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We consider the problem of isomorphism testing for binary matrices, which
provides a natural and unified framework for a wide range of combinatorial ob-
jects, including linear codes, incidence structures, and designs. In many cases,
representing such objects directly as binary matrices is more natural and efficient
than reducing them to graphs.

Our work is based on the algorithm implemented in the program LCEQUIVA-
LENCE [1], where objects are transformed into binary matrices and isomorphism
is tested via canonical forms. The approach relies on partitioning the columns
using suitable invariants and applying refinement techniques closely related to
the Weisfeiler—Leman (WL1) method.

While these methods perform well in general, difficulties arise for highly regular
structures such as Hadamard matrices, projective planes, and related incidence
configurations. It is important to note that regularity is a local property and
does not necessarily imply large automorphism groups. However, such structures
often exhibit a high degree of uniformity, which makes them difficult to distinguish
using standard refinement techniques.

In this work, we investigate new specific invariants designed to capture addi-
tional structural information beyond standard coordinate invariants. These in-
clude invariants derived from incidence relations, local configurations, and higher-
order interactions between rows and columns. The goal is to refine the initial
partition more effectively and to reduce the complexity of the canonical form
computation.

The proposed approach is inspired in part by techniques used in graph isomor-
phism software such as nauty [2], but is adapted to the setting of binary matrices
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and incidence structures. Preliminary results show that the use of these invari-
ants significantly improves the performance of isomorphism testing, especially in
cases where standard methods based on WL-type refinement are insufficient.

This suggests that combining algebraic representations with carefully designed
combinatorial invariants is a promising direction for improving practical algo-
rithms for matrix isomorphism and related classification problems.
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