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Abstract
Motivation: Model merging effectively integrates multiple models to improve performance, while being more efficient than ensemble learning as it adds
no inference overhead. Yet, it remains unexplored whether merging can occur within a single model to improve robustness, a crucial aspect in
medical imaging.

Our contribution: we are the first to propose in-model merging (InMerge), a novel approach that enhances the model’s robustness by selectively
merging similar convolutional kernels in the deep layers of a single CNN during the training process for classification. We analytically reveal key
characteristics that influence how in-model merging should be performed, providing guidance for future research. We validate InMerge on four
major medical image datasets and across different CNN architectures. The InMerge-trained models significantly outperform traditionally
trained models in both accuracy and robustness.

Code availability: https://github.com/billhhh/In-Model-Merging

Methodology
Kernel Similarity Computation
The similarity between two convolutional ker-
nels is computed via cosine similarity, which
measures the angle between their vectorized
forms. For kernels Ki and Kj in the same layer,
we first flatten them into 1D vectors:

ki = vec(Ki), kj = vec(Kj), (1)

The cosine similarity is then computed as:

sim(ki,kj) =
kT
i kj

∥ki∥∥kj∥
, (2)

In-Model Kernel Merging Strategy
To preserve shallow features, merging is applied
only to deeper layers (beyond the first Ls). In
these layers, similar kernels are merged during
training. Let W = K1,K2, . . . ,Kn denote the
kernels in a layer. For each Ki, a different kernel
Kj is randomly chosen. If their similarity ex-
ceeds a threshold τ , they are merged with prob-
ability p:

Ki ← αKi + (1− α)Kj , s.t. sim(ki,kj) > τ,
(3)

where τ ∈ [−1, 1] is the similarity threshold.
This reduces redundancy while maintaining net-
work expressiveness.
Layer Selection and Probabilistic Merging
To maintain the diversity of low-level feature
representations, the first Ls shallow layers are
excluded from kernel merging. Additionally,
merging is performed in a probabilistic manner
to avoid excessive regularization and unintended
degradation of feature maps. Specifically, each
kernel undergoes merging with probability p, en-
suring stochasticity in the process:

P (Ki ← αKi + (1− α)Kj) = p. (4)

This probabilistic merging mechanism prevents
the network from over-collapsing to a limited set
of feature extractors, giving the effect of regular-
ization, thereby retaining sufficient expressive-
ness while enhancing generalization.
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