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ABSTRACT

Text-driven 3D indoor scene generation aims to automatically gen-
erate and arrange the objects, which form a 3D scene that accurately
captures the semantics detailed in the given text description. Recent
works have shown the potential to generate 3D scenes guided by
specific object categories and room layouts but lack a robust mech-
anism to maintain consistent spatial relationships in alignment
with the provided text description during the 3D scene generation.
Besides, the annotations of the object and relationships of the 3D
scenes are usually time- and cost-consuming, which are not easily
obtained for the model training. Thus, in this paper, we conduct a
dataset and benchmark for assessing spatial relations in text-driven
3D scene generation, which contains a comprehensive collection of
3D scenes, including textual descriptions, annotating object spatial
relations, and providing both template and free-form natural lan-
guage descriptions. We also provide a pseudo description feature
generation method to address the 3D scenes without language
annotations. We design an aligned latent space for spatial relation
in 3D scenes and text description, in which we can sample the fea-
tures according to the spatial relation for the few-shot learning. We
also propose new metrics to investigate the ability of the approach
to generate correct spatial relationships among objects.

KEYWORDS

3D scene generation, 3D Vision-Language Learning, Dataset and
Evaluation Metric, Few shot learning

1 INTRODUCTION

Text-driven 3D indoor scene generation is an important task to cre-
ate realistic rooms with suitable objects(i.e., furniture) and layouts.
It requires the ability of the model to generate scenes automatically
and maintain consistent semantics in alignment with the provided
text description. It has gained much attention for its potential ap-
plications in interior design, virtual reality, and video games[26].
It can significantly minimize repetition and boost productivity by
eliminating manual scene creation requirements. Moreover, it pro-
vides interior designers with a valuable resource to quickly generate
room designs and gather client feedback, opening up numerous
practical applications.

Recent works have shown the potential to generate 3D scenes
guided by specific object categories and room layouts. They have
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(a) No Semantic Constraint

There is a bed and a
some wardrobes in the
room.

(b) Instance-level semantic constraint

Nightstand is beside to
single bed. is
left to single bed.

is near the

(c)Instance and spatial relation semantic constraints

Figure 1: Different annotations of the 3D scene generation.

achieved tasks like automatic layout synthesis, scene completion,
and object suggestion[10, 13, 21]. For example, Sync2Gen [23] uti-
lizes a trained parametric prior distribution to effectively control the
generation of unrealistic indoor scenes by feed-forward neural mod-
els. ATISS [13] utilizes autoregressive transformers to predict object
locations in sequence. However, they are not designed to maintain
consistent spatial relationships with the description. Furthermore,
due to the time- and cost-consuming of language annotations, lan-
guage annotations of the spatial relationships in the 3D scene are
not easily obtained for the training. There is also no available bench-
mark to evaluate the abilities of the approach to control the spatial
relationships for text-driven 3D indoor scene generation precisely.

To tackle these issues, we propose a new benchmark for assess-
ing spatial relationships in text-driven 3D scene generation. We
offer the dataset and spatial relations metrics to assist research in
the text-driven 3D scene generation domain. As shown in Fig. 1,
compared with the current works to generate 3D scenes without
semantic constraints (a) or only with instance-level semantic con-
straint (b), our new proposed dataset and method aims to address
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both instance and spatial relation semantic constraints (c) for the
3D scene generation. The task requires combining the objects with
the proper layout and understanding and effectively controlling the
relationship among multiple objects during the generation process.
We also investigate text-driven 3D scene generation tasks with few
language annotations. The main contribution can be summarized
as follows:

(1) New dataset. We propose a new dataset for text-driven 3D
scene generation. Currently, there is no suitable dataset with
text description of the scene for text-driven 3D scene gener-
ation. We extend the 3D-FRONT to construct a text-driven
3D scene generation dataset with spatial relations descrip-
tion. We annotate the spatial relations of the objects in the
scenes and provide two types of text descriptions, includ-
ing the template descriptions and free-form nature language
descriptions for the text-driven 3D scene generation dataset.

(2) Pseudo description feature generation method for few-
shot text-driven 3D scene generation. We design an aligned
latent space for spatial relation in 3D scenes and text descrip-
tion, in which we can sample the features according to the
spatial relation for the few-shot learning.

(3) New metrics. We propose two metrics to evaluate the accu-
racy of the described spatial relationship generated in the 3D
scene. We evaluate the spatial relationship of the scenes from
three aspects: local and relation metrics. The local metric
evaluates the accuracy of the pair relation between two ob-
jects, while the relation metric evaluates the model’s ability
to address different relation types.

We conduct the experiments on our new proposed dataset and
compare our benchmark method with the current work on both
the newly proposed metrics and the traditional metrics. The results
show that our benchmark method showcases its superior flexibility
in scene qualities and spatial relations accuracy.

The remainder of this paper is organized as follows. Section 2
briefly surveys the related works. Section 4 introduces the bench-
mark method we propose to address the text-driven 3D scene gen-
eration. Section 3 presents the approach and details we design to
annotate and extend the 3D-FRONT datasets for text-driven 3D
scene generation. In Section 5, we proposed new metrics to evaluate
how accurately the described spatial relationship is generated in
the 3D scene. Then, the experiments are introduced in Section 6 to
compare the benchmark method and current work in our proposed
dataset. Finally, Section 7 concludes this paper.

2 RELATED WORK

3D scene datasets with Language: Similar to our work, prior
works have also explored grounding language in 3D. Notably, Chang
et al.[3] model spatial knowledge by leveraging statistics in 3D
scenes. They created a dataset with 609 annotations between 131
object pairs in 17 scenes for spatial relations. Also, Chang et al.
created a model for generating 3D scenes from text and created a
dataset of 1129 scenes from 60 seed sentences. Concurrent with
our work, Panos et al.[1] proposed ReferIt3D, a benchmark for
contrasting objects in 3D using natural and synthetic language.

Anonymous Authors

However, unlike in prior works, our dataset provides the spatial
relations of the objects in the scenes with two types of text de-
scriptions, including the template descriptions and nature language
descriptions for the text-driven 3D scene generation dataset. Our
dataset contains more than 6000 scenes, which is much larger than
the datasets mentioned above.

3D Indoor scene generation: Different from the 3D Scene Re-
construction [8], 3D indoor scene generation aims to explore object
layout generation. Current works usual setting of task in indoor
scene synthesis is to retrieve 3D models from a given database and
predict the model positions for the generation of semantically and
functionally realistic indoor scenes.

Graph-based Scene Synthesis represents scenes as graphs, which
has been extensively studied in the last years. 3D scenes can be
hierarchically decomposed into multiple semantic levels of content.
Inspired by the works of indoor scene parsing [5, 22, 28] and 3D
scene understanding [25, 29], the researchers encode the 3D scenes
into different forms, such as parse trees[14], adjacency matrices[30],
scene graphs[11] and scene hierarchies[9], and then synthesize 3D
scenes by decoding those form. Huang et al. [7] propose to apply
holistic scene grammar to parse scenes as hierarchical structures
for reconstruction from a single image. Armeni et al.[2] consider
representing the entire building with rooms and objects in a scene
hierarchical representation. More recently, the performance has
been significantly enhanced by leveraging deep learning-based
approaches. Wang et al. [19] introduced an image-based generative
model with relation graphs. Li et al. [9] leveraged a recursive neural
network to model the furniture within a room with four walls
representing the objects and their relationships in a hierarchy, and
employed recursive neural networks.

Some works also present a framework for interior scene synthe-
sis with spatial prior neural networks. Ritchie et al.[15] and Wang et
al.[20] proposed image-based deep convolutional generative mod-
els for related purposes. Zhang et al.[30] tackled the challenge of
free-form generation without imposing floor constraints using a
generative adversarial network and a hybrid representation. Due to
the effectiveness of transformers, the autoregressive-based model
of scene synthesis attempts to model the scenes. SceneFormer [21]
accomplished faster and more realistic 3D scene generation by
leveraging the self-attention of transformers. The method predicts
object locations in sequence based on either room layout or text
descriptions. ATISS [13] also utilizes autoregressive transformers
for tasks like automatic layout synthesis, scene completion, and
object suggestion. To further advance location recommendations
within incomplete indoor scenes, Zhou et al.[31] adopted neural
message passing. The method enables learning spatial and struc-
tural relationships between the objects by predicting the probability
of newly added objects.

Text-Conditioned Scene Synthesis: There are also other works
learning to produce furniture layouts under language, activity, hu-
man, and action constraints. Text-conditional generation or text-to-
scene translation tasks have been studied in recent years. Current
text-conditioned 3D scene synthesis relies on retrieving a similar
scene from the database, which does not enable generating scenes
according to the text description. For example, Ma et al.[12] intro-
duce a natural language framework to edit 3D indoor scenes with
an annotated large 3D scene database. They parse the command
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of edition from the users and transform it into a semantic scene
graph to retrieve the corresponding sub-scenes from the databases
that match the command. The 3D scene is synthesized by aligning
the augmented sub-scene with the user’s current scene. Chang et
al. [4] propose an interactive text-to-3D scene generation system,
which allows users to provide text as input. The system can use
the spatial knowledge learned from the existing databases to infer
the layout of the objects and form a scene that matches the input
description. Zhang et al. [27] propose an interactive scene synthe-
sis tool to quickly picture various potential synthesis results by
simultaneously editing groups of objects.

In this paper, our proposed work can directly generate the layout
of the objects under the constraints of the text description, which is
more flexible and accurate for implementing specific design ideas
for building 3D indoor scenes. We design a few-shot method to
apply the scenes without text annotation to train the model. We
also provide a new metric to investigate the ability of approach
models to generate correct spatial relationships among objects.

3 NEW DATASET AND METRICS FOR
TEXT-DRIVEN 3D SCENE GENERATION

While existing research has introduced some datasets containing
3D scenes, these datasets were not specifically tailored for text-
driven 3D scene generation, making it challenging to assess the
precision of the generated outcomes. To address the deficiency of
suitable datasets for constructing 3D scene models from textual
descriptions, we introduce a new dataset built upon the foundation
of the 3D-FRONT dataset. Our new proposed dataset has scenes
with multiple objects and textual descriptions for the generation
task, which includes 13 types of relationships of the objects. (More
details can be found in the Supplementary materials)

3.1 Scene Data Processing and Text generation

Scene Data Processing. Our dataset is extended from 3D-FRONT
dataset[6]. We select samples from the original dataset in three cat-
egories: bedrooms, living rooms, and dining rooms. In accordance
with the methodologies outlined in recent studies[17][10], we have
applied the identical dataset filtering procedures as employed in
the ATISS framework. These procedures involved excluding scenes
that exhibited excessive complexity, excessive simplicity, and the
absence of typical object relationships. This process yielded 4041,
900, and 813 scenes in their respective subsets. In all these scenes,
the number of objects ranged from 3 to 13, ensuring that the quan-
tity of textual descriptions would not be excessive or insufficient.
Each scene contains several types of information, including the
object class, object positions, orientations, and object coordinates
marked with eight points. We extract this information to generate
template-based textual descriptions and provide essential data for
natural language models.

Template-based textual descriptions generation. The origi-
nal 3D-FRONT dataset has no textual description for text-driven 3D
scene generation. To equip the 3D-Front dataset with text descrip-
tions, we propose an algorithm for labeling fundamental spatial
relationships by drawing insights from the extracted scene data.
The initial text content contains C2 (n is the number of objects in
the scene) textual descriptions and is redundant. Hence, we applied
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a filtering algorithm based on probability to handle the previously
acquired set of text descriptions. The filtering model considers
the occurrences of typical relationships, volumes, and distances
between objects to evaluate the importance of specific texts. By
employing this recursive calculation approach, we establish a mech-
anism that prioritizes selecting significant relationships and those
involving the key objects (the objects with big volumes and more
relationships) within the scene. Simultaneously, it maintains a cer-
tain likelihood of selecting less conspicuous relationships, thereby
upholding the diversity of textual descriptions.

Natural language descriptions generation. To get closer to
the text-driven 3D scene generation application scenario, we gen-
erate natural language descriptions with ChatGPT, a powerful lan-
guage model for dialogue. The rewritten description by the Chat-
GPT is more natural to the human inputs. It provides a more robust
evaluation of the text-driven 3D scene generation models’ capac-
ity to extract and comprehend crucial information from natural
language. Additionally, these descriptions offer a broader range of
challenges and diversity for the task.

4 APPROACH

In the text-driven 3D scene generation process, the input is a textual
description, and the task involves creating 3D indoor scenes while
adhering to specified spatial relationship constraints described in
the text. Building on the principles of contemporary 3D indoor syn-
thesis approaches, additional constraints, such as the floor shape
(represented as a top-down orthographic projection of the floor),
are also considered. An overview of our approach is illustrated in
Figure2. The approach is designed in an auto-regressive process
that inputs a top-down orthographic projection of the floor, an in-
complete scene, and the accompanying text description. According
to the inputs above, the approach generates the attributes of the
objects, which normally contain 3D coordinates, rotation, and size,
to form the final scene.

As shown in the left part of Fig.2, Our proposed approach ini-
tially employs a transformer-based scene encoder model to handle
diverse inputs, including layout features and the objects within
the scene. The outputs of the scene encoder are then applied to an
attribute prediction network to decide the attributes of the newly
generated object. During the generation process, the text features
are applied to control the relationships of the objects through the
cross-attention mechanism.

Due to the text description of the 3D scenes is not easy to obtain
in the application, we also consider the few-shot setting of the
text-driven 3D scene generation, while most of the scenes for the
model training lack text descriptions. Beyond the directly utilized
text description of the scene, as shown in the right part of Fig.2, we
propose a pseudo feature generation method to utilize the scenes
without description, which can further improve the abilities of our
approach under the few-shot setting.

4.1 Scene Feature encoders

Our approach receives various inputs, encompassing the floor lay-
out, objects in the partially assembled scene, and the accompanying
text description. To comprehensively incorporate all the informa-
tion necessary for generating new objects, we introduce multiple
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Figure 2: The framework of our proposed method.

feature encoders, including layout, object, and text encoders, as a
vital component in the initial phase of our approach.

The role of the layout encoder is to encode the layout’s shape into
afeature vector denoted as F. This is accomplished using the ResNet-
18 network, which extracts features from a top-down orthographic
projection layout image. On the other hand, the object encoder
is designed to encode various attributes of the objects generated
in the early stages, including their category, location, angles, and
size. We transform the Fc € RC, the size Fs € R3, the location
of the centroid FI € R3, and the angles Fa € R! of the objects
into representations and concatenate them into a single vector.
Specifically, the category is embedded using a fully connected layer,
while positional encoding[18] is applied to the remaining attributes.
Besides, The text encoder is a pre-trained language model to encode
the text descriptions into the language model space denoted as T.

Subsequently, we implement a transformer model to address the
layout feature F, the object feature O, and text description features
T for text-driven 3D scene generation. We first concatenate the
layout features F and object features O into a sequence to feed into
the transformer model.

4.2 Attribute prediction network

The attribute prediction network plays a crucial role in acquiring
the ability to generate objects with appropriate compositions. As

illustrated in Fig.2, this network is purposefully designed to forecast
the attributes of the next object in the scene.

Firstly, the network uses a transformer model to address the
output of the token by the scene feature encoders. Specifically, there
is an empty token that represents a new object for the generation
process. The output of this empty token is regarded as the attribute
features.

Initially, it predicts the object’s category and then concatenates
the embedded location features F, with the attribute feature, result-
ing in P X F, to predict the object’s angle, Where P is the injected
features mentioned in the Eq.2. Similarly, for object size prediction,
the location, angle, and size are predicted, embedded, and combined
with the attribute feature in an autoregressive manner.

4.3 Cross-attention semantic injection

To apply the text description to guide the 3D scene generation,
we designed a two-stage cross-attention semantic injection for the
generation model in both the scene encoder stage and the attribute
prediction stage.

Both the scenes feature encoders and the attribute prediction
network takes a transformer to model the different inputs. Thus,
we design a cross-attention mechanism to inject the semantics of
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the description for generation, which is described by the equations:

T
Attention(Q,K,V) = softmax(%)v (1)

Vd
where Q = f;(q) is obtained from the latent features g of the trans-
former encoder, which is further input into the attribute prediction
network. K = fi(c), and V = f,(c) is obtained from the embedding
of the text descriptionc. fg,fi.f, are mapping function. Finally, We
apply a residual way to update the latent features q as follows:

P =q+ fp(Attention(Q,K,V)) (2)

where f;, is the mapping function.

4.4 Pesudo Feature generation for few-shot
learning

Due to the lack of text description of the 3D scenes in the applica-
tion, how to utilize the scenes without text description to train a
text-driven 3D scene generation model is necessary to be studied for
real-world application. Beyond the directly utilized text description
of the scene, a logical approach to training the model using auto-
matically generating text descriptions. Actually, we do not need to
generate real text descriptions during the training stage. A more
efficient way is to develop a latent space of spatial relations for
the scenes. During the training stage, we can sample the pseudo
features from the latent space according to scenes, while in the
test stage, we can map the text description into the latent space for
generation.

Instead of relying on directly generated text descriptions, we
propose pseudo-feature generation for spatial relationships within
3D indoor scenes during training. First, we apply the few-shot
samples to learn a latent space of the spatial relation.

Given a 3D indoor scene, we directly embed the spatial relation
of the two objects by concatenating the object embedding and the
positions. For the objects in the 3D scene, we embed the object into
the feature O, which contains the category, location, angle, and size
features of the objects from the feature encoder. Thus, we can ran-
domly choose two objects in the scene and concatenate the object
features O; and Oj into S = O; x Oj as the scene representation
of the objects and their relation in the scene. The representation
above cannot apply to the training because it does not correlate
with the semantic space of the text description. Thus, the next step
is to learn a common space to bridge the scene representation and
the text description.

We utilize the few-shot samples to help build the common space
to achieve the above purpose. We adopt a pre-trained language
model to encode the text description of the two objects into the text
features T. Then, two mapping functions Fg and Fr are designed to
reduce the gap between the text features T and the scene represen-
tation S. We apply the few-shot samples to pre-train the mapping
functions by minus the difference between matched mapping fea-
tures Fs(S) and Fr(T) in the learned latent space.

In this way, we construct the relation between the scene repre-
sentation and the text description. It allows us to apply the scene
representation to replace the text description for training and apply
the scene without text description to train the text-driven gener-
ation model. Through the learned common space, we can utilize
the mapping scene representation Fs(S) as the pseudo feature to
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replace the text description in the training stage. While in the test-
ing stage, we use the mapping text description features Fr(T) to
control the generation process by input text description.

4.5 Training and the Objectives

This section summarizes the training objectives of our approach in
the training stage.

During the learning of the latent space of spatial relations, we
learn two mapping networks Fr and Fs to map the features text
description T and spatial relation S into a common latent space by
reducing the reconstruction loss as follows:

Lrec = |Fs(S) = Fr (D)l ®)

where the ||, || is the Ly distance function loss.

The model is trained by reducing the difference between at-
tributes of the predicted object and the ground-truth object in the
scene. For the object category, we adopt the cross-entropy loss as
follows:

Lear = — Z yilogy; (4)

while 7j; is the predicted category of the object, and the y; is the
ground-truth category.

As for the object’s location, angle, and size, we follow [16] and
model them with a mixture of logistics distributions. For the object
attributes [s, t,r], where object size s € R3, object location ¢t €
R3 and object rotation r € R'. We apply the mixture of logistic
distributions to model them, take the object size s as an example:

K
s~ Z ﬂZlogistic(,uz, s,sc) (5)
k=1
where ﬂfc, '”Z and s]s( are the weight, mean and variance of the k-
th logistic distribution. Thus, we can apply the loss to maximize
the log-likelihood of training the model. During the test stage,
we can sample the parameters of the objects from the predicted
distributions.

5 THE NEW METRICS FOR TEXT-DRIVEN 3D
SCENE GENERATION

To evaluate the quality of the generated scenes, current works[13,
17] have adopted the FID score, KID score, and CKL score to eval-
uate the generated scenes. The FID and KID scores measure the
quality of the generated scenes, while the CKL score reflects the
category distribution of the generated scenes. However, none of the
metrics above can reflect the abilities of the approach to capture
the semantics of the text description to form the 3D scenes. Thus,
we propose new metrics from local and relation metrics to address
the issues above. The local metric indicates the accuracy of the pair
relation between the objects, while the relation metric evaluates
the model’s ability to address different relation types.

The local metric aims to evaluate the accuracy of the pair relation
between the objects, which statistics the accuracy of the relations
at the level of sentences.

Definition 1: Local Accuracy. The description sentence con-
tains objects A and B with relation R = rq, ry, .., 7. Then, the sen-
tence accuracy is defined as follows:
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maxY,; 1: ry € r(A*, BY)
n

SA(A,B,R) = (6)
where A*, B* is the objects in the generated scene, which have the
same category label with the A, B. r(A*, B") is the relation of the
A*,B* in the generated scene. n is the amount of the relation in
a sentence. Then, Local Accuracy (LA) for a scene S is defined as
follows:

2i SA(A;, Bi, Ry) = n;
Ei nj

where Aj, B;, R; is the objects and relation of the i-th sentence in
the text description. n; is the amount of the relation in the i-th
sentence.

Local accuracy is the fundamental metric for evaluating each
description pair-wise relationship. If there is a pair of objects in the
generated scene that have the same object types and relationship,
we think this relationship in the description has been accurately
generated by the approach. We can adapt the Mean Local Accu-
racy (MLA) of all the scenes as the first metric in our benchmark.

We also hope to investigate the abilities of the approach to ad-
dress different types of relationships. Thus, we design another
metric in our benchmark, namely relation accuracy.

Definition 2: relation accuracy. Let (A;, Bj, R;) € TA be the
set of all object-relation pairs of the description sentences men-
tioned in Definition 1. (A}, B}, R}) € GA is the corresponding set
of the selected object pairs in the generated scenes to maximize the
SA(Aj, Bi, R;). Then, relation accuracy (RA) of relation type R can
be defined as follows:

LA(S) =

™

ZillrteRi/\rtER?

RA(RT) =
(T) ZilzrtERi

®

where r; is the relation in the relation type Rr. Similarly, we can
obtain the Mean Relation Accuracy (MRA) of all the types of
relationships in the description as the second metric in our bench-
mark.

6 EXPERIMENT

In this section, we introduce the experiments of this paper and ana-
lyze the effectiveness of our proposed approach. First, we briefly
introduce the dataset, the evaluation protocol, and implementa-
tion details. Then, we compare the proposed approach with the
state-of-the-art methods in both quantitative and qualitative results.
Furthermore, ablation studies are conducted to investigate the ef-
fectiveness of different components in our benchmark approach.

6.1 Datasets

The experiments are conducted on our proposed dataset RelScene,
which is extended from the 3D-Front dataset[6] with the annotated
text descriptions. For a fair comparison, we follow the current
works[17][10] to adopt the same dataset filtering procedures of the
ATISS and conduct experiments on three types of indoor rooms.
The few-shot setting experiments are conducted in the Bedroom,
which only utilizes the text description of the 5% scenes, while the
rest of the text descriptions of the scenes are unavailable.
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Table 1: Performance comparison on Few-shot Text-
conditioned 3D scene generation with template description

Method MLA(1) MRA(1) FID(]) KID(]) CKL(])
ATISS* 0.156 0.143 19.48 2.05 0.95

w/o Psesudo  0.224 0.204 18.75 1.95 0.92

Our 0.330 0.295 18.12 1.72 0.54

Table 2: Performance comparison on Few-shot Text-
conditioned 3D scene generation with natural language de-
scription

Method MLA(1) MRA(]) FID(]) KID(]) CKL(])
ATISS* 0.132 0.117 19.60 2.12 0.96

w/o Psesudo  0.159 0.132 19.12 1.97 0.90

Our 0.297 0.284 18.50 1.77 0.54

6.2 Evaluation Protocol

To evaluate the quality of the generated scenes, we first compare the
approach with current works that are generated without semantic
constraints. We first follow the current works[13, 17] focus on
layout generation, which directly generates the scenes with location,
angle, and the size of each object. To compare with those methods,
we adopt the FID score, KID x 0.001 score, and CKL x 0.01 score
in the experiments. For the FID and KID scores, we render the 256
X 256 top-down orthographic projections of generated and real
scenes to extract the features for testing.

To evaluate the consistency of text, we also apply Mean Local
Accuracy (MLA) and Mean Relation Accuracy (MRA) to evaluate
the layout information predicted by the generation models, which
are introduced in Section 5. We obtain the scene information of the
objects, including the category, bounding box, and the angles in
the scene, and calculate the relation of the objects in the generated
scenes during the evaluation process.

6.3 Result analysis

6.3.1 Few-shot text-conditioned scene generation. Due to the anno-
tated text description of the 3D scenes are not easy to obtain, we
conducted the few-shot experiment to compare the abilities of the
different models. We compare with the modified ATISS methods,
which only utilize the scenes with the annotated text description for
training. Similarly, we first compare our approach with the ATISS
on MLA and MRA scores. Our approach improves the MLA scores
from 0.156 to 0.330. We can observe that our approach has more
significant improvement than text-conditioned scene generation
in both two scores. This indicates that our approach fits the role
of utilizing scenes without text descriptions to train the model
under the few-shot setting. We can see that the performance of
ATISS drops under the few-shot settings. It shows that the lack of
annotated training data impacts the performance of the generation
model. However, our approach proposes pseudo-feature generation
to utilize the scenes without a description, which can alleviate the
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Table 3: Performance comparison on 3D scene generation
without constraints

Metric  Method Bedroom Living Dining
DepthGAN [24]  40.15 81.13  88.10
Sync2Gen [23]  31.07 46.05  48.45

FID(])  ATISS [13] 18.60 38.66  40.83
DiffuScene [17]  18.29 3260  36.18
Ours 16.92 3192  35.46
DepthGAN [24] 18.54 50.63  63.81
Sync2Gen [23] 11.21 8.74 12.31

KID(|)  ATISS [13] 1.72 5.62 5.18
DiffuScene [17]  1.42 072 0.88
Ours 1.40 0.69  0.77
DepthGAN [24] 5.04 972 17.95
Sync2Gen [23]  2.24 496  7.52

CKL(]) ATISS [13] 0.78 0.64  0.69
DiffuScene [17]  0.35 0.22 0.21
Ours 0.33 020  0.20

impact of the lack of data, which only has a slight performance
dropping compared. The pseudo-feature generation can sample
pseudo-features based on the spatial relationships within 3D indoor
scenes during the training process, which can effectively train the
model with the scenes without description. As indicated in Table
1, the trends in method performance based on FID, KID, and CKL
scores also demonstrate that our approach surpasses the ATISS.

6.3.2  No semantic constraints scene generation methods. Although
our methodology tackles the generation of 3D indoor scenes driven
by text, our approach can also compare with the methods that
focus on scene generation without semantic constraints. As shown
in Tab.3, our approach outperforms the existing approaches by
achieving lower FID and KID scores across all four room types.
These scores serve as metrics for evaluating the similarity between
the generated scenes and real scenes. Compared to DiffuScene, we
reduced the FID score from 18.29 to 16.92 in the bedroom, 32.60
to 31.92 in the living room, and 36.18 to 35.46 in the dining room.
These lower FID and KID scores indicate that our approach produces
scenes that closely resemble real scenes. Although we only apply
the noise to replace the text description as input to generate scenes,
the prior learned from the training stage can help to improve the
quality of the scenes.

6.4 Ablation study

To investigate the effectiveness of our approach, we conducted the
ablation study without pseudo-feature generation. The evaluation
of MLA and MRA scores highlights the notable impact of pseudo-
feature generation, especially in the few-shot setting. As evidenced
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The wardrobe is front left to the bed.
The nightstand is directly left to the
bed. The is directly front
the bed.

The wardrobe is directly front to the
double bed. The nightstand is directly
front the double bed. The is
directly right the double bed.

(Few-shot)

The wardrobe is back right to the
double bed. The nightstand is directly
back to the double bed. The second
nightstand is directly front to the
double bed.

The wardrobe is directly left to the
singe bed. The nightstand is directly
left to the singe bed. The second
nightstand is directly right to the
single bed. The pendant lamp is
directly above the single bed

The wardrobe is directly right to the
double bed. The nightstand is left to
the double bed. The is
directly back the double bed.

Figure 3: Text-conditioned scene generation. Our approach
can generate the scenes according to the description correctly.

by the results of MLA and MRA scores, the approach incorpo-
rating pseudo-feature generation outperforms the one without it.
This is attributed to the capability of pseudo-feature generation to
efficiently sample pseudo-features based on spatial relationships,
aiding model training with scenes lacking textual descriptions. Addi-
tionally, comparing FID, KID, and CKL scores reaffirms the efficacy
of pseudo-feature generation.

We also compare the influence of the different amounts of anno-
tated data on our proposed method. From Tab.4, we can observe
that the method without pseudo feature generation has a larger
fluctuation and lower performance than our proposed method. We
can also observe that our approach has less improvement than the
ablation method. It indicates that the pseudo-feature generation
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Ours

ATISS

Figure 4: Unconditioned scene generation. Red box: failure
cases with objects overlapping. Blue box: failure cases of
unreasonable combination of objects.

Table 4: Ablation study comparison on Few-shot Text-
conditioned 3D scene generation with template description

method 5% 30% 50% 70%

w/o Psesudo 0.224 0.246 0.267 0.285
MLA(T)

Our 0.330 0.332 0.336 0.342

w/o Psesudo 0.204 0.226 0.254 0.283
MRA(T)

Our 0.295 0.302 0.314 0.326

w/o Psesudo 18.75 18.62 1842 17.95
FID(])

Our 18.12 18.05 17.92 17.85

w/o Psesudo  1.95 1.95 1.87 1.82
KID(])

Our 1.72 1.68 1.65 1.52

w/o Psesudo  0.92 0.82 0.78 0.74
CKL(])

Our 0.54 0.52 0.48 0.43

by our approach can approximately replace the text features in the
training stage.

6.5 Visualization results of the approach

Text-conditioned scene generation. We also represent the visu-
alization results of the text-conditioned scene generation in Fig. 3.
The first two lines of results are trained with the full training set
of the dataset. We can see that the ATISS fails to generate part of
the spatial relation. For example, in the first line, the ATISS gener-
ates the "left" relation of the wardrobe and bed, which is close to
the "front left" in the description. The position of the TV stand is
incorrect and conflicts with the “front" relation in the description.
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However, when we apply the few-shot setting for the model train-
ing, the ATISS almost cannot generate the scenes according to the
description correctly. It is due to the training data is not enough for
the model. However, our approach benefits from the pseudo-feature
generation, which can effectively sample pseudo-features based on
spatial relationships to train the model with the scenes without
description. Thus, our approach can generate the scenes according
to the description correctly.

No semantic constraints scene generation. Examining the
visuals in Fig. 4, we compare the visualization results of our method
to the original ATISS approach, focusing specifically on scenarios
without text descriptions. Our method distinguishes itself by gen-
erating scenes with heightened diversity and improved plausibility,
with fewer occurrences of object overlap. The illustration in Fig.4
distinctly illustrates the challenges faced by the ATISS method,
particularly in dealing with significant issues of object overlap. For
example, we used the red box to highlight the objects overlapping in
Fig.4. The ATISS generates multiple objects without proper layout,
leading to overlapping issues. We also use the blue box to highlight
the unreasonable combination of multiple objects, such as inconsis-
tent rotation of the bed(line 3, column 4), misaligned nightstand(line
4, column 1) and sofa(line 4, column 4). These challenges primarily
arise from its insufficient ability to model spatial information about
objects accurately during the autoregressive generation process.

7 CONCLUSION

This paper presents a text-driven 3D indoor scene generation method,
which not only maintains consistent spatial relationships in align-
ment with the provided text description but can also be trained with
afew language-annotated scenes. A new benchmark to evaluate the
spatial relations in text-driven 3D scene generation. We extended
the 3D-FRONT to construct a new dataset for text-driven 3D scene
generation, which annotates the spatial relations of the objects in
the scenes and provides two types of text descriptions, including
template descriptions and nature language descriptions. Two new
metrics are proposed to investigate the ability of the approach to
generate correct spatial relationships among objects. The new met-
ric offers a means to assess the precision with which the described
spatial relationship is generated within the 3D scene. We conducted
experiments on our newly proposed dataset to compare it with the
current work with both new and traditional metrics, and the results
show that our benchmark method showcases its superior flexibility
in both scene qualities and spatial relations accuracy.

According to the results of the experiments, we can find that
many issues and challenges should be addressed in future work.
Through the experiment, the performance of the relation accuracy
scores has great potential improvement, which indicates that the
generation model should be further improved to address the whole
scene. We can also observe the performance of the approach under
the few-shot setting drops in all cases. Although our new proposed
approach can decrease the impact of the lack of description, it is
still a challenging task in further research.

REFERENCES

[1] Panos Achlioptas, Ahmed Abdelreheem, Fei Xia, Mohamed Elhoseiny, and
Leonidas Guibas. 2020. Referit3d: Neural listeners for fine-grained 3d object
identification in real-world scenes. In Computer Vision—-ECCV 2020: 16th European

871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894

895

902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928



929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985

986

RelScene: A Benchmark and baseline for Spatial Relations in
text-driven 3D Scene Generation

[2

=

(3

=

=
0

[10]

(11

[12]

[13]

[14

[15

[16]

(17

[18

[19]

[20

[21

[22]

[23

[24

Conference, Glasgow, UK, August 23-28, 2020, Proceedings, Part I 16. Springer,
422-440.

Iro Armeni, Zhi-Yang He, JunYoung Gwak, Amir R Zamir, Martin Fischer, Jitendra
Malik, and Silvio Savarese. 2019. 3d scene graph: A structure for unified semantics,
3d space, and camera. In Proceedings of the IEEE/CVF international conference on
computer vision. 5664-5673.

Angel Chang, Manolis Savva, and Christopher D Manning. 2014. Learning spatial
knowledge for text to 3D scene generation. In Proceedings of the 2014 conference
on empirical methods in natural language processing (EMNLP). 2028-2038.
Angel X Chang, Mihail Eric, Manolis Savva, and Christopher D Manning. 2017.
SceneSeer: 3D scene design with natural language. arXiv preprint arXiv:1703.00050
(2017).

Gongwei Chen, Xinhang Song, Haitao Zeng, and Shuqiang Jiang. 2020. Scene
recognition with prototype-agnostic scene layout. IEEE Transactions on Image
Processing 29 (2020), 5877-5888.

Huan Fu, Bowen Cai, Lin Gao, Ling-Xiao Zhang, Jiaming Wang, Cao Li, Qixun
Zeng, Chengyue Sun, Rongfei Jia, Bingiang Zhao, et al. 2021. 3d-front: 3d fur-
nished rooms with layouts and semantics. In Proceedings of the IEEE/CVF Interna-
tional Conference on Computer Vision. 10933-10942.

Siyuan Huang, Siyuan Qi, Yixin Zhu, Yinxue Xiao, Yuanlu Xu, and Song-Chun
Zhu. 2018. Holistic 3d scene parsing and reconstruction from a single rgb image.
In Proceedings of the European conference on computer vision (ECCV). 187-203.
Ke Li, Yuxia Wu, Yao Xue, and Xueming Qian. 2020. Viewpoint Recommenda-
tion Based on Object-Oriented 3D Scene Reconstruction. IEEE Transactions on
Multimedia 23 (2020), 257-267.

Manyi Li, Akshay Gadi Patil, Kai Xu, Siddhartha Chaudhuri, Owais Khan, Ariel
Shamir, Changhe Tu, Baoquan Chen, Daniel Cohen-Or, and Hao Zhang. 2019.
Grains: Generative recursive autoencoders for indoor scenes. ACM Transactions
on Graphics (TOG) 38, 2 (2019), 1-16.

Jingyu Liu, Wenhan Xiong, Ian Jones, Yixin Nie, Anchit Gupta, and Barlas Oguz.
2023. Clip-layout: Style-consistent indoor scene synthesis with semantic furniture
embedding. arXiv preprint arXiv:2303.03565 (2023).

Andrew Luo, Zhoutong Zhang, Jiajun Wu, and Joshua B Tenenbaum. 2020. End-
to-end optimization of scene layout. In Proceedings of the IEEE/CVF Conference
on Computer Vision and Pattern Recognition. 3754-3763.

Rui Ma, Akshay Gadi Patil, Matthew Fisher, Manyi Li, Séren Pirk, Binh-Son Hua,
Sai-Kit Yeung, Xin Tong, Leonidas Guibas, and Hao Zhang. 2018. Language-driven
synthesis of 3D scenes from scene databases. ACM Transactions on Graphics
(TOG) 37, 6 (2018), 1-16.

Despoina Paschalidou, Amlan Kar, Maria Shugrina, Karsten Kreis, Andreas Geiger,
and Sanja Fidler. 2021. Atiss: Autoregressive transformers for indoor scene
synthesis. Advances in Neural Information Processing Systems 34 (2021), 12013—
12026.

Pulak Purkait, Christopher Zach, and Ian Reid. 2020. Sg-vae: Scene grammar
variational autoencoder to generate new indoor scenes. In European Conference
on Computer Vision. Springer, 155-171.

Daniel Ritchie, Kai Wang, and Yu-an Lin. 2019. Fast and flexible indoor scene syn-
thesis via deep convolutional generative models. In Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition. 6182-6190.

Tim Salimans, Andrej Karpathy, Xi Chen, and Diederik P Kingma. 2017. Pixel-
cnn++: Improving the pixelenn with discretized logistic mixture likelihood and
other modifications. arXiv preprint arXiv:1701.05517 (2017).

Jiapeng Tang, Yinyu Nie, Lev Markhasin, Angela Dai, Justus Thies, and Matthias
Niefiner. 2023. Diffuscene: Scene graph denoising diffusion probabilistic model
for generative indoor scene synthesis. arXiv preprint arXiv:2303.14207 (2023).
Ashish Vaswani, Noam Shazeer, Niki Parmar, Jakob Uszkoreit, Llion Jones,
Aidan N Gomez, Lukasz Kaiser, and Illia Polosukhin. 2017. Attention is all
you need. Advances in neural information processing systems 30 (2017).

Kai Wang, Yu-An Lin, Ben Weissmann, Manolis Savva, Angel X Chang, and
Daniel Ritchie. 2019. Planit: Planning and instantiating indoor scenes with
relation graph and spatial prior networks. ACM Transactions on Graphics (TOG)
38, 4 (2019), 1-15.

Kai Wang, Manolis Savva, Angel X Chang, and Daniel Ritchie. 2018. Deep
convolutional priors for indoor scene synthesis. ACM Transactions on Graphics
(TOG) 37, 4 (2018), 1-14.

Xinpeng Wang, Chandan Yeshwanth, and Matthias Nieiner. 2021. Sceneformer:
Indoor scene generation with transformers. In 2021 International Conference on
3D Vision (3DV). IEEE, 106-115.

Chenggang Yan, Biyao Shao, Hao Zhao, Ruixin Ning, Yongdong Zhang, and Feng
Xu. 2020. 3D room layout estimation from a single RGB image. IEEE Transactions
on Multimedia 22, 11 (2020), 3014-3024.

Haitao Yang, Zaiwei Zhang, Siming Yan, Haibin Huang, Chongyang Ma, Yi Zheng,
Chandrajit Bajaj, and Qixing Huang. 2021. Scene synthesis via uncertainty-driven
attribute synchronization. In Proceedings of the IEEE/CVF International Conference
on Computer Vision. 5630-5640.

Ming-Jia Yang, Yu-Xiao Guo, Bin Zhou, and Xin Tong. 2021. Indoor scene
generation from a collection of semantic-segmented depth images. In Proceedings
of the IEEE/CVF International Conference on Computer Vision. 15203-15212.

[25]

[26

[27

[28

[29

[30

(31]

ACM MM, 2024, Melbourne, Australia

Zikang Yuan, Ken Cheng, Jinhui Tang, and Xin Yang. 2021. Rgb-d dso: Direct
sparse odometry with rgb-d cameras for indoor scenes. IEEE Transactions on
Multimedia 24 (2021), 4092-4101.

Song-Hai Zhang, Shao-Kui Zhang, Yuan Liang, and Peter Hall. 2019. A survey of
3d indoor scene synthesis. Journal of Computer Science and Technology 34 (2019),
594-608.

Shao-Kui Zhang, Hou Tam, Yike Li, Ke-Xin Ren, Hongbo Fu, and Song-Hai
Zhang. 2023. SceneDirector: Interactive Scene Synthesis by Simultaneously
Editing Multiple Objects in Real-Time. IEEE Transactions on Visualization and
Computer Graphics (2023).

Weidong Zhang, Qian Zhang, Wei Zhang, Jianjun Gu, and Yibin Li. 2020. From
edge to keypoint: An end-to-end framework for indoor layout estimation. IEEE
Transactions on Multimedia 23 (2020), 4483-4490.

Weidong Zhang, Wei Zhang, Kan Liu, and Jason Gu. 2016. Learning to pre-
dict high-quality edge maps for room layout estimation. IEEE Transactions on
Multimedia 19, 5 (2016), 935-943.

Zaiwei Zhang, Zhenpei Yang, Chongyang Ma, Linjie Luo, Alexander Huth, Eti-
enne Vouga, and Qixing Huang. 2020. Deep generative modeling for scene
synthesis via hybrid representations. ACM Transactions on Graphics (TOG) 39, 2
(2020), 1-21.

Yang Zhou, Zachary While, and Evangelos Kalogerakis. 2019. Scenegraphnet:
Neural message passing for 3d indoor scene augmentation. In Proceedings of the
IEEE/CVF International Conference on Computer Vision. 7384-7392.

987

988

989

990

991

992

993

994

995

996

997

998

999

1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043

1044



	Abstract
	1 Introduction
	2 Related work
	3 New dataset and metrics for text-driven 3D scene generation
	3.1 Scene Data Processing and Text generation

	4 Approach
	4.1 Scene Feature encoders
	4.2 Attribute prediction network
	4.3 Cross-attention semantic injection
	4.4 Pesudo Feature generation for few-shot learning
	4.5 Training and the Objectives

	5 The new metrics for text-driven 3D scene generation
	6 Experiment
	6.1 Datasets
	6.2 Evaluation Protocol
	6.3 Result analysis
	6.4 Ablation study
	6.5 Visualization results of the approach

	7 Conclusion
	References

