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Image Editing from Text
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Diffusion Models

For text-conditioned image generation

Forward diffusion process (fixed)
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Image Inversion
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Current Inversion Methods

T

e ExactDPM

Reconstruction
Accuracy (PSNR)

Time (sec)

Input Image



Current Inversion Methods
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Diffusion Models as Markov Chains

The noising process is a markov chain where
each step is Gaussian transition:

q(Zt|2t-1) = N (Zg, VA Zi-1, (1 — ap)l)




DDIM

The noising process is a markov chain where
each step is Gaussian transition:

q(z¢lze—1) = Nz, Varze—q, (1 — a)l)

The denosing process (DDIM):
a
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Zt—1 = _—1Zt — V-1 -Ap(ay) - €9z, t, )

a
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Diffusion

Diffusion Denoising Implicit Models, Song et al, ICLR21



DDIM Inversion

The noising process is a markov chain where
each step is Gaussian transition:

q(z¢lze—1) = Nz, Varze—q, (1 — a)l)

The denosing process (DDIM):
>
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Zt—1 = a_Zt — V-1 -Ap(ay) - €9z, t, )
t
\ Diffusion
ReWI’Ite |t as. Zt — aat Zt—l - \/C(t_l * Al/)(at) * 69 (Zt, t, p)
t—1

Diffusion Denoising Implicit Models, Song et al, ICLR21



DDIM Inversion

The noising process is a markov chain where
each step is Gaussian transition:
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DDIM Inversion

The noising process is a markov chain where
each step is Gaussian transition:

q(z¢lze—1) = Nz, Varze—q, (1 — a)l)

The denosing process (DDIM):
>

de—1
Zt—1 = a_Zt —\VAt-1 -AY(a) - €g(z, t, )
t
\ Diffusion
Rewrite itas: z; = aat Zi_1 — U1 - AP (a;) - €9(zi_1,t,p)
t—1

Diffusion Denoising Implicit Models, Song et al, ICLR21



Recent Inversion Methods

Frame inversion a root a root-finding problem and slve
r(z;) = z; — f(2;) using:

At

Zt—1 — a1 - APp(ay) - €g(z, £, )

J

dr—1

v
f(z)

Solve it using:
* Fixed-pointiteration Panetal., |ICCV23and Garibietal., ECCV24

e Gradient Descent Hongetal., CVPR24



Our key ideas

1. Use an Efficient Newton-Raphson lteration

Apply Newton Raphson on the norm of r: #(z;) = ||z — f(z;)]|. This reduces
the Jacobian matrix into a vector, making it easy and fast for computation.
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1. Use an Efficient Newton-Raphson lteration

Apply Newton Raphson on the norm of r: #(z;) = ||z — f(z;)]|. This reduces
the Jacobian matrix into a vector, making it easy and fast for computation.

2. Guide Newton-Raphson to in-distribution solutions
We add a prior over the value of z;:

F(ze) =zt — fz)ll — 4 log(CII(Zt | Z¢—1))

A is a weighting parameter for the guidance term.

~ Known by
" model definition
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- Guided Newton Raphson Inversion



Reconstruction Quality

GNRI converges within 1-2 iterations!

e GNRI (Ours)
1] ®
+.  Wu24Turbo
Q ExactDPM e
_g ° (gradient-descent)
ReNoise
(fixed-point)
IQDD|M | | |
0 5 10 15

Backward-Forward Time [sec]

PSNR

le—5 (b)

0O 2 4 6 8 10
# iteration

(c)

16.27s

26 +--- i b= ot vy PR o ki W

241

22

Better—>

== Gradient Descent
=== Fixed Point [AIDI]
N—— -]

meee GNRI (Ours)
0 2 4 6 810121416182C
# iterations




Real-time Image Editing

Prompt: ’ A laptop, a cup of coffee, a black pen and a smartphone

Run Interact [N

GNRI enables interactive editing!!

Real Time
(no speedup)

EZ@ Inversion and Editing in 0.4 sec

Real Image

pizza > bread +wine in glasses wine~> white wine
" »

Scoffee > milk black pen > yellow +ICLRin notebook milk~> flowers
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