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Contrastive Learning Objective - similar (image, text) pair

A dog lying in grass

Input Text

Input Image
Image 

Representation

Text 
Representation

4



Image-Bind
• Learn a joint embedding across six different modalities 

• Image
• Text
• Audio
• Depth 
• Thermal
• IMU 

• Only image-paired data is sufficient to bind the modalities together
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Image-Bind
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IMAGEBIND



Naturally Paired Datasets

• Video-audio pairs from the Audioset dataset
• Image-depth pairs from the SUN RGB-D dataset
• Image-thermal pairs from the LLVIP dataset 
• Video-IMU pairs from the Ego4D dataset
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Image-text Supervision
• OpenCLIP Models that are trained on billions of (image, text) pairs 

• ViT-H 630M params Image-Encoder

• 302M params Text Encoder
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Emerging Zero-Shot Classification Datasets
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Emerging Zero-Shot Classification Results
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Image Bind

1/29/2025 CAP6412 - Lecture 6 VLM-Part II Image-Bind, Language-
Bind, LLaVA 11



1/29/2025 CAP6412 - Lecture 6 VLM-Part II Image-Bind, Language-
Bind, LLaVA 12



1/29/2025 CAP6412 - Lecture 6 VLM-Part II Image-Bind, Language-
Bind, LLaVA 13



1/29/2025 CAP6412 - Lecture 6 VLM-Part II Image-Bind, Language-
Bind, LLaVA 14



Image-Bind &Language-Bind
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Comparison of VIDAL-10M Dataset with other Datasets
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VIDAL-10M dataset
• 3 million pairs of video-language data, 
• 3 million pairs of infrared- language data,
• 3 million pairs of depth-language data, and 
• 1 million pairs of audio-language data.
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VIDAL-10M construction
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Text generation and enhancement pipeline 
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Infrared and depth modality generation
• Generative Models are used to Infrared and Depth modalities

• The sRGB-TIR model  is used for infrared modality generation

• GLPN model  for depth modality generation
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video-audio-text-depth-infrared pairs
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Language-Bind
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Multi-Modal Encoders
• 24-layer, 1024-dimensional VIT with a patch size of 14

• Initialize with OpenCLIP-large

• Low Rank Adpatation (LORA)
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Language-Bind
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Weight Matrix
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https://www.youtube.com/watch?v=X4VvO3G6_vw
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https://www.youtube.com/watch?v=X4VvO3G6_vw
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https://www.youtube.com/watch?v=X4VvO3G6_vw



LORA Finetuning 
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https://towardsdatascience.com/understanding-lora-low-rank-adaptation-for-finetuning-large-models-936bce1a07c6



Results
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660   citations: 2024
4749 citations: 2025



LLaVA: Large Language and Vision Assistant
• First successful Image-text conversation model
• Instruction Tunning

• Instruction, Question, Answer
• Instruction Following Data

• Convert Image-Text pairs to instruction Data
• Achieves 92% accuracy on Science QA

• 21k multimodal multiple-choice questions 
• Across 3 subjects, 
• 26 topics, 
• 127 categories, and 
• 379 skills
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LLaVA Architecture
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Training
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Stage 1: Pre-training for Feature Alignment.
• Filter CC3M to 595K image-text pairs
• Keep both the visual encoder and LLM weights frozen 
• Train for 

Stage 2: Fine-tuning End-to-End



Instruction Tunning
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Xsystem-message = A chat between a curious human and an artificial
intelligence assistant. The assistant gives helpful, detailed, and polite answers
to the human’s questions. and <STOP> = ###.



Instruction Following Data
• Use COCO images to generate three types of instruction-following data

• Conversation
• Detailed Description
• Complex Reasoning

• Captions and boxes used to prompt GPT to generate Q&A pairs

• 158K unique language-image instruction-following samples 
• 58K in conversations
• 23K in detailed description
• 77k in complex reasoning
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Instruction-following data
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• Captions and boxes are used to prompt GPT

• No visual image is not used to prompt GPT



Instructions for brief image description
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The list of instructions for detailed image description

1/29/2025 CAP6412 - Lecture 6 VLM-Part II Image-Bind, Language-
Bind, LLaVA 39



1/29/2025 CAP6412 - Lecture 6 VLM-Part II Image-Bind, Language-
Bind, LLaVA 40



1/29/2025 CAP6412 - Lecture 6 VLM-Part II Image-Bind, Language-
Bind, LLaVA 41



Follow up work on LLaVA

• LLaVA-1.5
• LLaVA-Next
• LLaVA-01
• Video-LLaVA
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LLaVA 1.5



Main Points

• MLP Instead of Linear layer
• More Datasets
• Higher Resolution Images
• Prompt Formatting
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LLaVA1.5 Architecture

1/29/2025 CAP6412 - Lecture 6 VLM-Part II Image-Bind, Language-
Bind, LLaVA 45



1/29/2025 CAP6412 - Lecture 6 VLM-Part II Image-Bind, Language-
Bind, LLaVA 46



Prompt Formatting
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LLaVA-NeXT: Improved reasoning, OCR, and world knowledge

1.Increasing the input image resolution to 4x more pixels: up to 
672x672, 336x1344, 1344x336 resolution.

2.Better visual reasoning and OCR capability with an improved visual 
instruction tuning data mixture.

3.Better visual conversation for more scenarios, covering different 
applications. Better world knowledge and logical reasoning.

4.Efficient deployment and inference
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