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Motivation
1. Current LVLM training data suffers from the “long-tail” problem (LT): 
The training datasets present highly imbalanced distributions, with many tail concepts, and often differ in distribution from the test set.

2. The model is more prone to making mistakes on tail Concepts: We analyze the distribution of entities in failed cases by computing their 
positions, and compare them with those in correct cases.  Failed cases tend to appear later in the distribution.

3. LT in LVLMs poses unique, under-explored challenges due to cross-modal complexity, interactions, and distinct co-occurrence patterns.

https://vlmlt.github.io/[1]Song, Mingyang, et al. "From head to tail: Towards balanced representation in large vision-language models through adaptive data calibration." CVPR 2025.



Pipeline

An overview of our Adaptive Data Refinement Framework (ADR)

a. Analyzing Stage: we first extract tokens, objects, co-occurrences, and interrogations from the training 
instances, then construct corresponding distribution using a reverse-indexed mapping.

b. Data Rebalancing stage: we analyze the optimizing direction and adaptively rebalance the redundant 
data based on the entitydistribution identified in the Analyzing stage.

c. Data Synthesis stage, we utilize DDPM and the latent representations of scarce image instances to 
synthesize the underrepresented data.

https://vlmlt.github.io/[1]Song, Mingyang, et al. "From head to tail: Towards balanced representation in large vision-language models through adaptive data calibration." CVPR 2025.



Method

1) Entity Distribution Construction 
Specifically, we conduct the whole analysis procedure by constructing the frequency distribution of entities �� 
from these four perspectives among the whole training set.

 

1. Analyzing Stage

Token:
Object:
Co-occurrence:
Interrogation: 

2) Reverse Indexing 
Subsequently, we use the number of data instances corresponding to each 
entity as frequency to build the reversed distribution ��:

3) Discovery 
a. Tail data accounts for more failed cases.
b. Distribution varies between train and test data.

where �� means entity item and ��� means the number of corresponding data instances of ��. 
Surprisingly, among four perspectives, an average of 97.25% entries account for only 13.75% data 
instances on average,

https://vlmlt.github.io/[1]Song, Mingyang, et al. "From head to tail: Towards balanced representation in large vision-language models through adaptive data calibration." CVPR 2025.



Method

2. Data Rebalancing Stage
We construct entity-wise sampling probabilities to downsample redundant data and select a core dataset based on entity 
frequency and coverage.
 

3. Data Synthesis Stage
1) Language Data Synthesis 

We rewrite head-biased data by replacing dominant concepts with tail 
synonyms via LLM-guided paraphrasing.

 2) Visual Data Synthesis 
a. given a tail instance �� = (��, ��)our objective is to generate an image 
similar to � and produce corresponding instruction data
b. We leverage ControlNet to generate images that retain the original content 
while exhibiting a similar visual style��,푠�� = �(��, ����).
c. We use an off-the-shelf vision captioner to generate captions for the 
synthetic image, which are then expanded into full conversations using LLMs 
for visual instruction tuning.

https://vlmlt.github.io/[1]Song, Mingyang, et al. "From head to tail: Towards balanced representation in large vision-language models through adaptive data calibration." CVPR 2025.



Experiments

Quantitive Analysis of Different Methods on Popluar Benchmarks

Quantitive Analysis among Different Data 
Rebalancing Methods

The Impact of ADR on Tail concepts

Popular Data Rebalancing Methods. Tail concept prediction accuracy on ScienceQA-IMG

Comparison with models trained with different methods on different benchmarks.

https://vlmlt.github.io/[1]Song, Mingyang, et al. "From head to tail: Towards balanced representation in large vision-language models through adaptive data calibration." CVPR 2025.



Experiments
Ablation Study

Ablation study on data rebalancing combinations. Ablation study on data synthesis methods.

Visualization

Qualitative comparison between LLaVA 1.5 and 
LLaVA 1.5 w/ ADR

Comparison between the original instruction-tuning (IT) data 
and our synthesized IT data.

https://vlmlt.github.io/[1]Song, Mingyang, et al. "From head to tail: Towards balanced representation in large vision-language models through adaptive data calibration." CVPR 2025.
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