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Abstract

Large-scale generative models are capable of producing high-quality images from
detailed text descriptions. However, many aspects of an image are dif cult or
impossible to convey through text. We introduce self-guidance, a method that
provides greater control over generated images by guiding the internal represen-
tations of diffusion models. We demonstrate that properties such as the shape,
location, and appearance of objects can be extracted from these representations and
used to steer the sampling process. Self-guidance operates similarly to standard
classi er guidance, but uses signals present in the pretrained model itself, requiring
no additional models or training. We show how a simple set of properties can be
composed to perform challenging image manipulations, such as modifying the
position or size of speci ¢ objects, merging the appearance of objects in one image
with the layout of another, composing objects from multiple images into one, and
more. We also show that self-guidance can be used for editing real images. See our
project page for results and an interactive deiritps://dave.ml/selfguidance

1 Introduction

Generative image models have improved rapidly in recent years with the adoption of large text-image
datasets and scalable architecturgs., 12, 27, , 34, 38]. These models are able to create
realistic images given a text prompt descrlbmg jUSt about anything. However, despite the incredible
abilities of these systems, discovering the right prompt to generagxti@image a user has in

mind can be surprisingly challenging. A key issue is that all desired aspects of an image must be
communicated through text, even those that are dif cult or even impossible to convey precisely.

To address this limitation, previous work has introduced methads/| 18, 3(] that tune pretrained
models to better control details that a user has in mind. These details are often supplied in the
form of reference images along with a new textual pronapt!] or other forms of conditioning

[1, 31, 39). However, these approaches all either rely on ne-tuning with expensive paired data (thus
limiting the scope of possible edits) or must undergo a costly optimization process to perform the few
manipulations they are designed for. While some methods’[l, 22, 36] can perform zero-shot
editing of an input image using a target caption describing the output, these methods only allow
for limited control, often restricted to structure-preserving appearance manipulation or uncontrolled
image-to-image translation.

By consequence, many simple edits still remain out of reach. For example, how can we move or
resize one object in a scene without changing anything else? How can we take the appearance of
an object in one image and copy it over to another, or combine the layout of one scene with the
appearance of a second one? How can we generate images with certain items having precise shapes at
speci ¢ positions on the canvas? This degree of control has been explored in the past in smaller scale
settings b, 8, 19, 24, 37, 40], but has not been convincingly demonstrated with modern large-scale
diffusion models 26, 32, 34].
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Figure 1:Self-guidanceis a method for controllable image generation that guides sampling using the
attention and activations of a pretrained diffusion model. With self-guidance, we can move or resize
objects, or even replace them with items from real images, without changing the rest of the scene
(b-d). We can also borrow the appearance of other images or rearrange scenes into new layouts (e-f).

We proposeself-guidancea zero-shot approach which allows for direct control of the shape, position,

and appearance of objects in generated images. Self-guidance leverages the rich representations
learned by pretrained text-to-image diffusion models — namely, intermediate activations and attention —
to steer attributes of entities and interactions between them. These constraints can be user-speci ed or
transferred from other images, and rely only on knowledge internal to the diffusion model. Through

a variety of challenging image manipulations, we demonstrate that self-guidance using only a few
simple properties allows for granular, disentangled manipulation of the contents of generated images
(Figurel). Further, we show that self-guidance can also be used to reconstruct and edit real images.

Our key contributions are as follows:

* We introduceself-guidancewhich takes advantage of the internal representations of pretrained
text-to-image diffusion models to provide disentangled, zero-shot control over the generative
process without requiring auxiliary models or supervision.

« We nd that properties such as the size, location, shape, and appearance of objects can be extracted
from these representations and used to meaningfully guide sampling in a zero-shot manner.

« We demonstrate that this small set of properties, when composed, allows for a wide variety of
surprisingly complex image manipulations, including control of relationships between objects and
the way modi ers bind to them.

< Finally, by reconstructing captioned images using their layout and appearance as computed by
self-guidance, we show that we can extend our method to editing real images.

2 Background

2.1 Diffusion generative models

Diffusion models learn to transform random noise into high-resolution images through a sequential
sampling processlp, 33, 35]. This sampling process aims to reverse a xed time-dependent
destructive process that corrupts data by adding noise. The learned component of a diffusion model
is a neural network that tries to estimate the denoised image, or equivalently the noikat was
added to create the noisy image= (X + ¢ . ;his network is trained with loss:
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wherey is an additional conditioning signal like text, andt) is a function weighing the contributions

of denoising tasks to the training objective, commonly set tv2] 75]. A common choice for is a

U-Net architecture with self- and cross-attention at multiple resolutions to attend to conditioning text
iny [28, 29, 37]. Diffusion models are score-based models, wherean be seen as an estimate of
the score function for the noisy marginal distributiong(z;) tr 2 logp(z:) [35].

Given a trained model, we can generate samples given conditigropgtarting from noiser
N (0; 1), and then alternating between estimating the noise component and updating the noisy image:

N= (zty), 7z 1= updat€z; N tt 1 1); (2)
where the update could be based on DDPNM],[DDIM [ 34], or another sampling method (see
Appendix for details). Unfortunately, naively sampling from conditional diffusion models does not
produce high-quality images that correspond well to the conditiopingstead, additional techniques
are utilized to modify the sampling process by altering the update dire§tion

2.2 Guidance

A key capability of diffusion models is the ability to adapt outputs after trainingjioging the
sampling process. From the score-based perspective, we can think of guidance as composing score
functions to sample from richer distributions or to introduce conditioning on auxiliary informatjon [

, 35]. In practice, using guidance involves altering the update dire¢tian each iteration.

Classi er guidancecan generate conditional samples from an unconditional model by combining the
unconditional score function fq(z;) with a classi erp(yjz;) to generate samples fropzjy) /
p(yjz:)p(z:) [7, 35]. To use classi er guidance, one needs access to a labeled dataset and has to
learn a noise-dependent classig(yjz;) that can be differentiated with respect to the noisy image
While sampling, we can incorporate classi er guidance by modifying

N= o (zuty) s ir g logp(yizt); 3)

wheres is an additional parameter controlling the guidance strength. Classi er guidance moves the
sampling process towards images that are more likely according to the clas3j achieving a
similar effect to truncation in GANs3], and can also be applied with pretrained classi ers by rst
denoising the intermediate noisy image (though this requires additional approximéfions [

In general, we can use any energy functim ; t; y) to guide the diffusion sampling process, not
just the probabilities from a classi eg could be the approximate energy from another modd| [

a similarity score from a CLIP modeP§], an arbitrary time-independent energy as in universal
guidance ], bounding box penalties on attentio#i,[or any attributes of the noisy images. We can
incorporate this additional guidance alongsitiessi er-free guidancé13] to obtain high-quality
text-to-image samples that also have low energy accordigg to

N=@A+s) (zty) s (zt;)+ Vv r 0z ty); 4)

wheres is the classi er-free guidance strength ands an additional guidance weight fgr As
with classi er guidance, we scale by to convert the score function to a prediction pf The main
contribution of our work is to identify energy functiogauseful for controlling properties of objects
and interactions between them.

2.3 Where can we nd signal for controlling diffusion?

While guidance is a exible way of controlling the sampling process, energy functions typically
used [, 39 require auxiliary models (adapted to be noise-dependent) as well as data annotated with
properties we would like to control. Can we circumvent these costs? Recent WiQrki] has

shown that the intermediate outputs of the diffusion U-Net encode valuable informatiord]

about the structure and content of the generated images. In particular, the self and cross-attention
maps A 2 RHi Wi K often encode structural information ] about object position and shape,
while the network activations ; 2 RHi Wi Di  allow for maintaining coarse appearanéé][

when extracted from appropriate layers. While these editing approaches typically share attention and
activations naively between subsequent sampling passes, drastically limiting the scope of possible
manipulations, we ask: what if we tried to harness model internals in a more nuanced way?
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Figure 2:Overview: We leverage representations learned by text-image diffusion models to steer
generation wittself-guidance By constraining intermediate activations and attention interactions

A, self-guidance can control properties of entities named in the prompt. For example, we can change
the position and shape of the burger, or copy the appearance of ice cream from a source image.

3 Self-guidance

Inspired by the rich representations learned by diffusion models, we propose self-guidance, which
places constraints on intermediate activations and attention maps to steer the sampling process and
control entities named in text prompts (see Rig.These constraints can be user-speci ed or copied

from existing images, and rely only on knowledge internal to the diffusion model.

We identify a number of properties useful for meaningfully controlling generated images, de-
rived from the set of softmax-normalized attention matricag, 2 R"i Wi K and activations

it 2 RHi Wi Di extracted from the standard denoising forward pag ; t;y). To control an
object mentioned in the text conditionirygat token indice&, we can manipulate the corresponding
attention channel(s)i. . « 2 RM Wil ki and activations ;; (extracted at timestefpfrom a noisy
imagez; given text conditioning) by adding guidance terms to Egh.

Object position. To represent the position of an object (omitting attention layer index and timestep
for conciseness), we nd the center of mass of each E@Ievant attention channel:
w Ah;w;k

centroid (k) = pt  phw 5)

h:w Ah,w;k h;w h Ah;W;k
We can use this property to guide an object to an absolute target position on the image. For example,
to move ‘burger ” to position(0:3; 0:5), we can minimizek(0:3; 0:5) centroid (k) k;. We can
also perform a relative transformation, e.g., molarger ” to the right by(0:1; 0:0) by minimizing
kcentroid orig (k) + (0:1;0:0) centroid (k) ki.
Object size. To compute an object's size, we spatially sum its corresponding attention channel:

size (k) =

HW Ah;w;k (6)
h;w

In practice, we nd it bene cial to differentiably threshold the attention n#eg.snbefore computing

its size, to eliminate the effect of background noise. We do this by taking a soft threshold at the

midpoint of the per-channel minimum and maximum values (see Appendix for details). As with

position, one can guide to an absolute sizg(half the canvas) or a relative one.g. 10%larger).

Object shape. For even more granular control than position and size, we can represent the object's
exact shape directly through the thresholded attention map itself:
shape(k) = A" ©)

This shape can then be guided to match a speci ed binary mask (either provided by a user or extracted
from the attention from another image) wittarget_shape  shape(k) k;. Note that we can
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Figure 3:Moving and resizing objects.By only changing the properties of one object (as in En.
we can move or resize that object without modifying the rest of the image. In these examples, we
modify “massive sun”, “oil painting of cheese ", and“raccoon in a barrel ", respectively.

apply any arbitrary transformation (scale, rotation, translation) to this shape before using it as a
guidance target, which allows us to manipulate objects while maintaining their silhouette.

Object appearance. Considering thresholded attention a rough proxy for object extent, and spatial
activation maps as representing local appearance (since they ultimately must be decoded into an
unnoised RGB image), we can reach a notion of object-level appearance by combining the two:

 shape(k) ©

appearance(k) = —B
w Shape(k)

4 Composing self-guidance properties

The small set of properties introduced in Sectican be composed to perform a wide range of
image manipulations, including many that are intractable through text. We showcase this collection
of manipulations and, when possible, compare to prior work that accomplishes similar effects. All
experiments were performed on Imagéa][ producingl024 1024samples. For more samples

and details on the implementation of self-guidance, please see the Appendix.

Adjusting speci ¢ properties. By guiding one property to change and all others to keep their
original values, we can modify single objects in isolation (Bilg-3€). For a captiorC = y with
words at indice$ ¢;g, in whichO = fgyg C are objects, we can move an objegtat timet with:

5 Fi.x .all othej[lobject shapes {
S (0)  shape, (o)
g= Wo — — shape;. orig O, shape;; (0)K1
JOJ 060k20]AJ i=0
- Fix all aﬁpearances {
1 X (©)
Wy Ja kappearance,. ,,(0) appearance,(0)k;
020
5 Guideoy 's shape to}tlranslated original shape {
1 X
+ Wy A KT shape,. oig(0k)  shape, (ox)ki

i=0
Whereshape,;, andshape are extracted from the generation of the initial and edited image, respec-
tively. Crltlcally, T lets us de ne whatever transformation of tHe W, spatial attention map we
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Figure 4:Sampling new appearancesBy guiding object shapes (Eqii) towards reconstruction of
a given image's layout (a), we can sample new appearances for a given scene (b-d).

want. To move an objecT, translates the attention mask the desired amount. We can also resize
objects (Fig3f-3g) with Eqn.9 by changingl to up- or down-sample shape matrices.

Constraining per-object layout but not appearance nds new “styles” for the same scen®:(Fig.

Fix all object shapes
z i {

1 X 1 X (10)
0 16] A I(Shapeut; orig(o) Shape|;t (0)ke

g=w —
20 W iz

W/e can alternativelp choose to guide all words, not just nouns or objects, changing summands to
6o 2c Instead of ¢, > . See Appendix for further discussion.

Composition between images. We can compose properties across multiple images into a cohesive
sampleg.g.the layout of an imag@& with the appearance of objects in another imBgg-ig. 5):

5 Copy objecjlshapes from A {

1 X 1 X
— —  kshape., (0) shape, (0)ky
i0j A . ’
020 i=0 (11)
Copy object ?Tpearance from B {

g= Wp

Z

1 X
+w — kappearance,.z (0) appearance, (0)k;
020

We can also borrow only appearances, dropping the rst term to sample new arrangements for the
same objects, as in the last two columns of Figure

Highlighting the compositionality of self-guidance terms, we can further inherit the appearance and/or
shape of objects from several images and combine them into onejFigay we havd images,
where we are interested in keeping a single olbjecfrom each one. We can collage these objects
“in-place” —i.e. maintaining their shape, size, position, and appearance — straightforwardly:

- Copy each object's}Thape, position, and size {
1X 1 X
g= Wo T A kshape..; (o) shape; (0c)k:
j i=0 _ (12)
5 Copy each o?lect's appearance {
1 X
+ wy 37 kappearance; (o) appearance;(0x)k:

]
We can also take only the appearances of the objects from these images and copy the layout from
another image, useful if object positions in thémages are not mutually compatible (F&j).



“a photo of a suitcase, a bowling ball, and a phone washed up on a beach after a shipwreck

Appearance

Layout! No layout conditioning

Figure 5:Mix-and-match. By guiding samples to take object shapes from one image and appearance
from another (Eqnll), we can rearrange images into layouts from other scenes. Input images are
along the diagonal. We can also sample new layouts of a scene by only guiding appearance (right).

“a photo of a picnic blanket, a fruit tree, and a car by the lake

(a) Takeblanket  (b) Taketree (c) Takecar (d) Result  (e)+ Target layout (f) Final result

“a top-down photo of a tea kettle, a bowl of fruit, and a cup of matcha

(a) Takematcha (b) Takekettle (c) Takefruit (d) Result  (e)+ Target layout (f) Final result

“a photo of a dog wearing a knit sweater and a baseball cap drinking a cocktail

(a) Takesweater (b) Takecocktail (c) Takecap (d) Result*  (e)+ Target layout (f) Final result

Figure 6: Compositional generation. A new scene (d) can be created by collaging objects from
multiple images (Eqnl2). Alternatively —e.g.if objects cannot be combined at their original
locations due to incompatibilities in these images' layouts (*as in the bottom row) — we can borrow
only their appearance, and specify layout with a new image (e) to produce a composition (gEqgn.
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Figure 7:Appearance transfer from real images.By guiding the appearance of a generated object
to match that of one in a real image (outlined) as in EBywe can create scenes depicting an object
from real life, similar to DreamBootI3[]], but without any ne-tuning and only using one image

a photo of a hot dog, fries, and a soda on a solid background

(a) Real image (b) Reconstruct (c) Swap w.fries (d) Width#  (e)Width#, height" (f) Restyle

a photo of an eclair and a shot of espresso

(g) Real image (h) Reconstruct (i) Move () width # (k) Width, height" () Restyle

Figure 8:Real image editing.Our method enables the spatial manipulation of objects (shown in
Figure3 for generated images) foeal images as well.

Editing with real images. Our approach is not limited to only images generated by a model,
whose internals we have access to by de nition. By runringoised versions of a (captioned)
existing image through a denoiser — one for each forward process timestep — we extract a set of
intermediates that can be treated as if it came from a reverse sampling process (see Appendix for
more details). In Fig8, we show that, by guiding shape and appearance for all tokens, we generate
faithful reconstructions of real images. More importantly, we can manipulate these real images just
as we can generated ones, successfully controlling properties such as appearance, position, or size.
We can also transfer the appearance of an object of interest into new contex® (ffigm only one

source image, and without any ne-tuning:

Copy objegt appearance
7 py Jeﬁ pp

g = Wo kappearance,. o4(0x,,,) ~ appearance; (0x) ky (13)

Attributes and interactions. So far we have focused only on the manipulation of objects, but
we can apply our method to any concept in the image, as long as it appears in the caption. We
demonstrate manipulation of verbs and adjectives in §igind show an example where certain
self-guidance constraints can help in enforcing attribute binding in the generation process.

5 Discussion

We introduce a method for guiding the diffusion sampling process to satisfy properties derived from
the attention maps and activations within the denoising model itself. While we propose a number of



“a cat and a monkey laughing on a road " “a photo of a messy room” “green hat, blue book, yellow shoes, red jacket

Move laughing to the right Changemessylocation Movered to jacket,yellow to shoes
(a) Original (b) Modi ed (c) Ath0:3; 0:6i (d) At h0:8; 0:8i (e) Original (f) Fixed

Figure 9: Manipulating non-objects. The properties of any word in the input prompt can be
manipulated, not only nouns. Here, we show examples of relocating adjectives and verbs. The last
example shows a case in which additional self-guidance can correct improper attribute binding.

“a photo of a squirrel trying “a potato sitting on a couch with a bowl
to catch a lime mid-air " “a picture of a cake ” of popcorn watching football on TV

Appearance features leak layoutMulti-token layout leaks appearance Interacting objects entangled
(a) Unguided (b) “lime ” guided (c) Real image (d) Layout guided (e) Original  (f) Move potatd

Figure 10:Limitations. Setting high guidance weights for appearance terms tends to introduce
unwanted leakage of object position (a-b). Similarly, while heavily guiding the shape of one word
simply matches that object's layout as expected, high guidance on the shapes of all tokens results in a
leak of appearance information (c-d). Finally, in some cases, objects are entangled in attention space,
making it dif cult to control them independently (e-f).

such properties, many more certainly exist, as do alternative formulations of those presented in this
paper. Among the proposed collection of properties, a few limitations stand out.

The reliance on cross-attention maps imposes restrictions by construction, precluding control over any
object that is not described in the conditioning text prompt and hindering fully disentangled control
between interacting objects due to correlations in attention mapsl(EégLOf). Selectively applying
attention guidance at certain layers or timesteps may result in more effective disentanglement.

Our experiments also show that appearance features often contain undesirable information about
spatial layout (Fig10a10b), perhaps since the model has access to positional information in its
architecture. The reverse is also sometimes true: guiding the shape of multiple tokens occasionally
betrays the appearance of an object (Eig=10d), implying that hidden high-frequency patterns
arising from interaction between attention channels may be used to encode appearance. These
ndings suggest that our method could serve as a window into the inner workings of diffusion models
and provide valuable experimental evidence to inform future research.

Broader impact

The use-cases showcased in this paper, while transformative for creative uses, carry the risk of
producing harmful content that can negatively impact society. In particular, self-guidance allows for a
level of control over the generation process that might enable potentially harmful image manipulations,
such as pulling in the appearance or layout from real images into arbitrary generated content (e.g., as
in Fig. 7). One such dangerous manipulation might be the injection of a public gure into an image
containing illicit activity. In our experiments, we mitigate this risk by deliberately refraining from
generating images containing humans. Additional safeguards against these risks include methods for
embedded watermarking ] and automated systems for safe ltering of generated imagery.

Acknowledgements

We thank Oliver Wang, Jason Baldridge, Lucy Chai, and Minyoung Huh for their helpful comments.
Dave is supported by the PD Soros Fellowship. Dave and Allan conducted part of this research at
Google, with additional funding provided by DARPA MCS and ONR MURI.



References

[1] Arpit Bansal, Hong-Min Chu, Avi Schwarzschild, Soumyadip Sengupta, Micah Goldblum,
Jonas Geiping, and Tom Goldstein. Universal guidance for diffusion moae{$/ preprint
arXiv:2302.071212023.

[2] Omer Bar-Tal, Dolev Ofri-Amar, Rafail Fridman, Yoni Kasten, and Tali Dekel. Text2live:
Text-driven layered image and video editing.Gomputer Vision—ECCV 2022: 17th European
Conference, Tel Aviv, Israel, October 23-27, 2022, Proceedings, Parpxdes 707—723.
Springer, 2022.

[3] Andrew Brock, Jeff Donahue, and Karen Simonyan. Large scale gan training for high delity
natural image synthesi&rXiv, abs/1809.11096, 2018.

[4] Tim Brooks, Aleksander Holynski, and Alexei A Efros. Instructpix2pix: Learning to follow
image editing instructionsarXiv preprint arXiv:2211.0980®022.

[5] Lucy Chai, Jonas Wulff, and Phillip Isola. Using latent space regression to analyze and leverage
compositionality in gansarXiv preprint arXiv:2103.104262021.

[6] Minghao Chen, Iro Laina, and Andrea Vedaldi. Training-free layout control with cross-attention
guidance.arXiv preprint arXiv:2304.03373023.

[7] Prafulla Dhariwal and Alex Nichol. Diffusion models beat gans on image synthasigv,
abs/2105.05233, 2021.

[8] Dave Epstein, Taesung Park, Richard Zhang, Eli Shechtman, and Alexei A Efros. Blobgan:
Spatially disentangled scene representation€dmputer Vision—ECCV 2022: 17th European
Conference, Tel Aviv, Israel, October 23-27, 2022, Proceedings, Parpxjes 616—635.
Springer, 2022.

[9] Rinon Gal, Yuval Alaluf, Yuval Atzmon, Or Patashnik, Amit H Bermano, Gal Chechik, and
Daniel Cohen-Or. An image is worth one word: Personalizing text-to-image generation using
textual inversionarXiv preprint arXiv:2208.01618022.

[10] Alexandros Graikos, Nikolay Malkin, Nebojsa Jojic, and Dimitris Samaras. Diffusion models
as plug-and-play priorsarXiv:2206.090122022.

[11] Amir Hertz, Ron Mokady, Jay Tenenbaum, K r Aberman, Yael Pritch, and Daniel Cohen-Or.
Prompt-to-prompt image editing with cross attention contaoXiv preprint arXiv:2208.01626
2022.

[12] Jonathan Ho, Ajay Jain, and Pieter Abbeel. Denoising diffusion probabilistic mddelsIPS
2020.

[13] Jonathan Ho and Tim Salimans. Classi er-free diffusion guidaackiv:2207.125982022.

[14] Bahjat Kawar, Shiran Zada, Oran Lang, Omer Tov, Huiwen Chang, Tali Dekel, Inbar Mosseri,
and Michal Irani. Imagic: Text-based real image editing with diffusion mod®alXiv preprint
arXiv:2210.092762022.

[15] Diederik P Kingma, Tim Salimans, Ben Poole, and Jonathan Ho. Variational diffusion models.
NeurlPS 2021.

[16] Mingi Kwon, Jaeseok Jeong, and Youngjung Uh. Diffusion models already have a semantic
latent spacearXiv preprint arXiv:2210.10962022.

[17] Nan Liu, Shuang Li, Yilun Du, Antonio Torralba, and Joshua B. Tenenbaum. Compositional
visual generation with composable diffusion modelsEuropean Conference on Computer
Vision, 2022.

[18] Vivian Liu and Lydia B Chilton. Design guidelines for prompt engineering text-to-image

generative models. IRroceedings of the 2022 CHI Conference on Human Factors in Computing
Systemspages 1-23, 2022.

10



[19] Francesco Locatello, Stefan Bauer, Mario Lucic, Gunnar Raetsch, Sylvain Gelly, Bernhard
Schdlkopf, and Olivier Bachem. Challenging common assumptions in the unsupervised learning
of disentangled representations.imternational conference on machine learnjmgges 4114—
4124. PMLR, 2019.

[20] Xiyang Luo, Michael Goebel, Elnaz Barshan, and Feng Yang. Leca: A learned approach for
ef cient cover-agnostic watermarkingurXiv preprint arXiv:2206.1081,32022.

[21] Chenlin Meng, Yutong He, Yang Song, Jiaming Song, Jiajun Wu, Jun-Yan Zhu, and Stefano
Ermon. Sdedit: Guided image synthesis and editing with stochastic differential equations. In
International Conference on Learning Representatj@@1.

[22] Ron Mokady, Amir Hertz, K r Aberman, Yael Pritch, and Daniel Cohen-Or. Null-text inversion
for editing real images using guided diffusion modelsXiv preprint arXiv:2211.097942022.

[23] Alex Nichol, Prafulla Dhariwal, Aditya Ramesh, Pranav Shyam, Pamela Mishkin, Bob McGrew,
llya Sutskever, and Mark Chen. Glide: Towards photorealistic image generation and editing
with text-guided diffusion models. IKlCML, 2022.

[24] Taesung Park, Jun-Yan Zhu, Oliver Wang, Jingwan Lu, Eli Shechtman, Alexei Efros, and
Richard Zhang. Swapping autoencoder for deep image manipulatidmances in Neural
Information Processing Systen®3:7198-7211, 2020.

[25] Konpat Preechakul, Nattanat Chatthee, Suttisak Wizadwongsa, and Supasorn Suwajanakorn.
Diffusion autoencoders: Toward a meaningful and decodable representati®roceedings of
the IEEE/CVF Conference on Computer Vision and Pattern Recognjtaayes 10619-10629,
2022.

[26] Aditya Ramesh, Prafulla Dhariwal, Alex Nichol, Casey Chu, and Mark Chen. Hierarchical
text-conditional image generation with clip latents, 2022.

[27] Aditya Ramesh, Mikhail Pavlov, Gabriel Goh, Scott Gray, Chelsea Voss, Alec Radford, Mark
Chen, and llya Sutskever. Zero-shot text-to-image generai@viL, 2021.

[28] Robin Rombach, Andreas Blattmann, Dominik Lorenz, Patrick Esser, and Bjorn Ommer. High-
resolution image synthesis with latent diffusion models.Pinceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognifiages 10684-10695, 2022.

[29] Olaf Ronneberger, Philipp Fischer, and Thomas Brox. U-net: Convolutional networks for
biomedical image segmentatiofrXiv, abs/1505.04597, 2015.

[30] Nataniel Ruiz, Yuanzhen Li, Varun Jampani, Yael Pritch, Michael Rubinstein, and K r Aberman.
Dreambooth: Fine tuning text-to-image diffusion models for subject-driven generatiXiv.
preprint arXiv:2208.122422022.

[31] Chitwan Saharia, William Chan, Huiwen Chang, Chris A Lee, Jonathan Ho, Tim Salimans,
David J Fleet, and Mohammad Norouzi. Palette: Image-to-image diffusion m&IEI&RAPH
2022.

[32] Chitwan Saharia, William Chan, Saurabh Saxena, Lala Li, Jay Whang, Emily Denton, Seyed
Kamyar Seyed Ghasemipour, Burcu Karagol Ayan, S. Sara Mahdavi, Rapha Gontijo Lopes, Tim
Salimans, Jonathan Ho, David J Fleet, and Mohammad Norouzi. Photorealistic text-to-image
diffusion models with deep language understandariiv:2205.114872022.

[33] Jascha Sohl-Dickstein, Eric Weiss, Niru Maheswaranathan, and Surya Ganguli. Deep unsuper-
vised learning using nonequilibrium thermodynamik&3ML, 2015.

[34] Jiaming Song, Chenlin Meng, and Stefano Ermon. Denoising diffusion implicit mo@eRR
abs/2010.02502, 2020.

[35] Yang Song, Jascha Sohl-Dickstein, Diederik P Kingma, Abhishek Kumar, Stefano Ermon, and

Ben Poole. Score-based generative modeling through stochastic differential equéatidrs.
2021.

11



[36] Narek Tumanyan, Michal Geyer, Shai Bagon, and Tali Dekel. Plug-and-play diffusion features
for text-driven image-to-image translatioarXiv preprint arXiv:2211.125722022.

[37] Hong-Xing Yu, Leonidas J Guibas, and Jiajun Wu. Unsupervised discovery of object radiance
elds. arXiv preprint arXiv:2107.079052021.

[38] Jiahui Yu, Yuanzhong Xu, Jing Yu Koh, Thang Luong, Gunjan Baid, Zirui Wang, Vijay
Vasudevan, Alexander Ku, Yinfei Yang, Burcu Karagol Ayan, Ben Hutchinson, Wei Han,
Zarana Parekh, Xin Li, Han Zhang, Jason Baldridge, and Yonghui Wu. Scaling autoregressive
models for content-rich text-to-image generatianXiv:2206.107892022.

[39] Lvmin Zhang and Maneesh Agrawala. Adding conditional control to text-to-image diffusion
models.arXiv preprint arXiv:2302.055432023.

[40] Jiapeng Zhu, Yujun Shen, Yinghao Xu, Deli Zhao, and Qifeng Chen. Region-based semantic
factorization in gansarXiv preprint arXiv:2202.09642022.

12



Appendix

A. Implementation details

We apply our self-guidance term following best practices for classi er-free guidance on Imagen [
Speci cally, whereN is the number of DDPM steps, we take the ﬁ% steps with self-guidance

and the Ias% without. The remaininé%‘ steps are alternated between using self-guidance and
not using it. We usé&\ = 1024 steps. Our method works wi2b6 and512 steps as well, though
self-guidance weights occasionally require adjustment. We sef500 in Egn.4 as an overall scale

for gradients of the functiong de ned below — we nd that the magnitude of per-pixel gradients is
quite small (often in the range @D 7 to 10 8, so such a high weight is needed to induce changes.

We applycentroid , size , andshape terms ornall cross-attention interactions the model we use.

In total, there are 36 of these, across the encoder, bottleneck, and dec8de8,at6 16, and

32 32resolutions. We apply theppearance term using the activations of the penultimate layer

in the decoder (two layers before the prediction readout) and the nal cross-attention operation.We
experimented with features from other parts of the U-Net denoiser, namely early in the encoder before
positional information can propagate through the image (to prevent appearance-layout entanglement),
but found these to work signi cantly worse. To avoid degenerate solutions, we apply a stop-gradient
to the attention in thappearance term so only information about activations is back-propagated.
We take the mean spatially of ahape terms and across activation dimensions foaplbearance

terms, which we omit in all equations for conciseness.

Attention mask binarization. In practice, it is bene cial to differentiably binarize the attention
map (with sharpness controlled Bybefore computing its size or utilizing its shape, to eliminate
the effect of background noise (this is empirically less important when guiding centroids, so we do
not binarize in that case). We do this by taking a soft threshold at the midpoint of the per-channel
minimum and maximum values. More speci cally, we apply a shifted sigmoid on the attention
normalized to have minimum 0 and maximum 1, followed by another such normalization to ensure
the high value is 1 and the low 0 after applying the sigmoid. Wesusd.0 and rede ne Eqgné.

) X minh'w (X)
normalize (X) = — 14
A"esh= normalize (sigmoid (s (normalize (A) 0:5))) (15)
size (k) = W Al (16)
h;w

“a photo of a carrot and an onion _ in a hot tub outdoors ”

“a photo of an oak tree and a pineapple outside an arctic igloo

“a photo of an owl and a pig running at the racetrack

(a)©Original (b) Edited

Figure 11:Moving objects. Non-cherry-picked results for moving objects in scenes using Eqive
moveonion down and to the righpineapple to the right, ancwl! up andpig down, respectively.
All scenes use weightsg = 1:5, wy; = 0:25, andw, = 2.
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“a photo of a kangaroo and a punching bag at the gym”

“a photo of a chicken walking across the street with an ltalian sports car waiting for it

“a photo of a boombox on a camel near a pond’

(a)Original (b) Edited

Figure 12:Resizing objects.Non-cherry-picked results for resizing objects in scenes using&qn.
with T speci ed to up- or down-sample attention maps. We reducgtimehing bag's height0:5
and enlargehicken 2:5 andboomboxX2 . All scenes usey =2, w; = 0:25, andw, = 3.

B. Using self-guidance

Maximizing consistency. In general, we nd that sharing the same sequence of noise in the
DDPM process between an image and its edited versinatiaecessarto maintain high levels of
consistency, but can help if extreme precision is desired. We nd that maintaining object silhouettes
under transformations such as resizing and repositioning is more effective if applying a transformation
T to the originalshape, rather than expressing the same change thrgegtroid andsize .

Guiding “background” words.  To keep all objects of the scene xed but one (F3j.one can

either guide all other tokens in the prompt (including “a photo of” and other abstract terms) to keep
their shape, or only select the other salient objects and hold those xed. In general, since abstract
words are often used for message passing and have attention patterns that are correlated with the
layout of the scene, we prefer not to guide their layouts to maximize compositionality.

Mitigating appearance-layout entanglementWhen words or concepts span multiple tokens, we

can mean-pooling attention maps across these tokens before processing them, though do not nd this
to improve results. We also nd that corrupting target shapes with Gaussian noise helps mitigate this
effect, providing some evidence for this hypothesis.

Moving objects. We usewg 2 [0:5; 2]; wy 2 [0:03;0:3]; w, 2 [0:5;5]in Eqn.9. Alternatively, we
can expressy's new location through itsentroid , adding a term to keegize xed:

2 Fix all otheJ{lobject shapes {
1 X 1 X
9= Wo oy A kshape,;. oig(0) shape (0)ki
1¥) 06 0k A i=0
- . Fix all Objeﬁ appearances {
+ Wy J%J kappearance,. ,,(0) appearance, (0)ky
020
5 Fix oﬂs size { (17)
X _
+ Wsp A ksize i orig(0k)  Size it (0k)k1
i=0
1 X
+ ws A ktarget_centroid centroid i (ox)ky
[ =0 {z }

Changeoy 's position
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“a photo of a koala picking flowers next to a mansion

“a photo of a capybara wearing a robe sitting by the fireplace

“a photo of a bird drinking coffee at a 1950s style diner

(a)Original (b) Edited

Figure 13:Creating new appearances for scenedNon-cherry-picked results sampling different
“styles” of appearances given the same layout, using EGn.We usewy = 0:7, 0:3, and0:3
respectively for each result, to preserve greater structure in the background of the rst picture.

Wheretarget_centroid can be computed as a sh ted version of the timestep-and-attention-
speci ¢ centroid g if desired, or selected to be an absolute value on the canvas (repeated across alll
timesteps). We generally use weighitg 2 [0:5; 2]; w; 2 [0:03; 0:3]; wz 2 [0:5; 2], w3 2 [1; 3].

Resizing objects. We can follow Eqn9 to resize objects as well, by settifigto upsample or
downsample the original mask. We can similarly use Bghomitting the nal term and setting

the targesize to a desired value, either computed as a functiosiz# oig(0x) or provided as an
absolute proportion of pixels on the canvas that the object should cover. We use the same weight
range for all weights except we set 2 [1; 3], ws = 0 for Eqn.17.

Sampling new appearances. We setwy 2 [0:1;1] in Eqn.10. Generally, higher values lead to
extremely precise layout preservation at the expense of diversity in appearance.

Sampling new layouts. Just as we can nd new appearances for a scene of a given layout, we can
perform the opposite operation, nding new layouts for scenes where objects have a given appearance:

Fix all appearances
z A {

1 X
0= Wp — kappearance,. ,q(0) appearance, (0)ky
020

We almost always useg 2 [0:05; 0:25].

(18)

Collaging objects in-place. Eqn.12can be easily generalized to more than one object per image
(adding another sum across all objects) or to the case where prompts vary between images (mapping
fromk; to the corresponding indices in the new image). Wenge2 [0:5; 1]; wy 2 [0:05; 0:3].

Collaging objects with a new layout. As shown in Fig6f, we can also collage objects into a new
layout speci ed by a target imagk+ 1, in addition to the] images specifying object appearance:

5 Copy all ?Fject shapes {
Y
9= Wo - kshapgy, s (0.)  shapey 0k
i=0 (19)
5 Copy each oﬂ'ect‘s appearance {
1 X

+ wy 37 kappearance; (o) appearance;(ox)ka
]
As in Eqn.12, we setwg 2 [0:5; 1]; wy 2 [0:05; 0:3].
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“a photo of a rabbit with a birthday balloon and a party hat

“a photo of cleats, a bright soccer ball, and a cone

“a calculator, a toy car, and a pillow on a rug

(a)Original (b) Edited

Figure 14:Creating new layouts for scenesNon-cherry-picked results sampling new layouts for
the same scenes, using EG8. We usewy = 0:07, 0:07, and0:2 respectively.

“a DSLR photo of a backpack at the grand canyon "

“a DSLR photo of a backpack wet in the water ”

“a photo of a pair of sunglasses being worn by a bear”

“a photo of a pair of sunglasses on a pile of snow "

(a) Original (b) Object in new contexts

Figure 15:Appearance transfer from real images.Non-cherry picked results sampling new images
with a given object's appearance speci ed by a real images, as inIlBgiVe usewg = 0:15.

Transferring object appearances to new layouts. Nothing requires the indices (or in fact, the
objects those indices refer to) to be the same in the image being generated and the original image
being used as a source, as long as there is a mapping speci ed between the indices in the old and
new images which should correspond. Call this mappingVe can then take the appearance of an
objectoy in a source image and transfer it to an image with any new prompt as follows, as speci ed
in Eqn. 13 (with typical weightswg 2 [0:01; 0:1]):

5 Copy Objﬁﬁt appearance

g = Wo kappearance; ,,(0x) appearance; (m(ox)) ki (20)

Merging layout and appearance. We usewp 2 [1; 2] andw; 2 [0:1;0:3]in Eqn.1L

Editing with real images. Importantly, our method is not limited to editing generated images to
whose internals it has access by de nition. We nd that we can also meaningfully guide generation
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“a photo of a chow chow wearing a superman outfit ”

“a dslr photo of a teapot floating in the sea

(a)Original  (b) Ours (b) Random samples without self-guidance

Figure 16:Ablating appearance transfer from real images.To verify the ef cacy of our approach,
we compare our results from Figin the paper to random samples from the same prompt without
apperance transfer. We can see that appearance of objects varies signi cantly without self-guidance.

using the attention and activations extracted from a set of forward-process denoisings of a real image
(given a caption) to “approximate” the reverse process, despite any mismatch in distributions one
might imagine. Concretely, we generdtecorrupted versions of a real imagef (x + ¢ 9!,

where ; N (0;1). We then extract the attentigk, and activations { from the denoising network

at each of these timesteps in parallel and concatenate them into a Tesgtijuence. We treat this
sequence identically to a sequencd dhternals given by subsequent sampling steps, and can thus
transfer the appearance of objects from real images, output images that look like real images with
moved or resized objects, and so on.

In Fig. 7, the prompts we use to transfer appearance are “A photo of a Chow Chow...” and “A DSLR
photo of a teapot...”. While our method works on less speci ¢ descriptions as well, it is not as reliable
when object appearance is more out-of-distribution. For context, we show unguided samples under
the prompts from Fig7 in Fig. 16, which still deviate signi cantly from the desired appearance,
showing the ef cacy of our approach. A weakness of our simple approach is that it has no constraints
on the shape of the generated objects, which we leave to future work.

Weight selection heuristics. We nd weights that work well to remain more or less consistent
across different images given an edit, but ideal weights do vary somewhat (within predictable ranges)
between different combinations of terms. Our heuristics for weight selection per term are: the more
weights there are, the higher per-term weights can be without causing artifacts (and indeed, need to
be, to provide ample contribution to the nal resulppearance terms should have weights 1 or 2
orders of magnitude lower than layout terms; layout summary statisticgroid andsize ) should

have slightly lower weights than terms on the per-pstehpe; total weight of terms should not add

up to more than 5to avoid artifacts.

C. Additional results

We show further non-cherry-picked results for the edits we show in the main paper. Our general
protocol consists of selecting an interesting prompt manually, verifying that our model creates
compelling samples aligning with this prompt without self-guidance, beginning with the typical
weights we use for an edit, and trying around 3-5 other weight con gurations to nd the one that
works best for the prompt — in most cases, this is the starting set of weights. Then, we use the
rst 8 images we generate, without further Itering. We generate all results with different seeds to
showcase the strength of guidance even without shared DDPM noise. We show more results for
moving (Fig.11) and resizing (Figl2) objects, sampling new appearances for given layouts {Blg.

as well as new layouts for a given set of objects (Ei§), and transferring the appearance of real
objects into new contexts (Fid5). We also include an ablation on hyperparameter values {Fig.

as well as preliminary results of an implementation of self-guidance on an open-source diffusion
model in Fig.18.
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Figure 17:Hyperparameter sweepsWe show results for two edits (moving and resizing objects)
using Eqgn. 4 in the Supp. Mat., for different values of weights on the three edit terms, holding the other
terms to the value in the middle column. Please zoom in to view in more detail. Reasonable values
in the middle columns (within the expected range) lead to overall successful image manipulation.
Very large hyperparameter values cause visual artifacts to appear (by moving sampling off-manifold)
while still tending to perform the edit successfully, while extremely small values often fail to conduct
the edit, inducing artifacts resulting from a “half-executed” manipulation.
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Figure 18:Self-guidance on Stable Diffusion XL.To highlight the generality of our approach, we
demonstrate preliminary results for controllable generation on a popular latent-space text-to-image
diffusion model, using 100 DDPM steps (applying self-guidance from step 10 to step 90). We get
best results only guiding attention in the second decoder block of the denoiser model.
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