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In this paper, we present a multi-modal perception based framework to realize a non-intrusive domestic
assistive robotic system. It is non-intrusive in that it only starts interaction with a user when it detects
the user’s intention to do so. All the robot’s actions are based on multi-modal perceptions which in-
clude user detection based on RGB-D data, user’s intention-for-interaction detection with RGB-D and audio
data, and communication via user distance mediated speech recognition. The utilization of multi-modal
cues in different parts of the robotic activity paves the way to successful robotic runs (94% success rate).
Each presented perceptual component is systematically evaluated using appropriate dataset and evalua-
tion metrics. Finally the complete system is fully integrated on the PR2 robotic platform and validated
through system sanity check runs and user studies with the help of 17 volunteer elderly participants.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction

As living conditions and health care facilities improve, the av-
erage life expectancy increases leading to a growing elderly pop-
ulation. For example, in France, in 2005, there were five young
and adult people for one senior, in 2050, it is expected that there
will be 10 young and adult people for every seven seniors [1].
Though most people age well, some become frail, at risk of dis-
ease and costly dependence. Therefore, the financial and organiza-
tional burden on the society is likely to rise. How can we provide
quality care to people requiring constant assistance in various as-
pects, including those suffering from deterioration in cognitive ca-
pabilities due to aging, head trauma, and Alzheimer’s disease (AD)?
This enlightenment has led to a growing necessity for new tech-
nologies that can assist the elderly in their daily living. One such
technology is the deployment of assistive robots for the elderly. In
fact, such kind of robotic systems serving various tasks and pur-
poses in the social care and medical/health sectors beyond the
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traditional scope of surgical and rehabilitation robots are poised
to become one of the most important technological innovations of
the 21st century [2]. But, when robots leave industrial mass pro-
duction to help with daily living activities, i.e., household chores,
the requirements for robot platforms change. While industrial pro-
duction requires strength, precision, speed, and endurance, domes-
tic service requires a robust navigation in indoor environments, a
dexterous object manipulation, and an intuitive way of commu-
nicating (speech, gestures, and body language) with users. In this
perspective, many issues are still to be solved, such as perception
and system integration.

Making a robot a socially competent service provider in all the
daily life areas is very challenging. Hence, we focus on the con-
ception of a robotic system that provides mild memory assistance
to the elderly, a requirement highly coveted for the elderly whom
might exhibit mild cognitive impairment (MCI) or Alzheimer’s dis-
ease (AD) [3,4]. A serious issue for the elderly with MCI is for-
getting where they have put objects that they use everyday, for
example, keys, remote control, glasses, etc. This leads them to ex-
perience stress, loss of confidence, and become irritable, putting
them at health risk especially considering their frailty [4]. Conse-
quently, we consider deploying a robotic system that helps the el-
derly with MCI in locating everyday objects which are hidden (out
of the user’s sight), or put in unusual places. The work presented
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Fig. 1. Framework adopted to realize the complete non-intrusive autonomous assistive robotic system.

in this paper is part of a French National Research Agency (ANR)
funded research project called RIDDLE,! an acronym for Robots for
perceptual Interactions Dedicated to Daily Life Environment, which
aims to make a step forward in these directions by combining the
underlying multiple and uncertain perceptual analyses related to,
(1) objects and space regarding the robot’s spatial intelligence, and
(2) multi-modal communication regarding the robot’s transactional
intelligence.

To paint a clear picture, let us consider the following exemplar
scenario. A person suffering from MCI, which we henceforth refer
as the user, is carrying his/her normal everyday activity. Then, let
us say the user wants to change the channel on the TV but realizes
he/she could not remember where the remote control is. The user
will then have to pose the question to the robot which is monitor-
ing him/her stowed away in a non-interfering position. The robot
will then answer the user’s questions/riddles about the object uti-
lizing appropriate actions (speech, displacement, pointing action).
Based on this scenario, we identify three main key functional re-
quirements for the robot: (1) detecting the user at all times, (2)
detecting when the user wants to interact with the robot, i.e.,
when the user wants to pose a question to the robot or needs its
attention—called user’s intention-for-interaction, and (3) interaction
via speech based communication. In this work, we assume the type
and position of the objects are known a priori and we focus only
on the highlighted three requirements. The considered objects are
specifically eyeglasses, keys, mobile phone, wallet, remote control,
and medication—frequently lost objects by the elderly as identified
through a pilot study [4].

The entire behavior of the proposed assistive system is based on
a widely accepted reactive behavior which cycles through “mon-
itor” and “interact” phases, e.g., [5-7]. In this behavior, the robot
monitors the user until he/she demands it to do something or
shows an interest to interact with it. Then the robot continues
through the interaction phase where it interacts with the user to
provide requested service or assistance. In line with this, we pro-
pose a domestic assistive robot system that incorporates a novel
user’s intention detection mechanism to transition from monitoring
phase to interaction phase. Therefore, we propose a scenario where
the robot comes into a room, checks the presence of a user in this
room, and then stows away at an observation place to monitor the
user discretely. When the user expresses his/her intent to interact
with the robot—either by looking at it, calling it, or a combina-
tion of both—the robot approaches the user and starts the close
interaction phase. We refer to this as a non-intrusive behavior—the
robot is not moving to stalk the user—with three distinct phases:
user detection, user monitoring, and interaction phases (see Fig. 1
in Section 3). Initially when the robot correctly detects the user,
it goes to the monitoring stage, actively reading the user’s in-

1 http://projects.laas.fr/riddle/

tention. Then, when it detects the user’s intention-for-interaction,
it makes a transition into the interaction phase which is carried
out via speech modalities. During the speech based communica-
tion, depending on the utilized sensor, recognition tool, and hu-
man/robot (H/R) situation (distance variations), the communication
quality can be affected [8,9]. Whenever possible an adaptive mech-
anism should be put in place to maximize the chances of having an
ideal communication given the available resources.

In this work, the robot considers that there is only one user
to communicate with. The used language is French; it could be,
nevertheless, generalized to any language. The person can freely
move in his/her environment. However, when an interaction starts,
after the intention-for-interaction step, the person’s position is
fixed during the interaction process. The goal of the interaction
phase is for the robot to find a lost object upon request. The robot
has to indicate the direction of the object by pointing its head
towards it and giving some verbal precisions about its location—at
the moment no object displacement is managed by the robot. For
example: “the remote control is under the table”. The objects are
stored in a user-defined semantic map since the focus of the paper
is not on object detection. All the algorithms presented in this
work are embedded on the PR22 robotic platform using the Robot
Operating System (ROS) middleware framework [10]. ROS is a
collection of software frameworks for robot software development
with a very active community and numerous publicly available
packages that provide an operating system-like functionality on
a heterogeneous computer cluster. Hence, we base all our imple-
mentations and associate robotic integration on ROS (based on C++
and Python programming languages). Furthermore, all essential
algorithms are integrated on the robot, while data visualization
modules are seamlessly integrated on an external computer with-
out overloading the PR2 system. All sensors are embedded on
the robot. The only exception is an Android smartphone, which is
located within 2 m from the user (in his/her hand or on a table
near him/her), that is used to capture audio signal.

This paper makes the following four core contributions:

1. A complete multi-modal perception driven non-intrusive do-
mestic robotic system.

2. A novel multi-modal user’s intention-for-interaction detection
modality.

3. A fusion method to improve the speech recognition given the
user’s position, available sensors, and recognition tools.

4. Details of the complete implemented system along with rel-
evant evaluations that demonstrate the soundness of the
framework via an exemplar application. The application is an
assistive scenario whereby the robot helps the user find hidden
or misplaced objects in his/her living place.

2 PR2 (Personal Robot 2) is a robotic platform developed by Willow Garage: http:

/[www.willowgarage.com
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