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Background: FlowEdit

Training-Free Image Editing
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Background: FlowEdit

Flow models
Generation process defined by ODE:

dZt — V(Zt, t) dt

Usually, t € 10,1] , Z1 ~ N(0,I) and Z, distribute like real images

Rectified Flow

A linear interpolation: Ze~(1—=1t)Zyg+ 127



Background: FlowEdit

Inversion-based editing in flow models

(@) Editing by ODE Inversion

Traversing the forward process defined by ODE: ]\/‘%1)

src tar
Zl Zl

dZ]s;rc _ VsrC(Zng, t) dt,

And then, the reverse ODE:

dZ}EElI‘ — Vtar(Zit:Ell’ t) dt’
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Background: FlowEdit

Why does inversion perform badly?

(@ Editing by ODE Inversion
Drawbacks of Inversion: N%I)
* |naccurate discretization

src tar
Zl Zl

* |naccurate even on perfect reconstruction
* Prompt replacement affected generation process
* Requires intervention (e.g. injecting feature maps)
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Background: FlowEdit

Reinterpretation

(b) Reinterpretation of Editing by Inversion

Definition of a new path: N,

lerc Y Z{ar
Zinv — Zgrc + Z]Ear o Z;;rc'
New ODE becomes:
Az = VA2, 2" dt,
X/tA (Z{?m, Z;ar) — Vtar(z}‘gar} t) _Jsre (Zgrc:? t) .

dzinv _ V;A(Z;;rc? Z}iﬁnv + Z;rc . Zgr{:) dt .




Background: FlowEdit

Reinterpretation

(b) Reinterpretation of Editing by Inversion

Properties of the new path: N,

* Noise-free path
* Coarse-to-fine evolution (why?)
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Background: FlowEdit

Why does inversion perform badly?

Aﬂ \/| Sua||zed expla na‘“on Source distribution Target distribution
ﬁ | FlowEdit |
Two modes each in blue and red = | L
Expected: | - = \Z.
Map each mode In the source distribution . ——
. . . . . iting by
to its closest mode in the target distribution ‘ Inversion
Zgar 3 .
L - | 4 &
Inversion:

Mixed, each mapped to initial noise,
not the closest solution



Background: FlowEdit

FlowEdit

How to construct the closest pa th? Source distribution Target distribution
. - FlowEdi
(Least MSE of images) » (Flowka
= | -
Generated FlowEdit Editing by Inversion s
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Background: FlowEdit

FlowEdit
(c) Editing Using FlowEdit
How to construct the closest path? Ve
Key idea: calculating the expectation of evolution ) N
Consider an alterative forward process: ZtI \ftvm
V[src t
75 = (1 — t)Z5° + tNy, l\
where Ny ~ N(O, 1) iIndependently, Zo,/;;;\, ®
and construct a new path: | Z§"

deE —F WA(Z;H:’ZEE 4 2;1‘(: Z%r(:) Z%rc} At
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Background: FlowEdit

FlowEdit
(c) Editing Using FlowEdit
Analysis: N%I)
deE — K {V;A(Z;zrc? ZEE + Z;;rc Z‘;rC) Z%rc} At pare prar
V[SI'C I \ Vttar

AN

v FE 7 S
Z;ar _ Zt 4 Z;rc L Src ,
I/tA (Z?rc’ Zgar) _ Vtar(ZA;ar’ t) . V_SrC(ZEIC7 t) ZFE

Note that Z* and Z share the same noise N,

When calculating difference: N N e
* responce to this common noise will cancel out - " Tiger — Cat

* semantic changes will remain 12




Background: FlowEdit

FlowEdit
(c) Editing Using FlowEdit
Analysis: N%I)
deE — K {V;A(Z;zrc? ZEE + Z;;rc Z‘;rC) Z%rc} At pare prar

V[S oo I \ Vttar

~tar __ 7FE 7 SIC SIC
Zt _ Zt —l_ Zt o 0 »

A ( Hsic  Frtar _ Y/tar 5 tar SIC [ 77 SIC FE VA3
I/t (Zt 7Zt )_ V (Zt 7t) _V (Zt 7t) Zq ¥ Z(I;E

Focusing on differences:
* FlowkEdit can process images above generation ablitity FelFGel =k
* |nversion method can not - " Tiger — Cat




Background: FlowEdit

FlowEdit

(c) Editing Using FlowEdit
Algorithm 1 Simplified algorithm for FlowEdit N %1 )
Input: real image X*, {ti}zﬁzo, Nmax, Navg
Output: edited image X Fsrc Htar
Init: Z[F = XJ° t \t
for i = n,., to 1 do ysre I Ve
thrc “ (1 o ti)Xsrc + tiNt,; Optlonally
Zflr Y ZFE + Zgrc _ Xsre average MNayg
V;A . Vtér(z;ar?%z) _ Vsrc(z;;fc’ ti) samples ZASrC./‘Q\
Z{E — ZEE 4+ (i — t)VE e Z" \.ZFE B
0

end for
Return: Z{* = X

Nmax < T,Why?




Background: FlowEdit

FlowEdit

Stable Diffusion 3
ODE Inv. iRFDS
e :

FLUX
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Background: FlowEdit

FlowEdit

Real image Edited image

Real image Edited image Real image Edited image

Dalmatian dog |

Man jumping ...in Pixar style Steak w7 cak w/o cab
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Background: ICEdit

ICEdit

Training-free / LORA finetu

ning method for image editing

Multi-turn Editing

|
Change the Dress in Aloha Shirt, Replace the boy with Add the text Aloha
background to Hawaiian shorts and SpongeBob and make Hawaii on the bottom
Hawaii scenery. surf on board. it a comic book photo. in bold white color.
- N

= .
In the evening, Replace the building
the burning. to Eiffel tower.

darl o
green and her Girl is on the beach, | What if it looks like
. | clothes checked. | colorful cloud in sky. |watercolor painting?)

ID Consistent Editing
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Background: ICEdit

Insight: in-context prompt

FLUX model is capable of generating side-by-side images

In-context Prompt Generation

(A th two side-by

{make him grab a
Qasketball with his handy

/A ) % e
= N
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{make her wear pink

\ sunglasses} /
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Background: ICEdit

Insight: in-context prompt

Editing using side-by-side images generation

In-context Editing Framework based on T2| DiT

T2l Diffusion Transformer

In-context Editing Framework based on Inpainting DiT

Inversion x N Inverted Noise
X i Feature
Source Image Injection
Denoising x N
t . .
cones T2I Diffusion Transformer | ——
Inve_rted make her hold a red can
Noise

“ A diptych with two side-by-side images of the same scene.
On the right, the scene is the same as on the left but

INnpainting-based

Inversion-based 19



Background: ICEdit

LoRA finetuning on inpainting method

MoE: each expert for one kind of editing task

1 Editby
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Background: FLUX.1 Kontext

FLUX.1 Kontext

SOTA diffusion-based image editing method (not training-free)

Flux.1 Kontext

N/2 Double Stream Blocks N Fused DIT Block

Replace the word "KONTEXT" TEXT
e

with "BEER EncoDERS TRl Text Stream

Visual Stream

Noised Latent
d see - s
1 Positional Embeddings Combined Stream
VAE [T=0, h, w]

(Image

b Encoder)
:‘“ l_“,.-“} i\‘r-! e Encoded Input Image
A" KONTE XT Positional Embeddings
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Background: FLUX.1 Kontext

FLUX.1 Kontext

Character remain unchanged, the cars in the background
remain unchanged, change the car’s color to red.
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Background: FLUX.1 Kontext

FLUX.1 Kontext

\/
~
= <>

MOMILE Sie,
BRIGHTER]

Replace the toothbrush in the hand of the main character
on the left with a microphone, making the character look
like they are singing. Change the text content to "Singing,
louder, more noise."
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Background: FLUX.1 Kontext

FLUX.1 Kontext

24



Background: Conclusion

Comparisons of image editing methods

Method Training need Core idea
FlowEdit Training-free Editing flow calculation

|CEdit Training-free / LoRA Side-by-side generation

FLUX.1 Kontext Required training Simple training
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FlowDirector

Can FlowEdit transferred to video editing task?
FlowEdit: training-free, model-independent
Backbone model: FLUX -> Wan2.1

dinosaur

26



Editing Flow Generation

|dentical equations to FlowEdit:

d ngit
dt

= Veaie(t) = vo(Z7, t, crar) — vo (27 t, Core),

edit Src tar
Zt == Xsrc - Zt + Zt .
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Spatially Attentive Flow Correction

How to maintain non-edited regions?

Source Video Source Video
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Spatially Attentive Flow Correction

Mask: cross-attention maps

V:edit — V:edit © (ﬂ/[src U A/[ta,ar')-

w/ SACF  w/o SACF

Flow

w/ SACF

Source video

w/o SACF
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Differential Averaging Guidance

Time cost: n_avg Is expensive
Reducing time cost while enhancing quality:

edit ¥ tar STC tar _src
Vo (Z; ,t):]ErNth((],I);LHQsamples[‘/edit(zt V247t e, ),

edit ¥ tar Sre tar _src
VBL,i(Z; ", t) = EN,~A7(0,1); L samples[ Vedit (27, 23, t, ¢, €7)]s.

D; =Vug — VBL,i |
Vbag = VHQ + w - D,

= K
D= % Zz’:l D;.
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Full Framework

loop 1 XLICIXI]
— loop2 | LIOICIXIC]

loopn | CIXOICIC]

[_ Mask Generation
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Experiment

Metrics

CLIP-T & Pick Score & Frame-Acc: Prompt Alignment
CLIP-F: Frame Consistency
WarpSSIM: Structural Preservation

Method Frame-Acc (%) T Pick Score (%) T CLIP-T (x107%) 1+ CLIP-F (x107%) 1" WarpSSIM (x107%) 1
FateZero [33] 45.83 46.67 - 21.01 2098 - 32.13 32.06 - 96.83 96.61 - 78.88 78.50 -
FLATTEN [6] 75.00 7429 7396 2093 20.88 20.88 3345 3345 3350 9654 96.54 96.20 7747 77.84 77.60
TokenFlow [&] 74.22 71.88 7283 2142 2142 2140 3296 3296 3281 97.04 9703 96.85 7562 7542 75.19
RAVE [17] 7339 7258 7267 2099 2098 20.99 3333 3325 3325 97.13 97.14 9691 77.01 77.04 76.61
VideoDirector [48]  77.82 72.87 - 20.76  20.60 - 32.93 3257 - 95.40 91.19 - 76.67 75.88 -

FlowDirector (ours) 84.38 84.09 84.55 21.83 21.82 21.80 33.72 33.79 33.84 98.37 98.07 9785 77.21 77.14 77.00
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“dog with flower” “dog
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“rabbit” “origami rabbit”

37



Conclusion

FlowEdit
(c) Editing Using FlowEdit
o . N&I)
A useful training-free model-independent method
for image/video editing gore par
- ] A
Other applications? N
* ControlNet A
* Image-to-Video models dlem—
° e Zt ZEE

T/ger > Cat
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