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Introduction

High-Level Tasks Toward AGI: Building on the advanced capabilities of MLLMs in perception

and cognition, emotion understanding becomes a crucial next step for achieving fine-grained

multimodal comprehension and driving progress toward Artificial General Intelligence (AGI).

MLLMs Struggle with Capturing Fine-Grained Cues: However, As highlighted in Fig.1,

MLLMs exhibit an inability to capture fine-grained cues, such as character eyesights, leading

to errors in emotion understanding. This results in SOTA MLLMs achieving only 50:50

accuracy in sarcasm detection tasks, as revealed by benchmark evaluations.

Analysis: Attention as the Core Reason: Our analysis reveals that multimodal tokens mixed

by attention in MLLMs are the primary cause of performance issues.

Corleone: A man who doesn't spend time 
with his family can never be a real man

SOTA (LLaVA-NeXT):  In the dialogue, we see 
a scene from a film where two characters 
(       :three), are engaged in a conversation. 
The character on the left, who appears to be a 
man in a suit and tie, is speaking to the 
character on the right, who is wearing a tuxedo 
with a red flower on the lapel. The character 
on the right is looking down (       :looking at 
Johnny), possibly at a piece of paper or a 
small object in his hand, and his expression is 
one of peace or contemplation (       :gravity).
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Figure 1. Bottlenecks of MLLMs in

High-Level Tasks. (tl) Given the detailed

image and lines from The Godfather, (tr)

we highlight incorrect responses,

corresponding hallucinated

explanations, and attached answers. (b)

We visualize attention score across

layers, highlighting inconsistent

attention across modalities.

Challenge: Disorder Deficit Attention in MLLM

Observation on Low Layers: The attention allocated to visual content is significantly weaker

than that for the textual modality, with a difference of considerable magnitude.

Observation on High Layers: A distinct cross-attention bias in the lower layers of the model

across its 32 layers.

Formulas of Disorder Deficit Attention Problem: Given the visual tokens xl
v and text tokens

xl
t in the block l, the multimodal attention builds the link from two parts (i.e., self-modal

xl
t → xl+1

t , xl
v → xl+1

v and cross-modal xl
t → xl+1

v , xl
v → xl+1

t ), where the links are

commonly implemented by the pair-wise token similarity and weighted sum. However, the

modality gap between tokens decrease the magnitude of links, as we observed, the link

value of xl
v → xl+1

v and xl
t → xl+1

v decays exponentially with depth (αl
v,t→v ∝ γl, γ 6= 1). This

misalignment propagates layer-wise, causing the cumulative error as EDDA =
∏

l γlεl, where

εl denotes the layer-specific alignment error.

Discussion: This aligns with insights from Dong et al. (ICML 2021), which identify rank

collapse in pure attention as a key factor worsening imbalance in attention distribution.
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Figure 2. Analysis of existing MLLMs on four fine-grained understanding tasks. (l) The distribution of attention

activation values among visual and textual tokens. (c) The attention map for multimodal tokens among stages. (r)

The self- and cross-modal attention activation scores with their disparity among the attention layers.

MODA: Modular Duplex Attention

When the gap across modalities arises, we propose to align the tokens from multiple modalities

in the attention, which we call modular duplex attention (MODA). MODA first splits multimodal

attention into the modality alignment part and the token focus correction part.
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Figure 3. MOdular Duplex Attention. (l) MODA takes the image and contextual prompt as input, including the

background and history of the conversation. (c) With MODA, the token flows are justified in each Transformer

block of MLLM. MODA modifies the deficient attention scores in a correct-after-align manner via (tr) Modular

masked attention and (br) Duplex (V/T)-aligner.

Duplex Attention Alignment

Modality Basis Construction: For the mth modality, the space bases are given via the

normed gram matrix ||Gm|| ∈ Rd×d, where Gm
ij is the inner product between tokens i and j:

Gm
ij =

Nm∑
k=1

Km
ikKm

kj = Km>Km, (1)

Cross-Modal Token Mapping: The normed Gram matrix serves as a kernelized mapping

function f : Rd → Rd, enabling token transformation across modalities. Mapped tokens are

computed as Km̄→m = Km̄||Gm||, where Km̄ represents the value representation from

other modalities m̄.

Modular Attention Masking

Self- and Cross-Modality Attention: We modular and assign attention mask into Mm and

M m̄ responsible for self- and cross-modality, respectively.

Oself = Softmax(Q
mKm>

τ
+ Mm)V m, (2)

Ocross = Softmax(Q
mKm̄>

τ
+ M m̄)V m̄. (3)

Pseudo-Attention Masking: A modular attention mask is introduced to store unnecessary

attention values as pseudo-attention scores.

AMM =


q1k>

1 p11 · · · p1(n−1)
q2k>

1 q2k>
2 · · · p1(n−2)

... ... . . . ...

qnk>
1 qnk>

2 · · · qnk>
n

 (4)

pbase = 0, pij = pbase − (j − 1)β (5)

Modality Location Priors: The normed Gram matrix guides the model to refine self-modal

attention (Oself ) and enable cross-modal attention (Ocross) for efficient interaction.

Experiment: Calibration Results on Multimodal Attention
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Figure 4. Analysis of multimodal

attention and MODA. (l) Multimodal

attention: average difference between

self and cross-modal attention is

56.97% for text and 62.44% for visual.

(r) MODA: average difference is 50.31%

for text and 41.01% for visual.

Experiment: Perception, Cognition and Emotion

Cambrian-1: The humor in this image comes from the unexpected twist on the classic poem 'Roses are red, violets are blue.' Instead of a romantic or 
sweet sentiment, the poem is humorously altered to a more mundane and slightly unsettling scenario, which is a bug in the bed. This juxtaposition of a 
traditional romantic poem with a common, albeit slightly unpleasant, household occurrence creates a comedic effect.

MODA:  The image is funny because it features a cartoon character, specifically Homer Simpson from the popular television show "The Simpsons," who is 
depicted in a humorous and unexpected situation. He is lying in bed with a red rose in his mouth, which is an unusual and comical scenario for the 
character. The image also includes a caption that reads "Roses are red, bug in yo bed," adding to the humor of the scene. This combination of elements 
creates a lighthearted and amusing visual that is likely to elicit laughter from viewers familiar with the character and the show.

Human: Why is this image funny?

Phoebe Buffay: Look at this photo! Isn't it just like a fairy-tale wedding, until, you know, it wasn't?

Ross Geller played by Cambrian-1: Phoebe, you're right, the wedding does look like a fairy-tale scene, but it's not quite perfect. You see, the bride, Emily, 
is mistakenly called Rachel by the groom, Ross. It's a bit of a mix-up, but it's all good. It's just one of those little hiccups that happens in real life, you know?

Ross Geller played by MODA:  Oh, Phoebe, you're right. It's like a fairy-tale wedding, with beautiful bride and handsome groom, and the elegant setting. 
But, as we all know, fairy tales don't always have a happy ending. In this case, Ross made a mistake that changed the course of wedding, and it's a moment 
that will be remembered by everyone. It's a reminder that even in the most perfect of settings, life can throw us curveballs that we have to navigate.

Cambrian-1: Sad✅

MODA: Sad✅

Human: What is the sentiment 
of the above image-text pair?

Post: And just like that the weekends gone.

Cambrian-1: Anticipation❌

MODA: Love✅

Human: What is the sentiment 
of the above image-text pair?

Post: My photogenic little man

Cambrian-1: Happy❌

MODA: Angry✅

Human: What is the sentiment of the above image-
text pair?

Post: New GIPHY!

Figure 5.
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Low-hand Fruit: Character Understanding & Planning

Johnny: A month ago he bought the rights to this book, a best seller. The main character is a guy just like me. I 
wouldn’t even have to act, just be myself. Oh Godfather, I don’t know what to do, I don’t know what to do [crying]

MODA: The Godfather is dressed in a classic black tuxedo, 
which is emblematic of his role as a powerful and respected 
figure in the film. His expression is one of concern, as he listens 
to Johnny's dilemma, indicating his deep involvement in 
Johnny's life and the weight of his responsibilities.

Human: How is the Godfather looks like?

MODA: This scene reveals the Godfather's influence over people in his inner circle as a significant overwhelming 
force. The Godfather's presence in the room, along with his stern demeanor, further emphasizes his control over 
the situation and the characters around him. The scene captures the tension and emotional turmoil that can 
arise from being under the Godfather's influence, highlighting the power dynamics at play within the narrative.

Human: What does this scene reveal about the Godfather’s influence over people in his inner circle?

Cambrian-1: The Godfather, as depicted in the image, is 
portrayed by an actor in a classic black tuxedo, which is a 
traditional and iconic look for the character.

Cambrian-1: This scene from 'The Godfather' illustrates the profound impact the character, Don Corleone, has 
on those around him. It shows how his influence extends beyond his immediate family, affecting even those who 
are not directly related to him. 

Human: How might the Godfather act to proceed with the next conversation? Give me a few possible options.

MODA: The Godfather, upon witnessing Johnny's distress, might respond with a combination of empathy and 
strategic thinking. He could offer a comforting word, such as, "It's a lot to take in, but we'll figure it out together.” 
Alternatively, he might shift the conversation to a more practical matter, like discussing the logistics of the 
book's adaptation or the potential benefits of the project. Another possibility is that he might offer advice on 
how to handle the situation, such as seeking legal counsel or consulting with other members of the family. The 
Godfather's response would likely be measured and thoughtful, reflecting his role as a leader.

Cambrian-1: Given the context of the image, which suggests a scene from "The Godfather," the character 
portrayed by the man in the foreground might proceed with the next conversation by either continuing to 
listen intently to the other character, who seems to be speaking, or by interjecting with a question or comment 
to steer the conversation in a particular direction.

Figure 6.MODA-enabled applications in The Godfather. (a) Understanding Godfather. (b) Planning Godfather.

Conclusion

From the perspective of attention shift, We identify the attention bottleneck in SOTA

MLLMs and propose a modular duplex attention mechanism based on our observation.

We investigate a new MLLM for perception, cognition, and emotion, enabling applications

in fine-grained understanding and planning.
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