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ABSTRACT

The use of robots for the automation of the supply of food and
beverages is a commercially attractive and modern application of
robotic technologies. Such innovative technologies are deemed
helping to renew the image of a service and, in this way, stimulate
people’s curiosity. The novelty effect linked to the experience of a
new technology, however, has a very limited duration in time, and it
is not suitable for guaranteeing user loyalty. Consequently, the need
for continuous renewal to keep the commercial proposal attractive
becomes very expensive. In this paper, we present the architecture
of a new project, called Bartending Robot for Interactive Long
Lasting Operations (BRILLO), which aims to create a long-lasting
operational robotic system that is able to have personalised multi-
user interactions and to work as a bartender by performing different
tasks according to the users’ requests and preferences.
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1 INTRODUCTION

BRILLO (Bartending Robot for Interactive Long Lasting Operations)
is a three years national project with the overall goal of creating
an autonomous robotic system that is capable of working as a
bartender and interacting naturally with customers.

In recent years, the field of service robotics is rapidly growing
bringing the need of making such robots endowed with complex
perceptual capabilities to achieve a proper context and human
awareness [9] and, consequently, a natural interaction with hu-
mans. Humanoids service robots have been employed in a variety
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of application contexts to perform tasks in public environments
(e.g., museums, restaurants, call-center, fairs, and exhibitions). The
bartending domain is particularly challenging since it combines
the ability of complex (eventually bi-manual) manipulation of ob-
jects, and the necessity of actively engaging and interacting with
customers. The integration of a system that combines a “system of
record” (e.g., analysing and storing past interactions, preferences
to optimise sells with respect to the specific users) and a “systems
of engagement” (e.g., aiming at facilitating and enhancing the ex-
perience via a personalised and natural interaction) plays a central
role in customer relationship management. Hence, the BRILLO
project aims to create a robotic platform to be deployed in a real
environment that is capable of accomplishing the tasks related to
the management of a bar counter in its multiple aspects of the in-
teraction, manipulation and personalisation of the services offered.
Topics related to the modeling of preferences and interactions be-
tween the user and the robotic bartender, in terms of customisation
of this interaction, for an effective and lasting use of the services
offered, will then be addressed.

In the literature, different projects addressed the robotic bar-
tending domain from an automation perspective by developing
complex manipulation capabilities, such as the automatic green tea
serving robot [6], or a robot that is able to serve a large number
of customers [7]. Other researches mainly focused on modeling
and recognising the social interactions in a bartending domain, as
for example the James project [3, 4] whereas a bartending robot
was design to exhibit social behaviours in response to costumers’
states, intentions, and affects as recognised from low-level sensor
data during the interaction. The results of these projects showed
that the interactions with a socially intelligent robot mixing task
execution, dialogue and social interaction were somewhat more effi-
cient. The project BRILLO aims at combining these efforts to obtain
an easy to use robotic system that can be deployed in commercial
environments, but also aims to rely on history of interactions and
user models to personalise such interaction and making the use of
the system attractive on long-term base.

In this paper, we provide a description of the BRILLO project’s
framework, where three interactive interfaces are considered (i.e.,
a bartending robot, a totem, a waiter robot) acting as a centralised
system designed around costumers’ needs, preferences and mood.

2 MULTI-MODAL AND MULTI-USERS
SCENARIOS
A typical scenario of a BRILLO service point includes a human

user and three interacting systems, i.e. a totem kiosk, the bartender
robot, and a waiter robot.
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Upon their arrival to the service point, users are welcomed by a
totem kiosk where they are automatically recognised via bio-metric
face recognition if they are already registered users, otherwise, a
quick registration of their data in the system is carried out. Then,
the users will be asked to order a drink (for example, shakes or
cocktails). Once the order has been completed, users can decide
to pick up their orders at the bar station, served by the two arms
humanoid robot (i.e. the bartender robot), or at the table, served by
the waiter robot.

At the bar station, the bartending robot detects the presence of
the registered user, it proceeds with the reception and it continues
the profiling and recommendation operations based on the cus-
tomer’s preferences rising from previous interaction experiences
and orders. During the entire interaction phase, the bartending ro-
bot is able to entertain the customer by adapting its social response
to the specific user’ profile and needs. During the orders’ prepa-
ration carried out by the robot, the customer can place additional
orders or change their orders on the fly, for example by adding alco-
hol to the shake or changing alcohol ounces on previously chosen
cocktails. Any performed changes to the orders affect the robot task
execution in real-time. The bartending robot receives the new or
modified order and, accordingly proceeds to the correct preparation.
The bardending robot is also able to managing multiple orders and
users, by opportunely scheduling and adapting its behaviors.

3 SYSTEM DESCRIPTION

The BRILLO system is a collection of software and hardware mod-
ules that allows the three involved interacting systems to perceive
their users, learn about their preferences, behaviours, attitude and
moods, and dynamically adapt to them for a long term and effective
interaction.

Figure 1 presents an overview of the architecture and relevant
implemented modules. This architecture is based on the same prin-
ciples of common layered architectures (such as [1, 2, 5]). This
project aims to develop a robotic system that is able to work as
bartender, completing multiple and in parallel tasks while adapting
its behaviours to its users’ needs and personal differences, in terms
of preferences, moods and traits.

According to the current literature that confirms the importance
of verbal and non-verbal communication following a multimodal
approach and supplemented by social skills for the improvement of
service quality and loyalty, BRILLO’s architecture will follow a user-
centered approach. In particular, the design of the interfaces for
accessing the functions of the bartending robot will be divided into
a functional part, dedicated to identifying the services on which
to evaluate performance, and a social part, dedicated to specifying
the behaviours to be implemented in relation to the different user
profiles.

Our system is a four-layers control architecture where each
component is linked to the Beliefs, Desires, Intentions (BDI) model
architectures [2, 5].

3.1 Hardware layer

The Hardware layer consists in the robots” hardware (i.e., for the
bartender robot and the waiter robot), and in the graphical user
interfaces (i.e., for the displays of the totem kiosk and tablet).
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Figure 1: Overview of the BRILLO project’s architecture. It is
composed of four principal layers: 1) Hardware, 2) Percepts,
3) Context-awareness, and 4) Execution. Each layer has a col-
lection of different modules.

3.1.1 Robots. An anthropomorphic structure is adopted for the
bartender robot, since it induces users to ascribe social skills to
the robot by so positively affecting humans trustworthiness and
willingness to interact with the robot [10]. The bartender robot has
a minimalist structure with two robotics arms on the torso and, in
the future, it will have a screen as head (see Figure 2).

The waiter robot has a serving tray and wheels to autonomously
and safely navigate between the tables of the service point (i.e., the
bar counter).

The bartender and the waiter robots are equipped with a large
variety of sensors that enable them to perceive and assess the envi-
ronment, the customers, and the activities of the agents involved
in the interaction.

3.1.2  Graphical User Interfaces. The graphical interfaces of the
totem and the tablet on the tables provide the users with several
functionalities aimed to make and manage the orders of drinks that
will be, then, prepared by the bartender robot.

The totem is able to detect the presence of a user upon their
arrival, and if they are returning customers, the system recognises
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Figure 2: 3D representation of the bartending robot at the service point.

their facial features. The graphical interface of the totem allows the
users to complete several tasks, such as registering them at their
first use, making and managing an order. More precisely, the tablet
on the tables allows the users to manage new or existing orders
made at the totem.

3.2 Percepts layer

The Percepts layer manages the multimodal interaction capabilities
of the robots which consists in the information obtained by the
modules Visual processing and Dialogues.

3.2.1 Visual processing. 4-kinect cameras are used to detect and
track users’ faces in real-time both at the totem and at the bar
premises. The vision module also derives costumers’s focus of at-
tention via their body and head pose, facial expressions recognition
and gaze by suggesting the robotic platform to adapt it social be-
haviour accordingly.

3.2.2 Dialogues. The bartending robot is able to engage users in
natural dialogue. It will use an automatic speech recognition system
to obtain the speech transcription, and a machine learning approach
for the Natural Language Understanding (NLP) for engaging the
user through customised dialogues. Currently, the dialogue system
supports interactions in Italian language. The robot is able to adapt
the dialogues according to the personas (described in the next
section) whom it is interacting with.

3.3 Context-awareness layer

This module builds the system’s awareness of the environment,
the context and the robot during the interactions. The communica-
tion between these modules is bidirectional to build the system’s
knowledge in a dynamic and more adaptive way.

The system is be able to assess users’ profiles with the aim to
adapt the robot’s behaviours and interactive capabilities to the
users’ social expectations, preferences and level of engagement. For
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example, the bartending robot might adapt its behaviours according
to the following personas:

e Worker on a lunch break: this user wants to access quickly
to a service for getting a break from the fatigue of work.
The system provides an interaction meant to physically and
mentally relax them.

o Curious person: this user likes new stories to tell their friends.
The system engages them in a variety of interaction topics
(news, energy values of products, product popularity statis-
tics, small talks, product history).

e Regular user: this user wants to access a service that brings
entertainment or in between their activities. The system
builds the interaction by personalising it based on previous
interests and preferences.

e Working group: these users want to having working conver-
sations within their group (business guests, colleagues) in
an environment more relaxed than their office. The system
provides them with a quick service that eases the interaction
between the users (e.g. an user-initiative interaction not to
disturb them).

Group of friends: these users want to have some qualitative

time with the other components of the group. The system

provides a one-to-many interaction with general and non-
individual dialogues. For example, it allows efficient ordering
of multiple products (e.g. "How many apple smoothies?"

"How many with pears?").

Group of family members: as the group of friends, these users

want to spend quality time with the loved ones. It is likely

that they will be a group of people of different age, therefore
the system adapts the interactions accordingly. For example,
it takes orderings from adults and entertains children.

This module also serves the recommendation system accord-
ing to previous interactions with the users, in terms of the users’
previous orders and preferences of robot social behaviours.
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Moreover, the Context-awareness layer builds the dialogues and
robots’ behaviours for engaging the users by analysing the users’
moods and good predisposition to interact with the robot via natural
language processing, text analysis and biometrics.

Finally, the modules in this layer provides the knowledge base for
the system’s higher level that is in charge of planning and executing
tasks (Execution layer).

The knowledge based acquired by this module drives the robot
in deciding the most appropriate social response inferred by the
context. This allows the robot to have a social intelligence, which is
needed to provide a positive relationship between users and robots

[8].

3.4 Execution layer

The high level goals and plans, the instantiating, execution and
monitoring of the actions of the robot are managed by the Execution
layer. The communications between these modules and the Context-
awareness layer are bidirectional to allow the robot to dynamically
plan actions (single or multiple), and behaviours according to the
user and the situational context. For example, the robot might
engage the user in a casual conversation while preparing their drink
for fostering a more enjoyable interaction. This module collects
the users’ desires of some actions from the dialogue manager, and
decides whether the action planner and controller should transform
it into a goal and, then, generates intentions.

4 FUTURE WORKS / CONCLUSIONS

In this paper, we briefly illustrated the current state of the robotic
system, including hardware and software modules, used for the
BRILLO project. The project aims to deploy a service robot that
is able to engage human users in a dynamic and unsupervised
interaction. The BRILLO’s robots are not only able to autonomously
complete multiple tasks in a efficient way, but they are also able
to personalise the experience and adapt their behaviours (such as
context and frequency of dialogues, movements and poses) to their
users’ moods, preferences and personal traits by showing a social
intelligence. The presented architecture serves as a preliminary
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step towards an experimental prototype for in-lab studies and, then,
the deployment in unstructured environments.
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