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Preliminaries: Flow matching for generative modeling

Source

Target

For time-dependent vector field,

Vector field can construct time-dependent diffeomorphic map (flow)                                                 
defined via the ordinary differential equations (ODE) such that,

Figure reference : https://mlg.eng.cam.ac.uk/blog/2024/01/20/flow-matching.html



Preliminaries : Rectified flow
Source Target

Rectified Flow

Linear interpolation trajectory

Consider the linear interpolation path between source and target



Source Target

Use the time derivative of linear interpolation as supervision

Rectified Flow

Linear interpolation trajectory

Train the velocity field using an ODE neural network

Preliminaries : Rectified flow



Preliminaries : Reflow process

Generate Fake pairs                       using 1-Rectified models 

Figure reference : Liu et al., “Flow Straight and Fast: Learning to Generate and Transfer Data with Rectified Flow,” https://arxiv.org/abs/2209.03003 (2023).



Preliminaries : Reflow process

Fine tuning with 1-Rectified models using fake pairs

Generate Fake pairs                       using 1-Rectified models 

Figure reference : Liu et al., “Flow Straight and Fast: Learning to Generate and Transfer Data with Rectified Flow,” https://arxiv.org/abs/2209.03003 (2023).



Original Reflow process drift target distribution

● Since 1-Rectified Flow cannot perfectly match the target distribution, Reflow using only fake pairs 
becomes biased toward generated samples.



Distribution drift degrades the quality of full-step generation
● 1-step generation

1-Rectified flow

2-Rectified flow

Reflow

Generated sample

Boosting

● Boosting 1-step generation quality (Blue)
● Degradation Multi-step generation quality (Red) 

● Multi-step generation

Degradation!



Reconstruction Error

● Experimental results show a clear discrepancy in reconstruction and perturbed reconstruction errors 
between real and generated images

Drift of target distribution in the original Reflow process



Perturbed Reconstruction Error

● Experimental results show a clear discrepancy in reconstruction and perturbed reconstruction errors 
between real and generated images

Drift of target distribution in the original Reflow process



Drift of target distribution in the original Reflow process



Fake pair and Real Pair

● Fake Pair ● Real Pair

Generated Image Real Image



Methods - Conic Reflow

Original reflow for Fake pairs



Methods - Conic Reflow

Perturbed based supervision for Real pairs

where Conic operator defined as, 

,    : Perturbation intensity via Slerp 



Maximum perturbation intensity and noise schedule
Adaptively compute the maximum perturbation intensity

The perturbation intensity progressively decrease during training



Comparison with baselines



Curvature and Initial Velocity Delta (IVD)

● Curvature ● Initial Velocity Delta (IVD)



Straightness and Initial Velocity Delta (IVD)



Our methods reduces rap betweed real and fake image during reflow process



High resolution dataset (Lsun-Bedroom 256x256) 



Our method realigns the drift in 2-Rectified Flow

1-Rectified flow 2-Rectified flow 2-Rectified flow + Ours

Reflow Conic Reflow



Our method realigns the drift in 2-Rectified Flow



Balanced Conic Rectified flow
● Mitigated distribution drift of the target distribution during Reflow process

● Achieves better generation quality than the original Reflow process even with a small number of fake 
pairs.
 

● Produces a straighter solution trajectory than original 2-Rectified flow.


