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ABSTRACT

Digital accessibility remains a critical challenge for the Deaf commu-
nity, especially in Brazil, when it comes to universalizing Brazilian
Sign Language (Libras) content through different media. Tradition-
ally, animation pipelines for Sign Language videos, including those
used in the VLibras suite, are frequently slow, costly, and limited
in expressiveness. This work presents a novel approach that auto-
mates the transformation of human-generated Libras videos into
expressive 3D animations using deep learning-based motion trans-
fer techniques to be applied in VLibras workflow and extend its
capability in order to improve the demanded time for implementa-
tion and cost dramatically. The system leverages recent progresses
in motion capture, pose estimation, and animation retargeting to
enable efficient and real-time animation of human based 3D models.
The present study discusses the system architecture, automation
pipeline, and the potential of value creation for the Deaf commu-
nity through a survey and evaluation process. Results indicate
that the approach used supported the improvement on realism,
enhancement on a more immersive experience, acceleration of the
development and potentially high quality compared to traditional
methods. Future developments on fine-tuning the model and the
generation of anthropomorphic enhanced 3D models with a better
collision detection capability can enable a scalable path toward a
more inclusive media content for the Deaf population in Brazil.
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1 INTRODUCTION

In the context of the digital era, access to audiovisual and multi-
media content has become not only a fundamental right but also a
daily necessity. However, ensuring such access equitably remains
a significant challenge for people with hearing impairments. In
Brazil, data from the 2022 Demographic Census conducted by the
Brazilian Institute of Geography and Statistics (IBGE) indicate that
around 2.6 million people reported having some degree of hearing
impairment, corresponding to approximately 1.3% of the national
population [2022]. Meanwhile, according to the World Health Or-
ganization (WHO), in the "World Report on Hearing", in 2050, 2.5
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billions people will be living with some degree of hearing loss, rep-
resenting about 25.5% of the prospected global population (United
Nations) [2017, 2013].

This significant portion of the population faces various barriers
to accessing essential services such as healthcare, education, em-
ployment, and entertainment [10]. A central factor contributing
to these challenges is that communication among these individu-
als occurs predominantly through visual-spatial languages — sign
languages (SLs) — while oral languages (OLs), such as Portuguese,
function only as a “second language.” As a result, mediation is often
required to enable communication with hearing individuals or full
comprehension of written content.

In this context, some strategies, projects or initiatives have been
trying in the past to enhance the accessibility in our different medias,
like TV [9]. More precisely, oral language to sign language transla-
tion emerges as an essential resource, to provide visual descriptions
of sound and text elements — such as speeches, conversations, and
documents — enabling greater interaction, comprehension, and
preservation of syntactic and cultural nuances within the scope of
accessibility. However, the most traditional and widespread pro-
cess for enabling this interaction is through human interpretation,
which creates dependency among Deaf individuals on interpreters
and restricts their access to information, especially digital media
content, in their first language. Given this scenario, many assistive
technology development initiatives have emerged, with machine
OL-to-SL translators standing out among them.

One of the most prominent solutions in Brazil is the VLibras
suite [26, 27], a government-sponsored platform that translates
Portuguese text and digital content into Libras through animated
avatars. The tool is already used on more than 120,000 websites
— including the main portals of the federal government — and
performs over 100,000 translations daily!.

Despite its social impact and its important contribution to ensur-
ing information access for Deaf people, as well as the technological
advances achieved in this digital era, there is still a stage in the
development of these translators that is predominantly manual
and human-labor-based, requiring high specialization, significant
time and resource investment, and facing a shortage of qualified
professionals [4, 22, 25, 31].

Therefore, to improve the quality of the machine translation
process and more effectively promote accessibility through this
type of assistive technology, it is essential to minimize limitations,
especially in the sign generation stage, such as: (i) rigid animations

'The VLibras Suite is the result of a partnership between the Ministry of Management
and Innovation in Public Services (MGISP), the Ministry of Human Rights and Citi-
zenship (MDHC), and the Federal University of Paraiba (UFPB). More information:
https://www.gov.br/governodigital/pt-br/vlibras/
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Figure 1: VLibras common execution pipeline.

with little naturalness; (ii) the need for significant manual inter-
vention for each animation, increasing cost and production time;
and (iii) restricted facial expressiveness, which can compromise
communication clarity and emotional resonance.

However, regarding advances in machine translation technolo-
gies for sign languages, one of the main bottlenecks still lies in
the animation production stage, which in many systems depends
on the manual creation of motion units by professional animators.
This process, in addition to requiring high specialization, is slow
and costly. Currently, in the conventional operation of VLibras, for
example, animating a single word can require, on average, 1.6 hours
of work from a professional animator. As a result, even after 15
years of operation, the system’s dictionary contains around 22,000
animations, many of which exhibit low expressive variation and
limited structural mobility, affecting the naturalness and realism
of the signs. This limitation directly impacts scalability, restricting
the quantity and diversity of available signs and contributing to the
fact that SL dictionaries accumulated over the years present low
expressive variation and limited naturalness in movement.

Therefore, the solution proposed in this work aims to automate
the generation of sign language animations. As demonstrated in
the Figure 1, a typical VLibras translation pipeline for translate
text to animated sign language goes from text inputs through the
design of the animated scene. Current methodologies rely on man-
ual modeling of motion units. With the proposed process, it is
expected to reduce or eliminate the average animation time per
word, enabling the creation of high-fidelity animations in less time,
as demonstrated in the Figure 2.

In addition to the significant time optimization, the proposed ap-
proach is expected to enhance the naturalness and expressiveness
of signs, bringing them closer to the visual and kinetic character-
istics observed in human performances. This improvement can
contribute to increasing the quality, consistency, and scalability
of animations in different contexts — such as education, public
communication, healthcare services, culture, and media — making
access to information in sign languages more agile, comprehen-
sive, and faithful to the linguistic and cultural nuances of the Deaf
community.

In order to evaluate the effectiveness of the proposed solution,
an experimental validation was conducted with two user groups.
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Figure 2: Animation generated by the described work, 2025

The first group consisted of Deaf sign language consultants who
were responsible to approve or reject the animations, while the
second group consisted of 3D animators who had to estimate the
amount of effort necessary to correct the rejected animations.

Furthermore, this proposal claims primarily for an social impact
improving digital accessibility for the Deaf community. by enabling
the scalable, naturalistic, and cost-effective production of sign lan-
guage animations that would benefit from greater inclusion and
reach. By leveraging state-of-the-art animation technologies and
integrating them into existing accessibility infrastructures, such as
VLibras, for example, the work seeks to transform the landscape of
accessible communication in Brazil and potentially inspire similar
initiatives globally.

Finally, the remainder of this article is organized in main four
sections. Section 2 looks for provide a big picture of the available so-
lutions on this field and how those solutions have impacted the this
work. The next Section, 3, details the proposed solution, describing
the automation framework, the computer vision model configura-
tion, the video processing pipeline, and the specifications of the
3D models used. Section 4 presents the methodology, including
the survey design, evaluation metrics, and dataset characteristics.
Section 5 reports and discusses the results, highlighting the qual-
ity assessments, rejection reasons, and opportunities for process
improvements. At the end, Section 6 concludes the study, summa-
rizing the main contributions, discussing limitations, and proposing
future research directions.

2 LITERATURE REVIEW

In recent years, several researchers and developers have attempted
to address the issues mentioned in Section 1. Approaches include a
wide range of technologies, from the creation of gesture databases
[5], through the use of deep learning to classify and predict signs
[3], to procedural markup animation techniques to synthesize mo-
tions algorithmically [15]. However, these methods still depend
heavily on manual annotation or gloss-based translations, which
fail to capture the richness of natural sign language communica-
tion. Additionally, scaling these systems across large datasets or
for real-time applications remains challenging. Recent literature
has explored multiple strategies to automate sign language gen-
eration, aiming to bridge communication gaps between hearing
individuals and the Deaf community. One common approach is
gloss-to-sign translation, where glosses — textual representations
of sign language structure — are used as an intermediate step. For
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example, in the article [30] was introduced a neural network-based
system that translates spoken German into glosses and then into
continuous sign language video using human motion data. Simi-
larly, the author [6] proposed an end-to-end neural sign language
translation model that maps spoken or written language directly
into sign videos, without requiring gloss-level annotation, using the
RWTH-PHOENIX-Weather 2014T dataset [6]. Another line of re-
search focuses on avatar-based synthesis, who developed rule-based
systems to animate 3D avatars performing British Sign Language
(BSL) [13]. However, these models are often criticized for lacking
naturalness in motion and facial expression. More recent efforts
attempt to improve realism using motion capture (mocap) and pose
estimation, as seen in the article [24], who use deep learning mod-
els to animate avatars with higher fidelity and expressiveness [23].
Despite progress, major limitations persist in the scalability of these
systems due to data scarcity, high dependency on manual annota-
tion, and the difficulty of modeling non-manual features (e.g., facial
expressions and eye gaze), which are critical in sign languages. Data-
driven sign language machine production was another approach
which has been leveraged by the new advancements on computa-
tional capabilities. This approach aims to automate animation by
predicting pose sequences from text or intermediate representa-
tions. Beyond transformer baselines, diffusion models now generate
3D signing motion over anatomically informed skeletons (SMPL-X),
improving realism and temporal coherence while avoiding expen-
sive manual motion libraries. Recent surveys on this topic has been
consolidating these advances and highlight pose-centric pipelines
as a practical route for scalable, automatic sign-language animation
[21].

A notable chain of technologies developed in a huge community
over the years is the ecosystem developed from HamNoSys (Ham-
burg Notation System) which is rule-based and with notation-driven
avatars supporting to reduce animator effort by synthesizing mo-
tion directly from symbolic descriptions. Classic pipelines convert
HamNoSys into SiIGML and then drive an avatar such as JASigning,
enabling timing control, re-use, and integration with corpus tools;
recent tooling (HamNoSys2SiGML) streamlines this conversion and
exposes libraries for engines like Unity, further lowering the barrier
to production use. Surveys of signing-avatar animation summarize
persistent challenges (non-manuals, coarticulation) and the engi-
neering patterns that mitigate them in practice, including SIGML
authoring workflows and template reuse. Projects such as Dicta-
Sign report end-to-end prototypes that translate written or speech
input into avatar output with user-centred evaluation, illustrating
the feasibility of scalable pipelines [11, 12, 17, 18]. A complemen-
tary system which can leverages the AZee linguistic framework to
author compositional, machine-interpretable descriptions that can
be rendered directly by animation systems. AZee has been used to
connect structured sign language descriptions to multi-track anima-
tion, in order to synthesize productive forms beyond fixed lexicons,
and to better handle spatial relocations—thereby reducing manual
keyframing and improving grammatical fidelity. Recent work on
synthesizing facial expressions on avatars from AZee-based inputs,
improved the naturalness without hand-crafted animation passes
(8]

Finally, system-level efforts combine language translation with
body, hand, and facial animation to minimize manual stitching
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across components. A speech-to-sign avatar pipeline integrates
ASR (Automatic Speech Recognition) and NMT (Neural Machine
Translation), body-gesture synthesis, and facial animation into de-
ployable applications, demonstrating that practical application in
speech-to-avatar generation can be generated in a cohesive stack
[19]. Over the years, these comprehensive works situate these sys-
tems within the broader translation landscape and enumerate com-
mon shortcuts, like notation reuse, pose templates and retargeting,
that reduce production time consumption and rework.

3 PROPOSED SOLUTION

In the most traditional processes, to become possible the execution
of the translation in sign languages, a previous effort was carried out
in order to create the 3D animations as discussed in Section 2. In this
context, the present work aims to create alternatives to automate
and increase efficiency in an animation pipeline and supporting
some links of the translation process: the sign mapping, animation
synthesis, and rendering stages. The goal of this proposed solu-
tion is to reduce the lead time, minimize manual intervention, take
shortcuts, streamline steps and scale up output while preserving,
or improving, linguistic integrity, naturalness and expressiveness.
The expected final outcome is a more agile and scalable animation
pipeline that supports a wider implementation of automated ani-
mated signs in Libras in educational, governmental or corporate
accessibility contexts.

3.1 Automation framework for sign language
animation pipeline

The methodological backbone of this research integrates computer
vision, real-time animation, and automated batch processing to
automate and improve performance of an animation SL pipeline
including scalable capability and expressivity. The generation of a
3D animated SL translation was carried out in three main steps (i)
setup the computer vision tool - XR Animator tool; (ii) automatize
video processing pipeline; and, (iii) select 3D humanoid avatars
models.

3.2 Computer vision model

Table 1: Comparison of motion capture tools regarding
Blender integration, cost, open-source availability, and mul-
tiple camera support

Available Blender Subscription Open  Multiple
Tool Integration Price Source Cameras
FreeMocap No Free Yes Yes
Remocapp Yes $20.00/month No Yes
BlendArMocap Yes Free Yes No
DollarsMocap Yes $99.00 No Yes
XR Animator Yes Free Yes Yes

The computer vision model used in the current work is based on
the XR Animator tool. As shown in Table 1, XR Animator stands out
among motion capture solutions for combining native Blender inte-
gration, open-source licensing, and multi-camera support while re-
maining free of cost. These features make it particularly suitable for
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scalable research pipelines without licensing constraints. Integrat-
ing MediaPipe Vision, a lightweight yet robust machine learning
model that extracts 3D body landmarks per frame (BlazePose topol-
ogy) with real-time inference capabilities, XR Animator provides
accurate full-body pose estimation from sign videos. Originally de-
signed to address latency and computational constraints, it enables
video processing on low-capacity hardware while preserving tem-
poral fidelity. Furthermore, leveraging the MediaPipe library, XR
Animator incorporates a moving average smoothing filter (typically
spanning 5-10 frames) in the extracted keypoints to reduce jitter
and quantization noise [1, 2]. This temporal filtering echoes ap-
proaches used in biomechanical motion capture systems to ensure
naturalistic movement without compromising linguistic articula-
tions [16]. However, during the process, after smoothing, skeletal
trajectories should be redirected onto VRM-format avatars, which
is not included in MediaPipe functionalities, and extended by XR
Animator.

The re-targeting pipeline implemented in XR Animator performs
the alignment of source and target skeletons through a set of con-
figurable parameters designed to ensure anatomical consistency
and motion fidelity. This process involves:

¢ Configurable bone scale factors: Adjustments within a
range of approximately 0.9-1.1 to match the proportions of
the signer.

e Rest position offsets: Modifications to default joint po-
sitions, such as 10° shoulder tilt corrections, to align with
natural posture.

¢ Rotation constraints: Limitation of joint rotation (e.g., £45°
per axis) to prevent anatomical distortion during motion
transfer.

These re-targeting parameters also enable an enhanced biome-
chanical plausibility while capturing gestural nuance of Libras.
Finally, resulting animations are exported in FBX or gITF formats
for importing into Blender, allowing further refinement via inverse
kinematics (IK) rigs and facial expression layering.

Unlike manual animation tools, this pipeline offers a reproducible
and scalable approach, matching parameter-control methodologies
making XR Animator a suitable choice to attend the demands of
sign language gestures representation, which rely on both static
posture and dynamic movement patterns.

In this project, XR Animator processes signer videos to extract
skeletal poses frame-by-frame. The parameters used to fine-tune
the extraction onto the model were:

e Motion capture framework: MediaPipe Vision
e Al model quality: Best
e Z-depth scale: Max

3.3 Automated video processing pipeline

In order to create scalability and high potential for maintainabil-
ity, a fully automated, Python-based procedure was developed to
batch-process large Libras video datasets (Figure 3). The automation
cycle orchestrates sequential stages with feedback and control loops,
ensuring robust processing without manual supervision. Once XR
Animator has no available command interface, Selenium-driven
interface automation was chosen as good automation option. Using
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the Selenium Python library (WebDriver), the system program-
matically controls the XR Animator GUI—positioning the mouse,
clicking buttons, handling menus, launching export commands,
and validating completion status in a headless or visible browser
context:

e Batch ingestion: The pipeline continuously monitors desig-
nated input folders, ingesting new video files as they appear.

e Avatar targeting: normalized inputs are fed into XR Ani-
mator, which maps control points and movements over time
to a pre-configured virtual avatar skeleton.

¢ Video rendering: once the motion capture is carried out,
then rendering is triggered, producing final synchronized
output videos ready for distribution.

A feedback loop monitors each step’s success or failure: fail-
ures trigger retries or alerts; successes are logged for auditing and
performance metrics. This automated cycle significantly reduces
human overhead—where previously manual intervention was re-
quired for GUI operations in XR Animator, now everything pro-
ceeds in batches unattended. It enables high-throughput processing
of hundreds or thousands of clips while preserving consistency and
traceability.
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Figure 3: Automation of animation generation process.

3.4 3D avatar model specification

The 3D avatar used in this work is a humanoid VRM-format model.
These models are used in applications of virtual reality and stream-
ing, and generally are chosen for its expressiveness capabilities
(with its facial control shape) and real-time performance compatibil-
ity. The VRM format is a binary file, gl TF-based, platform-independent
standard that encapsulates not only mesh geometry but also a nor-
malized humanoid skeleton, blendshape groups (morph targets),
secondary animation data (e.g. spring-bones), material definitions,
eye-gaze metadata and licensing/authoring metadata packaged into
a single file [33]. It supports blendshape animation, hand rigging,
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and lip sync features, allowing a natural presentation of Libras signs
including facial expressions and handshapes.

A typical VRM avatar comprises a hierarchical bone structure
matching a T-pose skeleton—spine, chest, neck, head, upper/lower
arms, hands, fingers, legs, and other additional parts with joint
orientation standardized to permit animation retargeting confor-
mant. Facial expressiveness is carried out via blendshape groups
that encode pre-defined emotions and phonemic mouth shapes (e.g.
ARKit-style visemes for "a-i-u-e-o", blink, joy, anger, surprise) VRM.
These blendshapes rely on control points defined at the vertex level
(morph targets) to shape facial regions with precise weights. XR
Animator is capable of execute the orchestration, normalized key-
points from MediaPipe are matched to this skeleton: body and hand
joints drive joint rotations, while facial landmarks drive blendshape
activations for lip sync and expressions.

During empirical testing, we leveraged large VRM model repos-
itories like [14, 20, 29], which are generally not specific for sign
language applications. For this reason, some limitations emerged
when using those avatars with non-standard anthropometry propor-
tions or low-resolution mesh structure. Models with exaggerated
limb lengths or stylized proportions caused misaligned retargeting:
finger positions, palm orientations, or facial expressions became
distorted or inconsistent with Libras sign shapes in some cases.
The low-precision collision meshes (capsule colliders or basic rigid
bodies) also led to avatar self-intersection or mesh clipping dur-
ing complex hand gestures, reducing visual realism. In some cases,
incompatible blendshape bases - due to malformed or incorrectly-
exported VRM files - resulted in abnormal mesh deformation (e.g.
stretched facial features). Despite these constraints, the chosen
VRM avatar provided a practical balance between fidelity and com-
putational performance for a proof of concept model, allowing
efficient real-time rendering of fluent Libras animations with syn-
chronized facial and manual expression. However, parameter fine-
tuning and using avatars with precise dimensions calibration and
higher-resolution blendshape bases should minimize distortions
and preserve sign clarity.

4 METHODOLOGY

To validate the proposed solution presented in Section 3, a set of
experiments was conducted with deaf sign language users and pro-
fessional 3D animators. The evaluation consisted of three phases.
The first phase was conducted with deaf sign language users and
aimed primarily to determine whether the generated sign was per-
formed correctly and would be approved for inclusion in a sign
dictionary. The second phase of the experiment was carried out
with 3D animators, who were presented with the signs rejected by
the deaf consultants. The animators were then asked to indicate
the level of effort required to adjust the sign and the necessary
corrections. The third phase consisted of analyzing the results ob-
tained. Finally, it is important to highlight that the project was
submitted and approved by the Research Ethics Committee of Fed-
eral University of Paraiba under Opinion No. 6.329.894 (CAAE
72907123.6.0000.5188). All participants were informed about the
purpose of the research and signed the "Termo de Consentimento
Livre e Esclarecido” (TCLE).
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Figure 4: Example of VRM models tested and its features of
blendshapes and dimensions.

4.1 Survey methodology & evaluation metrics

In this work, interpretability of the results was assessed by a survey
involving 7 participants (5 male, 2 female), aged between 20 and
30 years, all with completed secondary education and currently
enrolled in undergraduate or postgraduate programs. The sample
comprised 3 deaf consultants who assessed the animation quality
and 4 professional animators who rated the correction effort. The
objective consisted of running an online survey with multiple-
choice, Likert-scale, and free response questions. The survey took
about 30 minutes.

An evaluation survey was designed with questions regarding
the expressiveness, legibility, timing, and realism of the animations.
Deaf consultants were invited to assess the automatic-generated
animations of SL signs corresponding to OL words (n = 100) in
the context of education and health. In addition to quantify it was
created a 1-5 scale, open-ended qualitative feedback, and finally
participants were also asked whether each animation would be
approved or rejected in a formal accessibility review. Subsequently,
animations marked as "rejected” were evaluated by the team of
professional animators, who rated the amount of effort required
to fix each animation on a scale from 1 (minimal adjustments)
to 5 (complete rework). The questionnaire was composed of the
following profile of items:



WebMedia’2025, Rio de Janeiro, Brazil

(1) Do you approve this animation?: Yes/No option — captures

binary user endorsement of the animation quality.

If you disapproved the animation, what were the rea-

sons?: Closed-ended question — allows participants to choose

among categoric answers. (i) Error in hand movement; (ii)

Inadequate facial expression; (iii) Occlusion hindering visu-

alization; (iv) Lack of fluidity; (v)Mesh penetration (avatar

geometry intersecting itself)

Overall quality of the animation: Likert-type item (5-point

scale: Very Poor to Excellent) — measures holistic perception of

production quality and clarity.

Number of hands used in the sign: Ordinal scale (e.g., One

hand, Two hands) — checks whether the hand configuration

matches the expected gloss morphology.

Is there occlusion? (i.e., are parts of the body or hands

hidden?): Yes/No option — evaluates visibility issues where

hand shapes or body parts may be obscured.

Does the animation present appropriate facial expres-

sion?: Yes/No option — assesses synchronization of non-manual

markers (facial cues) critical to Libras comprehension.

(7) Additional comments: Open-ended field — provides space
for qualitative feedback and suggestions beyond structured
items.

@)

®)

©

In the further assessment with specialized SL designers, it was
addressed a survey to test the effort of correct the animations:

(1) What level of effort was required to correct the ani-
mation?: Likert-type item (5-point scale: Very Low to Very
High) — measuring perceived effort or difficulty in usability
and evaluation studies.

4.2 Dataset and resources

The dataset used comprises video clips featuring professional SL
interpreters recorded in medium shot under varied lighting and en-
vironmental conditions and is called VLibras—Sign—o1. These clips
were provided and originally produced by the VLibras community,
with explicit consent for usage, within the scope of institutional
accessibility and inclusion efforts. Each video corresponds to a sin-
gle sign from a curated vocabulary related primarily to health and
education. This dataset offered a solid foundation for evaluating
motion capture consistency and avatar expressiveness.

In the context of sign language video production, the referred
medium shot, or American shot, is a cinematographic framing tech-
nique in which the subject is captured from approximately the waist
up, facing the camera in a frontal or slightly angled orientation. This
framing has become particularly suitable for sign language record-
ing due to its ability to simultaneously capture the full articulation
of the upper limbs and the detailed facial expressions. This visual
composition is critical because SL relies heavily on non-manual
markers, including eyebrow movement, mouth shapes, head tilts,
and eye gaze, which convey essential grammatical and emotional
cues. At the same time, the signer’s handshapes, movements, and
positions relative to the body must remain clearly visible to en-
sure lexical and syntactic intelligibility to the capture. By using
the VLibras — Sign — v1 dataset, it has been trying to maximize
the semantic content carried in both manual (hands, arms) and
non-manual (face, shoulders, upper torso) components of the sign.
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Moreover, this shot allows for a neutral background and consistent
lighting, which enhances pose estimation accuracy in automated
animation pipelines as MediaPipe.

Table 2: Dataset description

Field Description

Title-Version VLibras-Sign-v1

Description 24660 videos from 11 signers and 406 signs
(206 educational and 200 health related signs)

Creators Lavid UFPB

Formats MP4, 1280x720, 1920x1080, 30 fps, ~2-4 MB
per video

Demographics 4 male / 7 female signers, ages 18-45,

regional backgrounds (Northeast Brazil)
Unique medium-shot framing,

frontal uniform lighting, neutral background
Private dataset

Collection setup

Licenses

Figure 5: Dataset features: setup and interpreters of SL.

5 RESULTS AND DISCUSSION

5.1 Survey descriptive results

Deaf participants first reviewed a sample of animations and made
accept/reject judgments, while animators later evaluated the effort
required to refine those animations. From the collected judgments
of two groups of participants, it was possible to infer that from all
automatically generated animations evaluated by the deaf consul-
tants, only 38% were approved, while 62% were rejected, as shown in
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the Table 3. Besides that, the quality ratings for rejected videos clus-
ter around 3 (“Regular”) in the Table 4, suggesting that a significant
portion was considered technically acceptable but not satisfactory
enough for reach an approval standard. This intermediate quality
category represents a potential opportunity for refinements, rather
than wholesale reconstruction. On the other hand, although these
findings were associated with the majority of animations, most
corrections required minimal effort, according to professional ani-
mators Table 5. Specifically, approximately 77% of videos fell into
the very low to low correction-effort categories (levels 1 and 2),
indicating that even rejected animations were relatively easy to fix,
and showing an optimization level.

Analyzing the reasons for the rejection, Figure 6, it was possible
to understand the low performance animation problems. From a
total of unapproved animations n = 186(62%), the most relevant
impacts were recorded in: (i) hand movement errors (p = 84.7%);
(ii) occlusion that hinders visibility (p = 27.3%); (iii) mesh intrusion
or intersection (p = 17.5%). These 3 categories of rejection reasons
are present in p = 96, 7% of the unapproved animations. It was also
questioned about the animation quality in the case of unapproved
sign-language translation production. Despite not achieving full
approval, the animation quality was rated as “Good” (rating of 4)
or “Very Good” (rating of 5) in 31% of the videos exhibiting hand
movement errors, and in 50% of those experiencing occlusion that
hinders visibility. Finally, the feasibility to improve the animation
was assessed by the qualitative effort demanded by a graphical de-
signer in reconfiguring the animation in order to have a acceptable
result, as demonstrated by the Figure 7. For the recorded answers
with: (i) hand movement errors (0 = 76,6%); (ii) occlusion that
hinders visibility (6 = 78, 9%); (iii) mesh intrusion or intersection
(0 = 78,9%); demonstrated a "Low" or "Very low" pointed effort
to correct the animations, which the authors considers as a good
result for the proof of concept proposed in this article.

Table 3: Automatic generated animations evaluation by deaf
consultants

Evaluation Percentage of videos n samples

Approved 38% 114
Rejected 62% 186
Total 100% 300

Table 4: Quality evaluation of rejected automatic generated
animations by deaf consultants

Quality Percentage of videos n samples
1 - Too bad 11% 20
2-Bad 24% 45
3 - Regular 35% 65
4 - Good 17% 32
5 - Very good 13% 24
Total 100% 186
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Table 5: Amount of effort necessary to fix the animations
evaluated by animators

Effort Percentage of videos n samples
1 - Very low 39% 73

2 - Low 38% 70

3 - Medium 21% 39

4 - High 2% 4

5 - Too high 0% 0
Total 100% 186

Animation quality classification

n answers

Hand movement
errors

Occlusion that

hinders visibility 50
Mesh intrusion

/intersection 32
Lack of

fluidity 22

Inadequate 5
facial expression

Poor video 5

quality

B 1 - Very bad 7] 2 - Bad 3 —Regular [l 4 - Good [l 5 - Very good

Figure 6: Video quality in comparison with main reasons for
the rejection of animations.

Demanded effort to improve animation
n answers

Hand movement

o ] 55
errors
o 50
o 32
Lack of
ko 14% 339% 53%

fluidity n 2
b = 5
Poor wde'o 33% 42% 25% 5

quality

[ 4 —High

Occlusion that
hinders visibility

Mesh intrusion
/intersection

Inadequate
facial expression

3 — Medium [l 2 —Low [l 1 - Very low

Figure 7: Effort demanded to improve animation according
to main reasons for the rejection of animations.

5.2 Survey qualitative results

As the main reasons for rejection can present a wide range of
possible causes, they demand to be deeper analyzed in order to
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create future mechanism which mitigate the most frequent failures
in the sign-language process animation generation, as demonstrated
in the Figure 8. An individual analysis over the hundred samples
presented in the survey, it was possible to identify root causes or
limitations classified into two steps over the generation process: (i)
3D avatar mapping and retargeting; (ii) MediaPipe motion capture.

As demonstrated in the Figure 8(a), the right hand shows a pen-
etration in the hair and head parts of the 3D avatar, hiding part
of the sign and preventing from a correct visualization. In these
mesh intrusion problems, the collision and mesh penetration pre-
sented mainly in the avatar mapping and retargeting step were
predominant in the samples. In the Figure 8(b), a case of hand
movement misalignment between the avatar or MediaPipe and the
input video is shown as a wrong hand movement and head height
position, where these deviations led to anatomically inconsistent
arm placement and consequently incorrect interpretation. The au-
thors recognize that the MediaPipe process demonstrates to be
more precise [28], leading up to the occurrence mostly in the avatar
retargeting process. A more complex and multi-factorial situation
is shown the Figure 8(c), which was observed a simultaneous occur-
rence of hand occlusion and arm mispositioning. The primary cause
of hand occlusion was identified as a limitation of the MediaPipe
framework in accurately capturing overlapping movements, partic-
ularly when one hand passes in front of the other. This constraint in
pose estimation often results in partial or complete loss of keypoint
tracking for the occluded hand. In parallel, the arm mispositioning
was found to originate within the avatar retargeting stage. The
combination of these two errors adversely affects the clarity and
naturalness of sign representation.

5.3 Limitations

Despite the promising outcomes achieved by the proposed system,
several limitations were identified throughout the execution and the
survey. The motion capture framework (MediaPipe) demonstrates
to struggle with hand occlusions and overlapping gestures, which
may lead to partial keypoint loss and inaccurate trajectory recon-
struction. During the retargeting process, the use of non-standard
or low-resolution VRM avatars occasionally produced mesh pene-
tration and anatomical distortions. For the survey, a small number
of participants with a relative high variance prevent the work from
further significant hypothesis testing on methodology effectiveness.

6 CONCLUSIONS AND FUTURE WORKS

This study introduces a novel method to automatically animate
human-recorded Libras videos into expressive 3D avatar anima-
tions using deep learning-based motion transfer techniques. The
core idea is to bypass traditional animation methods, optimize and
improve efficiency in a pipeline of sign language animation. The
system captures real human gestures and delivers high-fidelity
animations with minimal manual intervention. Beyond technical
contribution, the current work proposes an approach that addresses
critical barriers in accessibility workflows by reducing production
costs, accelerating content creation, and ensuring that the auto-
matic generated animations preserve the linguistic accuracy and
expressiveness essential for sign language comprehension. The po-
tential of scalability and integration with platforms such as VLibras
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(a)

(b)

Figure 8: Most common errors in sign-language translation:
(a) Mesh invasion; (b) Hand movement errors; and (c) occlu-
sion.

positions it as a viable method toward the primary objective of this
work: a social impact from a broader dissemination of accessible
content for the Deaf community in Brazil.

From its findings, the study revealed the clear need of improved
motion capture algorithms capable of handling occlusion and more
precise avatar rig calibration to ensure biomechanical plausibility in
which code-based automation can mitigate the most frequent fail-
ures in the sign-language process animation generation, as demon-
strated in Figure 8. These strategies in general address rendering
of avatar and its control points programmatically like kinematic
smoothing algorithms, motion interpolation, and collision-aware
skeleton constraints, which can be implemented in code to enhance
fluidity, minimize mesh intrusion, and correct hand trajectory devi-
ations in post-production code efforts. For example, future works
will need to tackle the case of hand movement misalignment. Those
irregularities can be addressed by scripting or procedural correc-
tions via code, which aim to refine standard control parameters or
manipulate bone pose angles in order to enhance the performance.
Other solutions like post-processing filters in code to smooth joint
trajectories can significantly improve accuracy. Analogously, mesh
intrusion problems can be faced with a enhanced collision detec-
tion calibration process avoiding a better underlying rig demand.
Finally, for inadequate facial expression integrating facial grammar
modules into the animation pipeline can enrich the quality of iden-
tification of correct facial expressions based on gloss enhancing
expressiveness.
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Future work will focus on enhancing finger and facial tracking
precision, creating higher quality 3D models with improved an-
thropomorphic proportions and more accurate collision detection,
fine-tuning smoothness and keypoint mapping parameters, and
developing a better understanding of the root causes for anima-
tion rejection. Additional efforts include creating open datasets and
benchmarks for sign language animation, expanding the approach
to other sign languages and multilingual contexts, and improv-
ing integration into the VLibras workflow to broaden testing and
adoption of the tool.

With this work, the authors aim to contribute to the recent
growth in the adoption of new technologies in the accessibility
fields for Deaf communities.
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