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Challenge: 

Future Applications:
• Medical image diagnosis
• Detecting plant diseases
• Monitoring wildlife species…

Qualitative Results

Quantitative ResultsBackground

LMM: The bird species shown in
this image is a seagull. The
reason for this identification is
that the bird is flying over the
ocean, which is a typical habitat
for seagulls.

LMM: The bird species is a black
crow. The reason for this
identification is that the bird is
perched on a tree branch, which
is a common behavior for crows.

User: Identify the bird species and explain your reason.

Label: Black footed Albatross Label: Groove billed Ani

• Large Multimodal Models (LMMs) are good 
at general visual question answering.

• However, they fail at fine-grained visual 
identification.

• Moreover, fail to provide valid explanations.

How to empower LMMs to 
provide interpretable and 

accurate visual identification?

Visual Fine-tuning sounds good!

Base 

LMM

(LLaVA)

𝑋

𝑑𝑛 = “A bird with dark 
feather is facing the 
camera. The bird has a 
black eye and beady eyes
positioned in front of its 
narrow wings."

𝑑2 = “The bird … great 
puffy eyes , which is its 
most prominent feature. Its 
beak is seen prominently in 
the scene.."

𝑑1 = “The bird … small with a 
dark beak and spectacles... 
Its beak is long and curved,. 
… and the small eyes."

“Describe the image.”

≈
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Information Bottleneck (IB)

Given an image 𝑋, label-level concepts 𝑍,  we propose using Information 
Bottleneck (IB) principle to select image-level concepts 𝑍∗ ⊆ 𝑍:

𝑍∗ = argmax
𝑍′⊆𝑍

𝐼 𝑋; 𝑍′ − β𝐼 𝑍′; 𝑍

Intractable, 𝑋 is hard to capture.

#only label
A: This is a Black Footed Albatross.

#label with general label-level features
A: … Black Footed Albatross, because 
…black feet; long, narrow wings;…, hooked 
bill…, dark eyes 

A: … a Black Footed Albatross based on its 
large, hooked bill, dark feathers, small, dark 
eyes on either side of its head ....

#label and specific image-level features

Task: Identify visual concepts in each image.

Q: What is this bird's 

species? Explain your 
reason.

Synthetic AnswerA: 

A fine-tuning 
training sample.

X: 

Base 
LMM

(LLaVA)

Tuned 
LMM

(round 1)

Initial Data
Synthesis

𝑋

"Predominantly dark plumage",
"Long, narrow wings adapted for soaring",
"White-tipped wings and tail feathers",
"Large, hooked bill, typically dark gray",
"Small, dark eyes on the sides of the head",
…

Black footed Albatross

Label-level Concepts 𝑍

Black footed 

Albatross

D 𝑍∗ 𝑍

"Large, hooked bill, typically dark gray",
"Small, dark eyes on the sides of …”,
"Predominantly dark plumage",

Image-level Concepts 𝑍∗

𝑍∗ = argmax
𝑍′⊆𝑍

𝐼 𝐷; 𝑍′ − β𝐼 𝑍′; 𝑍
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Rejection
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Tuned 
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…

𝑍∗

𝑌

𝑦∗
𝑍𝐷

Query 
Prompt

𝑌 = {𝑦1, 𝑦2, … , 𝑦𝑛}

The bird species shown in this image is a Black footed Albatross. 
The image features, such as the unique large, hooked bill, dark 
eyes, and dark grayish-brown body, support this identification.
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Final 
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𝑦∗ = argmax
𝑦𝑖∈𝑌

𝐼 𝑦𝑖; 𝑍
∗

argmax
𝑦𝑖∈𝑌

෍

𝑧𝑗∈𝑍
∗

log
exp sim 𝑒𝑦𝑖 , 𝑒𝑧𝑗 /τ

exp sim 𝑒𝑦𝑖 , 𝑒𝑧𝑗 /τ + σ𝑧𝑘∈𝑍,𝑧𝑘∉𝑍∗
exp sim 𝑒𝑦𝑖 , 𝑒𝑧𝑘 /τ
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Framework Outline

Our method can pick up accurate and different image-level 
visual concepts for objects with the same label.

Our tuned LMMs can provide verifiable details, enhancing user trust.
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