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How to further improve current VLMs?

Introduction
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3 key parts in Mini-Gemini: High-resolution, better data, and extended application
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LLM
 Vision

Output

 Language

Current Vision Language Model (VLM):

General pipeline of current VLM

Representation
• Language —> Tokenizer —> Text Token
• Vision —> Transformer —> Image Token

Processing
• Process tokens from different modalities in LLM

Prediction
• Predict text or images from the generated token

How to further improve current VLMs?
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Query-based Vision token generation in BLIP2[2].

32 queries for each image. 

Projector-based Vision token generation in LLaVA[3].

256 queries for each image with 224 size. 

VLM for High-Resolution

LLM
 Vision

Output

 Language

Reasonable but data hungry
Simple but harm efficiency

What if we want to process high-resolution image/video?

Token Cost
• Query-based: efficient but loss detail, Flamingo[1] (64), BLIP2[2] (32).
• Projector-based: token number increase with resolution, 224->256 

Token, 336->576 Token, and 672->2304 Token.

Too many token harm the efficiency, especially for training and multi-image.
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VLM for High-Resolution

LLM
 Vision

Output

 Language

A High-Resolution but Efficient Net

What if we want to process high-resolution image/video?

Token Cost
• Query-based: efficient but loss detail, Flamingo[1] (64), BLIP2[2] (32).
• Projector-based: token number increase with resolution, 224->256 

Token, 336->576 Token, and 672->2304 Token.

 Vision

Can we utilize another high-resolution encoder to provide detailed 
spatial info?

Too many token harm the efficiency, especially for training and multi-image.

[1] Jean-Baptiste Alayrac, et.al., Flamingo: a Visual Language Model for Few-Shot Learning, In NeurIPS, 2022.
[2] Junnan Li, et.al., BLIP-2: Bootstrapping Language-Image Pre-training with Frozen Image Encoders and Large Language Models, arXiv, 2023.
[3] Haotian Liu, et.al., Visual Instruction Tuning, In NeurIPS, 2023.
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VLM for High-Resolution
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The framework of Mini-Gemini with any-to-any workflow.

HR Solution
• ViT-based LR Encoder: CLIP-pretrained ViT model with low 

resolution image for query.
• CNN-based HR Encoder: CLIP-pretrained CNN model 

with adaptive high resolution input for key and value.
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VLM for High-Resolution
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Details in Patch Info Mining.

HR Solution
• ViT-based LR Encoder: CLIP-pretrained ViT model with low 

resolution image for query.
• CNN-based HR Encoder: CLIP-pretrained CNN model 

with adaptive high resolution input for key and value.
• Visual Token Extension: Extend LR image to support higher 

resolution and more visual tokens.
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Details in Visual Token Extension.



8/21

VLM for High-Resolution
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Comparison with different info mining settings.

HR Solution
• Patch Info Mining: Significant improvement in detail-

related evaluation, like TextVQA.
• Vision Encoder: Improve the HR feature quality is 

important, but it will converge with large encoder.
• Image Resolution: Both LR and HR resolution contributes a 

lot to the final results, while LR query improves more.
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VLM for High-Resolution
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Comparison with different info mining settings.

HR Solution
• Patch Info Mining: Significant improvement in detail-

related evaluation, like TextVQA.
• Vision Encoder: Improve the HR feature quality is 

important, but it will converge with large encoder.
• Image Resolution: Both LR and HR resolution contributes a 

lot to the final results, while LR query improves more.
• Visual Token Num: Token count, especially global image 

contributes a lot, but converge over 8K.
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VLM with Better Data
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Comparison with different info mining settings.

Better Data
• Detailed Visual Instruction: High quality data is quite 

important, especially in SFT stage.
• Text-related Data: High quality OCR data plays a vital role 

in text-related QA.
• Text-only Data: Balanced text-only data is essential, too less 

or too much greatly harms the performance. We try drop 
all and add extra 100K text-only data but get bad results.
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Comparison with different info mining settings.

Better Data
• Detailed Visual Instruction: High quality data is quite 

important, especially in SFT stage.
• Text-related Data: High quality OCR data plays a vital role 

in text-related QA.
• Text-only Data: Balanced text-only data is essential, too less 

or too much greatly harms the performance. We try drop 
all and add extra 100K text-only data but get bad results.

VLM with Better Data
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Comparison with different info mining settings.

Better Data
• Detailed Visual Instruction: High quality data is quite 

important, especially in SFT stage.
• Text-related Data: High quality OCR data plays a vital role 

in text-related QA.
• Text-only Data: Balanced text-only data is essential, too less 

or too much greatly harms the performance. We try drop 
all and add extra 100K text-only data but get bad results.

VLM with Better Data
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Simple instruction re-caption and In-context prompt generation.

Generation Data
• Target: Use text to link reasoning results in VLM and 

generation model. We tried use predicted embedding but 
get worse or comparable results.

• Re-caption Data: Given high quality caption, generate 
potential user prompt and short caption for SD.

• In-context Prompt: Enable the model to well generate the 
generation captions in multi-round conversations.

VLM for Generation

References:

Serene kitchen scene with a broken egg yolk in a bowl, whisk at the 
ready, and a jar of golden liquid nearby, symbolizing the process of 
emulsification, soft natural lighting

Assistant: Yes, it's possible to fix runny mayonnaise! The most common 
reason for mayonnaise becoming runny is because the oil was added too 
quickly or the egg yolk wasn't emulsified properly. Here are some steps 
you can take to fix it:
1. Separate another egg yolk and place it in a clean, dry bowl.
2. Slowly add the runny mayonnaise…

Instruction: I am making mayonnaise, it was starting to thicken but now it has become runny and liquid 
again, is there any way to salvage it? <GEN>

<h>

Assistant: Young boy with a bright 
smile, mimicking a phone call, dressed in a 
grey sweater and colorful tie, white 
background, no text, advertisement style, 
clean and simple.

Instruction: Capture a playful child pre-
tending to talk on the phone.

Real Image Caption (GPT4-V)

Instruction In-Context Examples

High-Quality T2I Prompt In-Context Examples

References: High Quality Chat (LIMA, Oasst) High-Quality T2I Prompt In-Context Examples

</h>

<GEN>

<h>

</h>
Gen by GPT-API Gen by GPT-API
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Some interesting points
• High-quality Text-only Data: The high-quality text-only data 

for generation further improve the understanding.
• Text-only input-> Image input: The text-only pipeline can be 

generalized to image and text input without modification.
• Generation with Reasoning: With good image-text alignment, 

it can combine understanding, reasoning, generation.

VLM for Generation

What should I do after kneading the 
dough, before dividing it into pieces?

Put in warm place.

Feature 13-inch MacBook Pro 15-inch MacBook Pro

Processor Intel Core i5 Intel Core i7

Graphics Intel Iris Graphics 6100 Intel Iris Pro Graphics

Battery Life Up to 10 hours Up to 8 hours

Trackpad Force Touch trackpad Multi-Touch trackpad

Speed 2.7GHz, 2.9GHz 2.2GHz, 2.5GHz

Memory 8GB 16GB

Storage 128GB, 256GB, 512GB 256GB, 512GB

Price $1,688.00, $1,988.00, $2,388.00 $2,688.00, $3,288.00

!

Explain why this meme is 
funny, and generate a 
picture when the 
weekend coming.

Please show me a similar 
artwork, but in the 
grassland background.

Show me one idea of what I 
could make with this.

Give me an advice where to 
travel to China.

China is a vast and diverse 
country with many different 
regions to explore. Some pop-
ular destinations for travelers 
include Beijing, Shanghai, 
Xi'an, Chengdu, and Guilin. 
Beijing is the capital and offers 
a glimpse into China's rich 
history and culture…

MMMU

MME

MMBTextVQA

MM-Vet

LLaVA-NeXT Mini-Gemini Gemini Pro

Generation with Reasoning

High-Resolution Understanding

List the difference of two computers in this 
image in two columns and compare one by 
one

How long should I put in warm place?

1h.

Step 3 4 5

Min
ing
…

Benchmark Performance

Input with pure text.

Mini-Gemini ChatIllusion

Mini-Gemini

Can you show me a picture of a 
sunny beach?

AnyGPT Mini-Gemini

Tell me a story about a close-up of a fire spitting dragon, cinematic 
shot, killed by a man.

In a fantasy world, a man is 
seen standing in front of a 
large, fire-breathing dragon. 
The man is holding a sword 
and is ready to strike the 
dragon, which is preparing to 
attack. The dragon is a 
massive creature with a fiery 
breath, and it is surrounded by 
a cloud of smoke. The scene is 
set in a desert, with a large fire 
in the background, adding to 
the dramatic atmosphere. ..

• Once upon a time, in a land far, far away, there lived a 
fearsome dragon. This dragon was known throughout 
the land for its fiery breath and its ability to destroy 
entire villages with a single breath.

• One day, a brave man decided to take on the dragon. 
He was a skilled warrior…

• As he approached the dragon, he could see its fiery 
breath and hear its roaring…

• The dragon let out a mighty roar and breathed a 
stream of fire towards the man. But the man was quick 
and dodged the flames, dodging and weaving to avoid 
the dragon's breath.

• Finally, the man got close enough to the dragon and 
struck it with his sword..

ChatIllusion

Change the main character of this to a 
cat.

Mini-Gemini
I want to make a gift for my daughter 
using this, please give me one suggestion Mini-Gemini

If you want to let your dog wear a scarf, there 
are a few things to consider. First, make sure 
the scarf is made of a soft, non-irritating 
material that won't cause any discomfort 
to your dog. Avoid using scarves that are too 
tight or have small parts that could be a 
choking hazard.

When putting the scarf on your dog, start by 
gently wrapping it around their neck…

What if my dog wear a scarf?

A fluffy corgi wearing a soft, non-
irritating scarf, sitting on a wooden 
ledge, with a blurred background of 
cherry blossoms, warm, cozy, pet-friendly

A cozy yellow beanie with a pom-pom on a 
snowy landscape, warm and inviting, 
digital art, winter theme

A celestial battle between angels, with 
one angel wielding a glowing sword and the 
other holding a shield, set against a 
backdrop of a starry sky, digital art, 
fantasy, by Greg Rutkowski

Mini-Gemini

A cartoon dinosaur enjoying a giant scoop 
of ice cream without any signs of 
distress, surrounded by a prehistoric 
landscape, vibrant colors, digital art

Mini-GeminiWrite me a 50 word anecdote on why 
dinosaurs can eat ice cream without 
having a brain freeze In the heavens above,

A battle rages on,
Between angels of love,
And angels of wrong.
Their swords clash and their shields shine,
As they fight for their side,
The angels of love, so divine,
And the angels of pride.
But in the end, it's the angels of love,
Who always come out on top,
…

Sure, here‘s a suggestion for a gift using 
this yellow yarn: You could make a cozy 
yellow beanie for your daughter. The 
bright yellow color of the yarn would 
make a cheerful and warm accessory 
for cold weather. To make the beanie, 
you would need to knit or crochet a few 
simple stitches to create a snug fit for her 
head…

Dinosaurs don't get brain freeze because 
they have a different circulatory 
system than humans. Their large body 
mass helps to regulate their body 
temperature, preventing the rapid blood 
flow that causes brain freeze in humans..

Tell me a story about a fire-spitting dragon killed by a man

A spider man riding a motorbike He then encounters a Lizardman. He then beat the Lizardman using his 
Spider silk.

Finally he back to home and eating the 
breakfast.

Mini-Gemini Mini-Gemini Mini-Gemini Mini-Gemini

Could you write a short poem about angels 
fighting?

A whimsical amigurumi toy with blue and 
pink stripes, sitting on a wooden surface, 
playful, handmade, cozy

Mini-Gemini
Round 1

A polar bear standing amidst a lush 
tropical rainforest, surrounded by palm 
trees and dense foliage, under a clear 
blue sky

Mini-GeminiGive me a similar example of the 
contradiction depict in this image.

The image presents a visual 
contradiction between the typical 
habitat of a cactus and the presence 
of ice, which is not a natural occurrence 
in desert environments. A similar 
example of this kind of contradiction 
could be a polar bear in a tropical 
rainforest, as polar bears are adapted 
to cold, icy environments and would not 
survive in a hot, humid climate. …

[Round1] Show me one idea of what I could 
make with this.

[Round2] Can you 
give me more 
examples? I want to 
make something 
cute and special.

Mini-Gemini
Round 2

One idea for what you could make with 
these two skeins of yarn is a simple two-
tone knitted or crocheted scarf… 

Input with text and image.
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VLM for Generation

Different generative models and reasoning with story-telling.

SDXL + prompt SDXL + Mini-Gemini

Re-caption

3

Mini-Gemini

[Round 2] I want to add a husky in this image.

Mini-Gemini
Round 1

Mini-Gemini

Absinthe Painting -
Cafe Scene In Paris by 
Henri Gervex. Analyze
then generate.

ChatIllusion

LLMGA
Round 1

[Round 1] Generate a similar
image

LLMGA
Round 2

Mini-Gemini
Round 2

Multi-Round
Conversation

Capture a scene of space 
elevator

LLMGA
Direct T2I
Generation

1

2

DALLE 3 + prompt

Showcase an orange-themed 
interior design inspiration collage.

DALLE 3 + Mini-Gemini

Reasoning
Generation

Pluggable with
ALL Models

4

DALLE 3 + Mini-Gemini

Re-caption

Orange mood board for interior design, 
plush towels, floral bedding, striped 
containers, and scented candle, high 
contrast, minimalistic, vibrant color 
palette, digital collage.

R
e-caption

Mini-Gemini

SDXL + Mini-Gemini DALLE 3 + Mini-GeminiSDXL + Mini-Gemini

Describe the image and change the character to a dog. Generate the scene if the cat is coding.

Make it richer! Make it much richer, it has a big 
treasure Now it is rubbed and has nothing. Eventually, it perked up and 

opened a cheese shop.

Reasoning +
Story Telling5

Generate a mouse that is rich.

Mini-Gemini Mini-Gemini Mini-Gemini Mini-Gemini Mini-Gemini

A luxurious mouse with a golden crown, 
holding a golden key, on a white 
background, digital art, fantasy, 
whimsical, by Greg Rutkowski.

A majestic mouse with a golden crown 
and key, standing on a white pedestal, 
digital art, fantasy, whimsical, by Greg 
Rutkowski, highly detailed, vibrant 
colors

A majestic mouse with a golden crown 
and key, standing on a white pedestal, in 
front of a treasure chest filled with gold 
coins and jewels, digital art, fantasy, 
whimsical, by Greg Rutkowski, highly 
detailed, vibrant colors

A humble mouse with a tattered crown 
and key, standing on a dirt ground, in 
front of a broken treasure chest, digital 
art, fantasy, whimsical, by Greg Rutkowski, 
highly detailed, muted colors

A cheerful mouse with a crown and key, 
standing behind a cheese shop 
counter, digital art, fantasy, whimsical, 
by Greg Rutkowski, highly detailed, 
vibrant colors.

Give me an example to 
understand deep learning to a 
primary student.

Imagine you have a big box of toys, and you want to teach a computer to recognize and pick out a specific 
toy from the box. The computer will use deep learning to learn how to do this.
First, the computer will look at lots of pictures of toys and learn what different toys look like. It will learn 
to recognize patterns and features that are important for identifying toys, like the shape of a toy car or the 
color of a toy doll.
Next, the computer will use this information to recognize the toy you want it to pick out from the box. It 
will look at the toy and compare it to what it has learned about toys. If the toy matches the patterns and 
features it has learned, the computer will pick it out.
This is an example of deep learning because the computer is using a lot of data (lots of pictures of toys) 
and complex algorithms to learn how to recognize and pick out the toy. It's like the computer is "learning" 
how to do the task, just like a student would learn in school. Mini-GeminiMini-Gemini

Reasoning +
In-Context 
Generation

6

[Round 2] I want to add a husky in this image.
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Prompt: Give me a similar example of the contradiction depict in this image.

Response: The image presents a visual contradiction by juxtaposing a cactus, which is typically associated with hot, arid environments, with a 
frozen landscape. A similar example of this type of contradiction could be a polar bear in a desert setting, as polar bears are adapted to cold 
climates and are commonly found in the Arctic, where ice and snow are prevalent. This scenario would be equally unexpected and visually 
striking, as it contrasts the natural habitat and adaptations of the polar bear with the extreme heat and lack of water in a desert.
<h> A polar bear standing in a desert, surrounded by sand dunes and a clear blue sky, digital art, surreal, by Greg Rutkowski </h>

Mini-Gemini-34B-HD

VLM for Generation

Generation with different VLMs

Source Image Try 1 Try 2
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Prompt: Give me a similar example of the contradiction depict in this image.

Response:  The image presents a visual contradiction of a cactus in a frozen environment, which is not a natural occurrence. Cacti are plants that are typically 
found in arid, hot environments and are adapted to conserve water. The presence of ice and snow is incongruous with the cactus's natural habitat, which is 
usually characterized by extreme heat and dry conditions. This juxtaposition creates a surreal and thought-provoking image that challenges the viewer's 
expectations of the natural world.
A similar example of a contradiction could be found in a scenario where a tropical bird species is depicted in a snowy landscape, or a desert plant is shown 
thriving in a rainforest setting. These examples also defy the natural order and create a visual paradox that can provoke curiosity and reflection on the 
adaptability of life and the changing conditions of our planet.
<h> A tropical bird perched on a snowy branch, surrounded by a serene, snow-covered forest, digital art, surreal, vibrant colors, peaceful, detailed, artstation </h>

Mini-Gemini-13B-HD

VLM for Generation

Try 1

Generation with different VLMs

Source Image Try 2
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Prompt: Give me a similar example of the contradiction depict in this image.

Response:  A similar example of the contradiction depicted in this image could be a scene of a tropical beach during winter. In this scenario, 
the beach would be covered in snow, and the palm trees, which are typically associated with warm climates, would be surrounded by snow-
covered sand. This would be a
contradiction because palm trees are not native to cold climates and are typically found in tropical regions where they thrive in warm, sunny 
environments.
<h> A serene tropical beach blanketed in snow, with palm trees standing tall amidst the frosty landscape, a stark contrast to their usual warm 
habitat. </h>

Mini-Gemini-7B-HD

VLM for Generation

Source Image

Generation with different VLMs

Try 1 Try 2
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Prompt: Give me a similar example of the contradiction depict in this image.

Response:  The image presents a striking contrast between the harsh, icy conditions of a desert and the life-sustaining water that is essential 
for life. A similar example of this contradiction could be the contrast between the arid, dry conditions of a desert and the lush, green vegetation 
that thrives in a rainforest. This juxtaposition highlights the resilience of life in extreme environments and the importance of water in sustaining 
ecosystems.

Mini-Gemini-2B

VLM for Generation

Generation with different VLMs

Source Image Try 1 Try 2
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More Results

The student has attempted to solve the math problem by adding the number of minutes 
Justin practiced on Monday and Tuesday. 

The student has correctly added 254 minutes (254 is 250 + 4) to 133 minutes, resulting in 
387 minutes. However, the student has not accounted for the fact that Justin practiced 
more on Monday than on Tuesday. 

The correct answer should be the difference between the total minutes Justin 
practiced on Monday and Tuesday, which is 254 minutes (Monday) - 133 minutes 
(Tuesday) = 121 minutes. Therefore, Justin practiced 121 more minutes on Monday than 
on Tuesday. The student's answer is incorrect as they have not subtracted the Tuesday 
practice time from the total Monday practice time.

1. Here's a solution to a Math problem by a student. Try to reason about the question step 
by step. Did the student get the correct answer?

Mini-Gemini

The image may appear funny due to the unexpected and unusual sight of a dog 
seemingly 'hiding' among the sheep. This is not a common occurrence, as dogs and 
sheep are distinct species with different behaviors and appearances. The dog's 
presence among the sheep, especially if it is a herding dog, can be seen as humorous 
because it contrasts with the typical expectation of a dog's role in a flock of sheep. 
Additionally, the dog's relaxed posture and the sheep's calm demeanor suggest a 
harmonious and comical coexistence, which can be amusing to observers. The image 
captures a moment that is both endearing and whimsical, which can elicit a light-
hearted response from viewers.

2. Why does this image look funny?

The code in the image is addressing the problem of sorting a list of numbers using the quicksort 
algorithm. Quicksort is a divide-and-conquer algorithm that works by selecting a pivot element from 
the list and partitioning the other elements into two sub-lists, according to whether they are less than 
or greater than the pivot. The partition function is used to find the index of the pivot element, which is 
then used to divide the list into two parts. The quicksort function then recursively sorts the two sub-
lists, and the process continues until the entire list is sorted. This algorithm is efficient for large lists 
because it reduces the problem size by half with each recursive call.

4.a. Illustrate what problem this code in the image is addressing.

Mini-Gemini

def quicksort(nums, left, right):
if left < right:

partition_index = partition(nums, left, right)
quicksort(nums, left, partition_index - 1)
quicksort(nums, partition_index + 1, right)

def partition(nums, left, right):
pivot = nums[right]
i = left - 1
for j in range(left, right):

if nums[j] < pivot:
i += 1
nums[i], nums[j] = nums[j], nums[i]

nums[i + 1], nums[right] = nums[right], nums[i + 1]
return i + 1

4.b. Transfer it to Python code here.

!

3. Choose one of the two pictures below to fill in the blank space above to maintain the 
pattern.

To maintain the pattern, the blank space above should be filled with the image of the 
green parrot. This is because the pattern alternates between the green parrot and the 
orange tiger, and since the last image in the sequence is the orange tiger, the next image 
should be the green parrot to continue the alternating pattern.

Mini-Gemini

Mini-Gemini

This code defines the quicksort 
function, which sorts a list of numbers 
by calling the partition function to find 
the index of the pivot element and then 
recursively sorting the two sub-lists. The 
partition function is used to partition 
the list into two parts, with elements 
less than the pivot on the left and 
elements greater than the pivot on the 
right. The pivot element is then placed 
in its correct position in the sorted list.

Mini-Gemini

5. Explain this meme and illustrate what it implicates.

The meme is a humorous take on the common narrative that artificial intelligence (AI) will become so 
advanced that it will eventually surpass human capabilities and perhaps even take over the world. The 
left panel shows a person reacting with alarm, which is a common portrayal of the public's reaction to 
the idea of AI becoming too powerful. The right panel, however, shows a cat labeled as a "Dog" by a 
neural network, which is a humorous example of AI making a mistake. This juxtaposition implies 
that while AI is indeed becoming more advanced, it is not yet at the level where it can accurately 
perform tasks such as image recognition without errors. The meme uses this contrast to humorously 
downplay the fear of AI taking over, suggesting that the technology is still in its early stages and prone 
to mistakes. Mini-Gemini
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More interesting demos. Comparisons with leading models.



Thanks!
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https://mini-gemini.github.io/
https://github.com/dvlab-research/MiniGemini
http://103.170.5.190:7860/
https://arxiv.org/abs/2403.18814
https://huggingface.co/collections/YanweiLi/mini-gemini-6603c50b9b43d044171d0854

