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Figure 1: Framework Pipeline. The upper section outlines the generation process for natural language speech and gestures. The
lower part shows the generation process for sign language animations of 3D virtual agent. Both outputs are simultaneously

presented with the Pepper robot.
ABSTRACT

In situations where both deaf and non-deaf individuals are present
in a public setting, it would be advantageous for a robot to com-
municate using both sign and natural languages simultaneously.
This would not only address the needs for diverse users but also
pave the way for a richer and more inclusive spectrum of human-
robot interactions. To achieve this, a framework for a bilingual
robot has been proposed in this paper. The robot exhibits the abil-
ity to articulate messages in spoken language, complemented by
non-verbal cues such as expressive gestures, all while concurrently
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conveying information through sign language. The system can
generate natural language expressions with speech audio, sponta-
neous prosody-based gestures, and sign language displayed on a
virtual avatar on a robot’s screen. The preliminary findings from
this research showcase the robot’s capacity to seamlessly blend
natural language expressions with synchronized gestures and sign
language, underlining its potential to revolutionize communication
dynamics in diverse settings.
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1 INTRODUCTION

As technology advances, robots are becoming increasingly inte-
grated into our society, finding use in education [1][6], therapy
[4][3], entertainment [21], and other fields. Both in human-human
interaction and human-robot interaction (HRI) field, speech is the
most friendly and natural mode of communication [20], which facil-
itates clear and conversational exchanges, while the expressiveness
of tone and emotion contributes to a more engaging interaction [2].
Simultaneously, gestures are an integral part of human communi-
cation, and when robots can engage in gesture-based communica-
tion, it enhances the naturalness and rapport between humans and
robots [24][22]. Gestures offer a visual dimension, complementing
speech to convey information [9], express emotions [8], and guide
actions [10], making robots more human-like and engaging [19].
Together, these modalities create a more intuitive and relatable HRI
experience.

Nevertheless, when deaf individuals are present, speech and
gestures might prove ineffective as means of communication. Gib-
son [5] illustrated that individuals experiencing impairment in one
sensory system often develop increased proficiency in alternative
sensory channels as a compensatory mechanism. This phenomenon,
referred to as sensory compensation, implies that individuals with
deafness may display heightened sensitivity in visual and tactile
modalities. In many countries, sign language is the first language
for people with hearing loss [11]. Therefore, in situations where
deaf or hearing-impaired and non-deaf individuals are involved
at the same time, a robot that can communicate in both natural
and sign languages is of great significance. It can help bridge the
communication gap between those who primarily use spoken lan-
guage and those who rely on sign language, allowing everyone to
effectively interact and participate in various social, educational,
and professional contexts.

This paper presents a preliminary study aimed at displaying an
avatar with sign language and subtitles on the tablet of Pepper
robot, while simultaneously enabling Pepper to speak natural lan-
guage with accompanying gestures, since the degree of freedom of
the robot limits our direct use of its hands for sign language. The
multimodal nature of the robot’s communication system ensures
that it can cater to diverse audiences, accommodating both sign
language users and individuals proficient in spoken language.

2 RELATED WORK

In recent years, the application of robots in sign language has
attracted considerable attention. Meghdari et al. [12] designed a
humanoid robot which has a upper-body of 29 actuated degrees of
freedom for teaching Persian sign language to hearing-impaired
children, while Nandy et al. [14] proposed a new method for rec-
ognizing Indian sign language with HOAP-2 robot. Additionally,
Homburg et al. [7] investigated the capabilities of humanoid robots
in sign language translation. They experimented by 3D printing
two arms for the InMoov robot, enabling it to execute German
sign language. Thinh et al. [18] designed a robot system which
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Figure 2: A sequence of gestures corresponding to a sequence
of 2D poses

could translate Vietnamese sign language into Vietnamese spoken
language and recognize Vietnamese speech to sign language. In
addition, Saunders et al. [17] introduced Progressive Transform-
ers, an autoregressive model designed to translate discrete spoken
language sentences into continuous 3D sign pose sequences. How-
ever, as far as we know, no previous work has been worked on
simultaneously displaying spoken language and sign language.

3 METHODOLOGY

The diagram in Figure 1 illustrates the pipeline used in our frame-
work. The upper segment delineates the procedure for generating
natural language speech and gestures, while the lower segment
depicts the process for creating sign language animations for a 3D
virtual agent. Ultimately, both outputs are concurrently displayed
using the Pepper robot. In summary, when provided with a text
input, the framework generates robot speech, gestures, and virtual
avatar sign language, aligning them seamlessly.

3.1 Natural language and gesture generation

In this study, first we use Microsoft Azure TTS (Text to Speech) ! to
generate speech, which enables the generation of natural language
gestures through the gesture generation model proposed by Yu
[23]. This model consists of a generator and a discriminator. The
generator comprises a temporal encoder and a temporal decoder.
The encoder takes the speech audio as input and produces the
final hidden state, which is then used as input for the subsequent
decoder. The decoder combines the encoder output with random
noise to map it into a corresponding gesture. On the other hand,
the discriminator takes as input either the generated gesture or the
ground-truth gesture along with spontaneous speech audio. Its role
is to determine whether the speech and the gesture are coherent
and match each other. By training the discriminator, the model
learns to generate more realistic and accurate gestures that align
with the provided speech.

!https://azure.microsoft.com/en-us/services/cognitive-services/text-tospeech/
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Figure 3: A sample of Pepper robot with sign language avatar

3.2 Sign language generation

In our framework, the Text2sign [13] tool is used to obtain 2D
sign language poses from the text. MocapNet [16] is a method to
estimate 3D human pose based on 2D human joints positions. With
the 2D sign language poses originated before as input, MocapNet
will generate 3D sign language in BVH format, which is then applied
to a 3D human mesh obtained from Mixamo2 2, an open database
of animated 3D characters.

For the preliminary study, we utilized images captured by a
2D RGB camera to evaluate MocapNet’s capability to generate 3D
poses from 2D poses. The sequence of gestures produced is depicted
in Figure 2, where the first row exhibits the 2D RGB images, the
second row illustrates the 3D joint estimation, and the third row
showcases the 3D pose with mesh. The avatar is then displayed on
the tablet of the Pepper robot [15], as shown in Figure 3.

3.3 Natural language and sign language
alignment

After generating each component separately, namely speech, ges-
ture, and sign language videos, it is crucial to synchronize them
effectively. Although our preliminary study has not yet encom-
passed this aspect, we acknowledge its significance and plan to
address it in our future work. The synchronization process entails
aligning the timing and cohesiveness of the generated speech, ges-
ture, and sign language videos to ensure a seamless and coherent
multimodal output.

Synchronizing the components involves careful coordination
and integration to ensure that the gestures accurately correspond
to the speech and align with the intended meaning. This synchro-
nization is essential for facilitating effective communication and
comprehension between users. It enables a more natural and seam-
less experience, promoting inclusivity and accessibility for users,
especially for individuals who rely on sign language as their pri-
mary mode of communication.

4 DISCUSSION AND FUTURE WORKS

Our initial findings indicate that the approach we proposed is feasi-
ble, although more extensive research such as user study should be
required to validate the effectiveness of the system.

In our future research endeavors, we will dedicate efforts to de-
velop methodologies and algorithms for robust synchronization.
We will explore techniques such as temporal alignment, motion
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mapping, and linguistic cues to enhance the synchronization ac-
curacy and overall quality of the generated multimodal output. A
sign language recognition algorithm will also be helpful to build a
real conversation with hearing impaired individuals.

Additionally, we are excited to explore the integration of Large
Language Models (LLMs) into our system. LLMs have emerged as
powerful tools in natural language processing, enabling machines
to comprehend and generate human-like text with remarkable accu-
racy. By leveraging LLMs, we aspire to enhance our robot’s ability
to recognize and respond effectively to a diverse range of questions
posed by human users. This integration would enable our system
to handle nuanced inquiries, adapt to different linguistic styles, and
generate more contextually relevant and coherent responses.

Overall, our future work will focus on achieving seamless align-
ment between spoken language and sign language, while leveraging
the power of LLMs to enhance our robot’s language comprehen-
sion and response generation. By embracing these advancements,
we strive to create a more inclusive and interactive communica-
tion platform, bridging the gap between different modalities and
facilitating meaningful interactions between humans and our robot.
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