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Figure 1. RF-Solver for downstream tasks in image and video. We propose RF-Solver to solve the rectified flow ODE with reduced
error, thereby enhancing both sampling quality and inversion-reconstruction accuracy for rectified-flow-based generative models (Black-
Forest-Labs, 2024; Zheng et al., 2024). Furthermore, we propose RF-Edit, which utilizes the RF-Solver for editing. Our methods
demonstrate impressive performance across generation, inversion, and editing tasks in both image and video modalities.
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any pre-trained rectified-flow-based models for
image and video tasks, requiring no additional
training or optimization. Extensive experiments
across generation, inversion, and editing tasks in
both image and video modalities demonstrate the
superiority and versatility of our method. Code is
available at this URL .

1. Introduction

Recent advancements of generation methods based on Rec-
tified Flow (RF) (Liu et al., 2022a; Lee et al., 2024; Wang
et al., 2024b) have demonstrated exceptional performance
in synthesizing high-quality images and videos. Different
from traditional approaches represented by Stable Diffusion
(Ho et al., 2020; Rombach et al., 2022), these methods lever-
age the Diffusion Transformer (Peebles & Xie, 2023; Yang
et al., 2024c; Xie et al., 2024; Tang et al., 2024) architecture
and implement a straight-line motion system to produce
the desired data distribution. With these effective designs,
FLUX (Black-Forest-Labs, 2024) and OpenSora (Zheng
et al., 2024) have respectively emerged as one of the state-
of-the-art (SOTA) methods in the field of Text-to-Image
(T2I) and Text-to-Video (T2V) generation.

Despite the remarkable success in the fundamental T2I
and T2V generation tasks, few studies have explored the
performance of RF-based models on various downstream
tasks such as inversion-reconstruction (Song et al., 2021a;
Mokady et al., 2023; Guo et al., 2024; Wang et al., 2023c)
and editing (Hertz et al., 2022; Meng et al., 2022). When
directly applying the vanilla RF for inversion, we observe
that it fails to faithfully reconstruct the image or video from
the source. Examples are shown in Figure 1 Task 1 and Task
2 (the third row). For image inversion, the positions of ob-
jects (e.g., the cake) and the appearance of individuals (e.g.,
the child) in the reconstructed image significantly diverge
from the source image. The performance of video inver-
sion is even worse, with noticeable distortions present in
the reconstructed video. The inaccuracies of inversion and
reconstruction would severely constrain the performance of
RF models on other inversion-based downstream tasks such
as image editing (Hertz et al., 2022; Tumanyan et al., 2023;
Nguyen et al., 2024; Duan et al., 2024; Ju et al., 2024) and
video editing (Liu et al., 2024; Ku et al., 2024; Fan et al.,
2024; Shin et al., 2024).

In this work, we investigate the aforementioned problem
by delving into the inversion and reconstruction process of
the RF. Specifically, we track the latent at each intermediate
timestep during inversion and reconstruction, calculating the
Mean Square Error (MSE) between them at corresponding
timesteps. We observe that significant errors are introduced
at each timestep throughout the whole reconstruction pro-
cess, and their accumulation ultimately results in a consid-
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Figure 2. Analysis of the inversion-reconstruction process. In-
version takes the source image latent Z¢, as the input and pro-
gressively add noise for N timesteps, obtaining Z;,, € N (0, I).
Z, ~ 18 then denoised for N timesteps to obtain the reconstruction
Z+,. During this process, we store the latent Z, , and Z, at each
timestep respectively in inversion and denoising processes. Then
we calculate the Mean Squared Error (MSE) between them. The
red curve represents the vanilla Rectified Flow inversion and the
green curve represents RF-Solver inversion.
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erably deviated output (the red curve in Figure 2). Based
on the definition and inference process of RF (Liu, 2022;
Liu et al., 2022a), we identify that these errors stem from
the Ordinary Differential Equation (ODE) solving process
(Zhang et al., 2024; Wang et al., 2024a; Hong et al., 2024,
Peng et al., 2024). Specifically, the essence of the inver-
sion and generation process for RF is to derive the solution
of RF ODE (Liu et al., 2022a). Since this ODE includes
terms involving complex neural networks, the solution can
only be coarsely approximated by a sampler. However, the
experiment in Figure 2 indicates that the sampler adopted
in existing models (Black-Forest-Labs, 2024; Zheng et al.,
2024) lacks sufficient precision for the inversion task, caus-
ing notable errors to accumulate at each timestep, finally
leading to unsatisfactory reconstruction results.

Based on the analysis, we aim to improve inversion accu-
racy by introducing a more effective sampler, which is more
general and fundamental than designing a specific inversion
method. To this end, we propose RF-Solver. Specifically,
we note that the exact formulation of the RF ODE solu-
tion can be directly derived using the variation of constants
method. For the nonlinear component of this solution (i.e.,,
the integral of the neural network), we utilize Taylor expan-
sion for estimation. By employing higher-order Taylor ex-
pansion, the ODE can be solved with reduced error, thereby
enhancing the performance of RF models. RF-Solver is a
generic sampler that can be seamlessly integrated into any
rectified flow model without additional training or optimiza-
tion. Experimental results demonstrate that RF-Solver not
only significantly enhances the accuracy of inversion and re-
construction (the green curve in Figure 2), but also improves
performance on fundamental tasks such as T2I generation.

Building upon this, we propose RF-Edit to leverage RF-
Solver in editing tasks. Real-world image and video edit-
ing require the model to make precise modifications to a
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source image/video while maintaining its overall structure
unchanged, presenting greater challenges than reconstruc-
tion. In this scenario, it is inadequate to solely rely on the
inverted noises as prior knowledge for editing, which could
lead to edited results being excessively influenced by the tar-
get prompt, diverging significantly from the original source
(Hertz et al., 2022; Tumanyan et al., 2023). Addressing
this problem, RF-Edit stores the )V (value) feature in the
self-attention layers at several timesteps during inversion.
These features are used to replace the corresponding fea-
tures in the denoising process. Practically, we design two
specific sub-modules for RF-Edit, respectively leveraging
the DiT structure of FLUX (Black-Forest-Labs, 2024) and
OpenSora (Zheng et al., 2024) as the backbones for image
and video editing. With the effective design of RF-Edit, it
demonstrates superior performance in both image and video
domains, outperforming various SOTA methods.

2. Related Work

2.1. Inversion

Inversion maps the real visual data, i.e., image and video, to
representations in noise space, which is the reverse process
of generation. The representative method, DDIM inver-
sion (Song et al., 2021a;b), adds predicted noise recursively
at each forward step. Many efforts (Elarabawy et al., 2022;
Wallace et al., 2023; Mokady et al., 2023; Rout et al., 2024a;
Miyake et al., 2023; Lu et al., 2022) have been made to
mitigate the discretization error in DDIM inversion. Despite
the effectiveness of inversion in diffusion models, the explo-
ration of inversion in SOTA rectified flow models like FLUX
and OpenSora is limited. RF-prior (Yang et al., 2024b)
uses the score distillation to invert the image while it re-
quires many optimizing steps. More recently, (Rout et al.,
2024b) introduces an additional vector field conditioned on
the source image to improve the inversion. However, the
error from the original vector field of rectified flow still
persists, which would limit the performance of such method
on various downstream tasks. In contrast, we aim to directly
mitigate the error from the original vector field in this work.

2.2. Image and Video Editing

Training-free methods for image and video editing (Huang
et al., 2024a; Sun et al., 2024) have gained increasing popu-
larity for their efficiency and effectiveness. Existing image
editing methods focus on prompt refinement (Ravi et al.,
2023; Wang et al., 2023a), attention-sharing mechanism
(Hertz et al., 2022; Parmar et al., 2023; Cao et al., 2023;
Tumanyan et al., 2023), mask guidance (Avrahami et al.,
2023; Couairon et al., 2022; Huang et al., 2023), and noise
initialization (Brack et al., 2023; Yang et al., 2023b). Video
editing introduces additional complexities in maintaining
temporal consistency, making it a more challenging task.
Existing video editing methods focus on attention injection

(Qietal., 2023; Wang et al., 2023b; Liu et al., 2024), motion
guidance (Cong et al., 2023; Geyer et al., 2023; Yang et al.,
2024a; Wang et al., 2024c), latent manipulation (Zhang
et al., 2023; Yang et al., 2023a; Kara et al., 2024; Chen et al.,
2023), and canonical representation (Chai et al., 2023; Lee
et al., 2023; Ouyang et al., 2024; Kasten et al., 2021). To
date, the editing performance of RF-based diffusion trans-
formers has remained largely under-explored. Although
(Rout et al., 2024b) employs FLUX (Black-Forest-Labs,
2024) for image editing, its performance is limited to simple
tasks such as stylization and face editing while often failing
to effectively maintain the structural information of source
images. Moreover, currently there is no research exploring
the video editing capabilities of RF-based models.

3. Method

In this section, we present our method in detail. First, we
introduce RF-Solver, which significantly enhances the pre-
cision of inversion and reconstruction. Subsequently, we
present RF-Edit, an extension of RF-Solver designed to
enable high-quality image and video editing.

3.1. Preliminaries

Rectified Flow (RF) (Liu et al., 2022b) facilitates the tran-
sition between the real data distribution 7y and Gaussian
Noises distribution 71 along a straight path. This is achieved
by learning a forward-simulating system defined by the
ODE: dZ,; = v(Z},t)dt,t € [0, 1], which maps Z; € m;
to Zy € mo.

In practice, the velocity field v is parameterized by a neural
network vy. During training, given empirical observations
of two distributions X ~ my, X1 ~ m and t € [0, 1],
the forward process (i.e., adding noise) of rectified flow
is defined by a simple linear combination: X; = tX; +
(1 —t)X . The differential form of the equation is given
by: dX; = (X1 — Xy)dt. Consequently, the training
process optimizes the network by solving the least squares
regression problem, which fits the vy with (X1 — X):

1
in [ B I~ Xo) — w0 (X0 0] db (1)
0

In the sampling process, the ODE is discretized and solved
using the Euler method. Specifically, the rectified flow
model starts with a Gaussian noise sample Z;,, € N'(0, I).
Given a series of N discrete timesteps ¢ = {tx, ..., to}, the
model iteratively predicts vo(Z;,,t;) fori € {N,---,1}
and then takes a step forward until generating the images
Z,,, with the following recurrence relation:

Zy, =2y, + (i1 — ti)ve(Zy,, ;). )

The RF model can generate high-quality images in much
fewer timesteps compared to DDPM (Ho et al., 2020), owing
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to the nearly linear transition trajectory established during
training. With these effective designs, RF model illustrates
great potential in the field of T2I and T2V generation (Black-
Forest-Labs, 2024; Zheng et al., 2024).

3.2. RF-Solver

The vanilla RF sampler demonstrates strong performance
in image and video generation. However, when applied
to inversion and reconstruction tasks, we observe signifi-
cant error accumulation at each timestep. This results in
reconstructions that diverge notably from the original im-
age (see Figure 2). This severely limits the performance
of RF models in various inversion-based downstream tasks
(Hertz et al., 2022; Wang et al., 2024a). Delving into this
problem, we identify that the errors stem from the process
of estimating the approximate solution for the rectified flow
ODE (Wang et al., 2024b; Liu, 2022), which is formulated
by Equation (2) in existing methods (Black-Forest-Labs,
2024; Zheng et al., 2024). Consequently, obtaining more
precise solutions for the ODE would effectively mitigate
these errors, leading to improved performance.

Based on this analysis, we start by carefully examining the
differential form of the Rectified flow: dZ; = vyo(Z, t)dt.
This ODE is discretized in the sampling process. Given the
initial value Z,, the ODE can be exactly formulated using
the variant of constant method:

ti—1
Zt,-,l = Zt,', +/ 'U9(Z7—77')d7’. (3)
t

i

In the above formula, vg(Z,, ) is the non-linear compo-
nent parameterized by the complex neural network, which
is difficult to approximate directly. As an alternative, we
employ the Taylor expansion at ¢; to approximate this term:
n—1
N =)
vz =3 Tl

k=0

NZy, 1)+ O((r — t)™),

“)
k .
where v(gk)(Zt“ti) = %, denoting the k-order

derivative of vy and O denotes higher-order infinitesimals.
Substituting Equation (4) into the integral term yields:

ti—1 n—1 ti—1 k
¢ T—1t
/ vo(Z,,7)dr = Zvék)(Zti,ti)/ %m
t; k=0 t; .
+O((r—t)"). 3)

Through the above process, the network prediction term and
its higher-order derivatives are separated from the integral.
Then we notice that the remaining component in the integral
can be computed analytically:

[ ot

Li

(ti—l _ ti>k+1
(k+ 1)
(6)

Substituting Equation (6) and Equation (5) into Equation (3),
we derive the n-th order solution of Rectified flow ODE:

=z, +Z b }c+t1 (2, 1)
k=0
+O(h}), @)
where h; := t;_1 — t;. Equation (7) indicates that to es-
timate Z;, ,, we need to obtain the k-th order derivatives
(W2, t:)} fork € {0,--- ,n —1}.

Considering n = 1, the formula reduces to the standard rec-
tified flow (i.e.,, Equation (2)). In our experiments, we find
that setting n = 2 effectively mitigates the errors, yielding:

Zy, =2y, + (tic1 — ti)ve(Zy,, t;)

1
+ 5 (i L —t)2N(Z ). ®)

Note that v(gl) in Equation (8) is the first-order derivative
of the network prediction term vy, which cannot be analyti-
cally derived due to the complex architecture of the neural
network. To estimate this term, we first obtain the network
prediction ¥,, at the timestep ¢;, i.e., ¥, = vg(Zy,,t;).
Then we step forward a small timestep At (which is set
to 0.01 in experiments), and update the latents to obtain
Z,4nt = Zy, + At - vy,. Subsequently, we calculate an
additional prediction of the network at the timestep ¢; + At,
i.e., ’IA}tH_At = vO(ZtH—At, tl + At) With ’lAJti and ’IA)ti_;,_At,
the first-order derivative of vy at the timestep ¢; can be es-

timated as: 'vél)(Zti,t,») = % Substituting this
formulation into Equation (8) results in the practical im-
plementation of the RF-Solver algorithm. The complete

sampling process for RF-Solver is presented in Algorithm 1.

Obtaining the sampling form of RF-Solver, we further derive
its inversion form. Inversion maps data back into noise,
which reverses the sampling process. Following previous
methods for DDIM inversion (Song et al., 2021a; Dhariwal
& Nichol, 2021), the ODE process can be directly reversed
in the limit of small steps. Based on this assumption, the
inversion process of RF-Solver can be derived as:

Z,,., = Eti + (tiy1 — ti)ve(zti7ti)

+ %(ti-‘rl - ti)2vé1) (Ztm tz)v
where Z ¢, and Z t;4, denotes the latents during inversion.
Through the high order expansion, the error of the ODE solu-
tion in each timestep is reduced from O ((h;)?) to O((h;)?),
significantly facilitating inversion and reconstruction pro-
cess (see Figure 2). Beyond this, RF-Solver can also be
applied to any RF-based model (such as FLUX (Black-
Forest-Labs, 2024) and OpenSora (Zheng et al., 2024)) for
other tasks such as sampling and editing, enhancing perfor-
mance without requiring additional training.

i+1

©))
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(a). RF-Edit for Image
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Figure 3. RF-Edit pipelines for image editing and video editing. We design two sub-modules for applying RF-Edit to (a). Image editing
with FLUX (Black-Forest-Labs, 2024) and (b). Video editing with OpenSora (Zheng et al., 2024). Note that for FLUX, there are multiple
Double Blocks, followed by multiple Single Blocks. For OpenSora, there are multiple OpenSora DiT blocks. For simplicity, only one

block of each type is depicted in the figure.

3.3. RF-Edit

Incorporating higher-order terms enables RF-Solver to sig-
nificantly reduce errors in the ODE-solving process, thereby
enhancing both sampling quality and inversion accuracy.
Furthermore, we extend the application of RF-Solver to the
more complex real-world image and video editing tasks,
which present greater challenges than reconstruction. In
such scenarios, preserving the content and structure of the
original image is crucial. For example, when replacing an
object in a source image with another one, regions unrelated
to the object in this image are expected to remain unaf-
fected by the editing process. However, directly applying
RF-Solver during the inversion and denoising stages may
cause the model to be overly influenced by the target prompt,
resulting in unintended modifications in other regions of the
source image or video. Similar issues are common across
various existing editing methods (Rout et al., 2024b; Hertz
et al., 2022; Tumanyan et al., 2023).

To address this problem, we propose RF-Edit, which builds
upon the diffusion transformer architecture. Specifically, we
focus on the self-attention layer in the last M transformer
blocks of vy at the last n timesteps during inversion. The
self-attention operation can be formulated by:

ﬁ’:'; = Attention( N;:’ IE;’;, Nt’:) (10)

~m
Here, k € {N —n,---,N},andm € {1,--- , M}, F;
denotes the output feature of the self-attention module and

e ICEY, Vi,! represent query, key and value for attention
during the inversion process, respectively. We extract and

store the Value feature {1} and {2"; A, } in the process

of RF-Solver algorithm (Algorithm 1):
(Vi) = Extract(vg(Zy,, tr)) (11)
V", A} = Extract(vo(Z e+ an te + Aty)). (12)

During the first n timesteps of denoising, considering the
mth transformer block at the timestep k, the original self-
attention can be formulated as:

F{' = Attention(Qy", K", Vi), (13)

where F'}" denotes the output feature of the self-attention
module and Q3" , i, Vi represent query, key and value
for attention during the denoising process, respectively.

In RF-Edit, the above self-attention mechani~sm is modified
to cross-attention where V' is replaced by V;7',

F}"' = Attention(QJ", K7™, V™). (14)

tro tro

The modified output feature FZ:/ is then passed to the sub-
sequent modules for further processing.

Similarly, this feature-sharing process is also adopted in the
derivative calculation process of RF-Solver:
Fm/

K :Attention(Q?ZMtk, Mans Vitiar ). (15)

The proposed RF-Edit framework enables high-quality edit-
ing while effectively preserving the structural information
of the source image/video. Building on this concept, we
design two sub-modules for RF-Edit, specifically tailored
for image editing and video editing (Figure 3). For image
editing, RF-Edit employs FLUX (Black-Forest-Labs, 2024)
as the backbone, which comprises several double blocks
and single blocks. Double blocks independently modulate
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Figure 4. Qualitative results of image and video reconstruction. Our method (the second row) demonstrates superior performance

compared to the vanilla rectified flow baselines (the third row).

Table 1. Quantitative results on text-to-image generation. RF-
Solver outperforms several baselines.

Table 2. Quantitative results on inversion and reconstruction.
Our method significantly improves the accuracy of reconstruction

| DPMSolver++ | RF  RF-Heun Ours for both images and videos.
FID (}) 24.63 ‘ 2533 24.40 23.98 | Method | MSE(]) LPIPS(|) SSIM (1) PSNR (1)

CLIP Score (1) 30.62 31.01 31.03 31.09 RF 0.0268 0.6253 0.7626 2828

. . . image | RF-Heun | 0.0117 0.4696 0.8924 29.67

text and image features, while single blocks concatenate Ours 0.0092 0.4239 0.9276 29.89
these features for unlﬁed‘ rrl.odulat{on. In this architecture, RF 00206 04159 08134 18.12
RF-Edit shares features within the single blocks, as they cap- video | RF-Heun | 0.0156 0.3554 0.8711 18.29
ture information from both the source image and the source Ours 0.0134  0.3287 0.8812 18.41

prompt, enhancing the ability of the model to preserve the
structural information of the source image. For video edit-
ing, RF-Edit mainly employs OpenSora (Zheng et al., 2024)
as the backbone. The DiT blocks in OpenSora include spa-
tial attention, temporal attention, and text cross-attention.
Within this architecture, the structural information of the
source video is captured in the spatial attention module,
where we implement feature sharing.

4. Experiment
4.1. Setup

We implement our method respectively on FLUX (Black-
Forest-Labs, 2024) and OpenSora (Zheng et al., 2024). In
the experiment, we adopt the guidance-distilled variant of
FLUX (Black-Forest-Labs, 2024) for image tasks and Open-
Sora (Zheng et al., 2024) for video tasks. The derivative
computation in RF-Solver requires an additional forward
pass, resulting in the network needing to forward twice at
each timestep. As a result, when comparing our method
with the Rectified Flow baselines, we set the number of
timesteps for the vanilla Rectified Flow to be twice that
of our method to ensure a fair comparison under the same
number of function evaluations (NFE). More detailed infor-
mation for experiment setup is provided in Appendix B.

4.2. Text-to-image Sampling

We compare the performance of our method with DPM-
Solver++ (Lu et al., 2022), the vanilla RF sampler, and
Heun sampler on the text-to-image generation task. Both the

quantitative (Section 4.1) and qualitative results (Figure 10)
demonstrate the superior performance of RF-Solver in fun-
damental T2I generation tasks, producing higher-quality
images that align more closely with human cognition.

4.3. Inversion and Reconstruction

We conduct experiments on inversion and reconstruction for
both image and video modalities, comparing our method
with the vanilla RF sampler and the Heun sampler.

Quantitative Comparison. The quantitative comparisons
(Section 4.3) are conducted to reflect the similarity between
the source and reconstruction results. Our method demon-
strates superior performance across all four metrics com-
pared with the vanilla RF sampler and Heun sampler.

Qualitative Comparison. RF-Solver effectively reduces
the error in the solution of RF ODE, thereby increasing the
accuracy of the reconstruction. As illustrated in Figure 4(a),
the image reconstruction results using vanilla rectified flow
exhibit noticeable drift from the source image, with signifi-
cant alterations to the appearance of subjects in the image.
For video reconstruction, as shown in Figure 4(b), the base-
line reconstruction results suffer from distortion. In contrast,
RF-Solver significantly alleviates these issues, achieving
more satisfactory results.

4.4. Editing

We conduct experiments to evaluate the image and video
editing performance of our method. For image editing, we
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Figure 5. Qualitative comparison of image editing. With RF-Solver and feature-sharing mechanism in RF-Edit, our method can
successfully handle various kinds of image editing cases, outperforming the previous SOTA methods.

Table 3. Quantitative results of image editing. RF-Edit effec-
tively edits the images according to the prompts while preserving
the integrity of unrelated regions.

| P2P  DiffEdit SDEdit PnP  Pix2Pix RF-Inv | Ours

LPIPS () 0.419  0.157 0.394  0.080  0.155 0.318 | 0.149
CLIP Score (1) | 30.70  32.68 31.61 30.58 3233 33.02 | 33.66

compare our method with P2P (Hertz et al., 2022), DiffEdit
(Couairon et al., 2023), SDEdit (Meng et al., 2022), PnP
(Tumanyan et al., 2023), Pix2pix (Parmar et al., 2023) and
RF-Inversion (Rout et al., 2024b). For video editing tasks,
we compare our method with FateZero (Qi et al., 2023),
FLATTEN (Cong et al., 2023), COVE (Wang et al., 2024c),
RAVE (Kara et al., 2024), Tokenflow (Geyer et al., 2023).

Quantitative Comparison. In image editing, Our method
outperforms all other methods in CLIP score (Section 4.4),
indicating that the edited images align well with the user-
provided prompts. For LPIPS, it is noted that PnP (Tu-
manyan et al., 2023) has a much lower value than all other
methods. Based on the qualitative results (Figure 5), it can
be seen that PnP is only suitable for editing cases that do
not significantly modify the structure or shape of the source
image (such as changing red roses into yellow sunflowers).
It fails in the case of shape editing, resulting in an image
very similar to the source. Consequently, although PnP has
the lowest LPIPS score, its CLIP score is the lowest. For
video editing, RF-Edit achieves higher scores on VBench
(Huang et al., 2024b) metrics (Section 4.4). The results
illustrate that our method successfully maintains temporal

Table 4. Quantitative results of video editing. RF-Edit outper-
forms several previous SOTA video editing methods.

‘ FateZero Flatten COVE RAVE Tokenflow ‘ Ours
SC(T) | 0.9382 09420 0.9433 0.9292 0.9439 0.9501
MS (1) | 09611 09528 0.9697 0.9519 0.9632 0.9712
AQ () | 0.6092 0.6329 0.6717 0.6586 0.6742 0.6796
1Q (1) 0.6898  0.7024 0.7163 0.6917 0.7128 0.7207

consistency while demonstrating superior quality.

Qualitative Comparison. For image editing, we compare
the performance of our method with several baselines across
different types of editing requirements including adding,
replacing, and stylization (Figure 5 and Figure 8). The
baseline methods often suffer from background changes or
fail to perform the desired edits. In contrast, our method
demonstrates satisfying performance, effectively achieving
a balanced trade-off between the fidelity to the target prompt
and the preservation of the source image.

The qualitative results for video editing are shown in Fig-
ure 6. RF-Edit illustrates impressive performance in han-
dling complicated editing cases (e.g., modifying the leftmost
lion among three lions into a white polar bear and changing
the other two small lions into orange tiger cubs), whereas
all other baseline methods fail in this scenario.

Besides, HunyuanVideo (Kong et al., 2024) has recently
demonstrated strong performance in text-to-video gener-
ation. Thanks to the generality of our method, it can be
implemented on HunyuanVideo for video editing. More
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Figure 6. Qualitative comparison of video editing. The first video comprises 200 frames with a resolution of 512 x 512, while the
second video contains 60 frames with a resolution of 1024 x 768 (frames are compressed for a neat layout).

qualitative results are shown in Figure 9.

4.5. Ablation Study

We conduct ablation studies to illustrate the effectiveness of
RF-Solver and RF-Edit. Without loss of generality, these
ablation studies are performed on the image tasks using
FLUX (Black-Forest-Labs, 2024) as the base model.

Taylor Expansion Order of RF-Solver. We investigated
the impact of the Taylor expansion order in RF-Solver (Sec-
tion 4.5) under the same NFE across different orders. Com-
pared to the first-order expansion (i.e., the vanilla rectified
flow), the second-order expansion demonstrates a significant
improvement across various tasks. However, higher-order
expansions do not yield further enhancements. We speculate
that this is primarily due to higher-order Taylor expansions
requiring more inference steps per timestep. With a fixed
NFE, this results in a reduced overall number of timesteps
compared to lower-order expansions, leading to suboptimal
performance. Moreover, computing the higher-order deriva-
tives of vy(Z,, t;) substantially increases the complexity
of the algorithm, posing challenges for practical applica-
tions. Consequently, we employ second-order expansion
(i.e., RF-Solver-2 in Section 4.5) for various downstream
tasks due to its effectiveness and simplicity.

Table 5. Ablation study on the Taylor Expansion order. Here,
RF implies the vanilla Rectified Flow without the proposed RF-
Solver algorithm. All of the experiments for editing in the table
apply the proposed feature-sharing mechanism for better results.

‘ Metric ‘ RF RF-Solver-2 RF-Solver-3
Samolin FID ({) 25.33 23.98 23.94
PINE | CLIP Score (1) | 31.01 31.09 31.09
Iversion MSE (}) 0.0268 0.0092 0.0131
LPIPS (1) | 0.6253 0.4239 0.4817
Editin LPIPS ({) 0.1524 0.1494 0.1503
€ | CLIP Score (1) | 32.97 33.66 33.18

Feature Sharing Steps of RF-Edit. RF-Edit leverages fea-
ture sharing to maintain the structural consistency between
original images and edited images. However, an excessive
number of feature-sharing steps may result in the edited

output being overly similar to the source image, ultimately
undermining the intended editing objectives (Figure 7). To
investigate the impact of feature-sharing steps on editing
results, we incrementally increase the number of feature-
sharing steps applied to the same image. Due to the vary-
ing levels of difficulty that different images presented to
the model, the optimal number of sharing steps may differ
across cases. Experimental results reveal that setting the
sharing step to 5 effectively meets the editing requirements
for most images. Additionally, we can customize the sharing
step for each image to identify the most satisfying outcome.

golden retriever>dalmatian + glasses  school

bus > fire truck

+ swan

Figure 7. Ablation study of feature-sharing step in RF-Edit.
The second row is the results produced solely by RF-Solver, with-
out the proposed feature-sharing mechanism. Feature-sharing can
significantly enhance the consistency between source and target
images, while a too-large feature-sharing step may lead to the
failure of editing.

5. Conclusion

In this paper, we propose RF-Solver, a versatile sampler for
the rectified flow model that solves the rectified flow ODE
with reduced error, thus enhancing the image and video
generation quality across various tasks such as sampling and
reconstruction. Based on RF-Solver, we further propose RF-
Edit, which achieves high-quality editing performance while
effectively preserving the structural information in source
images or videos. Extensive experiments demonstrate the
versatility and effectiveness of our method.



Taming Rectified Flow for Inversion and Editing

Acknowledgments

This work was partly supported by Shenzhen Key Labora-
tory of next generation interactive media innovative tech-
nology (No:ZDSYS20210623092001004) and National Key
Laboratory of Human-Machine Hybrid Augmented Intelli-
gence, Xi’an Jiaotong University (No. HMHAI202410).

Impact Statement

This paper presents work whose goal is to advance the field
of Machine Learning. There are many potential societal
consequences of our work, none which we feel must be
specifically highlighted here.

References

Comfyui-fluxtapoz. https://github.com/logtd/
ComfyUI-Fluxtapoz.

Avrahami, O., Fried, O., and Lischinski, D. Blended latent
diffusion. ACM transactions on graphics (TOG), 42(4):
1-11, 2023.

Black-Forest-Labs. Flux. https://github.com/
black-forest-labs/flux, 2024. Accessed:
2024-11-14.

Brack, M., Friedrich, F., Hintersdorf, D., Struppek, L.,
Schramowski, P., and Kersting, K. Sega: Instructing
text-to-image models using semantic guidance. Advances
in Neural Information Processing Systems, 36:25365—
25389, 2023.

Cao, M., Wang, X., Qi, Z., Shan, Y., Qie, X., and Zheng, Y.
Masactrl: Tuning-free mutual self-attention control for
consistent image synthesis and editing. In International
Conference on Computer Vision, pp. 22560-22570, 2023.

Caron, M., Touvron, H., Misra, L., Jégou, H., Mairal, J.,
Bojanowski, P., and Joulin, A. Emerging properties in
self-supervised vision transformers. In Proceedings of the

IEEE/CVF international conference on computer vision,
pp. 9650-9660, 2021.

Chai, W., Guo, X., Wang, G., and Lu, Y. Stablevideo:
Text-driven consistency-aware diffusion video editing. In
Proceedings of the IEEE/CVF International Conference
on Computer Vision, pp. 23040-23050, 2023.

Chen, W., Ji, Y., Wu, J., Wu, H,, Xie, P, Li, J., Xia, X,,
Xijao, X., and Lin, L. Control-a-video: Controllable text-
to-video generation with diffusion models. arXiv preprint
arXiv:2305.13840, 2023.

Cong, Y., Xu, M., Simon, C., Chen, S., Ren, J., Xie, Y.,
Perez-Rua, J.-M., Rosenhahn, B., Xiang, T., and He, S.

Flatten: optical flow-guided attention for consistent text-
to-video editing. arXiv preprint arXiv:2310.05922, 2023.

Couairon, G., Verbeek, J., Schwenk, H., and Cord, M.
Diffedit: Diffusion-based semantic image editing with
mask guidance. arXiv preprint arXiv:2210.11427, 2022.

Couairon, G., Verbeek, J., Schwenk, H., and Cord, M.
Diffedit: Diffusion-based semantic image editing with
mask guidance. In ICLR 2023 (Eleventh International
Conference on Learning Representations), 2023.

Dhariwal, P. and Nichol, A. Diffusion models beat gans
on image synthesis. Advances in neural information
processing systems, 34:8780-8794, 2021.

Duan, X., Cui, S., Kang, G., Zhang, B., Fei, Z., Fan, M., and
Huang, J. Tuning-free inversion-enhanced control for con-
sistent image editing. In Proceedings of the AAAI Confer-
ence on Artificial Intelligence, volume 38, pp. 1644-1652,
2024.

Elarabawy, A., Kamath, H., and Denton, S. Direct inver-
sion: Optimization-free text-driven real image editing
with diffusion models. arXiv preprint arXiv:2211.07825,
2022.

Fan, X., Bhattad, A., and Krishna, R. Videoshop: Localized
semantic video editing with noise-extrapolated diffusion
inversion. arXiv preprint arXiv:2403.14617, 2024.

Fang, C., He, C., Xiao, F,, Zhang, Y., Tang, L., Zhang, Y., Li,
K., and Li, X. Real-world image dehazing with coherence-
based pseudo labeling and cooperative unfolding net-
work. In The Thirty-eighth Annual Conference on Neural
Information Processing Systems, 2024. URL https:
//openreview.net/forum?id=I6tBNcJE2F.

Geyer, M., Bar-Tal, O., Bagon, S., and Dekel, T. Tokenflow:
Consistent diffusion features for consistent video editing.
arXiv preprint arXiv:2307.10373, 2023.

Guo, J., Du, C., Wang, J., Huang, H., Wan, P., and Huang,
G. Assessing a single image in reference-guided image
synthesis. In Proceedings of the AAAI Conference on
Artificial Intelligence, volume 36, pp. 753-761, 2022.

Guo, J., Xu, X., Pu, Y., Ni, Z., Wang, C., Vasu, M., Song,
S., Huang, G., and Shi, H. Smooth diffusion: Crafting
smooth latent spaces in diffusion models. In Proceedings
of the IEEE/CVF Conference on Computer Vision and
Pattern Recognition, pp. 75487558, 2024.

He, C., Fang, C., Zhang, Y., Ye, T., Li, K., Tang, L., Guo,
Z., Li, X., and Farsiu, S. Reti-diff: Illumination degra-
dation image restoration with retinex-based latent diffu-
sion model, 2024. URL https://arxiv.org/abs/
2311.11638.


https://github.com/logtd/ComfyUI-Fluxtapoz
https://github.com/logtd/ComfyUI-Fluxtapoz
https://github.com/black-forest-labs/flux
https://github.com/black-forest-labs/flux
https://openreview.net/forum?id=I6tBNcJE2F
https://openreview.net/forum?id=I6tBNcJE2F
https://arxiv.org/abs/2311.11638
https://arxiv.org/abs/2311.11638

Taming Rectified Flow for Inversion and Editing

Hertz, A., Mokady, R., Tenenbaum, J., Aberman, K.,
Pritch, Y., and Cohen-Or, D. Prompt-to-prompt im-
age editing with cross attention control. arXiv preprint
arXiv:2208.01626, 2022.

Ho, J., Jain, A., and Abbeel, P. Denoising diffusion proba-
bilistic models. Advances in neural information process-
ing systems, 33:6840-6851, 2020.

Hong, S., Lee, K., Jeon, S. Y., Bae, H., and Chun, S. Y. On
exact inversion of dpm-solvers. In Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern
Recognition, pp. 7069-7078, 2024.

Huang, N., Tang, F., Dong, W., Lee, T.-Y., and Xu, C.
Region-aware diffusion for zero-shot text-driven image
editing. arXiv preprint arXiv:2302.11797, 2023.

Huang, Y., Huang, J., Liu, Y., Yan, M., Lv, J., Liu, J,,
Xiong, W., Zhang, H., Chen, S., and Cao, L. Diffusion
model-based image editing: A survey. arXiv preprint
arXiv:2402.17525, 2024a.

Huang, Z., He, Y., Yu, J., Zhang, F, Si, C., Jiang, Y., Zhang,
Y., Wu, T., Jin, Q., Chanpaisit, N., et al. Vbench: Compre-
hensive benchmark suite for video generative models. In
Proceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition, pp. 21807-21818, 2024b.

Ju, X., Zeng, A., Bian, Y., Liu, S., and Xu, Q. Pnp inversion:
Boosting diffusion-based editing with 3 lines of code.
In The Twelfth International Conference on Learning
Representations, 2024.

Kara, O., Kurtkaya, B., Yesiltepe, H., Rehg, J. M., and
Yanardag, P. Rave: Randomized noise shuffling for fast
and consistent video editing with diffusion models. In

Conference on Computer Vision and Pattern Recognition,
pp. 6507-6516, 2024.

Kasten, Y., Ofri, D., Wang, O., and Dekel, T. Layered neural
atlases for consistent video editing. ACM Transactions
on Graphics (TOG), 40(6):1-12, 2021.

Ke, J., Wang, Q., Wang, Y., Milanfar, P., and Yang, F. Musiq:
Multi-scale image quality transformer. In Proceedings
of the IEEE/CVF international conference on computer
vision, pp. 5148-5157, 2021.

Kong, W., Tian, Q., Zhang, Z., Min, R., Dai, Z., Zhou, J.,
Xiong, J., Li, X., Wu, B., Zhang, J., et al. Hunyuan-
video: A systematic framework for large video generative
models. arXiv preprint arXiv:2412.03603, 2024.

Ku, M., Wei, C., Ren, W., Yang, H., and Chen, W. Anyv2v:
A plug-and-play framework for any video-to-video edit-
ing tasks. arXiv preprint arXiv:2403.14468, 2024.

10

LAION-AIL aesthetic-predictor. https://github.
com/LAION-AI/aesthetic-predictor, 2022.

Langley, P. Crafting papers on machine learning. In Langley,
P. (ed.), Proceedings of the 17th International Conference
on Machine Learning (ICML 2000), pp. 1207-1216, Stan-
ford, CA, 2000. Morgan Kaufmann.

Lee, S., Lin, Z., and Fanti, G. Improving the training of
rectified flows. arXiv preprint arXiv:2405.20320, 2024.

Lee, Y.-C., Jang, J.-Z. G., Chen, Y.-T., Qiu, E., and Huang,
J.-B. Shape-aware text-driven layered video editing. In
Conference on Computer Vision and Pattern Recognition,

pp. 14317-14326, 2023.

Li, Z., Zhu, Z.-L., Han, L.-H., Hou, Q., Guo, C.-L., and
Cheng, M.-M. Amt: All-pairs multi-field transforms
for efficient frame interpolation. In Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern
Recognition, pp. 9801-9810, 2023.

Lin, Y., Fung, H., Xu, J., Ren, Z., Lau, A. S., Yin, G., and Li,
X. Myvportrait: Text-guided motion and emotion control
for multi-view vivid portrait animation. arXiv preprint
arXiv:2503.19383, 2025.

Liu, Q. Rectified flow: A marginal preserving approach
to optimal transport. arXiv preprint arXiv:2209.14577,
2022.

Liu, S., Zhang, Y., Li, W,, Lin, Z., and Jia, J. Video-p2p:
Video editing with cross-attention control. In Conference
on Computer Vision and Pattern Recognition, pp. 8599—
8608, 2024.

Liu, X., Gong, C., and Liu, Q. Flow straight and fast:
Learning to generate and transfer data with rectified flow.
arXiv preprint arXiv:2209.03003, 2022a.

Liu, X., Gong, C., et al. Flow straight and fast: Learn-
ing to generate and transfer data with rectified flow. In
International Conference on Learning Representations,
2022b.

Lu, C., Zhou, Y., Bao, F., Chen, J., Li, C., and Zhu, J. Dpm-
solver++: Fast solver for guided sampling of diffusion
probabilistic models. arXiv preprint arXiv:2211.01095,
2022.

Ma, Y., He, Y., Cun, X., Wang, X., Chen, S., Li, X., and
Chen, Q. Follow your pose: Pose-guided text-to-video
generation using pose-free videos. In Proceedings of the
AAAI Conference on Artificial Intelligence, volume 38,
pp. 4117-4125, 2024a.

Ma, Y., Liu, H., Wang, H., Pan, H., He, Y., Yuan, J., Zeng,
A., Cai, C., Shum, H.-Y,, Liu, W., et al. Follow-your-
emoji: Fine-controllable and expressive freestyle portrait


https://github.com/LAION-AI/aesthetic-predictor
https://github.com/LAION-AI/aesthetic-predictor

Taming Rectified Flow for Inversion and Editing

animation. In SIGGRAPH Asia 2024 Conference Papers,
pp. 1-12, 2024b.

Meng, C., He, Y., Song, Y., Song, J., Wu, J., Zhu, J.-Y., and
Ermon, S. Sdedit: Guided image synthesis and editing
with stochastic differential equations. In International
Conference on Learning Representations, 2022.

Miyake, D., Iohara, A., Saito, Y., and Tanaka, T. Negative-
prompt inversion: Fast image inversion for editing
with text-guided diffusion models. arXiv preprint
arXiv:2305.16807, 2023.

Mokady, R., Hertz, A., Aberman, K., Pritch, Y., and Cohen-
Or, D. Null-text inversion for editing real images us-
ing guided diffusion models. In Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern
Recognition, pp. 6038-6047, 2023.

Nguyen, T., Li, Y., Ojha, U., and Lee, Y. J. Visual instruction
inversion: Image editing via image prompting. Advances
in Neural Information Processing Systems, 36, 2024.

Ouyang, H., Wang, Q., Xiao, Y., Bai, Q., Zhang, J., Zheng,
K., Zhou, X., Chen, Q., and Shen, Y. Codef: Content
deformation fields for temporally consistent video pro-

cessing. In Conference on Computer Vision and Pattern
Recognition, pp. 8089-8099, 2024.

Parmar, G., Kumar Singh, K., Zhang, R., Li, Y., Lu, J,,
and Zhu, J.-Y. Zero-shot image-to-image translation. In
ACM SIGGRAPH 2023 Conference Proceedings, pp. 1—
11,2023.

Peebles, W. and Xie, S. Scalable diffusion models with
transformers. In International Conference on Computer
Vision, pp. 41954205, 2023.

Peng, X., Zheng, Z., Dai, W., Xiao, N., Li, C., Zou, J., and
Xiong, H. Improving diffusion models for inverse prob-
lems using optimal posterior covariance. In Forty-first
International Conference on Machine Learning, 2024.

Qi, C., Cun, X., Zhang, Y., Lei, C., Wang, X., Shan, Y., and
Chen, Q. Fatezero: Fusing attentions for zero-shot text-
based video editing. In Proceedings of the IEEE/CVF

International Conference on Computer Vision, pp. 15932—
15942, 2023.

Ravi, H., Kelkar, S., Harikumar, M., and Kale, A. Preditor:
Text guided image editing with diffusion prior. arXiv
preprint arXiv:2302.07979, 2023.

Rombach, R., Blattmann, A., Lorenz, D., Esser, P., and
Ommer, B. High-resolution image synthesis with latent
diffusion models. In Proceedings of the IEEE/CVF con-
ference on computer vision and pattern recognition, pp.
10684-10695, 2022.

11

Rout, L., Chen, Y., Kumar, A., Caramanis, C., Shakkottai,
S., and Chu, W.-S. Beyond first-order tweedie: Solving in-
verse problems using latent diffusion. In 2024 IEEE/CVF

Conference on Computer Vision and Pattern Recognition,
2024a.

Rout, L., Chen, Y., Ruiz, N., Caramanis, C., Shakkottai, S.,
and Chu, W. Semantic image inversion and editing using
rectified stochastic differential equations. 2024b.

Shin, C., Kim, H., Lee, C. H., Lee, S.-g., and Yoon, S.
Edit-a-video: Single video editing with object-aware con-
sistency. In Asian Conference on Machine Learning, pp.
1215-1230. PMLR, 2024.

Song, J., Meng, C., and Ermon, S. Denoising diffu-
sion implicit models. In International Conference on
Learning Representations, 2021a. URL https://
openreview.net/forum?id=StlgiarCHLP.

Song, Y., Sohl-Dickstein, J., Kingma, D. P., Kumar, A.,
Ermon, S., and Poole, B. Score-based generative mod-
eling through stochastic differential equations. In In-
ternational Conference on Learning Representations,
2021b. URL https://openreview.net/forum?
1d=PxTIG12RRHS.

Sun, W., Tu, R.-C., Liao, J., and Tao, D. Diffusion
model-based video editing: A survey. arXiv preprint
arXiv:2407.07111, 2024.

Tang, H., Wu, Y., Yang, S., Xie, E., Chen, J., Chen, J.,
Zhang, Z., Cai, H., Lu, Y., and Han, S. Hart: Efficient
visual generation with hybrid autoregressive transformer.
arXiv preprint arXiv:2410.10812, 2024.

Tumanyan, N., Geyer, M., Bagon, S., and Dekel, T. Plug-
and-play diffusion features for text-driven image-to-
image translation. In Conference on Computer Vision
and Pattern Recognition, pp. 1921-1930, 2023.

Wallace, B., Gokul, A., and Naik, N. Edict: Exact diffusion
inversion via coupled transformations. In Proceedings
of the IEEE/CVF Conference on Computer Vision and
Pattern Recognition, pp. 22532-22541, 2023.

Wang, F., Yin, H., Dong, Y., Zhu, H., Zhang, C., Zhao, H.,
Qian, H., and Li, C. Belm: Bidirectional explicit linear
multi-step sampler for exact inversion in diffusion models.
arXiv preprint arXiv:2410.07273, 2024a.

Wang, E.-Y., Yang, L., Huang, Z., Wang, M., and Li, H. Rec-
tified diffusion: Straightness is not your need in rectified
flow. arXiv preprint arXiv:2410.07303, 2024b.

Wang, J., Ma, Y., Guo, J.,, Xiao, Y., Huang, G., and
Li, X. Cove: Unleashing the diffusion feature corre-
spondence for consistent video editing. arXiv preprint
arXiv:2406.08850, 2024c.


https://openreview.net/forum?id=St1giarCHLP
https://openreview.net/forum?id=St1giarCHLP
https://openreview.net/forum?id=PxTIG12RRHS
https://openreview.net/forum?id=PxTIG12RRHS

Taming Rectified Flow for Inversion and Editing

Wang, Q., Zhang, B., Birsak, M., and Wonka, P. In-
structedit: Improving automatic masks for diffusion-
based image editing with user instructions. arXiv preprint
arXiv:2305.18047, 2023a.

Wang, W., Jiang, Y., Xie, K., Liu, Z., Chen, H., Cao, Y.,
Wang, X., and Shen, C. Zero-shot video editing using
off-the-shelf image diffusion models. arXiv preprint
arXiv:2303.17599, 2023b.

Wang, Y., Jiang, L., and Loy, C. C. Styleinv: A tempo-
ral style modulated inversion network for unconditional
video generation. In Proceedings of the IEEE/CVF In-
ternational Conference on Computer Vision, pp. 22851—
22861, 2023c.

Xiao, Y., Song, L., Chen, Y., Luo, Y., Chen, Y., Gan, Y.,
Huang, W., Li, X., Qi, X., and Shan, Y. Mindomni: Un-
leashing reasoning generation in vision language models
with rgpo. arXiv preprint arXiv:2505.13031, 2025.

Xie, E., Chen, J., Chen, J., Cai, H., Lin, Y., Zhang, Z., Li,
M., Lu, Y., and Han, S. Sana: Efficient high-resolution
image synthesis with linear diffusion transformers. arXiv
preprint arXiv:2410.10629, 2024.

Yang, S., Zhou, Y., Liu, Z., and Loy, C. C. Rerender a
video: Zero-shot text-guided video-to-video translation.
In SIGGRAPH Asia 2023 Conference Papers, pp. 1-11,
2023a.

Yang, S., Zhou, Y., Liu, Z., and Loy, C. C. Fresco: Spatial-
temporal correspondence for zero-shot video translation.
In Conference on Computer Vision and Pattern Recogni-
tion, pp. 8703-8712, 2024a.

Yang, X., Chen, C., Yang, X., Liu, F,, and Lin, G. Text-
to-image rectified flow as plug-and-play priors. arXiv
preprint arXiv:2406.03293, 2024b.

Yang, Z., Ding, G., Wang, W., Chen, H., Zhuang, B., and
Shen, C. Object-aware inversion and reassembly for
image editing. arXiv preprint arXiv:2310.12149, 2023b.

Yang, Z., Teng, J., Zheng, W., Ding, M., Huang, S., Xu,
J., Yang, Y., Hong, W., Zhang, X., Feng, G., et al.
Cogvideox: Text-to-video diffusion models with an
expert transformer. arXiv preprint arXiv:2408.06072,
2024c.

Zhang, G., Lewis, J. P., and Kleijn, W. B. Exact diffusion
inversion via bidirectional integration approximation. In
European Conference on Computer Vision, pp. 19-36.
Springer, 2024.

Zhang, Y., Wei, Y., Jiang, D., Zhang, X., Zuo, W., and Tian,
Q. Controlvideo: Training-free controllable text-to-video
generation. arXiv preprint arXiv:2305.13077, 2023.

12

Zheng, Z., Peng, X., Yang, T., Shen, C., Li, S., Liu, H., Zhou,
Y., Li, T., and You, Y. Open-sora: Democratizing efficient
video production for all, March 2024. URL https:
//github.com/hpcaitech/Open-Sora.

Zhu, C,, Li, K., Ma, Y., He, C., and Xiu, L. Multibooth:
Towards generating all your concepts in an image from
text. arXiv preprint arXiv:2404.14239, 2024a.

Zhu, C., Li, K., Ma, Y., Tang, L., Fang, C., Chen, C., Chen,
Q., and Li, X. Instantswap: Fast customized concept
swapping across sharp shape differences. arXiv preprint
arXiv:2412.01197, 2024b.


https://github.com/hpcaitech/Open-Sora
https://github.com/hpcaitech/Open-Sora

Taming Rectified Flow for Inversion and Editing

Appendix
A. Pesudo Code of RF-Solver Algorithm.

Algorithm 1 Sampling process of RF-Solver

Input:
Vo > Velocity function
t=[tn,...,to] > Time steps
Ziy ~N(0,I) > Initial Gaussian Noise

Fori= N to1ldo
Oy, < vo(Z+,, i)
Zi,4nt; — Zy, + Aty
Vt,+nt;,  Vo(Ze,4at,,ti + Aty)
vij) < (D, 40¢; — De;)/At; > Calculating the Derivatives
Zy_ 4 Zi + (tica — ta)Br, + 2t — ti)%ﬁj)
Output: Z,

B. Experimental Settings
B.1. Baselines and Implementation Details

Text-to-Image Generation. We compare our methods with
the following baselines: FLUX with the vanilla sampler,
Heun Solver, and DPM-Solver. The Heun Solver is a second-
order ODE solver that can be applied to pretrained rectified
flow to solve the ODE more precisely. DPM-Solver is a
high-order sampler for diffusion ODE, which is not suitable
for RF-based models like FLUX. As an alternative, we
apply the DPM-Solver on Stable Diffusion to evaluate its
performance. For FLUX with the vanilla sampler and the
Heun Solver, we randomly select 10000 images from the
MS-COCO validation dataset and use their caption as the
prompt for generation. The resolution of generated images is
1024 x1024. For DPM-Solver, we adopt the implementation
from the diffuser, adopting its default setting to generate
images. The total NFE for generating one image is set to 10
for both our method and baselines.

Inversion. We compare the performance of our methods
among RF with the vanilla sampler and the Heun sampler.
For image inversion, similar to Text-to-Image generation,
we use images and captions from the MS-COCO valida-
tion set. For video inversion, we select about 40 videos
from social media platforms such as TikTok and other pub-
licly available sources. We have observed the quality of
the text prompts significantly influences the quality of inver-
sion. Consequently, we employ GPT-40 to generate detailed
captions for both images and videos, which are then used
in the inversion tasks. The total NFE for generating one
image/video is set to 50 for both our method and baselines.

Editing. For image editing, we share the features of the last
19 single blocks in FLUX. For video editing, we share the
features of the last 14 blocks in Open-Sora. We adjust the
hyper-parameter of feature-sharing steps to achieve better
results for both image and video editing. For image edit-
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ing, we use over 300 images for quantitative comparison,
which both include real images (obtained from public social
media and the DIV2K dataset) and generated images. For
each image, we use GPT-4o to generate the source prompt
and manually refine the generated prompt. There are 2
3 target prompts for different requirements of editing in-
cluding adding, replacing, and stylization for each source
image. We compare our methods with RF-inversion and
several diffusion-based editing methods. For RF-inversion,
we adopt the implementation in ComfyUI (com). For other
baselines, we use their implementation from diffuser and
adjust the relevant hyper-parameters to achieve optimal re-
sults. For video editing, the data preparation mainly follows
previous works COVE (Wang et al., 2024c). We use the
official codes of all the baseline methods and tune the hyper-
parameters to achieve satisfactory results.

B.2. Evaluation Metrics

For text-to-image sampling, we report Fréchet Inception
Distance (FID) and CLIP Scores. The FID is a metric used
to evaluate the quality of generated images by assessing the
similarity between the distributions of real and generated
image features, typically extracted using a pre-trained In-
ception network. The CLIP Score evaluates the alignment
between generated images and textual descriptions by mea-
suring the similarity of their embeddings within a shared
multimodal space using the CLIP model.

For Inversion tasks, our evaluation metrics include MSE,
LPIPS, SSIM, and PSNR. MSE measures the average
squared difference between predicted and ground-truth val-
ues, quantifying the overall error in pixel intensity. LPIPS
assesses perceptual similarity between images by comparing
deep feature representations extracted from neural networks,
aligning with human perception. SSIM evaluates image
quality by comparing luminance, contrast, and structure
to measure the similarity between the reference and recon-
structed images. PSNR quantifies the ratio between the
maximum possible signal value and the power of noise,
commonly used to assess image reconstruction quality.

For video editing, we adopt the VBench Metrics. The evalu-
ation criteria include Subject Consistency, Motion Smooth-
ness, Aesthetic Quality, and Imaging Quality. Subject Con-
sistency measures whether the subject (e.g., a person) re-
mains consistent throughout the video by computing the
similarity of DINO features (Caron et al., 2021) across
frames, which is similar to the CLIP Score for images. Mo-
tion Smoothness assesses the smoothness of motion in the
generated video using motion priors from the video frame
interpolation model (Li et al., 2023). Aesthetic Quality
evaluates the artistic and visual appeal of each frame as
perceived by humans, leveraging the LAION aesthetic pre-
dictor (LAION-AI 2022). Imaging Quality examines the
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level of distortion in the generated frames (e.g., blurring or
flickering) based on the MUSIQ image quality predictor (Ke
etal., 2021).

C. Qualitative Results for Text-to-image
Sampling

Qualitative results for Text-to-image Sampling are shown
in Figure 10. Experimental results demonstrate that com-
pared to vanilla Rectified Flow, the RF-Solver sampler can
generate higher-quality images that better align with human
perception.

D. More Qualitative Results for Image Editing

Here we provide more qualitative results for image editing
and stylization (Figure 8).

E. More Qualitative Results for Video Editing

HunyuanVideo (Kong et al., 2024) has recently demon-
strated strong performance in text-to-video generation. The
backbone of HunyuanVideo is similar to FLUX, which also
contains several double-stream blocks, followed by single-
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stream blocks. We implement the RF-Solver and RF-Edit
on HunyuanVideo, where the RF-Edit shares the feature in
the single-stream block. The results are shown in Figure 9.

F. More Potential Applications

RF-Solver is a universal sampler for rectified flow. Besides
image and video editing, it is also potential on image or
video generation (Xiao et al., 2025; Ma et al., 2024b;a;
Lin et al., 2025) and other diffusion-based tasks (He et al.,
2024; Fang et al., 2024; Guo et al., 2022). Furthermore,
our proposed feature-sharing method in RF-Edit can also
be applied in other image and video editing methods (Zhu
et al., 2024b;a).
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Figure 10. Qualitative results of text-to-image generation. By
employing the RF-Solver, the model is able to generate images
with higher quality than baselines.
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