
Compass RoPE: Isotropic Rotary Position
Embeddings for Vision Transformers
Compass-RoPE solves Mix-RoPE's directional collapse via polar frequency decoupling and intra-head Fourier mixing, stabilizing resolution
extrapolation and boosting ImageNet-1K multi-resolution AVG Top-1 by +2.2.
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Introduction

Patch tokenization induces axial spectral bias in visual tokens, which
enters attention computation through q–k interactions and drives
RoPE frequencies toward anisotropic directions. This weakens
spatial dependency modeling under resolution shifts, motivating an
isotropic RoPE design with balanced frequency coverage.
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Paper Code

Motivation

Contribution

Method - We propose Compass-RoPE to achieve isotropic
frequency coverage via uniform initialization for frequency
and DFT mixing.

Effect - Compass-RoPE improves resolution extrapolation
and generalizes well to classification, detection,
segmentation, and generation tasks.

Methods Downstream Tasks Results

Experiment Results

Compass RoPE
Polar RoPE - Parameterize 2D frequencies by scale and angle, with uniformly initialized angles for
isotropic directional coverage.
DFT Mixing - Apply intra-head Fourier mixing to enrich angular expressiveness

Classification on ImageNet-1K
Compass-RoPE achieves the best average accuracy across all
resolutions and becomes much better at high resolutions.

Other Vision Tasks
Dense Prediction Tasks

Image Generation Task

Comparison With Other Vision
RoPEs on ImageNet-100

Detection and Segmentation
Original Mix RoPE Compass RoPE

Compass-RoPE improves detection and segmentation with
stronger spatial understanding.
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