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ABSTRACT

Generative Al has advanced rapidly in individual modality domains -- text generation through large language models,
image synthesis through diffusion models, audio generation through neural codec language models -- but the integration
of all three modalities within a unified generative architecture capable of cross-modal conditioning, joint generation, and
coherent multimodal output remains an open and technically challenging problem. This paper proposes the Trimodal
Generative Integration (TGI) architecture, a unified framework for text-image-audio joint generation and cross-modal
conditioning based on a shared latent space representation with modality- specific encoders, a cross-modal attention
transformer core, and modality- specific decoders. TGI supports four generation modes: text-conditioned image-audio
generation (given a text description, generate coherent image and audio); image-conditioned text-audio generation;
audio-conditioned text-image generation; and unconditioned trimodal joint generation. The TGI architecture is trained on
a curated trimodal dataset of 2.1M aligned text-image-audio triplets (TIA-2M) constructed from captioned video content
with automatic audio transcription and alignment. Evaluation on four multimodal generation benchmarks demonstrates
that TGl achieves state-of-the-art cross-modal coherence scores: cross-modal semantic alignment (CLIP-Audio
similarity) of 0.74 (SD = 0.04) versus 0.61 for best competing bimodal system; image generation quality (FID = 18.4, SD
= 2.1) competitive with specialist text-to-image models; and audio generation naturalness (MOS = 4.2/5.0, SD = 0.3)
competitive with specialist TTS systems. The study contributes the TGI architecture, the TIA-2M trimodal dataset, and a
Trimodal Generation Quality (TGQ) evaluation suite covering seven cross-modal coherence and generation quality
dimensions.
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1. Introduction

1.1 The Trimodal Generation Challenge

The generative AI landscape of 2023-2024 is
characterised Dby specialised excellence in
individual modalities and emerging capability in
bimodal integration, with full trimodal integration
lagging substantially behind. Large language
models (Brown et al., 2020; Touvron et al., 2023)
achieve remarkable text generation quality but
generate text only. Diffusion models (Rombach et
al.,, 2022; Saharia et al., 2022) produce
photorealistic images from text prompts but
cannot generate audio or complex multimodal
outputs. Neural codec language models (Wang et
al., 2023 -- VALL-E) achieve high-quality audio
generation but operate in the audio domain only.
Bimodal integration has advanced significantly:
LLaVA (Liu et al., 2023) integrates vision encoders
with LLMs for visual question answering;
Flamingo (Alayrac et al., 2022) enables few-shot
visual language learning; AudioPalLM (Rubenstein
et al.,, 2023) integrates speech and text. But
trimodal integration -- enabling coherent joint
generation across text, image, and audio
simultaneously -- remains under-explored. The
primary challenge is the alignment problem: text,
image, and audio representations occupy
fundamentally different geometric spaces, and
learning a shared latent representation that
captures semantic correspondences across all
three modalities requires carefully designed
architecture and training procedures. The
practical applications of trimodal generation are
substantial: video production systems that
generate coherent visual and audio narration from
text scripts; accessibility tools that generate image
descriptions with synchronised audio; educational
content generators that produce textual, visual,
and auditory explanations in semantic
correspondence; and creative tools for multimodal
artistic generation. The TGI architecture proposed
here provides the foundational technical
framework for these applications.

1.2 Research Contributions and Structure

This paper makes four contributions: (1) the TGI
trimodal architecture with shared latent space,
cross-modal attention transformer, and modality-
specific encoder-decoder pairs; (2) the TIA-2M
trimodal dataset of 2.1M aligned text-image-audio
triplets; (3) the TGQ evaluation suite covering
seven quality dimensions; and (4) systematic
benchmarking across four multimodal generation
tasks. Section 2 reviews multimodal generation,
cross-modal alignment, and shared latent space

approaches. Section 3 presents the TGI
architecture. Section 4 describes the TIA-2M
dataset and evaluation protocol. Section 5 reports
results. Section 6 discusses implications. Section 6
concludes.

2. Background and Related Work

2.1 Multimodal Generation Architectures

Bimodal text-image generation has been most
extensively studied. DALL-E (Ramesh et al., 2021)
trained a transformer on text-image pairs to
generate images from text descriptions using
discrete image token representations. Stable
Diffusion (Rombach et al., 2022) uses latent
diffusion models conditioned on CLIP text
embeddings, enabling high-quality image synthesis
at reduced computational cost. Imagen (Saharia et
al., 2022) wuses cascaded diffusion models
conditioned on T5 text embeddings, achieving
photorealistic generation quality. These
architectures represent text and images in
separate encoder spaces connected by
conditioning mechanisms; they do not learn a
genuinely shared multimodal representation. The
ImageBind model (Girdhar et al., 2023) learns joint
embeddings across six modalities (image, text,
audio, depth, thermal, IMU) using image as a
binding modality, demonstrating that a shared
latent space capturing cross-modal semantic
correspondences is achievable at scale. However,
ImageBind is a discriminative representation
model rather than a generative model; it does not
support conditional or joint generation across
modalities. The TGI architecture builds on
ImageBind-style shared representation learning
and extends it to the generative setting through a
cross-modal attention transformer decoder and
modality-specific generation heads. Table 1 maps
prior multimodal architectures to TGI components.

2.2 Cross-Modal Alignment and Shared Latent
Spaces

CLIP (Radford et al., 2021) established contrastive
image-text alignment as the dominant approach to
learning shared bimodal representations, training
image and text encoders to produce aligned
embeddings using a contrastive loss on 400M
image-text pairs. CLAP (Elizalde et al., 2023)
extends the CLIP approach to audio- text pairs.
The extension to all three modalities
simultaneously requires a trimodal contrastive
learning objective that aligns text, image, and
audio representations in a shared latent space -- a
significantly more complex optimisation problem
due to the three-way alignment requirement and
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the data scarcity of aligned triplets. The TGI
training curriculum addresses this through
progressive trimodal alignment: first training
bimodal pairs (text-image, text-audio, image-audio)
with established contrastive losses, then fine-
tuning with trimodal triplets to achieve three- way
alignment in the shared latent space.

Table 1: Prior Multimodal Architectures
Mapped to TGI Components

Archit Modal Share Gener TGI Co KeyR
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3. The TGI Architecture

3.1 Shared Latent Space and Encoders

The TGI architecture centres on a shared 512-
dimensional latent space Z into which all three
modalities are encoded. The text encoder is a
pre-trained Tb5-Large encoder fine-tuned with
trimodal contrastive loss; the image encoder is a
CLIP-ViT-L/14 visual encoder fine-tuned with
trimodal contrastive loss; and the audio encoder is
a CLAP audio encoder fine-tuned with trimodal
contrastive loss. All three encoders project their
inputs into Z through a shared projection layer of
dimension 512. Trimodal alignment training uses a

three-way symmetric contrastive loss: for a batch
of N text-image-audio triplets, the loss is computed
as the mean of three pairwise CLIP-style
contrastive losses (text-image, text-audio,
image-audio) plus a triplet alignment term that
penalises large variance in the three pairwise
distances for each triplet. Training uses the
TIA-2M dataset (see Section 4) on 32xA100 GPUs
for 5 days, yielding a shared latent space with
mean pairwise cosine alignment of 0.74 for
ground-truth triplets versus 0.31 for random
cross-modal pairs.

3.2 Cross-Modal Attention Core and Decoders
The cross-modal attention (CMA) transformer core
is a 24-layer transformer that operates on
concatenated latent representations from all
available modalities, using learned modality type
embeddings to distinguish input sources. For
conditional generation (e.g., text-conditioned
image-audio = generation), the conditioning
modality tokens are provided as input and the
target modality tokens are generated
autoregressively in the latent space using masked
cross-modal attention. The CMA core uses rotary
position embeddings (Su et al., 2024) with
separate rotation frequencies per modality to
handle the different sequence length
characteristics of text (tokens), image patches, and
audio frames. Modality-specific decoders convert
generated latent representations back to their
respective modality outputs. The text decoder is a
pre-trained T5-Large language model head. The
image decoder uses a latent diffusion model
conditioned on the generated image latent,
producing 512x512 images. The audio decoder
uses a neural codec language model (EnCodec;
Defossez et al., 2022) conditioned on generated
audio latents, producing 24kHz audio. All decoders
are pre-trained on their respective single-modality
datasets and fine-tuned on TIA-2M with the CMA
core. Table 2 presents the TGI component
specifications.

Table 2: TGI Architecture Component
Specifications

Comp Archit Param Input Outpu Pre-tr
onent ecture eters t aining
™M) Data
Text E  T5-Lar 335 Text 512-d ' C4 +
ncoder ge enc tokens | latent | TIA-2M
oder (fine-tu
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35



Journal of Generative Intelligence https://galaxiauniverse.com/index.php/AlGSJ/issue/archive
ISSN: e-ISSN: 3117-6429 / p-ISSN: 3117-6437 Vol: 2024, Issues: 1, 2024

Comp Archit Param Input Outpu Pre-tr systems. Cross-modal narrative coherence -- the
onent ecture eters t aining degree to which generated image and audio are
M) Data semantically coherent with the input text and with
Image CLIP-Vi 307 Image 512-d  LAION- each other -- rated by human evaluators at 4.4/5.0
Encode T-L/14 patche latent 2B + (SD = 0.4), significantly higher than pipeline
r S TIA-2M baseline (3.1/5.0, SD = 0.7; p < 0.001). Table 3
;f‘i;)le—tu presents full TGQ evaluation results.
Audio | CLAP 86 Mel-sp | 512-d | AudioS 4.2 Ablation and TIA-2M Dataset Analysis
Encode | audio e ectrogr | latent | et + Ablation analysis evaluated the contribution of
r ncoder am TIA-2M
(e each TGI component to cross-modal coherence.

ne) Removing the shared latent space (using separate
encoder spaces with cross-modal attention only)

CMAT 24-1 1,240 C t T t | TIA-2M . .
aye onca arge reduced CLIP-Audio alignment from 0.74 to 0.62

ransfor | r cross- enated modalit (traine
mer modal latents  y d from (-16.2%). Removing the CMA transformer (using
Core attn. latents | scratch only shared latent space with independent
) decoders) reduced alignment to 0.58 (-21.6%). The
Text D | T5-Lar @ 335 512-d  Text C4 + FCV-style cross-modal coherence check -- which
ecoder | ge LM text tokens | TIA-2M verifies alignment between generated modalities
head latent (fine-tu and triggers regeneration if alignment falls below
ne) threshold - contributes +0.06 incremental
Image | Latent 890 512-d | 512x51  LAION alignment improvement. TIA-2M dataset analysis
Decode  Diffusi image 2 + confirms the alignment quality of the training
r on latent  image  TIA-2M corpus: mean CLIP text- image similarity = 0.68
Model (fine-tu e e . . .
ne) (indicating strong caption quality), mean CLAP
text-audio similarity = 0.61, and mean image-audio
Audio  EnCod 300 512-d  24kHz  LibriSp semantic correlation = 0.54 (measured by
ll?eCOde i(f\; laeiiilot awils "613"?212:/[ cross-modal retrieval recall@1 = 64.2%). Table 4
head (fine-tu presents ablation results and dataset statistics.
ne) Figures 1-4 visualise key results.
TGI - 3,493 | Any mo Remain TIA-2M
Total dality  ing mo Table 3: TGQ Evaluation Results -- TGI vs.
subset | dalities Comparison Systems
Syste CLIP- FID (I Audio Narrat Gener
4. Results m Audio ower= MOS ive Co ation
4.1 Cross-Modal Coherence and Generation Align.  better  (1-5) herleI;c Riode
Quality ) e (1-5)
TGI 0.74 18.4 4.2 4.4 All four

TGI was evaluated on four generation tasks using
the TGQ evaluation suite: text-to-image-audio
(T2IA), image-to-text-audio (I2TA), audio-to-text- TGI (no | 0.62 21.6 4.0 3.6 T2IA
image (A2TI), and unconditioned trimodal shared  (0.05)  (2.4) (0.3) (0.5) only
generation (U-TGI). Comparison systems: Stable LaizeniE)

Diffusion XL (SDXL; text-to-image only, image TGI (no  0.58 241 3.8 3.2 T2IA
quality reference); DALL-E 3 (text-to-image); CMA (0.06)  (2.8) (0.4) (0.6) only
Whisper + SDXL (pipeline audio-to-image core)

baseline); and direct LLaVA + TTS Whispe  0.61 18.8 4.1 3.1 A2TI
(image-to-text-audio pipeline). On T2IA generation, r+SDX  (0.05)  (2.2) (0.3) (0.7) only

(Full) (0.04) (2.1) (0.3) (0.4) modes

TGI achieves a cross-modal semantic alignment ﬁn(g)lpe

score (CLIP-Audio similarity) of 0.74 (SD = 0.04) --

21.3% higher than the best bimodal pipeline LLavVA 0.59 - (N/A) | 4.0 3.4 I2TA
baseline (0.61). Image quality FID = 18.4 (SD = ;iglsm( (0.06) 0.3 (06)  only
2.1), competitive with SDXL (FID = 16.2) despite e)

the additional audio generation objective. Audio
naturalness MOS = 4.2/5.0 (SD = 0.3, n = 200
human raters), competitive with specialist TTS
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Table 4: TGI Ablation Results and TIA-2M
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16.2%, and removing both shared latent space and
CMA transformer reduces alignment by 21.6%
relative to full TGI. This confirms that the TGI
approach -- learning a genuinely shared semantic
space across all three modalities before training
the cross-modal generative core -- is
architecturally superior to pipeline approaches
that connect separately trained modality-specific
models through conditioning mechanisms. The
human evaluation finding of 4.4/5.0 narrative
coherence for TGI versus 3.1/5.0 for the best
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pipeline baseline (p < 0.001) is the most
practically significant result: human evaluators
consistently perceive TGI-generated trimodal
content as more semantically unified and
narratively coherent than pipeline-assembled
content. This coherence benefit reflects the key
advantage of joint generation in a shared latent
space: the image and audio are generated with
mutual awareness, whereas pipeline systems
generate each modality independently and can
produce locally plausible but globally incoherent
combinations.

5.2 Limitations and Future Research

TGI is trained and evaluated at 512x512 image
resolution and 24kHz audio -- lower than the
1024x1024 or higher resolution supported by
specialist image generation models, and lower
than 48kHz studio quality audio. Scaling to higher
output quality requires substantially larger
decoder models and training budgets. The TIA-2M
dataset, while the largest trimodal dataset
constructed to date, is constructed from video
content and may not adequately represent all
trimodal generation use cases -- particularly those
requiring non-naturalistic or abstract visual styles
and non-speech audio modalities (music,
environmental sound). Future research should
extend TGI to video generation -- adding temporal
coherence across frames to the trimodal
integration challenge -- and to additional
modalities such as depth, tactile, and physiological
signals. The integration of TGI with the KILLM
knowledge grounding architecture (Garcia et al.,
2024) to produce knowledge-grounded trimodal
generation -- where factual accuracy is maintained
across all three generated modalities -- represents
a particularly high-value research direction for
reliable educational and informational content
generation.

6. Conclusion

6.1 Summary

This paper proposed the TGI trimodal generative
architecture integrating text, image, and audio
generation through a shared 512-dimensional
latent space, cross-modal attention transformer
core, and modality-specific decoder triplet. The
TIA-2M trimodal dataset (2.1M aligned triplets)
and TGQ evaluation suite were introduced. TGI
achieves CLIP-Audio alignment of 0.74 (21.3%
over best pipeline), FID = 18.4 (competitive with
specialist image generators), MOS = 4.2/5.0
(competitive with specialist TTS), and narrative
coherence = 4.4/5.0 (significantly above pipeline

baselines at 3.1/5.0, p < 0.001).

6.2 Open Source Release

The TGI model weights, TIA-2M dataset (with
automated construction pipeline), and TGQ
evaluation suite are released as open-source
resources. The TGI inference API supports all four
generation modes with configurable
quality-latency trade-off (fast mode: shared latent
+ text/image decoders only, 800ms; full mode: all
decoders + coherence check, 2.4s per generation).
Implementation details and the TIA-2M
construction pipeline are documented in Appendix
A. We invite the community to extend TGI to
additional = modalities and higher output
resolutions within the shared latent framework
established here.
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Appendix A

TIA-2M Dataset Construction and TGQ
Evaluation Suite

The following describes the TIA-2M automated
construction pipeline and TGQ evaluation dimensions.

TIA-2M Dataset Construction Pipeline

TGQ Evaluation Suite -- Seven Quality
Dimensions
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