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Kevin El Haddad (1), Noé Tits(1), Ella Velner (2), Hugo Bohy(1)
(1) Numediart Institute, University of Mons, Mons, Belgium

(2) commercom, Amsterdam, The Netherlands
kevin.elhaddad@umons.ac.be, ellavelner@gmail.com, noe.tits@umons.ac.be,

hugo.bohy@student.umons.ac.be

Abstract—In this paper we report our first attempt on building
a Human-Agent Interaction (HAI) open-source toolkit to build
HAI applications. We present a human-robot interaction appli-
cation using the Cozmo robot built using different modules.
The scenario of this application involves getting the agent’s
attention by calling its name (Cozmo), then interacting with it by
asking it for information concerning restaurant (e.g: ”give me the
nearest vegetarian restaurant”). We detail the implementation
and evaluation of each module and indicate the future steps
towards building the full open-source toolkit.

Index Terms—Human-Agent Interaction (HAI), Human-Robot
Interaction, deep learning, Text-to-Speech Synthesis (TTS), Key-
word Spotting, Automatic Speech Recognition (ASR), Dialog
Management, Sound Localization, Signal Processing, Cozmo.

I. INTRODUCTION

THE past decades witnessed the rise of Human-Agent
Interaction (HAI) systems such as conversational agents

and intelligent assistants. This work aims at contributing to the
improvement of HAI applications and their incorporation to
our daily lives. HAI systems are generally formed of different
modules with different task(s) each, communicating with each
other.

We aim at building a toolkit containing such modules, as
well as a framework with two main purposes:

1) controlling the agent’s behavior in a user-defined way;
2) connecting these modules together in a single applica-

tion so that they could be able to communicate with each
other in a user defined logic;

The goal is to have a toolkit allowing the users the most
freedom possible in the way they utilize it to build their HAI
applications. The above mentioned modules would thus be us-
able either in an ”off-the-shelf” mode (outside the framework)
or in the framework defined here.

In the same perspective, in the future, modules will be
incrementally added to this toolkit allowing a wider range
of HAI applications implementations. Also, the framework
is designed in a way to easily add and connect modules
needed (toolkit’s ones or user defined ones) in order to build
customized HAI applications. This gives users more freedom
on how to utilize the toolkit.

In order to evaluate the performance of the developed toolkit
in building HAI systems, an application will be developed
using it: Cozmo4Resto. This HAI application is an interaction

with the Cozmo robot 1 during which Cozmo will give the user
informations about restaurants based on the user’s queries as
described in further detail in Section III. This robot was chosen
mainly because of the simplicity of integration in a python-
based application (see also Section III).

Towards building this application, in this paper, we present
the modules developed to be used for Cozmo4Resto and
added to the toolkit, as well as the framework mentioned
above. We will therefore first present the HAI-toolkit in
general in Section II. Then detail the Cozmo4Resto application
is explained further and the modules developed detailed in
Section III. Finally the implementation of the platform for
Cozmo4Resto is detailed in Section IV.

II. HAI OPEN-SOURCE TOOLKIT

We present here the first version of this toolkit 2 that will
be used to implement HAI application like Cozmo4Resto. It
is implemented in a modular way and, as mentioned earlier,
can be viewed either as a framework upon which modules
are connected and the agent’s behavior is controlled to build
an HAI application or as a library of HAI-oriented modules
usable outside the framework.

A. Modules

A module’s task is to perform an action or a sequence of
actions which is/are part of the agent’s behavior and which
is/are needed in the application implemented. The input-output
of each module is implemented in an object oriented way
and will have a specific and fixed format. This way, each
module can be modified/replaced/improved without affecting
the implementation of the others. This will help making the
toolkit more generic.

B. Behavior Framework

The framework’s main purpose is to allow the integration
of all the different modules in a single HAI system. It can be
summarized as a finite state machine [1] (FSM)-based system
combined with a communication system.

The FSM is used to describe the agent’s behavior. Each
state corresponds to a specific behavior of the agent. In the

1https://anki.com/en-us/cozmo.html
2https://github.com/kelhad00/hai-toolkit
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Fig. 1. Behavior framework workflow. S being the state, T the transition
between states, A the action performed while in the state corresponding to
the Module containing the action.

FSM, each state is linked to a module. Each module contains
a sequence of actions the agent must perform while in the
corresponding state.

The communication system allows the exchange of mes-
sages/data between the different modules. The main benefit of
this is modularity and the ability to run each module on the
same machine or different ones.

In what follows, we will refer to this framework as the
”Behavior” framework, because it is used to describe the
behavior of the agent through the states and the transitions
between them. A visualization of the platform’s workflow can
be seen in Fig. 1.

Let S = fs0; s1; :::; sng be the set of states describing the
agent’s behavior (s0 being the initial state), Tij the transition
from state i to j and Ak is the action performed by a module
to which the state can be connected.

During run time, the Behavior framework acts as a client
to each of the modules, which therefore act as servers. When
in state si, Behavior queries the module to which si is linked
with the input required. After the action is executed, a ”next
state” value is returned triggering the transition to another state
or to the same current state.

The link between states and modules is defined by the user.

III. COZMO4RESTO APPLICATION

As mentioned above, to validate our toolkit, we use it to
build an HAI application involving the Cozmo Robot.

Cozmo 3 is a small physical relatively cheap robot which
is designed to interact with users in games and other kinds
of user-defined modalities. Cozmo can be very expressive
through the eyes, audio and movements (body and head). A
python SDK 4 is provided with Cozmo for free, which makes
it easy to intergrate on several platforms and with different
applications. The SDK python commands are sent to Cozmo

3Please note that at the time of writting this report, Anki, the company
producing Cozmo, went bankrupted. But the SDK is still maintained at the
time of redaction.

4https://developer.anki.com/

via and android-based app that was developed for Cozmo. It
contains a camera of which the stream is accessible via the
SDK as well as other sensors. All this makes Cozmo an ideal
platform to test our toolkit.

The interaction scenario of this application can be described
as follows:

1) Cozmo would be wandering in a ”non-interactive”
mode;

2) when the keyword ”Cozmo” is detected, Cozmo will
turn around toward the caller and engage the interaction,
thus going into ”interactive” mode;

3) the user will query Cozmo concerning different informa-
tion about restaurants (opening hours, menus, proximity,
etc.);

4) after the interaction ends, Cozmo goes back to the ”non-
interactive” mode.

For this, three modules are needed: sound acquisition, key-
word spotting (KWS) and sound localization (LOCAL). The
sound acquisition module stores audio data in an efficient way
for it to be used later on. The KWS detects a specific sound
among others and LOCAL detects the directionality of the
sound’s source allowing to make Cozmo turn towards it. These
will trigger the ”interactive” mode. During the interaction an
Automatic Speech Recognition (ASR) system will be used to
convert the user’s speech signal to text, which will be sent to
a Dialog Management (DM) module. The DM module will
take care of understanding the utterance and generating a text
response based on an implemented logic (see Section III-Efor
a more detailed description of the dialog interaction). The
response will be sent to a Text-To-Speech (TTS) synthesis
system which will take care of converting the text response
into an audio speech signal.

In what follows we will explain our approach to building
and/or testing each module (some modules were already im-
plemented open-source systems). The main constraints being
the quality of the system and the computation time. Indeed a
trade-off needs to be found so that the entire system generates
high quality responses in a reasonable delay of time. We
will also present the framework mentioned in SectionII. The
modules described in the following will be incorporated in
the HAI-toolkit in general and are not meant only for the
Cozmo4Resto application.

A. Sound Acquisition

The python pyaudio library 5 is used to acquire the audio.
A ring buffer is used to store and stream the input sound. The
recording starts when the signal reaches a certain threshold
The recording stops when the signal goes below the threshold
The buffer is created by using the deque function from
the collections python library. Each shift of audio signals
recorded by the stream is added to the buffer, until it reached
its maximum length. This maximum length is passed as a
parameter at the creation of the buffer. Once the buffer is full,
every new shift overwrites oldest one in the buffer. A number
of channel (one per mic input) can be specified.

5https://pypi.org/project/PyAudio/




