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ABSTRACT

Recently, text-to-3D generation has attracted significant attention,
resulting in notable performance enhancements. Previous meth-
ods utilize end-to-end 3D generation models for initializing 3D
Gaussians, and multi-view diffusion models to enforce multi-view
consistency. Moreover, they employ text-to-image diffusion mod-
els to refine details with score distillation algorithms. However,
these methods exhibit two limitations. Firstly, they encounter con-
flicts in generation directions since different models aim to produce
diverse 3D assets. Secondly, the issue of over-saturation in score
distillation has not been thoroughly investigated and solved. To
address these limitations, we propose PlacidDreamer, a text-to-3D
framework that harmonizes initialization, multi-view generation,
and text-conditioned generation with a single multi-view diffusion
model, while simultaneously employing a novel score distillation
algorithm to achieve balanced saturation. To unify the generation
direction, we introduce the Latent-Plane module, a training-friendly
plug-in extension that enables multi-view diffusion models to pro-
vide fast geometry reconstruction for initialization and enhanced
multi-view images to personalize the text-to-image diffusion model.
To address the over-saturation problem, we propose to view score
distillation as a multi-objective optimization problem and introduce
the Balanced Score Distillation algorithm, which offers a Pareto
Optimal solution that achieves both rich details and balanced satu-
ration. Extensive experiments validate the outstanding capabilities
of our PlacidDreamer. The code will be available on GitHub.

CCS CONCEPTS

« Computing methodologies — Computer vision problems.

KEYWORDS

3D Generation, text-to-3D, score distillation

1 INTRODUCTION

The task of generating 3D assets from text, known as text-to-3D,
has garnered significant attention for its potential to simplify 3D
creation, a process once requiring specialized knowledge. Due to
the relative scarcity and lower quality of 3D data compared with 2D
data, one promising approach is to adapt pre-trained 2D models for
3D generation. An optimization-based approach leveraging score
distillation algorithms, which distill generative capability from pre-
trained 2D diffusion models to guide subsequent 3D generations,
has emerged as a dominant approach in this field.

Unpublished working draft. Not for distribution.

Since the introduction of the first score distillation algorithm,
Score Distillation Sampling (SDS) [37], subsequent works have sig-
nificantly advanced this optimization-based approach, enhancing
both generation quality and speed. One significant factor influenc-
ing generation quality is the multi-face problem. To address this
problem, Magic123 [38], DreamCraft3D [47], Consistent123 [27],
and EfficientDreamer [61] incorporate multi-view diffusion models
to enhance multi-view consistency. More recently, the introduction
of 3D Gaussian Splatting [22] has further optimized the pipeline
with convenient initialization, faster rendering, and training speed.
LucidDreamer [25], GaussianDreamer [58], and GSGEN [6] propose
to leverage end-to-end 3D generation models [20, 35] to provide a
robust 3D Gaussian initialization, thereby enhancing overall quality.

Despite significant progress in the aforementioned methods,
there are still two main limitations that require attention:

- Conlflicting Optimization Directions. The integration of mul-
tiple generative models within a single pipeline can lead to con-
tradictory optimization directions. For instance, the score distil-
lation guidance derived from multi-view diffusion models may
be at odds with that from text-to-image diffusion models [38],
necessitating the development of specialized balancing strategies
[27] or additional refinement [47] for optimal performance. More-
over, employing distinct generative models for supervision across
different stages [6, 58] can cause the generative model in later
stages to ignore the outputs of its predecessors and independently
generate new results based on its intrinsic data interpretations.

- Over-Saturation in Score Distillation. The problem of over-
saturation within score distillation algorithms remains insuffi-
ciently explored and unresolved. This issue manifests as a dis-
crepancy in color distribution between the 3D content created
through score distillation techniques and the 2D images gener-
ated by diffusion inference processes. Although certain method-
ologies yield results with more appropriate levels of saturation,
they impose a significant computational load. Examples include
LoRA finetuning [53], adversarial training [5], or supervision in
multiple spaces with iterative sampling [62]. Thus, a comprehen-
sive understanding of the over-saturation problem and a fast yet
effective score distillation algorithm is needed.

To overcome these challenges, we propose PlacidDreamer, a
framework that harmonizes initialization, multi-view generation,
and text-conditioned generation with a single multi-view diffusion
model, while simultaneously employing a novel score distillation
algorithm to achieve balanced saturation. More specifically, to ad-
dress the first limitation, we newly devised a Latent-Plane module.
This module enhances the multi-view diffusion model by enabling
fast geometry reconstruction and improving its capabilities in gen-
erating multi-view images. The reconstructed geometry is then
utilized to initialize 3D Gaussian points, and the improved multi-
view images are used to personalize the text-to-image diffusion
model with directional prompts. This coordinated approach aligns
the generation directions within the pipeline with the outcomes
from the multi-view diffusion model, promoting convergence and
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A wet, vibrant beach ball.

A blooming potted orchid with purple flowers.

Figure 1: 3D generations of PlacidDreamer. More results are provided in the Supplementary Material.

significantly enhancing the quality of the generated content. Addi-
tionally, the Latent-Plane module is designed to be training-efficient
and is adaptable to a variety of multi-view diffusion models, ac-
commodating different viewpoint configurations. To address the
second limitation, we delve into the causes of over-saturation. We
decompose the score distillation equation into two primary compo-
nents: classifier guidance and smoothing guidance. Prior algorithms
have suffered from an imbalance where classifier guidance over-
whelmingly dominates smoothing guidance, leading to prevalent
over-saturation. Our analysis reveals that in over 30% of instances,
the optimization directions of these two guidances form obtuse
angles, resulting in negative optimization along certain directions
with a fixed Classifier-Free Guidance (CFG) parameter, making it
challenging to maintain control over balance after multiple opti-
mization steps. To rectify this imbalance, we propose to treat score
distillation as a multi-objective optimization problem and introduce

a Balanced Score Distillation (BSD) algorithm. This algorithm incor-
porates a multi-objective optimization solution, Multiple-Gradient
Descent Algorithm (MGDA), which dynamically adjusts the opti-
mization directions to converge at Pareto Optimal points, where the
generated results exhibit both rich details and balanced saturation.

We evaluate PlacidDreamer both qualitatively and quantitatively
to demonstrate its effectiveness. Extensive experiments indicate
the superiority of our method over previous methods. Quantita-
tive evaluations conducted on the T3Bench [10] benchmark reveal
that PlacidDreamer consistently outperforms baseline methods
by a margin of at least ten points in both generation quality and
alignment metrics. Furthermore, we conduct ablation studies to
respectively evaluate the contribution of each proposed module to
the overall quality. To further highlight the BSD algorithm’s effec-
tiveness, we replaced the score distillation algorithms in various
open-source text-to-3D frameworks with BSD, while keeping other
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components constant. Results show that BSD consistently enhances
these frameworks’ performance.
Our contributions can be summarized as follows:

e We introduce PlacidDreamer, a novel framework designed
for high-fidelity text-to-3D generation. PlacidDreamer ad-
vances a more harmonious generation process through two
novel approaches: the Latent-Plane module, which enhances
multi-view diffusion models, and the Balanced Score Distil-
lation algorithm, which optimizes detail richness and satura-
tion control.

o We identify the causes of the over-saturation problem in
score distillation algorithms and propose to view score dis-
tillation as a multi-objective optimization problem, with the
goal of optimizing towards Pareto Optimal points to stabilize
the outcomes of generation.

e Extensive experiments, including both quantitative metrics
and qualitative assessments, demonstrate that PlacidDreamer
significantly outperforms existing state-of-the-art methods.

2 RELATED WORKS

Text-to-3D Generation. DreamFields [18] initially employs a pre-
trained model, CLIP [40], to guide the optimization of NeRF [34].
Trying to leverage the generative nature of the diffusion model,
Dreamfusion [37] introduces SDS, a loss associated with a score
function derived from distilling 2D diffusion models. Subsequent
works significantly improve SDS-based methods, including those
using multi-view consistent models [24, 30, 44, 61], enhancing
pipeline structures [4, 26, 32, 33, 43, 54, 58], introducing extra
generation priors [2, 15, 17, 19, 48, 56, 60], or exploring timestep
scheduling [16]. Recently, some fast-forward reconstruction models
[13, 28, 30, 31, 50] have emerged for faster 3D generation.

Score Distillation. Given the heavy reliance on score distillation
methods in these studies, addressing associated issues with SDS is
crucial. While many works [11, 21, 48, 51, 52, 59] focus on address-
ing over-smoothing, fewer tackle over-saturation problems. Pro-
lificDreamer [53] introduces VSD, leveraging LoRA finetuning for
3D distribution modeling, which can also alleviate over-saturation.
IT3D [5] handles over-saturation by training a discriminator distin-
guishing 3D assets from text-to-2D images. Additionally, HiFA [62]
presents an iterative score distillation process for a more accurate
sampling direction. It’s worth noting that these methods introduce
a significant computational burden, slowing down overall speed.

3 PRELIMINARIES
3.1 Diffusion Models

For discrete-time diffusion models [9, 12, 36, 45], given a data dis-
tribution q(x) = qo(x0), we construct a forward process with a
series of distributions q; (x;) = N (asxo, (1 - a?)l) with decreasing
{a;|t € [0,T],t € Z}, where ap = 1 and ar = 0. In the generation
process, we start from x ~ N(0,I) and generate a sample of the
previous timestep iteratively with a denoising network ey (x¢, t)
trained by minimizing the prediction of added noise, which is given

by

Euxo~go (xo),t,e~ N (0.) W (D) [ €g (@i X0 + 016, ) — €], (1)
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where w(t) is to balance losses between different timesteps, ¢ is
uniformly selected from 0 to T, and oy = /1 — o’

3.2 Score Distillation Sampling (SDS)

Score distillation is an optimization-based generation method that
distills knowledge from pre-trained 2D diffusion models to guide
other generations, The first score distillation method, SDS [37] is
denoted as

VoLsps(¢.x = g(0)) = Erelo(t)(é(xs5y.1) - 6)%], @)

where x; = a;x + o;€ and other symbols are defined the same as in
Equation (1). Intuitively, this loss perturbs x with a random amount
of noise corresponding to the timestep t, and estimates an update
direction that follows the score function of the diffusion model to
move to a higher density region.

3.3 Multiple-Gradient Descent Algorithm

MGDA is a gradient-based algorithm used to solve multi-objective
optimization problems. Multi-objective optimization refers to the
task of finding a Pareto Optimal solution under multiple optimiza-
tion criteria, where optimizing one objective does not deteriorate
the solution of another objective during the optimization process.
In the context of solving multi-objective optimization tasks, MGDA
determines a descent direction that is common to all criteria. For
instance, when applied to a binary-objective optimization prob-
lem optimizing £!(x) and £2(x), MGDA will identify the direc-
tion orthogonal to V£ (x) — V,£?(x). The algorithm has been
demonstrated to converge to a Pareto Optimal point, where there is
no available optimization that can improve one objective without
worsening another. Further elaboration on MGDA can be found in
the work of Désidéri [8].

4 METHODS
4.1 Pipeline

Given a text prompt, we initially generate a reference image using
Stable Diffusion [41] or MVDream [44]. Unlike previous methods
that transform text-to-3D generation into single-view reconstruc-
tion, we do not aim to precisely reconstruct the reference object.
After background removal, the reference image is fed into the multi-
view diffusion model to generate multi-view images. To optimize
the initialization of 3D Gaussian points [22] and ensure its compat-
ibility with the multi-view images, we introduce Latent-Plane. This
module, as detailed in Section 4.2, seamlessly integrates into the
latent layers of any multi-view diffusion model, enabling fast re-
construction of a volume density field and enhancement of the gen-
erated images within 40 seconds. Moreover, it is training-friendly
(only requiring 4 X A6000 GPUs for 18 hours), as it directly lever-
ages 3D spatial knowledge from pre-trained multi-view diffusion
model. Subsequently, the volume density field is used to initialize
the 3D Gaussian points on the object surface, while the generated
multi-view images are used to fine-tune Stable Diffusion with LoRA
[14] technique. During this fine-tuning process, directional prompts
such as "left view" are incorporated into the original text, enhancing
the diffusion model’s awareness of 3D space. Finally, we supervise
the splatted images using the BSD guidance from the fine-tuned

291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348



368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406

ACM MM, 2024, Melbourne, Australia

Text prompt:
A ceramic teapot with floral patterns.
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Reference Coarse NeRF + Multi-View Images
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(a) Pipeline of PlacidDreamer
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(c) Integration of Latent-Plane

Figure 2: (a) The pipeline of PlacidDreamer. (b) Score distillation can be decomposed into two directions: classifier guidance dcg
and smoothing guidance dsg. CSD [59] only utilizes classifier guidance. In more than 30% of cases, the angle between these two
guidance vectors is obtuse. In such scenarios, using a fixed CFG parameter in SDS may result in negative optimization in the
JsG direction, leading to over-saturation. However, BSD algorithm ensures that each optimization step is non-negative in both
directions. (c) The integration of the Latent-Plane module with multi-view diffusion models.

diffusion model. As elaborated in Section 4.3, we decompose score
distillation and reveal a conflict between optimization directs, lead-
ing to color discrepancies. We suggest treating score distillation as
a multi-objective optimization problem and we introduce the BSD
algorithm, achieving rich details and reasonable colors.

4.2 Latent Plane

The proposed method, Latent-Plane, serves as a plug-in module
compatible with various multi-view diffusion models. These dif-
fusion models typically take an input image I, of an object from
a specific viewpoint 7y and generate corresponding images I,
from other viewpoints 7;,i = 1,2,..., N. Inspired by ConsisNet
[57], which reinforces feature patches by utilizing coordinate rela-
tionships derived from back-projection, we hypothesize that pre-
trained features within multi-view diffusion models possess suffi-
cient knowledge of the 3D space to conduct direct reconstruction.
Leveraging this idea, we treat latent feature maps akin to the fea-
ture plane in the Tri-Plane [3] model, allowing us to reconstruct a
volume density field. Furthermore, the reconstruction results can
be utilized to enhance the latent feature map through volume ren-
dering, thereby improving the accuracy of multi-view predictions.

4.2.1 Multi-View Feature Gathering. Most multi-view diffusion
models currently utilize the Unet [42] architecture for their denois-
ers. To illustrate our strategy of selecting the appropriate latent
layer for inserting the Latent-Plane module, we consider the Unet
architecture as an exemplar. Within the Unet architecture, assum-
ing there are L decoder blocks generating L feature maps denoted
asFj e RHXWXD with j indexing these maps and D representing
the feature dimension. We choose the feature map with the highest

resolution and the smallest index, denoted as Fy, as it encompasses
the deepest and most intricate features extracted by the model,
containing comprehensive geometric information.

At each timestep ¢, during the reverse diffusion process, we
obtain N feature maps F,(Cl), i=12,...,N from N viewpoints. For
every point x in the 3D space, we project it onto each feature map

FI(:) and derive its corresponding feature féi) (x) through tri-linear
interpolation, denote as,

£ (x) = Interp_2D(Proj(x, F\"),F"), 3)

where Interp_2D represents the 2D interpolation function, and Proj
denotes the function for projecting 3D spatial points onto 2D planes.
We then apply an additional linear layer to extract low-dimensional
features from the extracted features. To better represent the features
of spatial point x, we concatenate each feature with its respective

camera embeddings eggn and coordinate embeddings epos (X).

el (x) = Concat[Linear(f(i) (%)), egﬁn, €pos (X)]. 4)

4.2.2  Plane-Based NeRF. So far, x has N features gathered from
N viewpoints, serving as N tokens, which will be mutually en-
hanced through the Attention layers. To obtain the volume density
o(x) for the spatial point, before feeding into the attention layer,
we additionally add a token 7, corresponding to obtaining sigma.
T is obtained by concatenating a trainable embedding e, with
embeddings of timestep ¢, followed by a linear layer.

75 = Linear(Concat[ey, €;]), (5)

7(x) = Concat|[ 7, e (%), e (%),..., ™ ®)], 6)
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7’ (x) = MultiHeadSelfAttn(z(x)), 7)

where MultiHeadSelfAttn denotes the Multi-Head Self Attention
layers. After the multi-view augmentation, there are a total of N+1
tokens in 7’ (x). For the sigma token 7/ (x), we use an MLP to obtain
its volume density value o(x). For the multi-view enhanced fea-
ture tokens 7’ (x), we conduct volume rendering to gather features
enhanced on the object surface.

a(x) = MLP(7;(x)). ®

F;C(i) = Volume_Rendering(o(x), '! (x)) 9)

We directly add the feature map to the original feature map. The
enhanced feature map continues to function in the decoder of the
diffusion model, ultimately producing the model’s predicted noise
€, which is then integrated into diffusion training and inference.

4.2.3 Training. The training comprises two stages. In the first
stage, we independently train the volume density generation mod-
ule, enabling the selection of arbitrary camera viewpoints, rather
than being constrained to predefined fixed camera viewpoints. Sub-
sequently, we can calculate the depth of each spatial point relative
to the selected camera. Following volume rendering, we supervise
the generated occupancy map M and depth maps D, which
are denoted as

Lo = LocgMD, M) +A(1 - pdD, DY), (10)

where, Lpcg denotes the Binary Cross Entropy loss, p represents
the Pearson correlation coefficient, and A controls the balance be-
tween the two losses. For training the feature map augmentation,
we use the standard diffusion loss described in Equation (1).

4.3 Balanced Score Distillation

In this chapter, our exploration of score distillation is conducted
through 2D generation experiments, where we directly optimize the
pixel values of a 2D image. The use of 2D experiments allows the ex-
clusion of various factors unrelated to score distillation algorithms,
such as camera viewpoints and 3D representation selection, thereby
highlighting the effectiveness of score distillation methods. Further-
more, the outcomes of 2D experiments can effectively represent
the effects observed in 3D experiments [11, 53]. Our focus on the
experimental results is specifically directed toward the richness of
details and color saturation at two distinct time points: the optimal
state of image quality (referred to as the convergence state) and the
period of sustained training after reaching the convergence state
(referred to as the over-trained state). In 3D generation, the lack
of an early-stop mechanism frequently results in the widespread
occurrence of over-training.

4.3.1  Decomposing Score Distillation. We adopt a modeling ap-
proach different from SDS [37] to obtain our decomposition. Score
distillation is an optimization-based generation method aimed at
distilling knowledge from pre-trained 2D diffusion models to guide
other generations. In order to utilize 2D diffusion models for guid-
ance, it is necessary to establish a connection between the 2D image
distribution py modeled by diffusion models and the 3D representa-
tion distribution q. We make the assumption that the probability
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density distribution q(8|y) for the parameters 6 of the 3D repre-
sentation, conditioned on the text prompt y, is proportional to
the product of the conditional probability densities of its rendered
images x(’)r under various viewpoint zs, denoted as,

q(0ly) o [ | po(xZ (D)1 (11)

T

We adopt the average negative logarithm of the probability,

1
Lsp = —Nlongw), (12)

as the loss for neural network training, where N is the number
of zs. Consequently, as the loss decreases, we obtain a sample as
described in the text prompt. We can get the gradient on 0 as,

VoLsp = ~Ex[Vglog po(xq (0)Iy)]. (13)

However, py represents the unknown distribution of general 2D
images, and high-density regions of pg are sparsely populated [46].
Given that current diffusion models are designed to model the score
function of the distribution p; of noisy images with noise of level
t, we instead leverage it to generate an optimized gradient for the
noisy images x; that is obtained by adding noise of level ¢ to x7.
Subsequently, this gradient can be back-propagated to the image
x7 and further transmitted to the 3D parameters 0, denoted as,

3xt axg

VoLsp = —Er:[Vx, IOgPt(Xt(gﬂy)ﬁ%L (14)
Please note that we observe a distinction between our formula and
Equation (2) from SDS [37], particularly in the absence of the final
term —e in our formulation. The first term Vy, log po(x;(9)|y) is
a 2D score function modeled by diffusion models. In 2D diffusion
generation, the score function of conditional distribution can be
decomposed into the classifier guidance and the score function of

an unconditional distribution:

Vx, log p: (x¢|y) = Vx, log p: (ylx¢) + Vx, log pr (x;). (15)

So, we naturally decompose the score distillation process into two
functional terms.

dcg = —Vx, log pr (ylxs) = (e(x4,t,y) — €(x4,1,0)) /o (16)
JsG = —Vx, log pr(x;) = €(x4,t,0) /0y (17)

=Vx, log pr(x¢ly) = u - dc +v - 56), (18)

where u and o control the ratio between the two terms. The first
term is the classifier guidance term (§cg). When only utilizing clas-
sifier guidance, referred to as CSD [59], images exhibit fine details
but suffer from artifacts and over-saturation, as shown in the upper
right corner of Figure 2. Therefore, the introduction of the second
term aims to alleviate the artifacts caused by dcg and guide xq to-
wards the higher density region in the distribution of 2D images. As
depicted in Figure 2, starting from Lcsp, as u/v decreases, the opti-
mization directions move towards the "balance" area, the generation
results become smoother. Hence, we refer to it as smoothing guid-
ance (Jsg). However, when d¢g starts to dominate the proportion,
the image tends to become overly smoothed.
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Text to Image SDS VSD
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Text prompt: LoRA Finetune

Abraham Lincoln.
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Text prompt:
An astronaut
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Convergence

Over-Trained

Anonymous Authors
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.

Figure 3: 2D generation results of score distillation algorithms, annotated with computational costs. "Forward" represents
undergoing one forward process of the diffusion model. The results of our BSD closely resemble the text-to-image ground
truth. BSD converges at the Pareto Optimal points, ensuring that its results maintain balanced saturation during over-training.

4.3.2  Balanced Score Distillation. Based on our analysis, the pa-
rameters of CFG (u/v) in score distillation algorithms play a critical
role in regulating the balance between the two guidance terms
during each optimization step. However, we have observed that
their effectiveness becomes highly unstable after numerous op-
timization steps, particularly highlighted by the failure of most
score distillation methods to preserve image properties during the
over-training phase. We conduct experiments of previous score
distillation algorithms including SDS [37], VSD [53], ISM [25], CSD
[59], SSD [48]. We find that most of them exhibit over-saturation
during over-trained steps, as depicted in Figure 3.

To address this issue, we investigated the distribution charac-
teristics of dcg and dsg. We observed that over 30% of the steps in
the iterative optimization process exhibit a negative dot product
between dcg and Jsg, indicating obtuse angles between their op-
timization directions in the high-dimensional space, as shown in
Figure 2. In such instances, simply combining the two directions
based on a fixed ratio may lead to the final optimization direction
projecting negatively onto one of the term’s optimization direc-
tions. Consequently, the control of balance becomes ineffective due
to the presence of negative optimization, ultimately resulting in
over-saturation or over-smoothing.

Therefore, we propose to consider score distillation as a multi-
objective optimization task, where the optimization objectives are
L1 = —Xlog(p: (y|xs)) and £2 = —log(p; (x;)), with A represent-
ing the hyper-parameter that controls the ratio of two guidance
terms. The solution of multi-objective optimization tasks will find
the Pareto optimal point, where no action can improve one ob-
jective without deteriorating another. If generation reaches the

Pareto Optimal points, it will stabilize at this optimal point, and the
generated content will exhibit rich details while maintaining bal-
anced saturation. In this scenario, the hyper-parameter A genuinely
controls the final inclination towards both optimization directions,
rather than attempting to control the balance at each step.

We propose the Balanced Score Distillation, which employs
MGDA [8]. Suppose the optimization combination of Vy, £! and
Vi, L2 is

Vx, log pr(xtle) = aVy, L' + (1 - a)Vx, L. (19)
Following Désidéri 8], @ is the solution of
. 1 2112
a’lnzglzo {”antL +(1-a)Vx, L ||2} . (20)

For binary situation like in Equation (20), we have closed form
solution for a, which is @ = min(max(0, @), 1), where

(V, L2 = Vo, LYV, L2
IVx, £2 = Vx, LYZ
Thus, the final formula for BSD is:

6(:

(21)

J

X
VoLsp =Enlo(t)(@dca + (1-)dsc)—r ], (22)

(856 = Adcq)" ds6
l8sG — Adcall?
As illustrated in Figure 3, images generated by the BSD algorithm
approximate the saturation of 2D images, showcasing smooth color
transitions and detailed contours. In states of over-training, BSD
maintains a harmonized saturation level, unlike other methods that
suffer from loss of details due to over-saturation. A comparable

o = min s

(23)

max [0,

639

658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696



697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751

753
754

PlacidDreamer: Advancing Harmony in Text-to-3D Generation

GaussianDreamer
(~ 15mins)

DreamGaussian
(< 4mins)

GSGEN
(~ 40mins

ACM MM, 2024, Melbourne, Australia

Ours
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(~ 35mins)

)
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Text prompt: A bull dog wearing a black pirate hat.

Figure 4: Qualitative comparison with baseline methods. More comparisons with recent methods utilizing NeRF [34] as 3D

representations are provided in the Supplementary Material.

method to BSD is VSD [53], which exhibits fewer instances of over-
saturation and finer details compared to other baseline methods.
However, as annotated in the figure, VSD requires significantly
longer computational time and higher GPU utilization than BSD.

4.3.3 Relationship with Previous Methods. We provide an analysis
of the relationship between our decomposition and score distillation
algorithm with previous works in the Supplementary Material.

5 EXPERIMENTS

Table 1: Results of quantitative comparison with baselines
and ablation studies. The values in parentheses represent the
direct scores given by the ImageReward [55] model.

Quality Alignment Average
DreamFusion 24.9 (-1.255) 24.0 24.4
Magic3D 38.7 (-0.565) 353 37.0
LatentNeRF 34.2 (0.790) 32.0 33.1
Fantasia3D 29.2 (-1.040) 23.5 26.4
SJC 26.3 (-1.185) 23.0 24.7
ProlificDreamer 51.1 (+0.055) 47.8 494
PlacidDreamer (Ours) | 62.4 (+0.620) 59.8 61.1
w/o Latent-Plane 56.5 (+0.325) 54.6 55.6
w/o Initialization 57.3 (+0.365) 56.1 56.7
w/o Personalization | 61.8 (+0.590) 59.5 60.7
w/o BSD 60.2 (+0.510) 57.4 58.8

5.1 Implementation Details

The Latent Plane model has N = 8 viewpoints. Given the resolution
limitation of feature map F(2) t0 32 x 32, it becomes imperative to
regard the pixel space as continuous, ensuring accurate calculation
of boundary correspondence. Even a minor difference of 0.5 pixels
along the boundary could lead to notable errors. For all the MLP
described in Section 4, we use a single linear layer for computing
efficiency. We train the Latent-Plane module with Zero-1-to-3 [29]

for 18 hours on 4 X Nvidia RTX A6000 GPUs with a batch size of
32 and loss scale A = 0.05 with Objaverse Dataset [7] rendered by
SyncDreamer [30], filtered by RichDreamer [39] and LGM [49]. For
more details, please refer to the Supplementary Materials.

5.2 Comparing with Baselines.

Quantitative comparison. T3Bench [10] serves as a benchmark
for text-to-3D generation, standardizing camera poses for rendering
images and utilizing pre-trained models [1, 23, 40, 55] to ensure a
fair evaluation. The primary 3D representation employed in this
benchmark is a textured mesh, which aids in the convergence of gen-
erated 3D samples, forming seamless surfaces. However, extracting
meshes from 3D Gaussian representations poses challenges. Conse-
quently, we employ 3D Gaussian splatting to generate RGB images
directly. This choice challenges our generation’s quality by not
eliminating noise in direct RGB image generation.
AsPlacidDreamer focuses on the generation of individual objects,
our evaluations are confined to the single-object part of T3Bench.
Considering DreamFusion [37], Magic3D [26], Fantasia3D [4], Pro-
lificDreamer [53], Latent-NeRF [33], and SJC [51] as baseline meth-
ods, all of which were tested by T3Bench authors, He et al. [10].
The outcomes reveal that PlacidDreamer significantly outperforms
the baseline methods in both generative quality and accuracy corre-
sponding to the provided text. Our average quality score surpasses
the next-highest ProlificDreamer by 11 points. Since this score is a
linear transformation of the ImageReward [55] score, we annotate
the original ImageReward scores, providing a clearer perspective
on the superiority of our generative quality.
Qualitative comparison. We also conduct qualitative comparisons
on several baseline methods which also builds on 3D Gaussian Splat-
ting [22], including DreamGaussian [50], GaussianDreamer [58],
GSGEN [6], and LucidDreamer [25]. In Figure 4, we present the
results of different methods generating the same prompts. Dream-
Gaussian can generate a textured mesh in several minutes, thus, its
generation quality is lower compared with other methods. Gaussian-
Dreamer and GSGEN leverages end-to-end 3D generation model

760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811

812



813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870

ACM MM, 2024, Melbourne, Australia

Text prompt
A golden retriever
with a blue bowtie.
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Figure 5: Results of ablation studies. In the first line, we evaluate PlacidDreamer by removing each component individually.
In the second line, we investigate the impact of different A values, validating that BSD enables stable control of the balance

between color saturation and detail level.

[20, 35] for initialization with multi-view consistency. However,
their final results still have multi-face problems, because the 3D
model and Stable Diffusion [41] generate towards different direc-
tions. LucidDreamer’s generations feature bright colors according
to the ISM algorithm and exhibit good geometric structure. How-
ever, with Latent-Plane enhancing texture and the BSD algorithm,
PlacidDreamer achieves superior textures and richer details.

5.3 Ablation Studies.

We perform ablation studies, as illustrated in Figure 5, and carry
out quantitative evaluations using T3Bench, as detailed in Table 1.
Latent-Plane. The "Latent-Plane" module in the pipeline serves the
functions of initializing 3D Gaussian points and personalizing the
diffusion model. We investigate the effects of removing both func-
tionalities (w/o Latent-Plane), removing only initialization (w/o
Initialization), and removing only fine-tuning (w/o Personaliza-
tion) on the experimental results. Firstly, we remove the Latent-
Plane module (w/o Latent-Plane), utilizing the Point-e [35] model
as the initialization model for 3D Gaussian points, following Lucid-
Dreamer. Point-e struggles to comprehend the complex prompts
and fails to generate a complete shape for the dog. Additionally,
due to the color deviation introduced by Stable Diffusion during
generation, the color of the dog’s tie is inaccurate. Subsequently, we
only remove the initialization function of the Latent-Plane, retain-
ing the fine-tuning part (w/o Initialization). It can be observed that
the Janus problem in the dog’s head is resolved. Through extensive
experimentation, we find that under the probabilistic supervision
of score distillation, 3D Gaussian points do not undergo significant
changes in position, making them highly sensitive to initialization.
Next, we solely remove the fine-tuning part, keeping the initial-
ization part intact (w/o Personalization). This results in a more
complete structure for the dog’s bodies, but issues arise with the
multi-face problem and tie color.

BSD. We replace BSD with SDS [37] and observe severe over-
saturation and some blue artifacts. Compared with BSD, SDS makes

3D Gaussian points harder to converge. To further investigate BSD,
we conduct ablation experiments on A to validate its effectiveness
in controlling the ratio of dcg and Jsg. It can be observed that
when A = 5, the dog’s color is over-saturated. As A increases to the
range of 15-25, over-saturation alleviates without significant loss of
details. Only when A reaches the value of 35 does the loss of details
become apparent. However, at this point, the dog’s features are still
recognizable. It is worth noting that in the SDS algorithm, CFG can
only be set to a large value to get recognizable outcomes.

These results prove that each proposed component significantly
contributes to the overall effectiveness of the framework.

5.4 Experiments on BSD

BSD is a general score distillation method independent of the choice
of NeRF, camera perspectives, diffusion models, etc. To test its
distillation ability, we integrate BSD into various 3D generation
pipelines, ensuring a fair evaluation of score distillation capabilities.
This included exclusively substituting alternative score distillation
algorithms, without introducing additional modifications to the
pipeline. Our results demonstrate that BSD enhances the output
of each pipeline. Further details and results are provided in the
Supplementary Material.

6 CONCLUSION

We have focused on resolving conflicts in current text-to-3D ap-
proaches, including conflicts within a single model’s guidance and
conflicts arising from guidance provided by different models. To
address these conflicts, we introduced a novel framework Placid-
Dreamer with the newly designed Latent-Plane module and the
Balanced Score Distillation algorithm to achieve mutual optimiza-
tion. As a result, we have achieved a more harmonious and balanced
text-to-3D generation process, leading to high-fidelity 3D outcomes.
We hope our work will inspire further investigations into more har-
monious methodologies for 3D generation.
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