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Introduction to the Special Issue on Deep Multimodal
Generation and Retrieval

1 Introduction

The rapid development of artificial intelligence has significantly advanced how machines acquire
and interact with multimodal information [8, 10, 30, 37, 43, 67, 68]. Information acquisition, once
confined to unimodal text-based pipelines, has now expanded to embrace multimodal generation
and retrieval (MMGR) systems that jointly leverage visual, linguistic, and structured modalities
[7,18-21, 35, 38, 46, 50, 59, 62, 69, 74]. These systems are becoming increasingly crucial in various
real-world applications, such as content creation, cross-modal search, digital assistants, and scientific
knowledge discovery [3, 5, 36].

Traditionally, the fields of information generation (IG) and information retrieval (IR) have
focused on isolated unimodal settings, largely limited to text-based content and indexing [2, 4,
11, 12, 22, 28, 29, 33, 53, 54, 57, 60, 72]. Computer graphics and vision researchers, on the other
hand, have primarily focused on visual content creation and manipulation, such as generating and
processing images and videos [15-17, 31, 42, 63, 65]. However, real-world information is inherently
multimodal, requiring systems to reason jointly over images, videos, language, audio, and structured
signals [9, 13, 26, 47, 48, 51, 52, 55, 70]. This has led to the rise of MMGR research [23, 58, 61, 71, 73],
which calls for effective fusion, alignment, and interpretation of heterogeneous modalities in both
forward generation and backward retrieval processes. Recent advances in large-scale pretraining
and generative models have further enabled scalable MMGR systems, bridging vision-language
gaps and enabling controllable synthesis [1, 27, 49, 76].

Nevertheless, key challenges remain unresolved in the MMGR domain. These challenges span
algorithmic, systemic, and robustness aspects, including:

— Learning generalized and transferable multimodal representations across domains and modali-
ties is crucial for robustness. Recent works explore spectrum recombination [24], unsupervised
visual-language pretraining [27], and triplet contrastive representation learning [39] to en-
hance representation transferability.

CCS Concepts: « Information systems — Information retrieval; Computing methodologies — Knowl-
edge representation and reasoning; Computer vision;
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— Ensuring semantic alignment in generation and retrieval remains difficult, especially under
sparse supervision. Efforts such as spatial-temporal attention for video-text retrieval [40],
object-pose disentanglement for editing [66], and correlation-aware attention in fashion
matching [5] address these issues with refined architectures.

— Generating controllable and coherent multimodal content is critical for applications like text-
to-image, sketch-based editing, and 3D avatar generation. Recent advances include prompt-
sensitive diffusion modeling [1], sketch-guided GANs [41], and 3D avatar generation using
face priors [14].

— Improving interpretability and reducing hallucination is vital for responsible Al. Works such
as multimodal consistency suppression for fake news [44], emotion-cause extraction with
holistic constraints [25], and zero-shot sarcasm detection with vision-language large models
(VLLMs) [45] highlight emerging approaches to enhance explainability.

— Adapting large models efficiently to new domains requires methods like in-context tuning [3],
efficient distillation for small object editing [56], and prompt learning without supervision
[49], which aim to reduce training cost and data dependence.

— Designing unified evaluation protocols and real-world benchmarks is essential for scalable
deployment. Studies address this through protein-language generation tasks [64], few-shot
segmentation with multimodal large models [75], and visible-infrared person ReID with label
refinement [6].

This Special Issue on Deep MMGR presents rigorously reviewed papers that collectively tackle
the above challenges from novel angles. Contributions span across text-video retrieval [40], 3D
content generation [34], noise-robust retrieval [32], sociocultural dialogue modeling [36], and bias
mitigation [32]. Together, they reflect the state-of-the-art in MMGR and illuminate new directions
for building generalizable, controllable, and trustworthy multimodal Al systems.

2 Overview of the Publications Included in This Special Issue

This special issue compiles twenty-one high-quality papers, which collectively address critical
challenges in deep MMGR. These contributions span four thematic categories: (1) Multimodal Se-
mantics Understanding, (2) Generative Models for Vision Synthesis, (3) Multimodal Information
Retrieval (MMIR), and (4) Explainable and Reliable Multimodal Learning. Each paper proposes
new methods to improve cross-modal alignment, generative quality, retrieval effectiveness, and
interpretability in multimodal learning systems. Table 1 provides a structured summary of the
contributions.

2.1 Multimodal Semantics Understanding

Understanding and modeling semantics across modalities is central to multimodal intelligence.
The papers in this category address core challenges including alignment of visual and linguistic
representations, cross-modal reasoning, semantic parsing, robustness to noise and weak super-
vision, and efficient tuning for downstream tasks. These contributions significantly advance the
understanding of multimodal semantics through pretraining strategies, emotion-cause analysis,
sarcasm detection, and label-efficient learning.

Contrastive Visual-Language Pretraining without Annotations. Li et al. [27] propose CVLP-NaVD, a
contrastive visual-language pretraining framework tailored for non-annotated visual description gen-
eration. This work tackles the challenge of learning grounded multimodal representations without
paired text, leveraging noise-aware visual prompts and synthetic captions produced by CLIP and
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Table 1. Overview of Articles: Categories, Contributions, and Addressed Challenges
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Category Paper Main Contribution Challenges O & & Mm@ /A
Addressed
Multimodal Liet al. [27] Contrastive pretraining for visual- Transfer, weakly v v v
Semantics Under- language without annotations supervised
standing learning
Zhang et al. [64] Protein sequence-to-natural lan- Scientific  align- v
guage captioning ment across
modalities
Lietal. [25] Emotion-cause pair extraction Semantic interac- v v
with label constraints tion modeling
Chen et al. [3] MMICT Prompt-based fine- v
tuning framework
Zhou et al. [75]  Few-shot segmentation with mul- Orthogonal space v v
timodal LLMs learning
Liu et al. [32] Bias mitigation and retrieval opti- Cross-modal ro- v/ v v
mization bustness
Wang et al. [45] VLLM-based zero-shot multi- Zero-shot, seman- v v
modal sarcasm detection tic ambiguity
Generative Mod- Gan et al. [14] 3D avatar generation from unseen High-fidelity gen- v
els for Vision Syn- expressions eration
thesis
Cai et al. [1] Prompt analysis for text-to-image Temporal-spatial v v/
diffusion generative insights
Wei et al. [49] Domain-generalized image cap- Robust  caption v/ v
tioning via prompt learning transfer
Zhang et al. [66] Pose-object controlled image edit- Fine-grained image v v v
ing using SAM control
Sun et al. [41] Sketch-based fashion GAN with Style disentangle- v
content decoupling ment
Ma et al. [34] Bridging text-to-2D and 3D con- Cross-modal 3D v vV
tent generation generation
Wu et al. [56] Distillation for small object editing Efficient  editing v v
pipeline
MMIR Shen et al. [39]  Triplet contrastive learning for ve- Unsupervised met- v/ v
hicle ReID ric alignment
Cui et al. [5] Cross-modal attention for fashion Visual-semantic v
matching outfit retrieval
Shen et al. [40]  Spatio-temporal attention for Video-language v v
video-text retrieval alignment
Dai et al. [6] Label refinement for visible- Dual-modal opti- v
infrared RelD mization
Jing et al. [24] Transformer for hyperspectral Modality-specific v v
classification spectral reasoning
Explainable and Qu et al. [36] Frame-based sociocultural norm Dialogue  social v v
Reliable ~ Multi- base construction grounding
modal Learning
Tao et al. [44] Fake news detection with multi- Consistency sup- v v v

MMICT, Multimodal in-context tuning.

ACM Trans. Multimedia Comput. Commun. Appl.,, Vol. 21, No. 11, Article 304. Publication date:

November 2025.



304:4 H. Fei et al.

BLIP2. Through multi-instance contrastive alignment and dual prompt tuning, the model demon-
strates strong performance on image captioning tasks across domains. This approach aligns with
the theme of multimodal semantics by enabling structure-aware alignment and robust representation
learning under weak supervision settings.

Protein Captioning across Scientific Modalities. Zhang et al. [64] present a pioneering effort
to bridge the gap between protein sequences and natural language via protein captioning. This
work explores a novel scientific modality where the input is a protein sequence, and the output
is a human-readable textual description. The authors design a Transformer-based captioning
architecture and introduce tokenization techniques suitable for biological data. The results show
promising accuracy and coherence, opening new possibilities in biomolecular interpretation. The
work expands multimodal semantics into the scientific domain, tackling challenges in semantic
alignment across heterogeneous modalities and demonstrating efficiency in low-resource biological
applications.

Emotion-Cause Pair Extraction with Interaction-Aware Constraints. Li et al. [25] develop a holistic
interaction framework for multimodal emotion-cause pair extraction (MEPE) that integrates
cross-modal interaction modeling and label constraints. The authors propose a fusion module
combining textual and visual features, enriched with hierarchical dependencies and global-to-local
pair matching. The model is trained with a multi-objective loss that balances emotion recognition,
cause detection, and their interaction. Evaluated on standard MEPE benchmarks, the framework
outperforms previous baselines, particularly in cases involving subtle cause triggers. This work
directly contributes to semantic-level understanding by enhancing fine-grained reasoning between
affective cues and their triggers.

Multimodal In-Context Tuning (MMICT). Chen et al. [3] propose MMICT, a novel method
for multimodal fine-tuning via in-context examples. Inspired by prompt-based learning in language
models, the framework introduces a hybrid encoder for image-text tasks that generates pseudo
in-context demonstrations during training. These prompts improve generalization by injecting
task-aware conditioning, enabling efficient few-shot adaptation. The study validates MMICT across
multiple downstream tasks, including VQA and image captioning, demonstrating superior per-
formance with minimal supervision. This work is critical for scalable and efficient multimodal
semantic understanding, especially in low-resource scenarios.

Orthogonal Space Learning with Multimodal Large Models. Zhou et al. [75] explore the use of
orthogonal semantic subspaces to improve few-shot learning in multimodal segmentation. The au-
thors introduce a framework that separates modality-specific and shared representations in a latent
orthogonal space and guides few-shot learning through self-adaptive prototype construction. Using
large pretrained vision-language models as the backbone, this approach improves generalization
on unseen segmentation classes. This article directly tackles the challenge of scalability and general-
ization in multimodal understanding, with a method grounded in representation disentanglement
and task transfer.

Bias-Robust Cross-Modal Retrieval. Liu et al. [32] address the issue of bias and representation
collapse in cross-modal retrieval by introducing an end-to-end framework that integrates bias
mitigation with robust representation learning. A modality-sensitive attention mechanism coupled
with adversarial disentanglement reduces inter-modal noise and improves generalization. Experi-
mental results on benchmark datasets show significant improvements in retrieval accuracy under
domain-shift settings. This work enhances multimodal semantic grounding by promoting robustness
to distributional bias and noisy modality-specific signals.
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Zero-Shot Sarcasm Detection via VLLM Agent. Wang et al. [45] propose S® Agent, a versatile
framework for zero-shot sarcasm detection using VLLMs. The agent reformulates sarcasm recognition
as a structured understanding problem, leveraging multimodal prompts and CoT reasoning. By
integrating perception and reflection modules, S* Agent captures nuanced visual-textual incongruity
that defines sarcasm. Evaluated on multimodal sarcasm datasets, the model achieves state-of-the-art
performance without fine-tuning. This article exemplifies how semantic abstraction and alignment
from large multimodal models can be harnessed to address highly subjective and subtle semantic
phenomena.

2.2 Generative Models for Vision Synthesis

Generative modeling plays a vital role in multimodal Al, enabling controllable content synthesis
across image, video, and 3D domains. This section presents seven papers that tackle core challenges
in vision synthesis, such as generalization across domains, faithful alignment with conditioning
inputs (e.g., prompts or sketches), and efficiency under resource constraints.

ExpAvatar: 3D Prior-Based Expressive Avatar Generation. In “ExpAvatar: High-Fidelity Avatar
Generation of Unseen Expressions with 3D Face Priors] Gan et al. [14] propose a novel framework
for generating expressive avatars by leveraging 3D face priors to disentangle identity and ex-
pression representations. The method introduces a dynamic blendshape reconstruction module
that encodes prior facial geometry, followed by a high-resolution texture generation network to
synthesize expressive avatars. By explicitly modeling unseen expressions using a latent fusion
strategy, ExpAvatar effectively generalizes to expressions not seen during training and achieves
high-fidelity synthesis results. This work directly addresses challenges of semantic alignment and
faithful generation in expression-driven avatar creation.

Picasso: Prompt Design Analysis in Diffusion Models. Cai et al. [1] present “Picasso: Analyzing
Prompt Design for Text-to-Image Generative Diffusion Models from a Temporal-Spatial Perspective,” a
systematic investigation into how prompts influence image generation quality in diffusion models.
The authors build a benchmark that quantifies prompt controllability across time (generation steps)
and space (layout or region effects), revealing significant inconsistencies in model interpretability.
They propose a temporal-spatial consistency score and demonstrate through experiments that
prompt engineering has implicit biases across diffusion iterations. This work contributes to the
challenge of improving explainability and controllability in large-scale generative models.

Unsupervised Prompt Learning for Image Captioning. Wei and Chen [49] propose “Improving
Domain Generalization for Image Captioning with Unsupervised Prompt Learning,” which aims to
enhance captioning models across diverse domains without requiring domain-specific annotations.
They design an unsupervised prompt generator based on self-supervised contrastive learning and
integrate it into a captioning model to guide semantic focus. Their experiments on multiple out-of-
domain datasets (e.g., nocaps, flickr30k) show that the prompt-enhanced captioner outperforms
standard models under distribution shifts, showcasing improvements in both fluency and relevance.
The work addresses scalability and domain generalization in caption generation.

SAMControl: Pose and Object Controllable Image Editing. The paper “SAMControl: Controlling
Pose and Object for Image Editing with Soft Attention Mask, by Zhang et al. [66], introduces a
soft-attention mask mechanism that enables users to control both pose and object appearance
during image editing. Built atop a U-Net-based generator and guided by textual inputs and object
masks, the model disentangles foreground transformations from background consistency. The
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system achieves flexible editing with minimal manual tuning and supports real-time interactions.
It directly tackles controllable content generation, semantic alignment, and efficient inference.

CoDE-GAN: Sketch-Guided Fashion Editing. In “CoDE-GAN: Content Decoupled and Enhanced GAN
for Sketch-Guided Flexible Fashion Editing,” Sun et al. [41] address the challenge of aligning sparse
sketch inputs with rich appearance representations. The proposed GAN architecture decouples
content and style using dual encoders and integrates a spatial attention mechanism to fuse sketch
structure with clothing features. The model allows flexible attribute editing (e.g., texture, sleeve,
collar) and achieves realistic generation on fashion datasets such as DeepFashion. The method
enhances editing fidelity and visual realism in style transfer scenarios.

3D Content Synthesis by Bridging Text-to-2D and Text-to-3D. Ma et al. [34] introduce “Creating High-
Quality 3D Content by Bridging the Gap Between Text-to-2D and Text-to-3D Generation,” proposing
a two-stage framework that first generates high-quality 2D images from text, then lifts them
into 3D assets using neural surface reconstruction. The novelty lies in transferring learned priors
from 2D diffusion models into the 3D generation space without explicit 3D supervision. Extensive
experiments show that their method surpasses traditional text-to-3D pipelines in geometric fidelity
and semantic consistency. This study tackles multimodal fusion and efficiency in 3D content
creation.

SOED:iff: Efficient Small Object Editing via Distillation. Finally, Wu et al. [56] present “SOEDiff:
Efficient Distillation for Small Object Editing,” a lightweight model designed for precise editing
of small-scale visual regions. The authors propose a region-aware distillation strategy that pre-
serves context while modifying target objects, supported by attention-guided reconstruction and
diffusion-based refinement. Their experiments on object editing benchmarks demonstrate substan-
tial improvements in editing precision with reduced computational overhead. SOEDIff addresses
the challenges of efficient generation and region-level fidelity.

23 MMIR

MMIR targets the alignment, fusion, and matching across heterogeneous data sources such as
images, videos, and textual descriptions. The selected works in this section address critical challenges
in MMIR, including label scarcity, cross-modal fusion, temporal modeling, and modality-specific
reasoning. They explore innovative methods ranging from contrastive representation learning to
dual-modality refinement, pushing the boundaries of efficient and robust retrieval across visual
and textual modalities.

Triplet Contrastive Learning for Unsupervised Vehicle Re-Identification. Shen et al. [39] introduce
“Triplet Contrastive Representation Learning for Unsupervised Vehicle Re-Identification,” a method
that alleviates the reliance on labeled data by introducing a novel framework for unsupervised
representation learning. The model builds upon a hierarchical clustering approach to generate
pseudo-labels, which are refined through a momentum-updated memory bank and hard sample
mining. A triplet-based contrastive loss is then applied to learn robust vehicle embeddings under
varying lighting and pose conditions. Experimental results on VeRi-776 and VehicleID datasets show
substantial improvements over existing unsupervised baselines, directly addressing the challenges
of unsupervised retrieval and cross-domain robustness in vehicle re-ID.

Cross-Modal Attention for Outfit Compatibility Modeling. Cui et al. [5] present “Correlation-Aware
Cross-Modal Attention Network for Fashion Compatibility Modeling in UGC Systems,” which models
the compatibility among fashion items using multimodal cues from both text and image. The
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method introduces a correlation-aware cross-attention module that dynamically adjusts attention
weights based on semantic alignment between product descriptions and visual appearances. This
fine-grained fusion allows the model to reason over user-generated content (UGC) and enhances
compatibility prediction. Experiments on large-scale fashion datasets demonstrate notable gains
in recommendation precision and interpretability, addressing semantic fusion and alignment
challenges in UGC-based multimodal systems.

Spatio-Temporal Attention for Video-Text Retrieval. In “Spatio-Temporal Attention for Text-Video
Retrieval” Shen et al. [40] propose a dual-stream architecture that models fine-grained temporal
and spatial correspondences between video clips and textual queries. The system leverages a spatio-
temporal attention fusion module to capture the evolving semantic relevance across video frames
and sentence elements. A contrastive loss aligns matched video-text pairs while maintaining intra-
modal consistency. The approach achieves competitive retrieval accuracy on standard benchmarks
such as MSR-VTT and LSMDC, advancing temporal grounding and fusion quality in cross-modal
video understanding.

Dual-Modality-Shared Learning for Infrared Person RelD. Dai et al. [6] explore “Dual-Modality-
Shared Learning and Label Refinement for Unsupervised Visible-Infrared Person Re-Identification,
focusing on the challenging task of matching person identities across visible and infrared modalities.
The proposed framework includes two key modules: a modality-shared representation learning
unit that minimizes cross-modality discrepancy and a label refinement mechanism that iteratively
updates pseudo-labels through confidence re-estimation. The model shows superior generalization
performance on SYSU-MMO01 and RegDB datasets. This work tackles cross-spectral matching and
unsupervised learning, enabling more reliable person retrieval in surveillance applications.

SpectrumRecombineFormer for Hyperspectral Image Classification. Finally, Jing et al. [24] present
“SRF: SpectrumRecombineFormer for Hyperspectral Image Classification,” a transformer-based frame-
work that introduces a spectrum recombination module to exploit modality-specific spectral bands
effectively. By adaptively recombining bands into structurally meaningful subspaces and applying
self-attention, SRF enhances feature representation quality while preserving class-discriminative
information. Experiments on public hyperspectral datasets such as Indian Pines and Pavia Univer-
sity validate the method’s superiority over CNN and standard transformer baselines. The study
addresses modality-specific reasoning and scalable modeling for hyperspectral visual retrieval.

2.4 Explainable and Reliable Multimodal Learning

As Al systems increasingly interact with human users in socially consequential scenarios, the
demand for explainability, reliability, and societal alignment in multimodal learning becomes para-
mount. The selected works in this section address these imperatives by incorporating structured
commonsense, sociocultural grounding, and consistency-aware modeling into multimodal architec-
tures. These studies explore how to model the trustworthiness and interpretability of multimodal
reasoning systems, especially in the contexts of dialogue and misinformation detection.

Frame-Based Sociocultural Norm Induction for Dialogue Agents. Qu et al. [36] propose “Scalable
Frame-Based Construction of Sociocultural Norm Bases for Socially Aware Dialogues,” which seeks
to integrate sociocultural awareness into dialogue systems through an explainable, structured
knowledge representation. The authors build upon the concept of frame semantics by constructing
a large-scale sociocultural norm base derived from commonsense knowledge, behavioral datasets,
and large-scale pretraining corpora. A key contribution is the formulation of a multi-stage norm
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induction pipeline that identifies action-event tuples and links them to culturally informed expec-
tations via structured templates. This enriched knowledge base is then integrated into dialogue
agents to support norm-aware response generation and violation detection. By grounding outputs
in explicit sociocultural frames, the model promotes transparency and interpretability. Empirical
results demonstrate improved dialogue quality and norm adherence across several human-in-the-
loop evaluation settings, thus directly addressing the challenges of societal alignment, symbolic
reasoning, and trust in language-based multimodal AL

Consistency Suppression for Multimodal Fake News Detection. Tao et al. [44] introduce “Multimodal
Consistency Suppression Factor for Fake News Detection,” a model that aims to improve reliability
and robustness in fake news identification by mitigating inconsistent visual-textual cues. The
framework formulates a consistency suppression factor (CSF), which measures and penalizes
semantic incongruence between textual and visual features. This mechanism is embedded into a
joint transformer encoder that aligns and integrates multimodal signals, while suppressing noise
from deceptive correlations. Furthermore, the model incorporates modality-aware dropout and
cross-modal contrastive loss to enhance generalization. Extensive experiments on two widely
used multimodal misinformation datasets (Weibo and Twitter) confirm the method’s robustness
and accuracy under adversarial attacks and real-world distribution shifts. The work addresses
the challenges of reliability, adversarial robustness, and explainable inconsistency modeling in
safety-critical multimodal applications.

3 Conclusion and Future Outlook

Explainable, robust, and scalable multimodal learning is becoming increasingly central to the devel-
opment of intelligent systems that must process complex, heterogeneous data across domains. This
Special Issue brings together 21 papers that address key challenges in multimodal representation,
generation, retrieval, and explainability, showcasing both methodological innovations and practical
applications.

In semantic understanding, the selected works highlight progress in contrastive learning, structure-
aware modeling, and in-context tuning for robust cross-modal alignment. These advances improve
generalization in tasks such as protein captioning, emotion inference, and sarcasm detection under
limited supervision.

For vision synthesis, contributions expand the capabilities of diffusion models, GANs, and
editing pipelines through prompt engineering, 3D priors, and style disentanglement. These methods
demonstrate scalable and controllable generation across domains like fashion design and avatar
creation, while also addressing prompt reliability and compositional control.

In multimodal retrieval and recognition, new attention mechanisms and domain-adaptive archi-
tectures enhance robustness in video-text alignment, vehicle and person RelD, and hyperspectral
classification. These models show strong performance under unsupervised or weakly labeled
settings, emphasizing structural fidelity and fine-grained reasoning.

In terms of explainability and trust, the issue explores consistency-aware modeling, norm-
grounded reasoning, and frame-based knowledge for socially aligned applications such as fake
news detection and dialogue systems. These works highlight the importance of transparency, user
alignment, and responsible deployment.

Looking forward, advancing multimodal systems will require scalable, noise-resilient, and inter-
pretable models that bridge foundation capabilities with real-world demands. As vision-language
models, generative Al, and multimodal agents evolve, future research will need to focus on instruc-
tion tuning, structural representation, and causal reasoning to enable human-aligned, mission-
critical applications.
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