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IV. Experimental Results

I. Abstract

Large-scale pre-trained Vision-Language Models (VLMs), such as CLIP and
ALIGN, have introduced a new paradigm for learning transferable visual
representations. Recently, there has been a surge of interest among
researchers in developing lightweight fine-tuning techniques to adapt these
models to downstream visual tasks. We recognize that current state-of-
the-art fine-tuning methods, such as Tip-Adapter, simply consider the
covariance between the query image feature and features of support few-
shot training samples, which only captures linear relations and potentially
instigates a deceptive perception of independence. To address this issue, in
this work, we innovatively introduce Brownian Distance Covariance (BDC) to
the field of vision-language reasoning. The BDC metric can model all
possible relations, providing a robust metric for measuring feature
dependence. Based on this, we present a novel method called BDC-Adapter,
which integrates BDC prototype similarity reasoning and multi-modal
reasoning network prediction to perform classification tasks. Our extensive
experimental results show that the proposed BDC-Adapter can freely
handle non-linear relations and fully characterize independence,
outperforming the current state-of-the-art methods by large margins.

II. Motivation

V. Contributions

➢ Performance comparisons on few-shot learning on 11 datasets.

➢ Performance comparisons on robustness
to natural distribution shifts.

➢ Ablation study on 16-shot ImageNet.

➢ Visual reasoning performance comparisons
on the Bongard-HOI dataset.

➢ A few-shot learning instance
from the Bongard-HOI.

➢ Efficiency comparison.

III. Method

➢ We introduce Brownian Distance Covariance to the field of vision-language
reasoning to provide a robust metric for measuring feature dependence.

➢ Based on this, we propose a novel approach called BDC-Adapter that
leverages BDC to enhance vision-language reasoning ability, which
integrates BDC prototype similarity reasoning and multi-modal reasoning
network prediction to perform classification tasks.

➢ Our extensive experimental results show that BDC-Adapter outperforms the
current state-of-the-art methods by large margins.

➢ The current state-of-the-art Tip-Adapter method, establishes a key-value
cache model and evaluates the similarities of the query image feature and
features of support few-shot training samples to perform classification.

➢ However, we recognize that Tip-Adapter simply considers the covariance
between each image feature pair, which only measures marginal
distributions and captures linear relations.

➢ In this paper, we introduce Brownian Distance Covariance (BDC) to the field
of vision-language reasoning to provide a robust metric for measuring
feature dependence. While classical covariance can only capture linear
relations, Brownian covariance can model all possible relations.

➢ Multi-Modal Few-Shot Learning. After feature extraction, we concatenate
the image and text features and use this joint features 𝑓𝑖 to train a one-layer
multi-modal reasoning network 𝜓 by cross-entropy loss:

➢ Differences with Tip-Adapter. Tip-Adapter can only capture linear relations.
Our BDC-Adapter represents each image by a BDC matrix, which considers
the joint distributions and measures non-linear dependence during inference.

➢ Class-Specific BDC Prototype Generation. Given all the BDC matrices of M
images within class y, we define the prototype of class y to be the average of
the BDC matrices, denoted as .

➢ BDC-Adapter Inference. During inference, BDC-Adapter integrates BDC
prototype similarity reasoning and multi-modal reasoning network
prediction to perform classification tasks, denoted as

.

https://zhangce01.github.io/BDC-Adapter/
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