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• Camera pose and motion estimation is 

essential in many AR/VR and robotics 

applications. However, most existing 

techniques fail when rolling-shutter 

distortions introduce physical artifacts in 

the image.

• A common strategy is to use multiple 

frames and estimate the relative pose 

between them. Single-frame motion 

estimation is often avoided because the 

problem is ill-posed.

• Many methods assume a global-shutter 

camera model, but this assumption rarely 

holds for consumer devices, which 

predominantly use rolling shutter sensors.

• Rolling-shutter images encode temporal 

information across image rows, providing 

a rich cue that can be exploited to recover 

the underlying camera motion.

• Image as an IMU [1] – Uses image blur as 

a cue for motion. Predicts a motion field and 

depth from a single image, then estimates 

camera velocity.

• R6P [2] - Rolling Shutter Absolute Pose 

Problem - Solves for pose and motion 

using a polynomial solver on 3D–2D point 

correspondences under a rolling-shutter 

model.

• A Generic Rolling Shutter Camera Model 

and its Application to Dynamic Pose 

Estimation [3] - Estimates rotation and 

translation by minimizing reprojection error 

on 3D–2D correspondences. Models non-

uniform velocity within a single frame.
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• Predict RS→GS Flow Using a pretrained Diffusion Model [4]

• Predict RS-Aware Depth using the pretrained depth decoder from [1]

• Solve the motion-field equation using linear least squares (LLS) [5].

• Apply smoothing to remove high-frequency peaks in the estimated 

motion.

• Fit lines to the angular and translational displacement curves - The slopes 

correspond to the rotational and translational velocities.

• The estimated angular velocities closely match the true rotation in both magnitude 

and direction, and the proposed method outperforms Image as an IMU (IAAI).

• The translational velocities match the peaks and troughs, but because the IMU 

outputs biased linear acceleration, integrating it over time causes a drift from the 

true ground-truth velocity.

• A key limitation lies in the RS→GS diffusion model, which assumes purely 

rotational motion. This introduces errors for scenes containing objects close to the 

camera.

• The depth model from IAAI is not RS-aware, leading to additional inaccuracies in 

depth and, consequently, motion estimation.

• Because the entire pipeline is differentiable, it can be trained end-to-end, which 

will improve motion accuracy and robustness.
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