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➢ Pretrained Models

➢ LLM: TimeLine, Basic Backbone (transformer)

➢ T5, GPT, LLaMA, GPT

➢ LVM: Basic Backbone (resnet, ViT, Swin transformer)

➢ Visual Understanding Models: CLIP (FLIP, LaCLIP), GroupViT, DINOv2, LVM, BEiT

➢ Visual Generation Models: Stable Diffusion, DiT

➢ Multimodal Large Language Models

➢ VLMs: BLIP2, GPT4V, LLaVA, mPLUG-Owl, SpatialRGPT, 3D-LLM

➢ Video-Language-Model: LLaVA-VID, Video-XL

➢ Multimodal Models in Embodied Intelligence

➢ VLAs: RT-2, PAML-E, OpenVLA, 3D-VLA

➢ Multimodal Generative Model

➢ Image (DALL·E 2), Audio (Suno, MusicGen), Video (Sora)

➢ Multimodal Fusion Models

➢ Emu3, ImageBind, NExT-GPT

➢ Resources
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T5 (2019, Google)： Text-To-Text Transfer Transformer，提出将自然语言任务统一建模为文本到文本问题

GPT-3 (2020, OpenAI)：Generative Pre-trained Transformer，广为人知的预训练大语言模型

LLaMA (2023, Meta)：Large Language Model Meta AI，开源，在学术研究中广泛使用

Large Language Models – LLM
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LLM basic backbone：transformer

Attention Is All You Need
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Large Language Models – LLM

LLaMA: Open and Efficient Foundation Language Models

LLaMA开源模型
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Large Vision Models – LVM

Multimodal Foundation Models: From Specialists to General-Purpose Assistants
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LVM basic backbone: ResNet

Deep Residual Learning for Image Recognition

深度卷积神经网络

ResNet-152参数量60.2M
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LVM basic backbone: Vision transformer (ViT)

An Image is Worth 16x16 Words: Transformers for Image Recognition at Scale
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LVM basic backbone: Vision transformer (ViT)

An Image is Worth 16x16 Words: Transformers for Image Recognition at Scale

ViT-L/14-336px：

ViT Large

patch size: 14 * 14

input picture: 336 * 336 px

transformer sequence length 与 patch size 的平方成反比，patch size越小计算越昂贵
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LVM basic backbone: Swin Transformer

Swin Transformer: Hierarchical Vision Transformer using Shifted Windows

➢ Hierarchical (Patch Merging)

➢ Swin：分层结构，多尺度分割。每个window中计算注意
力，关于图片大小线性复杂度；

➢ ViT：单一分辨率，缺乏多尺度的表示。全图计算注意力，
平方复杂度。
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LVM basic backbone: Swin Transformer

Swin Transformer: Hierarchical Vision Transformer using Shifted Windows

➢ Shifted Windows (SW-MSA)

引入了跨窗口的连接：Swin transformer layer间移动窗口，
窗口内的patches做attention。
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Multimodal Foundation Models: From Specialists to General-Purpose Assistants

Visual Understanding Models
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Learning Transferable Visual Models From Natural Language Supervision (CLIP)

Contrastive language-image pretraining

ViT backbone
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Scaling Language-Image Pre-training via Masking (FLIP)

CLIP Variants

FLIP: Random mask patches Faster and more accurate
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Improving CLIP Training with Language Rewrites

CLIP Variants

LaCLIP: Enriched text description
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GroupViT: Semantic Segmentation Emerges from Text Supervision

GroupViT: Grouping Vision Transformer
图片语义分割模型
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GroupViT: Semantic Segmentation Emerges from Text Supervision

GroupViT: Grouping Vision Transformer

图片文本对比损失

多标签图片文本对比损失

使用GPT构造提取文本中名词构造数据
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GroupViT: Semantic Segmentation Emerges from Text Supervision

GroupViT: Grouping Vision Transformer

Zero-shot 模型效果
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a) A simple framework for contrastive learning of visual representations. 

b) Exploring simple siamese representation learning. 

c) Emerging properties in self-supervised vision transformers.

Image-Only Self-Supervised Learning

Shukai Gong
自蒸馏

Shukai Gong
双塔模型：一张图片经过两种变换，通过两个地位相同的encoder，
再通过算contrastive loss回传梯度（或者只回传一个encoder，另一个用EMA）
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DINOv2: Learning Robust Visual Features without Supervision

Image-Only Self-Supervised Learning

DINOv2: Distillation with No Labels

ViT backbone
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DINOv2: Learning Robust Visual Features without Supervision

Image-Only Self-Supervised Learning

DINOv2: Distillation with No Labels

Visualization of the three first principal components of the patch features of all frames, encoded by DINOv2
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Sequential Modeling Enables Scalable Learning for Large Vision Models

Image-Only Self-Supervised Learning

Image Sequence Modeling

将图片、视频表示为图片序列，使用transformer架构建模图片序列

LLaMA

VQGAN将每张图片编码为256 tokens

LLaMA context length set to 4096

最多可以处理16帧图片

Shukai Gong
LLM-centric Model，将图片表示为图片序列，用transformer/LLM建模图片序列
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Sequential Modeling Enables Scalable Learning for Large Vision Models

Image-Only Self-Supervised Learning
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He et al., Masked Autoencoders Are Scalable Vision Learners, CVPR 2022

Pretrained Models

Image-Only Self-Supervised Learning

Masked Image Modeling



Masked Auto Encoder (MAE)

He et al., Masked Autoencoders Are Scalable Vision Learners, CVPR 2022
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Multimodal Foundation Models: From Specialists to General-Purpose Assistants

Visual Generation Models
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High-Resolution Image Synthesis with Latent Diffusion Models

Stable Diffusion
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Scalable Diffusion Models with Transformers

Diffusion Transformer: DiT

采用transformer架构scale up diffusion model

Shukai Gong
Text information不是直接encode了以后直接进transformer，
而是过一个MLP影响Transformer中的LayerNorm中的参数
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Rapid growth of MLLMs

https://arxiv.org/pdf/2306.13549 

https://arxiv.org/pdf/2306.13549
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Rapid growth of MLLMs

https://arxiv.org/pdf/2404.07214 

https://arxiv.org/pdf/2404.07214


ViLT: Vision-and-Language Transformer Without Convolution or Region Supervision, ICML 2021

Visual and Language Transformer (ViLT) (≈BERT + ViT)

Multimodal Large Language Models



Visual and Language Transformer (ViLT) (≈BERT + ViT)

ViLT: Vision-and-Language Transformer Without Convolution or Region Supervision, ICML 2021

Multimodal Large Language Models



Flamingo

• 只用图文对训练，多模态数据单一。

• 没有考虑图文对话的指令微调，没有与人类意图对齐。

Flamingo: a Visual Language Model for Few-Shot Learning, NeurIPS 2022.
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BLIP-2: Bootstrapping Language-Image Pre-training with Frozen Image Encoders and Large Language Models, ICML 2023.

Two stage

BLIP2



单击此处编辑母版标题样式Multimodal Large Language Models

Stage1: Vision language representation learning

BLIP2

BLIP-2: Bootstrapping Language-Image Pre-training with Frozen Image Encoders and Large Language Models
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Stage2: Vision to language generative pre-training

BLIP2

BLIP-2: Bootstrapping Language-Image Pre-training with Frozen Image Encoders and Large Language Models
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GPT-4V

The Dawn of LMMs: Preliminary Explorations with GPT-4V(ision)

Interleaved Image-text Pairs
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GPT-4V

The Dawn of LMMs: Preliminary Explorations with GPT-4V(ision)

Interleaved Image-text Pairs
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GPT-4V

Instruction Following

The Dawn of LMMs: Preliminary Explorations with GPT-4V(ision)
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GPT-4V

Instruction Following

The Dawn of LMMs: Preliminary Explorations with GPT-4V(ision)
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GPT-4V

模型会拒绝回复刻板印象
和无根据的推论

GPT-4V(ision) System Card
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Visual Instruction Tuning, NeurIPS 2023

CLIP ViT-L/14

Vicuna

MLP-GELU

LLaVA (Large Language and Vision Assistant)



单击此处编辑母版标题样式Multimodal Large Language Models

LLaVA提出的两阶段训练范式极大的简化了VLM的训练范式，被后续研究广为采用。

Stage1: 特征对齐的预训练
Stage2: 指令微调 (Visual 

instruction tuning)

目标 对齐Vision到Text空间 让模型适应视觉问答任务

ViT Trainable

LLM Trainable

Projection Layer Trainable

Time on 8-A100 4 hours for LLaVA-13B 10 hours for LLaVA-13B

LLaVA (Large Language and Vision Assistant)

Visual Instruction Tuning, NeurIPS 2023
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LLaVA (Large Language and Vision Assistant)
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LLaVA
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mPLUG-Owl

mPLUG-Owl : Modularization Empowers Large Language Models with Multimodality
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mPLUG-Owl

LLaMA-7B

CLIP ViT-L

mPLUG-Owl : Modularization Empowers Large Language Models with Multimodality



单击此处编辑母版标题样式Multimodal Large Language Models

SpatialRGPT：增强VLM对空间信息的理解

从二维图片构建空间信息数据集

SpatialRGPT: Grounded Spatial Reasoning in Vision-Language Models
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SpatialRGPT：增强VLM对空间信息的理解

模型架构

SpatialRGPT: Grounded Spatial Reasoning in Vision-Language Models

LLaMA-7B
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SpatialRGPT：增强VLM对空间信息的理解

效果

SpatialRGPT: Grounded Spatial Reasoning in Vision-Language Models
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3D-LLM

2D-Encoder

利用二维的视觉语言模型作为backbone，设计三维的特征定位信息增强模型对3D空间的理解
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LLaMA-VID: An Image is Worth 2 Tokens in Large Language Models

LLaMA-VID

LLaVA的视频版本

• 将VLM扩展为视频的主要困难是长视频的tokens过多
• BLIP或LLaVA使用32个和超过256个tokens表示一张图片，一个10000帧的视频可能需要320000个tokens

• LLaMA-VID的作法：Context tokens, Content tokens

• Content tokens：如果输入是图片，保留原始数量；如果输入是视频，每帧下采样到1个token
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LLaMA-VID: An Image is Worth 2 Tokens in Large Language Models

LLaMA-VID

1. 模态对齐，只训练context attention和projection

2. 指令微调，除visual encoder外均训练

3. 长视频微调，使用长视频数据采集进行调优
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LLaMA-VID: An Image is Worth 2 Tokens in Large Language Models

LLaMA-VID
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LLaMA-VID: An Image is Worth 2 Tokens in Large Language Models

LLaMA-VID

每帧Content tokens数量对模型性能的影响

A balance between performance and speed
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Video-XL: Extra-Long Vision Language Model for Hour-Scale Video Understanding

Video-XL

Qwen-2 7B

CLIP ViT-L/14-336px

MLP-GELU

提出了visual summarization token (VST)来做视频上下文信息压缩
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Video-XL: Extra-Long Vision Language Model for Hour-Scale Video Understanding

Video-XL

➢ 提出了visual summarization token (VST)来做视频上下文信息压缩

分割视频帧

插入VST

使用VST代表一段的信息：编码下一段𝑋𝑖+1′时，只采用前段的所有VST(𝑉≤𝑖) 作为原始视频token的表示(𝑋≤𝑖).

𝑤 default 1024

Compression ratio α
{2, 4, 8, 12, 16}

LLM逐段编码数据，将全段的信息压缩到VST中

➢ Two Stage Training：1) 训练projector，2) 指令微调projector, LLM, Visual Encoder
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Video-XL: Extra-Long Vision Language Model for Hour-Scale Video Understanding

Video-XL

压缩率对模型性能的影响
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Video-XL: Extra-Long Vision Language Model for Hour-Scale Video Understanding

Video-XL

processing 2048 frames on a single A100-80GB GPU while achieving nearly 100% accuracy in the Needle-in-a-

Haystack evaluation.

Tokens: 2048 * 144 / 16 = 18432 tokens
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Video-XL: Extra-Long Vision Language Model for Hour-Scale Video Understanding

Video-XL
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Video-XL: Extra-Long Vision Language Model for Hour-Scale Video Understanding

Video-XL
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Video-XL: Extra-Long Vision Language Model for Hour-Scale Video Understanding

Video-XL
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Video-XL: Extra-Long Vision Language Model for Hour-Scale Video Understanding

Video-XL

Movie Summarization
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Video-XL: Extra-Long Vision Language Model for Hour-Scale Video Understanding

Video-XL

Ad Placement identification

输入的视频是15分钟的电影解说
片段，这是模型detect出的结果
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RT-2: Vision-Language-Action Models Transfer Web Knowledge to Robotic Control

使用机器人轨迹数据和互联网数据共同训练的VLA (Vision-Language-Action) 模型

提高机器人的逻辑推理和泛化能力。

VLA模型中，机器人的
action被离散化表示为
tokens

RT-2
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RT-2: Vision-Language-Action Models Transfer Web Knowledge to Robotic Control

RT-2
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RT-2: Vision-Language-Action Models Transfer Web Knowledge to Robotic Control

RT-2 Chain-of-Thought

RT-2
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PAML-E

OpenVLA
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3D-VLA

3D-LLM

1. 3D初始场景+任务描述

2. 3D初始场景+任务规划

3. 3D初始场景+目标场景

3D-LLM
任务规划（感知和规划）

diffusion
目标场景（Goal Imagination）

3D-LLM
机器人操作
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3D-VLA
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Multimodal Foundation Models: From Specialists to General-Purpose Assistants
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➢ DALL·E 2 (unCLIP)

Hierarchical Text-Conditional Image Generation with CLIP Latents

prior: produce image embedding from text caption (Autoregressive or Diffusion)

decoder: invert CLIP image embeddings to produce image (Diffusion Model)
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➢ DALL·E 2 (unCLIP)

Hierarchical Text-Conditional Image Generation with CLIP Latents
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➢ Suno: https://suno.com/

文本生成音频模型

Woods and Wonder

著了魔

https://suno.com/about
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➢ MusicGen：文本生成音乐模型

生成音乐比生成语音更加困难

1. 生成音乐需要的信号采样率更高（音乐录音标准为44.1kHz或49kHz，而语音只需要16kHz）

2. 人类对不和谐声音非常敏感，生成音乐时不能有过多的旋律错误

MusicGen

MusicGen Stereo

MusicLM

Riffusion

Musai

人耳很容易分辨出有杂音的音乐，比如后三种模型的结果
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➢ Sora

将视频压缩至低维空间，转化为时空图像块 (patches)。

以图像块作为tokens，使用Diffusion transformer进行处理。
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➢ Sora
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➢ Visual Generation Models: Stable Diffusion, DiT

➢ Multimodal Large Language Models

➢ VLMs: BLIP2, GPT4V, LLaVA, mPLUG-Owl, SpatialRGPT, 3D-LLM

➢ Video-Language-Model: LLaVA-VID, Video-XL

➢ Multimodal Models in Embodied Intelligence

➢ VLAs: RT-2, PAML-E, OpenVLA, 3D-VLA

➢ Multimodal Generative Model

➢ Image (DALL·E 2), Audio (Suno, MusicGen), Video (Sora)

➢ Multimodal Fusion Models

➢ Emu3, ImageBind, NExT-GPT

➢ Resources
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Emu3: Next-Token Prediction is All You Need

文本 图片/视频

Qwentokenizer SBER-MoVQGAN-

270M

Emu3：每种模态使用不同的tokenizer离散为tokens；使用transformer统一处理多模态序列
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Aerial view of a city at dusk with the sky turning orange and pink. A canal with gabled buildings 

and warm streetlights runs through the city. Boats are docked nearby, and busy streets show people 

and vehicle light streaks.

Emu3: Next-Token Prediction is All You Need

Emu3: Video Generation
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Emu3: Next-Token Prediction is All You Need

Emu3: Video Prediction
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ImageBind：借助图片模态，将图片、视频、文本、音频、深度图、热成像和IMU对齐在共同的嵌入空间中

IMAGEBIND: One Embedding Space To Bind Them All
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ImageBind：统一嵌入空间后，可以执行各种任务

IMAGEBIND: One Embedding Space To Bind Them All

Embedding space arithmetic
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ImageBind：统一嵌入空间后，可以执行各种任务

IMAGEBIND: One Embedding Space To Bind Them All

Object detection with audio queries
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ImageBind：统一嵌入空间后，可以执行各种任务

IMAGEBIND: One Embedding Space To Bind Them All

Upgrading text-based diffusion models to audio-based

More demos: https://imagebind.metademolab.com/demo

https://imagebind.metademolab.com/demo
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NExT-GPT：Any-to-Any （既可以做输入端的多模态理解，也可以做多模态的生成）

NExT-GPT: Any-to-Any Multimodal LLM
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NExT-GPT：Any-to-Any （既可以做输入端的多模态理解，也可以做多模态的生成）

NExT-GPT: Any-to-Any Multimodal LLM
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NExT-GPT：Any-to-Any （既可以做输入端的多模态理解，也可以做多模态的生成）

NExT-GPT: Any-to-Any Multimodal LLM

Encoding-side LLM-centric Alignment

X-to-text
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NExT-GPT：Any-to-Any （既可以做输入端的多模态理解，也可以做多模态的生成）

NExT-GPT: Any-to-Any Multimodal LLM

Decoding-side Instruction-following Alignment

1) Negative loglikelihood of producing signal tokens

2) Caption alignment loss

3) Conditional latent denoising loss



单击此处编辑母版标题样式Multimodal Fusion Models

NExT-GPT：Any-to-Any （既可以做输入端的多模态理解，也可以做多模态的生成）

NExT-GPT: Any-to-Any Multimodal LLM

Modality-switching Instruction Tuning
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NExT-GPT：Any-to-Any （既可以做输入端的多模态理解，也可以做多模态的生成）

NExT-GPT: Any-to-Any Multimodal LLM
https://next-gpt.github.io/

https://next-gpt.github.io/
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➢ Open Source: LAVIS, A Library for Language-Vision Intelligence

➢ [CVPR2023 Tutorial Talk] Large Multimodal Models

https://github.com/salesforce/LAVIS
【%5bCVPR2023%20Tutorial%20Talk%5d%20Large%20Multimodal%20Models】%20https:/www.bilibili.com/video/BV1Ng4y1T7v3/?share_source=copy_web&vd_source=909d93d90b5e965cbcd7ee34bfeff425
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