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Abstract: This paper presents a comprehensive framework addressing age-invariant face recognition
(AIFR), face age synthesis (FAS), voice transformation, and avatar generation. Traditional AIFR
techniques focus on minimizing age-related variations in face recognition but lack visual interpretability,
while FAS methods aim to synthesize faces of different ages but often compromise recognition due to
artifacts. To address these limitations, we propose MTLFace, a multi-task learning framework that
simultaneously handles AIFR and FAS tasks. MTLFace employs attention-based feature decomposition to
separate identity and age-related features spatially, improving interpretability. Additionally, we introduce
an identity conditional module for fine-grained face age synthesis, enhancing the naturalness of synthesized
faces. Unlike conventional methods that achieve age group-level synthesis, our identity conditional module
enables identity-level synthesis, resulting in smoother age transitions and preserving individual facial
characteristics. Leveraging high-quality synthesized faces, we enhance AIFR performance via selective
fine-tuning, where synthesized faces are used to augment training data, leading to improved robustness
against age variations. Furthermore, we contribute a large cross-age face dataset with annotations,
facilitating research in age-related tasks. In addition to AIFR and FAS, we explore limitations in existing
methodologies for voice transformation and propose advancements to improve speech quality and address
current challenges. Lastly, we introduce a novel approach for cartoon face generation, utilizing
component-based facial feature extraction and template matching to produce diverse and stylistic cartoon
faces. Experimental results across various benchmarks demonstrate the effectiveness of our approaches in
achieving superior performance in face recognition, voice transformation, and cartoon face generation,
thereby contributing to the advancement of multimodal synthesis technologies with potential applications in
entertainment, virtual communication, and assistive technologies.
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