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Training-Free Image Editing with Diffusion Models (1)

Source: a woman with [black] hair and red lipstick holding a flower
Edit: a woman with [silver] hair and red lipstick holding a flower

Source NMG + P2P  StyleD + P2P NP + P2P NT + P2P  PnPInv + P2P h-edit-D + P2P

Goal: Generate images that align with editing prompt (editing accuracy) while
being faithful to the original image.

— How to achieve and balance both targets? (Problem 1)



How diffusion models perform editing?

Inversion:

Source

- Two popular types are DDIM Inversion and DDPM Inversion (slightly better).

Editing: Perform step-by-step sampling with editing conditions.

- Often requires further attention control for faithfulness.




Training-Free Image Editing with Diffusion Models (2)

Problem 2:

How to combine multiple
types of editing
effectively?

For example: Text-guided
and Style Editing.

. -'square’ -'dog'
+'round’ +'monkey’ +'bear’ +'wolf'



Training-Free Image Editing with Diffusion Models (3)

Problem 3:

- Current literature do not pay attention on the editing process of diffusion models,
lacking of theoretical foundation.

— Struggle with the first two problems!!

- Most of current text-guided methods focus on sampling from p(:l:t_l | T, cedit)
— No guarantee to fall into the target distribution p (o) p (¢** | zo)
— By this approach, there is no control for the trade-off between editing & faithfulness.

— How to combine with other editing conditions?



Motivation of h-Edit (1) Can be

anything:

- We know the abstract target distribution is p (zo) py (y | z0)  text, graph,
reference

- We know the starting distribution for editing is p (z7) images, audio.

- Why don’t we build a bridge to connect them?
— to fall into the distribution.
— For , we adjust the target distribution to

p (zo) py (y1 | ®o)p (z0) Py (Y2 | Z0)---P (T0) Py (Yn | T0)

— Naturally decompose the update into “reconstruction” term and “editing”
term.



How h-Edit works?

A way of building the bridge is “Doob’s h-transform”

base
hise / Source

\ Doob’s h-transform




How h-Edit works? h-transform + LMC sampling!

h(f]?t_l,t T 1)\1»

h(:z:t,t)

Implicit form:  pl (zi—1|x:) = po (xe—1|2:) Py (¥ | z¢-1)

Explicit form: p (x¢) = Eff:cf))[};b((?o’fg)l\’ »(wlz)

To sample Tl , we perform Langevin Monte Carlo sampling to
sample from p% (z,_|z,) or with the score of p" (z;)



How h-Edit works? h-transform + LMC sampling! (2)

Explicit form:

Ty ~ Ty + Vg, log (p(z;) b (x4, 1)) + /202
= (wt + 1V, logp (CBt) + \/2772)
+ 1V, logh (x4, )
= 25 +1 Va, log b (z4,t)

N~~~ ~~
rec. editing

- Naturally decompose the update into “reconstruction” term and
“editing” term.
- We can have multiple “editing” terms with any form.



How h-Edit works? h-transform + LMC sampling! (3)

init

Implicit form: z:—1 =~ @™, + YV, , logp” (zi—1|m) + /272
— (wlt““l +9Va, , logp (Te—1|zt) + \/@5)
+ Vg, , logh (xi—1,t — 1)
~ aigisi—l—v Ve, , log h‘(rxlt’asi, 1),

rec. editing

- What's special about implicit form? — Optimization over the space
of x+—1 as the editing term acts on z;_;

o Multiple
Til1 = Ty1 —— optimization steps
2D — B AT Togh (xﬁk)l, b 1) for hard editing

cases



Results of Implicit h-Edit using multiple optimization steps

Source: an anime painting of a house on a hill Source: the palace of the emperor in vienna [in a sunny day]
Edit: [kids crayon drawing of] an anime painting of a house on a hill Edit: the palace of the emperor in vienna [in a cloudy day]

e =~

Source: a painting of a waterfall in the mountains
Edit: a painting of a waterfall [and angels] in the mountains

Source: a [square] wooden crate filled with radishes and greens
Edit: a [round] wooden crate filled with radishes and greens

Source: a woman in a black dress and hat stands in front of [a large wall]
Edit: a woman in a black dress and hat stands in front of [a large park]

Source: a [black and white] drawing of a woman with long hair
Edit: a [colorful and detailed] drawing of a woman with long hair




How h-Edit works? Design h-function effectively!

- Text-guided editing We introduce w°"# at editing time

(different to ¢y°rig  at inversion time)
Viogh(xi—1,t —1)

= Vlogp (y|zt-1)
= Vlogp (zt-1]y) — Vlegp (zt-1)

/ \

_ : = . orig
-—69($t—1,t—1,éﬂn) Ge(xt—lyt L,c )
Ot—1

Ot—1

(1 = wedi‘) €0 (T4_1,t —1,D) + wliey (xt—l,t -1, Cedit) (1 = Uf)orig) g (Te_1,t — 1, D) + 0y (:Bt_l, t—1, corig)




w°"e plays the role of removing “negative” information!
| et 33;‘3::?3&'Q‘FSEZPtgc;‘:{y"pZ?ii il
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Source: a puppy is sitting in a field [of dandelions]
Edit: a puppy is sitting in a field
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Source: a [white and black] photo of bride and groom embrace in the woods
f bride and groom embrace in the woods
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Source: a man in a' ;Mhite shirt standing in front of [treés]
Edit: a man in a white shirt standing in front of [mountains]




Quantitative Results on PIE-Bench

Inv. Attn. Method

CLIP Sim.? Local CLIPt

DINO Dist., 02/ LPIPS, 2| SSIM,;,7 PSNR{

NP 0.246 0.140 62 6.90 834 262
NT 0.248 0.130 1.34 6.07 841  27.03

StyleD 0.248 0.085 117 6.61 834  26.05

Deter.  P2P \MG 0.249 0.087 1.32 5.59 847  27.05
PnP Tnv 0.250 0.095 117 5.46 848 2122

hEditD | 0.253 0.147 117 4.85 854 2787

EF 0254 0.22 129 609 837 2587

None LEDITS++ | 0254 0.113 234 8.88 811 2336
Random h-EditR |  0.255 0.148 1.28 5.55 846 2643
o EF 0.255 0.126 151 570 840 2630

hEditR | 0.256 0.159 1.45 5.08 850 2697

Better editing fidelity!

Better faithfulness!




Comparison with baselines: Deterministic Inversion

Source: a bowl of [green] t i Source: a woman in front of a glowing yellow light
Edit: a bowl of [red] te i PO Edit: a woman [riding a lion] in front of a glowing yellow light

-

Source: a stack of [black] rocks and a ball in the water
Edit: a stack of [white] rocks and a ball in the water

= BB\ ’
cup of coffee with drawing of [tulip] putted on the wooden table : ite] mouse with a wand and a star.
Edit: a cup of coffee with drawing of [lion] putted on the wooden table it: purple] mouse with a wand and a star

Source: a colorful [car] is parked on the street
Edit: a colorful [motorcycle] is parked on the street

hite] dress sitting on a chair with flowers 9 walking [in the wood] at nigh
ess sitting o hair with flowers walking [in the city] at night
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Source NMG + P2P  StyleD + P2P NP + P2P NT + P2P  PnP Inv + P2P h-edit-D + P2P Source NMG + P2P  StyleD + P2P NP + P2P NT + P2P  PnPInv + P2P h-edit-D + P2P




Comparison with baselines: Random Inversion

Source: an [orange] cat sitting on top of a fence Source: a woman sitting in the cave with light coming from the light
Edit: [a pen and ink sketch of] a woman sitting in the cave with light coming from the light

Edit: an [black] cat sitting on top of a fence

Source a [white] kitten sitting on a leopard print blanket Source: a girl in a purple dress holdmg a bouquet of flowers
Edit: a [yellow] kitten sitting on a leopard print Edit: a girl in a purple dress hold quet of flowers [on the beach]

Source: a woman in a wedding dress sitting on a chair with [lamp and] flowers on the table
Edit: a woman in a wedding dress sitting on a chair with flowers on the table

[souru painting of a [shepherd dog] slmng in a laundry room next to a washing machin
Edit: painting of a [poodl. dog] sitting in a laundry room next to a washlng machine

]

sourc. a [pepper] on the Kablo Source: a palntlng ofa [rat] with red eyes|
Edit: a [pear] on the table Edit: a p g of a [pig] with red eyes

PI e E &

Source LEDITS++ EF + P2P  h-edit-R + P2P Source LEDITS++ EF + P2P  h-edit-R + P2P




Editing with external reward models

Vlog h (z¢—1,t —1) = Vlog Zp(mo | azt_l)h(aso,O)]

. Zo

=V log :Ep(a:0|a:t_1) [h (IL'(), O)]]
~ Vlog :h ($0|t—17 O)] s

Zo|t—1 can be
computed with
Tweedie’s formula

We can perform editing with gradients from external reward models trained on zg




Editing with reward models: Face Swapping with ArcFace

Source h-Edit-R ~ h-Edit-R (3s) EF DiffFace Face Shifter MegaFS AFS




Editing with conditional score and reward models:
Text-guided and Style Editing with CLIP

“surfooards'  -'bird" -bulldog’

-'husky dog' +'house' +'chintzy doll'

-'square’ -'dog' -'cat' ‘ -'dog'
+'round’ +'monkey' +'bear’ +'wolf' +'flowers'  +'butterfly’ +'rat'



THANK YOU FOR
CISTENING

Our paper: https://arxiv.org/abs/2503.02187
Source code: https://github.com/nktoan/h-edit
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