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Ø Ideal DDIM inversion and reconstruction process is theoretically based on the local linear assumption, 
i.e., 𝜖! 𝑥" ≈ 𝜖! 𝑥"#$

Ø Learning-based methods aim to minimize the mismatch error through back-propagating the gradients 
to the null-text embedding

Ø Memory-based methods or store the errors generated in each time-step, and exploit them to make  
compensation.

Ø We propose a new method named FreeInv to deal with the trajectory deviation issue in a nearly free-
lunch manner.

Introduction



Approach

Detailed illustration of FreeInv. We employ rotation 𝑅𝑜𝑡 ',' as the transformation 𝑓 ' for example. 
During both the inversion and reconstruction phases, we rotate the latent representation with the 
same angle 𝜓" at the t-th time-step, where 𝜓" is randomly sampled. In practice, flipping, patch 
shuffling, jittering, etc., can serve as alternative.



Approach

How does FreeInv help reconstruction?

Ø MBDI reduces mismatch error. We propose to ensemble multiple trajectories of different images to 
enhance reconstruction fidelity by constructing a multi-branch DDIM inversion (MBDI) and 
reconstruction. 

Ø One-time MC sampling at each time-step enables that randomly sampling a single branch at each 
timesteps brings performance comparable to that achieved with multiple MC samples or MBDI.

Ø Image transformation as a branch. To further improve efficiency, we replace the explicit multiple 
branches by applying transformations (e.g., rotation, flipping, patch-shuffling, etc.) to the 
image/latent, thereby generating multiple augmented versions.

Further mathematical details and derivations are provided in the paper.



Experiment

Quantitative comparison: reconstruction. We quantitatively evaluate reconstruction 
faithfulness, as well as computation costs of existing inversion methods, including U-Net based 
and DiT based methods, on the PIE benchmark. FreeInv achieves competitive results with 
superior high efficiency.



Experiment

Quantitative comparison: editing. With P2P as baseline, we quantitatively compare existing 
inversion methods, with regard to background preservation and description alignment of 
edited images.



Experiment

Qualitative comparison. We integrate FreeInv into PnP, MasaCtrl, and P2P, respectively. We 
compare the reconstruction and editing results w/ or w/o FreeInv.



Experiment

Video comparison. We compare TokenFlow, TokenFlow+STEM, and TokenFlow+Ours with respect to the 
reconstruction results (on the left side of the dash-line), the editing outcome (on the right side of the dash-
line), as well as time and memory costs (below the reconstruction results). 
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Conclusion

In this paper, we find that an ensemble of trajectories for multiple images can effectively reduce

the DDIM reconstruction error. Based on such a finding, we propose a method named FreeInv to

perform an efficient ensemble. FreeInv enhances DDIM inversion in a free-lunch manner. In detail,

we randomly transform the latent representation, and keep the transformation at each time-step the

same between the inversion and the reconstruction. FreeInv is compatible with both U-Net and DiT

architectures. Thanks to its efficiency, FreeInv is applicable not only to image reconstruction but also

to video sequences. In both image and video reconstruction tasks, it achieves reconstruction fidelity

comparable to or better than existing methods, while demonstrating significantly improved efficiency.


