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(b) SmartMask for mask-free object insertion where it provides diverse suggestions without user bounding box input.
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(c) SmartMask for fine-grain layout design for layout to image generation.

Figure 1. Overview. We introduce SmartMask which allows a novice user to generate high-fidelity masks for fine-grained object insertion
and layout control. The proposed approach can be used for object insertion (a-b) where it not only allows for image inpainting with better
background preservation (a) but also provides diverse suggestions for mask-free object insertion at different positions and scales. We also
find that when used iteratively SmartMask can be used for fine-grained layout design (c) for better quality semantic-to-image generation.

Abstract

The field of generative image inpainting and object in-
sertion has made significant progress with the recent advent
of latent diffusion models. Utilizing a precise object mask
can greatly enhance these applications. However, due to the
challenges users encounter in creating high-fidelity masks,
there is a tendency for these methods to rely on more coarse
masks (e.g., bounding box) for these applications. This re-
sults in limited control and compromised background con-
tent preservation. To overcome these limitations, we intro-
duce SmartMask, which allows any novice user to create
detailed masks for precise object insertion. Combined with
a ControlNet-Inpaint model, our experiments demonstrate
that SmartMask achieves superior object insertion qual-

ity, preserving the background content more effectively than
previous methods. Notably, unlike prior works the proposed
approach can also be used even without user-mask guid-
ance, which allows it to perform mask-free object insertion
at diverse positions and scales. Furthermore, we find that
when used iteratively with a novel instruction-tuning based
planning model, SmartMask can be used to design detailed
layouts from scratch. As compared with user-scribble based
layout design, we observe that SmartMask allows for better
quality outputs with layout-to-image generation methods.

1. Introduction

Multi-modal object inpainting and insertion has gained
widespread public attention with the recent advent of large-
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scale language-image (LLI) models [1-3, 19, 24, 27, 30,
, 38]. A novice user can gain significant control over the
inserted object details by combining text-based condition-
ing with additional guidance from a coarse bounding box
or user-scribble mask. The text prompt can be used to de-
scribe the object semantics, while the coarse mask provides
control over the position and scale of the generated object.

While convenient, the use of a coarse mask for object
insertion suffers from two main limitations. 1) First, the
use of a coarse mask can often be undesirable as it tends
to also modify the background regions surrounding the in-
serted object [30, 37] (refer Fig. 1a). In order to minimize
the background artifacts, recent works [37, 40] also explore
the use of user-scribble based free-form mask instead of a
bounding-box input. However, while feasible for describing
coarse objects (e.g., mountains, teddy bear efc.), the gener-
ation of accurate free-form masks for objects with a num-
ber of fine-grain features (e.g., humans) can be quite chal-
lenging especially when limited to coarse user-scribbles. 2)
Furthermore, generating variations in position and scale of
the inserted object can also be troublesome as it requires the
user to provide a new scene-aware free-form mask to satisfy
the geometric constraints at the new scene location.

To address these drawbacks, we introduce SmartMask, a
context-aware diffusion model which allows a novice user
to directly generate fine-grained mask suggestions for pre-
cise object insertion. In particular, given a semantic object
description (e.g. kid) and the overall scene context, Smart-
Mask generates scene-aware precise object masks which
can then be used as input to a ControlNet-inpaint model
[36, 41] to perform object insertion while preserving the
contents of background image. As compared with coarse-
mask based inpainting methods, we find that SmartMask
provides a highly convenient and controllable method for
object insertion and can be used 1) with user-inputs (bound-
ing box, scribbles etc.): where the user can specify location
and shape for the target object , or 2) in a mask-free man-
ner: where the model automatically generates diverse sug-
gestions for object insertion at diverse positions and scales.

In addition to object insertion, we also find that Smart-
Mask can be used for fine-grain layout design. Exist-
ing segmentation-to-image (S2I) generation methods (e.g.
ControlNet [41]) enable the generation of controllable im-
age outputs from user-scribble based semantic segmenta-
tion maps. However, generating a good quality semantic
layout can be quite challenging if the user wants to gen-
erate a scene with objects that require fine-grain details
for best description (e.g., humans, chairs efc.). To address
this challenge, we show that SmartMask when used with a
novel instruction-tuning [34] based planning model allows
the user to iteratively generate the desired scene layout from
scratch. As compared with scribble based layout genera-
tion, we find that the proposed approach allows the users to

better leverage existing S2I generation methods (e.g. Con-
trolNet [41]) for higher quality output generation.

The main contributions of the paper are: 1) We propose
SmartMask which allows any novice user to generate pre-
cise object masks for finegrained object insertion with bet-
ter background preservation. 2) We show that unlike prior
works, the proposed approach can also be used for mask-
free object insertion. 3) Finally, we demonstrate that Smarz-
Mask can be used iteratively to generate detailed semantic
layouts, which allows users to better leverage existing S2I
generation methods for higher quality output generation.

2. Related Work

Diffusion based multi-modal image inpainting [1-3, 19,
, 27, 30, 37, 38] has gained widespread attention with
advent of text-conditioned diffusion models [24, 29, 30, 32,
]. Despite their efficacy, these methods use coarse bound-
ing box or user-scribble based masks for object inpainting
which leads to poor background preservation around the in-
serted object. In contrast, SmartMask directly allows user to
generate precise masks for the target object, which can then
be combined with ControlNet-Inpaint [30, 4 1] to insert the
target object while better preserving background contents.
Mask-free object placement has been studied in the
context of image compositing methods [9, 20, 22, 25, 35,
, 44, 46], where given a cropped RGB object instance
and a target image, the goal is to suggest different positions
for the target object. In contrast, we study the problem of
mask-free object insertion using text-only guidance. Lee et
al. [18] propose a GAN-based approach to directly model
a distribution of potential object locations. However, the
learned distribution is w.r.f to a specific object class (e.g.,
cars) which limits its generalizability for diverse use-cases.
Semantic-layout to image generation methods have
been explored to enable controllable image synthesis from
user-scribble based semantic segmentation maps [8, 12, 17,
, 26, 33, 45]. Recently, [4, 6, 14, 31] propose a cross-
attention based training-free approach for controlling the
overall scene layout from coarse user-scribbles using text-
conditioned diffusion models. Zhang et al. [41] propose a
versatile ControlNet model which allows the users to con-
trol the output layout on a more fine-grained level through
an input semantic map. While effective, generating desired
semantic layout with scribbles can itself be quite challeng-
ing for scenes with objects that require fine-grain details
for best description (e.g., humans). SmartMask helps ad-
dress this problem by allowing users to generate more fine-
grained layouts to facilitate better quality S2I generation.

3. Our Method

Given an input image Z, object semantic label 7,4; and a
textual description 7¢ontert describing the final scene con-
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Figure 2. Method Overview. A key idea behind SmartMask is to leverage semantic amodal segmentation data [28, 47] in order to obtain
high-quality paired training annotations for mask-free single or multi-step object insertion. During training (fop), given a training image

T with caption C, we stack k ordered instance maps {A1, Az, ..

. Ai} to obtain an intermediate semantic map Sj. The diffusion model

is then trained to predict the instance map A1, conditional on the semantic map Sk, Top; < Ogr41 and scene context Teonteat < C.
During inference (bottom), given a real image Z, we first use a panoptic segmentation model to compute semantic map S;. The generated
semantic layout is then directly used as input to the trained diffusion model in order to predict the fine-grained mask for the inserted object.

text, our goal is predict a fine-grained mask M;; for the
target object. The object mask My; could then be used
as input to a ControlNet-Inpaint model for fine-grained ob-
ject insertion (Sec. 4.1) or used to design detailed semantic
layouts from scratch (Sec. 4.3). For instance, SmartMask
could be used for single object insertion, where given an
image Z depicting a man on a bench, {7,,; : ‘woman’}
and {Tcontest : ‘a couple sitting on a bench’}, our goal is
to predict fine-grain binary mask M omaen Which places
the ‘woman’ in a manner such that the resulting scene aligns
with overall scene context of a ‘a couple sitting on a bench’.

Similarly, SmartMask could also be used for multiple ob-
ject insertion. For instance, given an image Z depicting a
wedding, the user may wish to add multiple objects { ‘man’,
‘woman’ and ‘kid’} such that the final scene aligns with the
{Teontext ‘a family posing for a picture at a wedding’}.
Unlike prior image inpainting methods which are limited
independently adding each object to the scene, the goal of
the smartmask model is to add each object in a manner such
the generated ‘man’, ‘woman’ and ‘kid’ appear to be ‘a fam-
ily posing for a picture at a wedding’. (refer Fig. 2a).

In the next sections, we describe the key SmartMask
components in detail. In particular, in Sec. 3.1 we discuss
how SmartMask can leverage semantic amodal segmenta-
tion data in order to obtain high-quality paired annotations
for mask-free object insertion. We then discuss a simple

data-adaptation strategy which allows the user to also con-
trol the position, shape of the inserted object using coarse
inputs (bounding-box, scribbles) in Sec. 3.2. Finally, in
Sec. 3.3 we propose a visual-instruction tuning [2 1] based
planning model which when used with SmartMask , allows
for generation of detailed semantic layouts from scratch.

3.1. SmartMask for Mask-Free Object Insertion

Semantic-Space Task Formulation. Directly learning a
model for our task in pixel space can be quite challenging,
as it would require large-scale collection of training data
for single or multi-step object insertion while maintaining
background preservation. To address this key challenge, a
core idea of our approach is to propose an equivalent task
formulation which allows us to leverage large-scale seman-
tic amodal segmentation data [28, 47] for generating high-
quality paired training data in the semantic space (Fig. 2).

SmartMask Training. In particular during training,
given an image Z, with a sequence of ordered amodal se-
mantic instance maps {A1, As ... A, } and corresponding
semantic object labels {O1,0; ... 0, }, we first compute
an intermediate layer semantic map as,

Sk = flayer({A1, A2 ... Ar}) wherek € [1,n]. (1)

where k is randomly chosen from [1, n] and fiqy., is a lay-
ering operation which stacks the amodal semantic segmen-
tation maps from ¢ € [1, k] in an ordered manner (Fig. 2).
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We next train a diffusion-based mask prediction model
Dy which takes as input the above computed intermediate
semantic layer map S}, textual description for next object
Tobj < Opy1, overall caption Teonteqt < C7 (for image
7) and learns to predict the binary mask {Ay1} for the
next object. To this end, we first pass the intermediate se-
mantic map Sy, through a learnable encoder £, to obtain
the encoded features £4(Sk). At any timestep ¢ of the re-
verse diffusion process, the denoising noise prediction €, is
then computed conditional jointly on previous noise latent
z¢, and model inputs {E(Sk).Tobj» Teontewt } aS,

gpred(t) - UQ (Ztv £¢(Sk); 7:7ij 7-contemt» t)v (2)

where Uy represents the U-Net of the diffusion model D.
The overall diffusion model D is then trained to predict
the next layer Ay 1 using the following diffusion loss,

Et (97 ¢) = Etw[l,T],Sk,Ak+1 €t [Het - gp’l“ed(t) HQ], (3)

where T is total number of reverse diffusion steps, €; ~
N(0,1) is sampled from a normal distribution and A
represents ground truth binary mask for next object Oy 1.

SmartMask Inference. During inference, given an in-
put image Z, semantic object category 7,,; and a textual
description 7onteqt describing the final scene context, we
first use a panoptic semantic segmentation model [15] to ob-
tain the corresponding semantic layout map Sz. The gen-
erated semantic layout Sz is then directly used as input to
the above trained diffusion model Dy in order to predict the
fine-grained mask M,;; for the target object,

M()bj =Dy (€¢ (Sf)v 7?)bj7 %ontemt)- “)

3.2. Data Adaptation for Precise Mask Control

While the diffusion model trained in Sec. 3.1, allows the
user to perform mask-free object insertion at diverse po-
sitions and scales, the user may also wish to obtain more
direct control over the spatial location and details of the in-
serted object. To this end, we propose a simple train-time
data adaptation strategy which allows smartmask to be eas-
ily adapted to diverse forms of user control (Fig. 4). In par-
ticular, given the intermediate layer map Sy, computed using
Eq. I and ground truth mask Ay, for the next object, we
replace the input S, to the diffusion model as,

Sk = 9(Sky Gonj) = Sk ® (1 — a Gopj) + a Gopjy  (5)

where Gy; is the additional guidance input (e.g., bounding
box mask, coarse scribbles etc.) provided by the user and
a = 0.7 helps add additional guidance while still preserving
the content of the original input S, after data adaptation.
Training. In this paper, we mainly consider four main
guidance inputs G, for additional mask control for adapt-
ing SmartMask . 1) Mask-free guidance: in absence of any

additional user inputs, we use Gop; = 07" which prompts

the model to suggest fine-grained masks for object insertion
at diverse positions and scales. 2) Bounding-box guidance:
we set G,p; as a binary mask corresponding to ground truth
object mask Ay11. 3) Coarse Spatial Guidance: Expecting
the user to provide precise bounding box for object insertion
is not always convenient and can lead to errors if bounding
box is not correct. We therefore introduce a coarse spatial
control where user may provide a coarse spatial location and
the model learns to infer the best placement of the object
around the suggested region (Fig. 4c). During training, the
same is achieved by setting G; as a coarse gaussian blob
centered at the ground truth object mask Ayyi. 4) User
scribbles: Finally, we also allow the user to describe target
object using free-form coarse scribbles, by setting Gp; as
the dilated mask output of ground-truth object mask Ay 1.

Inference. At inference time, the additional guidance in-
put Gop; (e.g. bounding box mask, coarse scribbles etc.) is
directly provided by the user. Given an input image Z with
semantic layout Sz, we then use transformation from Eq. 5
as input to the adapted SmartMask model in order to gener-
ate object insertion suggestions with additional control.

3.3. Global Planning for Multi-Step Inference

While the original SmartMask model allows the user to
generate fine-grained masks for single object insertion, we
would also like to use SmartMask for iterative use cases
such as multiple object insertion (Sec. A.1) or designing a
fine-grained layout from scratch with large number (> 10)
of scene elements. Such an iterative use of SmartMask
would require the model to carefully plan the spatial loca-
tion of each inserted object to allow for the final scene to be
consistent with the final scene context description Teontext-

To achieve this, we train a visual-instruction tuning [21]
based planning model which given the input semantic lay-
out Sy, learns to plan the positioning of different scene el-
ements over long sequences. Given a semantic object de-
scription 7Top; and final scene context Teontest, the global
planning model provides several bounding box suggestions
for object insertion. SmartMask model then uses the above
predictions as coarse spatial guidance input Gy; to pro-
vide fine-grained mask suggestions for the next object. The
above process can then be repeated in an iterative manner
until all objects have been added to the scene (refer Fig. 7a).

The global planning model is trained in two stages. 1)
Feature Alignment. Typical instruction tuning models are
often trained on real images. In contrast, as discussed in
Sec. 3.1 we would like to model our problem in semantic
space as it allows us to leverage amodal segmentation data
for training. To address this domain gap, we first finetune
an existing LLaVA model [21] to understand the semantic
inputs. To do this, given an intermediate semantic map Sk
computed using Eq. 1, we finetune the projection matrix W
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Figure 3. Qualitative Results for Image Inpainting. We observe that as compared to with state-of-the-art image inpainting [1, 2, 30, 37]
methods, SmartMask allows the user to perform object insertion while better preserving the background around the inserted object.

of the LLaVA model [21] H to predict the semantic object
labels {O1,Os ... Oy} described in the current scene as,

Ealign<w) = ECE(< 01702...Ok >,H(Sk)) (6)
2) Instruction-Tuning. Finally, keeping the visual encoder
weights for LLaVA model fixed, we next finetune both
project matrix W and LLM weights ® [43] for global ob-
ject planning. In particular, given an intermediate seman-
tic map Sy, we first compute the bounding box coordi-
nates Brtr1 = {Zmin, Ymins Tmazs Ymaz | for the next ob-
ject Top; = Opy1 using ground truth object mask Ay 1.
The LLaVA based planning model # is then trained as,

Einstruct (W, (I)) = [’CE(Bk—H ) H(Ska ,Toij C))7 (7)
where C' represents the caption for the final scene (obtained
using ground-truth image 7) and provides the model context
for placing different scene elements in the image.

4. Experiments

Training Data Collection. As discussed in Sec. 3, we note
that a key idea behind SmartMask is to model the object in-
sertion problem in semantic space (instead of pixel space),
which allows us to leverage semantic amodal segmentation
data to obtain large-scale paired training annotations for
single or multiple object insertions. However, traditional
datasets for semantic amodal segmentations such as COCO-
A [47] (2,500 images, 22,163 instances) and KINS [28]

(7,517 images, 92,492 instances) though containing fine-
grained amodal segmentation annotations may lack suffi-
cient diversity to generalize across different use-cases.

To address this, we curate a new large-scale dataset con-
sisting of fine-grain amodal segmentation masks for differ-
ent objects in an input image. The overall dataset consists
of 32785 diverse real world images and a total of 725897
object instances across more than 500 different semantic
classes (e.g. man, woman, trees, furniture efc.). Each im-
age 7 in the dataset consists of a variable number of object
instances {41, Ag,...A,}, n € [2,50] and is annotated
with an ordered sequence of semantic amodal segmenta-
tion maps {S1, Sz . .. Sy }. The detailed descriptions C; for
each image are obtained using the InstructBLIP [7] model.

SmartMask Training. In order to leverage the rich gen-
eralizable prior of T2I diffusion models, we use the weights
from publicly available Stable-Diffusion-v1.5 model [30]
in order to initialize the weights of the SmartMask U-Net
model trained in Sec. 3.1. Similar to [5], we modify the ar-
chitecture of the U-Net model to also condition the output
mask predictions on segmentation layout S;. The Smart-
Mask model is trained for a total of 100k iterations with a
batch size of 192 and learning rate le — 5 using 8 Nvidia-
A100 GPUs. During inference, a panoptic semantic seg-
mentation model finetuned on the dataset in Sec. 4 is used
for converting real image 7 to its semantic layout S;. Con-
trolNet model trained with SDXL backbone was used to
perform precise object insertion with SmartMask outputs.
Please refer the supp. material for further training details.
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Figure 4. Diverse User Controls. SmartMask is easily adaptable to diverse user-controls for precise mask generation for the target object.

4.1. SmartMask for Object Insertion

Baselines. We compare the performance of our approach
on object-insertion with prior works on performing multi-
modal image-inpainting using a textual description and
coarse bounding box mask. In particular we show compar-
isons with SD-Inpaint [30], SDXL-Inpaint [27], Blended-
Latent Diffusion [30], and Adobe SmartBrush [37]. We
also compare the performance of our approach with state-
of-the-art commercial inpainting tools by reporting results
on recently released Generative-Fill from Adobe Firefly [1].
Evaluation Metrics. Following [37], we report the re-
sults for object insertion using /) Local-FID [11] which
measures the realism of the generated objects, 2) CLIP-
Score [10] which measures the alignment between the tex-
tual description and the generated object, and 3) Norm. L2-
BG: which reports the normalized L2 difference in the back-
ground regions before and after insertion, and helps capture
the degree to which the background was preserved.
Qualitative Results. Results are shown in Fig. 3. We ob-
serve that when performing objectn insertion using a coarse
bounding box mask, traditional inpainting methods usually
lead to a lot of changes in the background regions around
the inserted object (e.g. living room details in row-1&2,
mountains in row-4 efc.). Adobe SmartBrush [37] which is
trained to allow better background preservation, shows bet-
ter performance, however, still suffers from notable changes
to background regions. In contrast, by directly predicting a
high-fidelity mask for the target object, the proposed ap-
proach allows the user to add new objects on the scene with

Evaluation Criteria

Method Local-FID |, CLIP-Score T Norm. L2-BG |
SD Inpaint [30] 2231 0.249 0374
SDXL Inpaint [27] 21.84 0.235 0.623
Blended L-Diffusion [2] | 39.77 0.253 0.451
Adobe SmartBrush [37] 17.94 0.262 0.304
Adobe Gen-Fill* [1] N/A 0.268 0.289
Smartmask (Ours) 19.21 0.261 0.098

Table 1. Quantitative results for image inpainting. We observe
that in comparison with state-of-art image inpainting methods, our
approach leads to better preservation of background regions.

minimal changes to the background image. Furthermore we
observe that target object masks are generated in a scene-
aware manner, which helps us add new objects while in-
teracting with already existing ones. For instance, when
adding ‘a man to a couch with table in front’ (Fig. 3), prior
works typically replace the couch and table to insert the tar-
get object (‘man’). In contrast, smartmask places the ‘man
sitting on the couch with his leg on the table’, and provides
a more natural way for inserting objects in complex scenes.

Quantitative Results. In addition to qualitative results,
we also report the performance of our approach quantita-
tively in Tab. 1. We find that similar to results in Fig. 3, the
proposed approach shows better background preservation
(Norm. L2-BG J) while performing comparably in terms of
image quality (local-FID) and text-alignment (CLIP-Score).

4.2. Evaluating Mask Controllability and Quality

A key advantage of SmartMask is the ability to generate
high-quality masks for target object in a controllable man-
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Figure 6. Limitation of Inpaint + HQSAM. In addition to poor

mask quality errors (Fig. 5), we observe that Inpaint+ HQSAM can
lead to scene-unaware masks (e.g. mask for woman sitting in air)

ner. In this section, we evaluate the performance of Smart-
Mask in terms of 1) user control, & 2) output mask quality.

1) User Control. As shown in Fig. 4, we observe that
SmartMask allows the user to control the output object mask
in four main ways. [) Mask-free insertion: where the
model automatically suggests diverse positions and scales
for the target object (e.g., table, woman in Fig. 4a). 2)
Bounding-box guidance: which allows user to specify the
exact bounding box for object insertion (potted plant, mo-
torbike in Fig. 4b). 3) Coarse spatial guidance: (Fig. 4c)
providing a precise bounding box can be challenging for
cases with complex object insertions e.g., dog with owner.
SmartMask allows the user to only specify a coarse location
for the target object, and the model automatically adjusts the
object placement (i.e. dog with head near woman’s hand) to
capture object interactions. 3) User-scribbles: Finally, the
user may also control the output shape by providing coarse
scribbles. The smartmask model can use this as guidance
to automatically predict the more finegrain-masks for the
target object (e.g., palm-tree, gaming chair in Fig. 4d).

2) Output Mask Quality. We also report results on the
quality of generated masks by showing comparisons with
the mask-prediction head of the SmartBrush model [37].
Furthermore, we also show comparisons combining stan-
dard inpainting methods with HQSAM [13, 16]. To this
end, we first use the provided bounding-box mask to inpaint
the target object. The user-provided bounding-box and the
inpainted output are then used as input to the HQSAM
model [13] to obtain target object-mask predictions.

User Study Results
Win 1 Draw Lose |
92.04% 5.12% 2.84%
88.91% 8.33% 2.75%
63.89%  27.78% 8.34%
91.67% 2.78% 5.56%

Method

SDInpaint + HQSAM [13, 30]
Blended L-Diff + HQSAM [2, 13]
SmartBrush + HQSAM [13, 37]
SmartBrush Mask [37]

Table 2. User study results. For evaluating generated mask qual-
ity. We observe that SmartMask generates higher quality masks as
compared to SmartBrush and various Inpaint+HQSAM methods.

Results are shown in Fig. 5. We observe that as com-
pared to outputs of SmartBrush [37] mask-prediction head,
SmartMask generates higher-quality masks with fewer ar-
tifacts. Similarly, while using HQSAM on inpainting out-
puts helps achieve good mask quality for some examples
(e.g. child in row-2), the HQSAM generated masks (or the
inpainted image) often have accompanying artifacts which
limits the quality of the output masks. In addition to poor
mask quality errors, we also observe that Inpaint+HQSAM
can lead to scene-unaware masks (Fig. 6). This occurs be-
cause prior inpainting methods typically add additional ob-
jects in the background when performing object insertion.
For instance, when inserting woman in a living room in
Fig. 6), we observe that Adobe Gen-Fill [1] adds an ad-
ditional chair on which the woman is sitting. Extracting
only the object mask for such inpainted outputs can lead to
scene-unaware masks where ‘the woman appears floating
in the air‘ as the chair was not present in the original image.

The above findings are also reflected in a quantitative
user study (Tab. 2), where human subjects are shown a
pair of object mask suggestions (ours vs baselines discussed
above), and asked to the select the mask suggestion with the
higher quality. As shown in Tab. 2, we observe that Smart-
Mask outputs are preferred by majority of human subjects
over SmartBrush mask [37] and Inpaint + HQSAM outputs.

4.3. SmartMask for Semantic Layout Design

In addition to object insertion, we also find that when used
iteratively along with the visual-instruction tuning based
planning model from Sec. 3.3, SmartMask forms a conve-
nient approach for designing detailed semantic layouts with
a large number of fine-grain objects (e.g. humans, furniture
etc.). Results are shown in Fig. 7a. We observe that given
a sequence of user provided scene elements (e.g. painting,
sofa, chair efc.), SmartMask generates the entire scene lay-
out from scratch. Furthermore, unlike static layouts gener-
ated by a panoptic segmentation model, SmartMask gener-
ated layouts allow the user greater control over the details
of each scene element. Since each object in the final layout
is represented by a distinct object mask, the final layouts
are highly controllable and allow for a range of custom op-
erations such as adding, removing, modifying or moving
objects through simple layer manipulations. (refer Fig. 7b).

Controllable S2I Generation. Layout to image gener-
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A living room with a couch, chair and table.

.
- I paintings | I decoration I I electronics I l socket I l electric cable I socks socks

cloth blanket

sofa table
N ha Na

plane-surface

(a) SmartMask for designing very detailed semantic layouts from scratch.

Add new objects at different layers Remove objects at different layers

Modify objects at different layers Move objects at different layers

(b) Analyzing controllability of the layouts generated with SmartMask.

(c) Using SmartMask generated layouts for better quality layout-to-image generation.

Figure 7. Fine-grained layout design. We observe that SmartMask when used iteratively, allows the user to generate very detailed layouts
from scratch (a). The generated layouts are highly controllable and allow for custom variations through simple layer manipulations (b).

ation methods e.g., ControlNet [41] enable the generation
of controllable image outputs from user-scribble based se-
mantic segmentation maps or layouts. However, generating
the user-desired layouts with coarse scribbles can itself be
quite challenging for scenes with objects that require fine-
grain details for best description (e.g. humans, chairs etc.).
As shown in Fig. 7c, we find that this can lead to image
outputs with either deformity artifacts (child in row-1) or
incorrect description (woman and children in row-2) when
using ControlNet [41]. A similar problem is also observed
in other coarse-scribble based S2I methods such as DenseD-
iffusion [14] and Paint-with-Words (PwW) [4], which pro-
vide coarse control over object position but are unable to
control finegrain details such as pose, action ezc. of the tar-
get object. SmartMask helps address this problem by al-
lowing any novice user to generate controllable (Fig. 7b)
fine-grain layouts from scratch, which can allow users to
better leverage existing S2I methods [4 1] for higher quality
layout-to-image generation (refer Fig. 7c).

5. Conclusion

In this paper, we present SmartMask which allows a novice
user to generate scene-aware precision masks for object in-
sertion and finegrained layout design. Existing methods for
object insertion typically rely on a coarse bounding box
or user-scribble input which can lead to poor background
preservation around the inserted object. To address this, we
propose a novel diffusion based framework which leverages
semantic amodal segmentation data in order to learn to gen-
erate fine-grained masks for precise object insertion. When
used along with a ControlNet-Inpaint model, we show that
the proposed approach achieves superior object-insertion
performance, preserving background content more effec-
tively than previous methods. Additionally, we show that
SmartMask provides a highly controllable approach for de-
signing detailed layouts from scratch. As compared with
user-scribble based layout design, we observe that the pro-
posed approach can allow users to better leverage existing
S2I methods for higher quality layout-to-image generation.
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