttons, however the contained items should be provided already
translated because the content is context-specific and there isn’t any apparent
use case where it should be translated by the dialogue and not by the application
that is using the dialogue.
The options screen in RAMCIP is used for facilitating the main menu options (e.g.,
emergency, “Bring water”, “Cooking”, etc.) as well as for presenting the list of
user contacts for calling.
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Figure 12: The binary decision framework dialogue containing the content over
which the decision has to be made, the positive action button and the negative
action button.

Binary Decision Dialogue
The binary decision framework dialogue is utilized in cases where the user has to
make a decision between two things. This can generally refer to deciding whether
to accept or reject changes, whether to add or cancel the creation of an alarm, as
confirmation dialogues for destructive actions such as the deletion of data, etc. In
most cases, the robot wants to ask the user a question that can be answered by
YES or NO.
The binary decision dialogue consists of a simple user control screen containing
the content over which the decision has to be made and two buttons, one for
taking positive action and one for taking negative action.
Figure 12 displays a generic binary decision dialog with the two available answers

as well as the placeholder where the content (on which the decision has to be
made) will be placed. The content of this dialogue can range from a single string
inside a TextBlock to a however complex user control. To achieve this, a content
presenter placeholder has been used (provided by the WPF framework) and the
necessary type template selection helper classes have been developed to style
the contained content accordingly. Finally, the binary decision dialogue is
accompanied by a text to speech prompt which can be used for using the speech
synthesis output modality and customizing the actual words that the programmer
wants to be spoken to the user when the dialogue is displayed.

Notification
The notification dialogue is a dialogue capable of displaying any content in terms
of notification. It derives from the RobotAppScreenBase base dialogue class as
well and it provides the functionality for being automatically dismissed after a
predefined configurable amount of time. To achieve this, the notification dialogue
utilizes the time keeping functionalities of the base class. The time parameter that
specifies the timespan for which the dialogue will be visible on the screen can be
easily specified in the ACTA script of the application. Similarly to the binary
decision dialogue it supports the text to speech output modality that can be
configured if the developer of the application wants the robot to be able to read
the notification text to the user.
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Figure 13: A sample auto-dismissible notification framework dialogue.

Tile Button
The tile button user control is a user control representing a button that has been
shaped into the form of a tile. It contains a background image and a label that
describes the context of the button. It can be activated by touch speech or
gesture by developer defined vocal commands or gestures in the applications’
ACTA scripts.

Figure 14: The tile button comprising a background image and a label. Tile
buttons can have different appearances, colors and sizes based on the
respectively selected styles and can be activated using any of the available
modalities as specified into the application’s ACTA script.
Figure 14 depicts a sample tile button showing a background picture of lightbulbs

and displaying the label “lights”. The tile button’s control template has been
defined in the active style that is being used by the application so that it is easy
to be overridden by a new style provided by the developer for selected
applications or for different tasks of the same application. Upon press, the button
informs the parent application to whom it belongs that it has been pressed so that
the application can process the event at a higher level through ACTA scripting,
taking in to account any other modalities or context parameters. For example, if
the “switch on” button has been pressed while the room lights are already on, the
application should ignore it, or if the button can be pressed only when the speech
modality is disabled, the application can take action accordingly based on the
input.

Regular Buttons, TextBlocks and TextBoxes
The framework does not provide special implementations for regular buttons, text
blocks or text boxes. The developer is free to use the implementation provided by
the Windows Presentation Foundation based on the framework’s guidelines. Any
text block that wants to be automatically translated by the framework should
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specify either a Name or a UId from Microsoft’s winfx XAML scheme 4. The
automatic translation process is described in 3.4.

3.3.2

UI navigation and scene management

The different UI controls and framework elements must be embedded inside a
window in order to be displayed on the screen. This is a process that has been
automated by the framework. The framework provides the main window for
displaying applications and hence their UI dialogues and elements.
The main idea behind UI navigation is that there is only one window capable of
displaying information. This window is being managed by the Scene Manager who
is responsible for updating the content that is displayed at any given time. The
main window must comply with the INavigator code interface for the Scene
Manager to be able to update its content. The INavigator interface contains all the
necessary functions for updating the content parts of a Navigator window. As a
result, applications can’t display themselves directly on the screen, but have to
ask the Scene Manager to do so. When an application wants to display a UI
dialogue, it asks the Scene Manager to display it on the main window. The Scene
Manager in turn, asks for the permission of the Communication Planner as
discussed in section 3.5 and acts accordingly.
This section discusses the main window that displays the different elements, the
main menu application as a means for housing all the available applications and
the management of the different application dialogues or user scenes.

UI Navigator
The main (root) window that displays all the framework UI elements,
components, dialogues and applications is the UI Navigator window. It displays
visual cues that can inform the user whether the different interaction modalities
are available and what is their state. For example, when the robot is providing
speech output to the user a corresponding visual cue is activated on the screen to
provide visual redundant information that the robot is speaking. Furthermore,
while the robot is speaking the speech recognition modality remains disabled,
which is also shown in the screen.
The main part of the UI Navigator is a content placeholder that can present
content. For the needs of content presentation, the INavigator code interface was
developed that contains the necessary functions for displaying content inside a UI
Navigator window. In this scope, the developer is free to either choose the
navigator window that is provided by the framework, or create a separate root
window which complies with the INavigator interface.
When a Navigator Window is instantiated, it must register itself with the Scene
Manager so that the manager knows where to show the requested content.
Furthermore, the scene manager is able to display content by using the
functionality described in the INavigator interface that every navigator window
implements.
The main menu is an application just like all others that has a special purpose. Its
purpose is to house all available applications and display them in terms of a
menu. Furthermore, the main menu is the application that is visible on the display
when the system starts. As a result, the navigator window must be aware of the
existence of the main menu in order to be able to display it. However, this applies

4

Extensible Application Markup Language, or XAML (pronounced "zammel"), is an XML-based markup
language developed by Microsoft. XAML is part of the Microsoft Windows Presentation Foundation
(WPF). WPF is the category of features in the Microsoft .NET Framework that deal with the visual
presentation of Windows-based applications and Web browser-based client applications.
http://schemas.microsoft.com/winfx/2006/xaml
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only for the main menu, since all other applications can be automatically
discovered and loaded by the main menu itself.

Figure 15: The framework provided Navigator window showing the content
placeholder area, the ribbon area and modality status visual cues.

The navigator window that is provided by the framework implements the
INavigator, ITranslatable and IDisposable interfaces. The first is for being able to
be manipulated by the scene manager, the second is for being able to be
translated (the main menu’s translation engine is used for the translation of the
main window) and the third is for being able to properly dispose managed
resources, namely the instance of the main menu it utilizes (since the main menu
instance is an application, it derives from the RobotApp base class which in turn
contains the timers which are responsible for the time keeping functionality of the
framework and hence have to be disposed-off properly).
The navigator window is responsible for initializing the scene manager and
registering itself with it, as well as initializing the Communication Planner, the
Adaptation Manager, the available modalities and the main menu application.
Furthermore it registers itself with the adaptation manager, loads the main menu
and initializes the visual cues that show the states of the available modalities.
These states are provided as dependency properties to facilitate data binding in
the frontend. Finally, the activation and deactivation of the different shortcut
buttons inside the ribbon is realized by the WPF routed commands input
mechanism.

Main Menu
The main menu is a special application created for the framework, whose purpose
is to discover, host and display all the available applications. The discovery of the
applications is based on reflection and the display is realized through the use of
the Options Presenter framework dialogue. The main menu application leverages
the navigation among the different menu pages from the options presenter in
order to have better overview and control over what is being displayed at any
given time.
The main menu application is just like any other application created based on this
framework. It derives from the RobotApp base class and uses all its functionality
regarding automatic translation, ACTA reasoning, state traversing as discussed
above. Upon initialized, it scans the root directory where all the available
applications exist, and checks for any library applications that derive from the
December 2016

42

FORTH

Deliverable D4.3

Dissemination Level (PU)

643433–RAMCIP

RobotApp base class except for the main menu itself. All discovered applications
are hosted inside an internal list and displayed on the screen with the use of tile
buttons as an instantiation of the options presenter dialogue. The concurrently
displaying number of applications is configurable, the navigation between the
menu pages supports all the available modalities, and the dialogues are displayed
through the ACTA scripting mechanism.

Scene Manager
The scene manager is the component responsible for displaying content on the
root window of the framework. It contains a reference to the registered UI
Navigator window and it is aware of the INavigator interface functionality that is
implemented by the navigator window. The display of content is completely
asynchronous to prevent race conditions between the different applications that
may be trying to display their content simultaneously. Finally, it is based on a
lazy instantiation, double locking version of the singleton software design pattern
to ensure that only one instance of the class will be active at any given time and
that it will be shared among the different available applications.
The scene manager is additionally responsible for controlling the facial expression
display of the robot and for providing an application programming interface for
changing the expression from any application due to its singleton nature. It
provides a single method that requests just one parameter that corresponds to
the desired facial expression. The scene manager then takes care of the
animation and the presentation of the facial expression through the facial
expression display of the robot.

3.4 Globalization and localization
Globalization is the process of designing and developing applications that function
for multiple cultures. Localization is the process of customizing a given application
for a given culture and locale.
The RAMCIP Human Robot Communication framework provides inherent support
for globalizing and localizing the developed applications to the native language of
the users. The supported globalization functionality has been based on the
automatic translation of all the framework user controls, dialogues and elements
that are being used. The localization of the developed applications is realized by
means of a universal translator auxiliary helper class that has been developed as
part of the framework. The localization is based on localized culture and locale
specific resource files that can be translated by either the developer or by expert
Translators to the end user’s native language.

Figure 16: Fragment from the translation file of a sample alarm clock application
for the en-US culture-locale.
Figure 16 shows a sample translation file for the “en-US” culture and locale. The

translation uses a resource file that specifies the corresponding culture and locale
and uses the System namespace from the mscore library to declare literal strings
that are going to be used as the translations when the different user interfaces
are displayed in the respective locale. As shown in this figure, the translations are
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allowed to be format strings that are going to be used with numbered arguments
for the creation of the final usable translation of the respective items.
The translation process is automatically performed, based on the idea that each
element or control that needs to be translated, has to provide at least a x:Uid or
a x:Name attribute either from within the respective XAML description or from the
code behind it. The “x:” prefix merely defines the XAML scheme of the Windows
framework extension WinFX. A complementary translation functionality that
triggers the automatic translation of the respective user controls or dialogues is
the implementation of the ITranslatable code interface. The ITranslatable code
interface has been developed to include a translation function that uses a
translator and a prefix. The user controls and dialogues that implement the
ITranslatable interface are treated as black boxes by the framework. Having
implemented the translation function, conveys that they are responsible for
translating themselves in whatever way they seem fit. As a result, whenever the
framework encounters an ITranslatable user control or dialogue during the
translation process, it simply calls its translation function instead of going deeper
the visual tree trying to discover any translatable elements. This feature has a
twofold advantage. Firstly, whenever a user control or dialogue needs to translate
specific elements of its contents, or needs to translate the contained elements
under a specific prefix, it can just implement the ITranslatable code interface in
order to have full control over the translation process. Secondly, by implementing
the ITranslatable interface and then quietly taking no action inside the translation
function, excludes the respective user control or dialogue from the translation
process automatically.
The translation process is automatically spawned by the RobotAppScreenBase
base class which is the base class that every application dialogue based on the
framework must derive from. Furthermore, every application that is based on the
framework must derive from the RobotApp base class which provides the
necessary translator engine instance to be used by the application dialogues. The
translation process begins by retrieving the translator engine from the parent
application that the respective dialogue is a child of. Then, a custom function that
traverses the visual tree of the user control which is being translated is being
called. This auxiliary function traverses the visual tree of the user control in
search of framework elements that match the type of its argument. For example,
the translation process first searches for all elements of the TextBlock type and
then translates them using a set of developed auxiliary helper extension functions
that know how to treat and translate each type properly. The translation process
continues for various framework element types such as content controls, panels
and containers in general. Finally, it does a last search for all ITranslatable items
since they are treated as black boxes by the visual tree traversal function and are
never “opened”. These black boxes implement the ITranslatable code interface
and as a result “know” how to translate themselves properly, hence their
implemented translation function is called with the prefix argument being the fully
qualified name of the dialogue’s assembly.

December 2016

44

FORTH

Deliverable D4.3

Dissemination Level (PU)

643433–RAMCIP

Figure 17: Auto-generated missing translations. The UI is missing some
translations (top) which are prefixed with the hash marks.The automatically
generated missing translations file (bottom) includes them.

The whole translation process is based on the developed translation engine which
runs as an instance of the UniversalTranslator class. The translation engine does
not follow the singleton software design pattern, as the design decision was that
each application should be responsible for managing its own translations which in
turn should be kept in an instance of the universal translator class. The
translation engine provides the necessary functionality for supporting different
languages in terms of cultures and locales. The current set of supported
languages includes Greek, English, Spanish, Catalan and Polish. The translation
engine offers the functionality for setting and retrieving the current culture and
locale, as well as the necessary infrastructure for loading and managing the
translations of the currently selected language.
The translation as aforementioned is based on keys which can be prefixed with
the context in which they are being used. The final translation is retrieved by
joining the prefix with the key and looking it up in the dictionary of loaded
translations. If the translation of an item can’t be found, the item is added to a
pending translation list. This list contains the item key, its prefix as well as the
development-time content of that item which is being provided to the translation
engine by the auxiliary helper translation functions for the different framework
types that were developed. As a result the translation engine has a complete
overview of which items couldn’t be translated both in terms of which were their
keys and prefixes, and what was their development-time content. This is done so
that all the items that couldn’t be translated can be written to a file containing all
the missing translations in order to facilitate the developers of new applications.
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Figure 18: Sample application configuration file that defines the desired runtime
language and triggers the automatic generation of missing translations.

For all missing translations, the development-time content of the elements is
returned to the UI, prefixed with a hash mark. As a result, the developer has to
keep in mind only the fact that each item that he wants to get translated, must
provide either a x:Name or a x:Uid attribute. Then, at runtime, all the elements
that couldn’t be translated are collected into a missing translations file which
contains elements ready to be included in the translation resources, in terms that
they already have a key, a prefix and their sample development-time content.
This takes place during the application shutdown after the first time it runs. Figure
17 (top) shows a sample UI running in the English language. The time label and
the button are missing their translations and hence they appear with their
development-time content prefixed with hash marks. The bottom part of the
figure shows the automatically generated translations file which is created during
the application shutdown and contains all the missing translations along with their
development-time content, ready to be translated and incorporated into the main
translations file. The whole process is configurable from the applications
configuration file as seen in Figure 18. Finally, the runtime language selection for
the UIs can also be configured as seen in the same figure.

3.5 Communication Planner
The Communication Planner functional component is responsible for two
significant functions. The first one is to initialize all the available modalities during
the system startup process, hook up all available modality events and make sure
that each application has permission to perform its tasks, such as showing a
screen. The second function refers to the Communication Decision Maker
submodule, which is responsible for deciding over how and which modalities can
be used at any given time during the interaction process and providing the
applications that support the human robot communication part within the RAMCIP
SubUCs. Since the latter comprises a significant part of T4.4, it will be described
in detail in D4.4.
The Communication Planner module has been based on the singleton software
design pattern to ensure that only one instance of this module is permitted to run
during the runtime of the system. The communication planner is able to receive
requests from the different applications regarding either state changes of their
internal FSMs or requesting permission to display information on the onboard
screen. For the communication planner module to be able to respond to such
requests, the currently displaying application state has to be recorded. To achieve
this, the communication planner module stores the required information
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regarding which application is being displayed on the screen, which state that
particular application is in, as well as which dialogue is that application displaying
in that particular state. Furthermore, the communication planner module
manages a set of permission rules that describe if an application that is
requesting permission regarding a state change or a display request should be
granted or denied this permission.

Figure 19: A fragment from the rules file that is being used by the communication
planner module to decide over the grant or denial of permission to applications.

Each rule is comprised of two triplets. The first contains the origin application
name, state name and dialogue name and the second contains the destination
application name, state name and dialogue name respectively. When a request is
being made, the communication planner module searches the available rules in a
linear fashion until it finds the first rule that matches the request. The rule is
decided to match a request if and only if the origin triplet matches with the
currently stored state of the communication planner and the destination triplet
matches with the request that has just been received. When the first matching
rule is found, the permission is either granted or denied according to the rule’s
verdict. If no suitable rule is found that matches both the origin and destination
triplets, the permission is denied by default. The star wildcard (*) can be used to
denote that any application, state or dialogue name is eligible to be matched in
the corresponding place where the wild card is being used.
An excerpt from a rules file that can be used with the communication planner
module can be seen in Figure 19. The figure shows a file containing three rules.
The first rule permits the main menu application to gain access to the display,
become active and display any of its available dialogues no matter what
application is being currently displayed. The independence regarding the
previously displaying application is denoted by the star wildcard characters in the
origin triplet, while the independence in respect to the type of the main menu
request is denoted by the wildcard characters in the request type and screen or
state parameters in the destination triplet. In a similar way, the sample alarm
clock application is always denied the permission to display the “AddNewAlarm”
dialogue according to the second rule. Finally, the third rule has been added to
negate the default behavior of the communication planner module when no
matching rule is found. Instead of denying the request, the third rule grants all
requests from all origin states to any destination states if no other rule has been
matched before. Due to the linear search mode of the rule file, the last rule will
only be taken into account if and only if no other rule has been previously found
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to match the respective request. This way the behavior of the communication
planner module can be completely customized to fit the needs of all the
applications that have been deployed on the robotic platform. Finally, the rules
are declared inside an XML file that can be loaded and reloaded at runtime to
enable reconfiguration of the module on the fly during the runtime.

3.6 ROS integration
In order for the framework to be able to interoperate with the robot operating
system which runs at the backend of the robotic platform, the implementation of
a ROS client library for Windows was necessary. The implementation of the ROS
client library for Windows in the C# language was an effort started by Eric
McCann, a research assistant at the University of Massachusetts Lowell Robotics
Lab and Mikhail Medvedev (IBM, Austin, TX) under the name ROS.NET 5.
ROS.NET is a series of C# projects and one C++ project (a p/invoke wrapper
around XMLRPC++) that allow a managed .NET application to communicate with
any other ROS nodes that may be running on the backend of the robot on some
other Linux machine. To use it, the ROS_HOSTNAME and the ROS_MASTER_URI
environment variables must be set to contain the IP of the managed side
application computer and the Linux machine that runs the master node that
orchestrates the other ROS nodes respectively. The ROS.NET managed library is
partly an implementation of the ROS client library for the managed .NET
framework along with some hacks to make the communication possible. For
example the ROS message generation process has been automated to happen
autonomously during the subprojects building phase by respecting the folder
structure that lies under the “messages” folder. This enables and supports
references that use just the desired referenced message name instead of the
entire messages subproject. Furthermore the developed library:


includes support for the implementation of dynamic reconfiguration and all
the prerequisites that are needed.



can generate a C# messages DLL containing standard, as well as custom
message classes that will match MD5s (99% of the time) with and
successfully send and receive (100% of the time when md5s match) to
and from ROS nodes in officially supported ROS client languages.



allows a roscpp-like API for all of the familiar ROS programming elements
such as publishers, subscribers, rosparam, service clients and servers, etc.
(roscpp is a C++ implementation of ROS and is fully supported out of the
box).

The developed ROS client library has been used by its authors to communicate
between various WPF windows and robots for a handful of research projects, and
in their words “it could not have easily been replaced”.
Although the ROS.NET client library provided sufficient functionality to serve as a
stepping stone for integrating the ROS framework with the RAMCIP Human Robot
Communication framework, several communication aspects needed to be taken
care of. Furthermore, the approach towards creating managed publishers and
subscribers had to be re-implemented to follow the application lifecycles as they
are defined in the WPF control lifecycle design guidelines to ensure the maximum
compatibility between the framework and the ROS nodes that had to be
developed for the framework’s communicational needs. Finally, the service
publication and subscription mechanism had to be inspected and debugged as this
part had not been tested by the original authors of the ROS.NET library and
caused several errors. In particular, the client library was unable to successfully
resolve some custom publishers and services, and the unregistration of nodes

5

https://github.com/uml-robotics/ROS.NET
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during their shutdown did not succeed leaving ghost nodes that caused pollution
to the ROS middleware.
In order to realize and implement the aforementioned changes without interfering
with the original managed .NET library and in order to make it easy to merge the
changes back to the original master branch, a fork of the entire codebase was
performed to a local repository where the necessary adjustments, changes and
additions could be easily made. The local repository started containing a copy of
the original ROS.NET client library and was then modified accordingly to tweak
and implement the necessary functionality. Since the necessary changes
concerned the fixing of bugs and the sanitization of the publication and
subscription mechanisms to conform to the design guidelines of the WPF
framework, their integration to the original code base was a very important step.
The resulting ROS client library incorporated all the necessary functionality for
creating and consuming ROS services and sending and receiving ROS messages.
The managed library offered the capability of creating new ROS nodes,
advertising publishers based on standard and custom ROS messages, subscribing
to topics that used both standard and custom ROS messages, advertising services
based on both standard and custom message definitions and finally consuming
ROS services that were defined in the robot’s backend Linux machine.
Furthermore, all the errors regarding the resolving of topics and services were
fixed, and the unsuccessful unregistration of nodes was corrected.
The setup on which the aforementioned capabilities were tested, was a virtual
machine running Ubuntu Linux 14.04 LTS and the ROS indigo flavor. Custom
messages and service types were developed to test the respective functionalities.
The virtual machine had its own IP address and ran the ROS master service. The
ROS_MASTER_URI variable was pointed to the IP of the virtual machine running
the ROS master, while the ROS_HOSTNAME variable was pointed to the Windows
machine IP which was running the sample Windows applications. The
communication between the two machines was stable and robust throughout the
tests even in scenarios where multiple publishers, subscribers and services were
active at both sides while any overhead on the system appeared to be constant
with no fluctuations in processor or memory usage.

1

Figure 20: The implementation of a ROS service on the Windows side, using the
ROS.NET client library for C#.
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The developed ROS client library is used to interconnect the framework with the
robot’s ROS backend. This way the framework is able to send and receive
commands (service calls) while sending and receiving messages as well. The ROS
interconnection has been offered as the capability to create ROS nodes and
manipulate the already existing ones in the backend.

2

Figure 21: The advertisement of a ROS service on the Windows side, using the
ROS.NET client library for C#.

The developer of an application can easily create a new ROS node, resolve a
service that is running on the robot’s backend on a specified topic and call the
desired service functions to instruct the robot to take action. This is the part that
makes the whole robot interactive and not just the user interface. This has given
the framework augmented reasoning capabilities that can drive adaptation to new
levels that cause increased usability, user satisfaction and acceptance of these
technologies while contributing to a richer user experience. The CDM makes use
of this capability in order to send and receive commands and other relevant
information to the other nodes and modules of the robot that run inside the robot
on the Linux platform.
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1

2

Figure 22: The implementation and advertisement of a ROS service using the
official roscpp client library
Figure 20 and Figure 21 demonstrate the implementation of a simple ROS service

(that calculates the length of a vector) at the Windows side using the ROS.NET
client library for C# as well as its advertisement to the ROS operating system in
order to be able to be used from the Linux backend. Furthermore, Figure 22
demonstrated the same approach using the original roscpp client library for
implementing and advertising the same service on the backend Linux side. By
comparing and contrasting the three pictures, the similarities between the two
client libraries can be observed. The developers can develop ROS nodes,
publishers, subscribers, services and clients in the same way that would use the
original roscpp client library to develop them for the Linux backend. Figure 20 (1)
is the exact equivalent of Figure 22 (1) for manipulating the response of a ROS
service, while Figure 21 (2) is the exact equivalent of Figure 22 (2) for advertising
the created ROS service to the ROS operating system so that it can be
discoverable and callable from the Linux backend.
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Figure 23: A virtual machine running the roscore and various publishers,
subscribers and services.
Figure 23 shows a virtual machine running the ROS master node while several

terminals run publishers, subscribers and services. The virtual machine is able to
send and receive messages from the Windows machine where the Windows
version of the ROS client library runs. Furthermore, the Linux side is able to
receive service calls from the Windows side and respond accordingly as well as
invoke remote service calls on the Windows side and receive the respective
answers successfully.
Figure 24 shows the Windows WPF application that connects to the backend ROS

instance, subscribes to its messages, publishes its own custom messages to the
Linux backend, receives and serves service calls from the Linux side as well as
successfully calls remote services that lie on the Linux side and receive the
respective answers. This application is a Windows application that comprises a
WPF window and a textbox that has been styled to look like a console window.
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Figure 24: Windows application running reveral ros publishers, subsribers and
services on the Windows side.

Finally, all the changes were packed into a pull request at the original ROS client
managed library ROS.NET and the code was merged into the master branch a few
days later by the original authors of the ROS.NET project.
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4. Conclusions
This deliverable described the RAMCIP Human Robot Communication framework
developed in the scope of T4.1. The framework provides:
a) Extensive support for implementing all the required user interfaces of
RAMCIP with several user interface elements that can be adjusted for the
RAMCIP SubUCs with little effort.
b) Several implemented interaction modalities such as speech synthesis,
speech recognition and touch. Support for facial expression display, voice
calls and notifications through Skype is additionally included.
c) A user interface adaptation mechanism using ACTA rules.
d) Public interfaces for implementing elderly friendly applications.
e) Public interfaces for implementing additional compatible and adaptable
user interface elements that an application might require.
f) The Communication Planner, a functional submodule that is responsible for
providing or denying access to applications for showing their screens to
the main display. This component also hosts the CDM submodule.
g) A straightforward and easy to use mechanism for providing translations to
support globalization and localization
h) Robust integration with ROS for supporting communication between the
RAMCIP applications running on the tablet and the other components of
the robot running on Linux.
These features are going to be used for providing the appropriate applications for
implementing both the required human robot communication and the SubUCs. In
that regard, following the SubUC scenarios, the developer can identify the
communication flow required and create the appropriate screens and scene
orchestration rules to accomplish human robot interaction throughout each
SubUC. Specific examples of actual used screens in the preliminary trials are
presented in the Annex below.
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Annex: RAMCIP visual component examples
The first version of the UI Application that uses the capabilities of the framework
has been developed for the V1 robot preliminary trials in LUM. In this section,
examples of actual screens that are shown during robot operation are presented.

Options Presenter
This UI component is used for the main menu and the contact list. An example is
shown in Figure 25.

Figure 25: The RAMCIP main menu.

The options available correspond to functionalities relevant to the V1 SubUCs. For
example, the “Water” option corresponds to the “on demand” version of SubUC
5.2 – Bringing of a bottle of water.

Binary Decision Dialogue
The communication between the robot and the user is performed with a series of
dialogues. In cases where the robot has to ask a question to the user, the Binary
Decision Dialogue is used. An example of this dialogue is shown in Figure 26.
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Figure 26: The robot asks the user a question with two possible answers.

The user can use any modality (if activated) to answer the question.

Notification
When the robot needs to inform the user about a situation, a notification screen is
shown, which may (Figure 27) or may not (Figure 28) require user input.

Figure 27: Notification dialogue that expects a single user response.

December 2016

56

FORTH

Deliverable D4.3

Dissemination Level (PU)

643433–RAMCIP

Figure 28: Simple notification dialogue that does not require user input.

In both cases, the dialogue may be dismissed after the robot has finished talking
or after a set timeout.

Custom screens
To implement the SubUCs, a few custom screens were developed, using UI
components available from the framework. The first custom screen is shown
when the robot is currently busy performing another task and no input from the
user is needed. It is shown in Figure 29.

Figure 29: A spinning cog is used as an indicator that the robot is currently busy.

The other custom screen is used when the robot is calling a relative or an
emergency contact. It is shown in Figure 30.
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Figure 30: The robot is calling someone.

Facial Expressions
Examples of facial expressions shown on the screen mounted on the robot head
are shown in Figure 31.

Figure 31: Facial expressions of the robot that can be shown on the robot head’s
screen.
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