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Real-valued NN Quaternion NN

Magnitude features Phase features Magnitude features Phass foatures
5 5 = e

Input q € H (1 quaternion)

Input X € R* ) . Hamilton
| ‘ Welgh‘:vMatrlx ‘ | Matrix Wy (Eq. 5)
Wo Wi W, W ‘ym}
Wig (| Wiz || Wiz || Wis w, W, -W; Wa|\_weights
Woq || Waz2 || Wz || Wa2q W, W, Wo -W,
Wsy || W3z || Was W34 Vs w w W W
. 3 2 1 o
W1 Wi2 Wi3 Was
16 independent parameters Only 4 shared parameters (W,, W3, W5, W)
Parallel Scalar-Vector Multiplication () | Outputs Hamilton Product (®)
(Separate
| ‘ ‘ Sp \ |0utpu|(SingIe Unified Space)
Output Output Output Output Quaternion Output K Rotation
Space Space Space

Space qout=r'+7i+]j+ Kk &r scaling
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Mag-phase coupling depends on learning

Whether mag—phase relationship emerges is Mag-phase alignment enforced by algebra

entirely dependent on data and optimization. Mag—phase coupling is structurally guaranteed,
making it easier to learn meaningful relationships.
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Shogo Yamauchi, Hideaki Tamori, Makoto Sakai, Yosuke Yamano, Tohru Nitta. QC-GAN: A
Parameter-Efficient Quaternion Conformer GAN for High-Fidelity Speech Enhancement. In
Proceedings of INTERSPEECH 2026, Sydney, Australia, September 2026.
https://arxiv.org/pdf/2606. 18611
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