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Abstract

Sketch-based content generation offers flexible con-
trollability, making it a promising narrative avenue in
film production. Directors often visualize their imagi-
nation by crafting storyboards using sketches and tex-
tual descriptions for each shot. However, current video
generation methods suffer from three-dimensional in-
consistencies, with notably artifacts during large mo-
tion or camera pans around scenes. A suitable solu-
tion is to directly generate 4D scene, enabling consistent
dynamic three-dimensional scenes generation. We de-
fine the Sketch-2-4D problem, aiming to enhance con-
trollability and consistency in this context. We propose
a noval Control Score Distillation Sampling (SDS-C)
for sketch-based 4D scene generation, providing precise
control over scene dynamics. We further design Spatial
Consistency Modules and Temporal Consistency Mod-
ules to tackle the temporal and spatial inconsistencies
introduced by sketch-based control, respectively. Exten-
sive experiments have demonstrated the effectiveness of
our approach.

Keywords: sketch driven generation, 4D generation,
dynamic 3D scene, diffusion model.

1. Introduction

In recent years, the rapid development of diffusion-based
generative techniques has revolutionized the quality of im-
age generation, reshaping the landscape of the art and de-
sign industries. Beyond static imagery, the spotlight has
shifted towards video generation, with research efforts such
as [7, 26, 13] and commercial software like GEN-2 [1]
achieving photo-realistic quality. However, a challenging
problem plaguing current video generation methods is their
inability to maintain spatial consistency. This limitation
becomes apparent when large movements or camera pans
occur, resulting in noticeable artifacts within the generated
videos.

To address this critical issue and pave the way for high-
quality video generation, incorporating 3D priors into the
generation is essential. One promising avenue is the direct
creation of dynamic 3D scenes, referred to as 4D scenes,
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which can render high-quality videos with appropriate cam-
era paths. In the realm of filmmaking, directors often start
their creative journey by crafting storyboard scripts. These
scripts are instrumental in governing the content and fram-
ing of each shot in a film. The storyboard typically consists
of both visual sketches and accompanying textual descrip-
tions for every scene or shot (see Fig. 2). This creative
practice serves as the foundation upon which the entire cin-
ematic narrative is meticulously planned and executed, en-
suring that the director’s vision is delivered and realized on
screen effectively.

Inspired by the practise from film industry, this paper in-
troduces the novel concept of “sketch-2-4D,” pioneering a
path towards the realization of dynamic 3D scenes driven
by sketches and textual descriptions. A straightforward ap-
proach to supervise the generation of 4D scenes through
sketches is to directly supervise the 4D scene using the cor-
responding mask derived from the sketch. However, this
method falls short in providing detailed control over the in-
ternal intricacies of the 4D model. Recent advances, such
as ControlNet [30], have proposed innovative strategies to
extend the potential of Stable Diffusion. By introducing ad-
ditional inputs like Canny edges, hand-drawn sketch, hu-
man key points, and segmentation maps, ControlNet sig-
nificantly enhances the controllability of the m odel. In the
context of 4D scene generation, we aim to harness this new-
found control capability. It’s worth noting that directly su-
pervising the rendered image using ControlNet’s outputs
often leads to severe inconsistencies and overfitting. To
achieve more precise control over 4D scene generation, in-
spired by the concepts introduced in DreamFusion [20], we
present a novel approach known as Control Score Distil-
lation Sampling (SDS-C), which serves as an extension of
SDS specifically tailored for pretrained ControlNet.

The inherent challenge in sketch-based 4D scene gen-
eration lies in the fact that the 4D scenes conditioned by
sketches may be outside the conventional domain of 4D
generation, potentially leading to temporal and spatial in-
consistencies. Considering that the Text-to-Video (T2V)
models [7] trained on vast video datasets, are capable of
learning three-dimensional priors from object motions, ro-
tations, and camera movements, we propose a T2V-based
Spatial Consistency Module to enhance the spatial coher-
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Figure 1. We present Sketch-2-4D, a method for generating dynamic 3D scenes (4D) based on sketch and text. The figure shows two
examples of 4D scenes generated by our method, with different columns of the rendered results indicating different times and different

rows indicating different viewpoints.

ence of the generated 4D scenes. In addition to spatial con-
sistency, the temporal consistency ensures that the gener-
ated 4D scenes flow smoothly through time. We further de-
sign a Temporal Consistency Module, which ensures both
geometric and semantic consistency over time by imposing
margined dice loss on geometry and feature loss on ren-
dered image, respectively.

In summary, our work makes the following main contri-
butions:

* We pioneered the conceptualization and definition of
the sketch-to-4D problem and successfully harnessed
Control Score Distillation Sampling (SDS-C) to exert
precise control over 4D scene generation by drawing
sketches.

* We designed the Spatial Consistency Module and the
Temporal Consistency Module to ensure the temporal
and spatial consistency for the sketch-to-4D task.

* We propose staged training for consistent high-quality
completion of sketch-2-4D tasks and experimentally
demonstrate the effectiveness of our approach.

2. Related work
2.1. Diffusion-based Image and Video Generation

Many recent works on Diffusion- based image genera-
tion have produced high-quality and creative results. [4]
proposes to use diffusion model to generate images, sur-
passing previous GAN-based methods [5, 9]. Latent Diffu-
sion Models [23] uses VAE to encode the image into the
hidden space and performs diffusion generation in the hid-
den space to improve the quality of the generation. Stable
Diffusion [28] open-sources a pre-trained model which was
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Figure 2. An example of storyboards for a lollipop advertisement
from internet. Each line represents a shot, and the information of
each shot includes sketch, textual descriptions, shot type, etc.

trained on a huge amount of image data. ControlNet [30]
uese Canny edges, human key points, segmentation maps,
etc., as additional inputs to Stable Diffusion to extend the
potential of Stable Diffusion and significantly improves the
controllability.

Video generation based on Diffusion has also
emerged [7, 26].  [12] combines diffusion model and
transformer to capture temporal correlation. VideoFu-
sion [13] proposes to capture information across video
frames by sharing inter-frame noise, thereby enhancing
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Figure 3. Pipeline of sketch-2-4D. We generate 4D scenes based on HexPlane [2] and add sketch constraints to the 4D scenes by
ControlNet-based SDS-C loss. Spatial Consistency Module (SCM) and Temporal Consistency Module (TCM) are used to ensure spatial

and temporal consistency.

the temporal consistency of the generated video. Some
commercial software [I] have achieved good video
generation effects by training on massive video data.
However, existing video generation methods suffer from
three-dimensional inconsistency. When objects in the scene
have large movements or there are mirrors rotating around
the objects, obvious artifacts will be observed. Scene
generation based on 4D can solve this problem.

2.2. Static 3D Scene Generation

Recently, with the development of generation tech-
niques, many 3D generation works for static scenes have
been proposed. Such as three-plane representation and
GAN-based generation and editing work [3, 10]. GAN-
based static 3D generation and editing work are usually de-
signed for single-category object generation such as faces,
vehicles, etc., due to its unstable training and lack of 3D
data.

Due to the versatile and creative generation effect of Sta-
ble Diffusion [28], the application of Diffusion techniques
to static 3D scene generation has attracted widespread at-
tention. Some of the work based on Diffusion directly learn
and generate 3D scenes [8]. [25, 6] generate a scene by rep-
resenting the 3D scene as a three-plane and learn the three-
plane representation directly from a large amount of 3D
data. [17] direct generates 3D scenes through point cloud
diffusion.

However, due to the lack of 3D data and the huge com-
putation for 3D generation training, it is difficult to achieve

diverse and fine-grained results for methods directly based
on 3D diffusion. DreamFusion [20] proposes to obtain a 2D
prior from pre-trained image Stable Diffusion via score dis-
tillation sampling (SDS) loss and supervises the 3D scene
generation by rendering viewpoints. Zero-1-to-3 [11] pro-
poses single-image 3D reconstruction based on SDS su-
pervision and Stable Diffusion with viewpoint condition.
ProlificDreamer [29] proposes variational score distillation
(VSD) loss to solve the problems of oversaturation, over-
smoothing and low diversity based on SDS loss.

2.3. Dynamic 3D Scene Reconstruction and Generation

Neural implicit rendering methods based on NeRF [ 14,
16] have achieved photorealistic results in novel view syn-
thesis for static scenes. For dynamic scene view synthesis,
methods such as [21, 18] learn 3D deformation transforma-
tions from canonical space. HexPlane [2] represents dy-
namic 3D scene features by projecting them onto six feature
planes. [19] proposes dynamic 3D scene representation by
interpolate feature vectors in the time axis.

MAV3D [27] proposes to represent the 3D scene by
Multi-Resolution HexPlane and supervises the dynamic
scene 3D generation by frozening T2V model based on
temporal Score Distillation Sampling (SDS-T). However,
this method cannot control the generated dynamic 3D scene
flexibly through inputs such as sketch. Control4D [24] pro-
poses a 4D portrait editing method, which uses ControlNet
as image editor and Dataset Update (DU) as the training.
The method relies on the reconstructed dynamic 3D scene



for editing, and it is difficult to modify and control the mo-
tion.

3. Method

In this section, we first formulate the problem (Sec.3.1)
for sketch driven 4D generation. Then we introduce our
method of constraining the sketch for 4D scenes using con-
trol Score Distillation Sampling loss (Sec.3.2). Unlike text-
to-4D, the 4D scene corresponding to sketch may be outside
the domain of conventional 4D generation, leading to 3D
inconsistency and temporal inconsistency. We thus propose
to enhance spatial consistency by Spatial Consistency Mod-
ule (Sec.3.3) and temporal consistency by Temporal Con-
sistency Module (Sec.3.4). Finally, we describe our overall
process for phased training(Sec.3.5).

3.1. Formulation

We will generate a 4D scene representation Fy from the
supplied prompt ¢;, the desired scene sketch S, and the
sketch’s corresponding mask M.

Fy: (x,d,t) — (¢,0) (1

where ¢ and o are color and density of rendering sample
points with coordinates x and sampling direction d at time
t.

Following the rendering approach R of NeRF [14], an
image Iy ¢, = R(Fy,C,t) can be rendered based on a 4D
scene Fj at time ¢ with camera parameter C'. For the sketch-
2-4D task, we want the rendered image Iy ¢ ¢4 at time tg
from viewpoint C's to be conformed to the conditional con-
trols of sketch S, mask M and prompt.

3.2. Sketch Driven 4D Generation

A straightforward way to generate 4D scene conditioned
on sketches is to directly supervise the rendered mask
MF, cgs s Of the 4D scene Iy from previous text-to-4D ap-
proach [27] by the sketch counterpart M using the binary
cross-entropy (BCE) loss:

Lnask = BCE(M> MF97Cs,ts) 2

However this approach fails to control the internal de-
tails of the 4D model through sketch(see Fig.4). Recently,
ControlNet [30] proposes to use Canny edges, hand-drawn
sketch, human key points, segmentation maps as additional
conditions to Stable Diffusion, in order to extend the po-
tential of Stable Diffusion, achieving more flexible control-
lability. We expect to exploit this control capability in 4D
generation, and a straightforward way to do so is to super-
vise the rendered image Iy ¢, via L2Loss.

Limage = L2(Ip.c5 15, CH(S)) (3)

where Ct(S) is the generated image obtained by sketching

S into ControlNet. Whereas supervising directly through
ControlNet output images leads to serious inconsistencies

and overfit(see Fig.4). Inspired by DreamFusion [20], we
propose control Score Distillation Sampling (SDS-C),
which is an extension of SDS for pretrained ControlNet.

To achieve sketch-based controllability, we use a pre-
trained ControlNet conditioned on Canny edge. It is note-
worthy that both Canny edge and hand-drawn sketch are
types of sketches. ControlNet demonstrates equally effec-
tive generative results when utilizing either of these inputs
as conditions. Here we opt to employ Canny edge as our
chosen condition. Specifically, we adopt ControlNet’s im-
age encoder E to extract the feature image I’ = E(I) of
image I, and use ControlNet’s denoiser U-Net, with the de-

noised feature image O(I4, 7, €) and sketch S as inputs, to

predict the noise é(O(I4, 7, €), 7, S). Here, e is the feature
image after noise addition, conforming to a normal distri-

bution and 7 is the diffusion time step; O(Ij,T,€) is the
denoised feature image of I’ and ¢ at diffusion time step
7. From this we can define the gradient of the SDS-C loss
Lsps.c of Ip ¢ .+ and optimise the 4D scene parameters 6

by Lsps.-c-

/

~ / A 6
VLsps.c = Er [w(T)(€(O(1p, T €),7,5) —¢)

@] “4)

where w is a weighting function as the definition of [20].
By using Lsps.c on Iy ¢4+, We can optimise the 4D scene
parameters 6 based on sketch control.

3.3. Spatial Consistency Module

Since the 4D scene conditioned on sketch may be out-
side the domain of the 4D generation space, it can easily
lead to temporal and spatial inconsistencies. The Diffusion-
based text to video (T2V) generation method is trained with
a huge amount of video and several frames are generated
simultaneously to compose the video. The 3D prior can be
learned from the motion of the object, in the rotation, or the
motion of the lens in the video of the training data. There-
fore we propose the T2V-based space consistency module
to enhance the spatial consistency of 4D scenes.

Let T be a sequence of sampling times, and P be a cam-
era path consisting of a camera pose sequence,

T= (t07t17"'7tNT—1) )]
P= (007017 "'7CNT71) (6)

where Nrp is the number of time samplings. Then we can
render a image sequence Vy p 7 from the 4D scene Iy given
the camera path P, time sequence 1"

V9’P>T = (Ie,CO’tm 19,01,1517 3% IH’CNT—I:tNT—l) (7N



To ensure the consistency of the frames where the
sketch is located, we specifically define the sketch cor-
responding to the time sequence Ts = (ts,ts,-..,ts)
as a stationary time sequence of length Np, and Py =
(Cs,Ch,...,CNyp—1) is a uniformly moving camera path
starting from the camera position Cg. Referring to Lsps 1
of [27], we define the gradient of the spatial consistency
loss Lgc to be

Vo, py,1s
3y ) 8
gnde) (®)
And the total Spatial Consistency Module supervises the
generated results by weighting L, and Lgc.

VLisc = ET,E[W(T)@(V@,PO,TS’T) -

LS = 6SC * LSC + 6mask * Lmask (9)

where Osc and 3,45k are the weights corresponding to Lgc
and L0 sk

3.4. Temporal Consistency Module

SDS-C based sketch control may lead to inconsistency
of the 4D scene at the time tg where the sketch is located
with other times. To enhance the temporal consistency of
the generated 4D scene, we design two ways to ensure the
temporal consistency of the 4D scene in terms of geometry
and texture, respectively.

We impose the geometric temporal consistency of the
scene by considering the density of sampling points be-
tween two consecutive frames. Let P = (Cg, Cg, ..., Cs)
be the camera path of N1 camera poses that are all C, i.e.,
the camera paths fixed to the corresponding camera poses
in the sketch, and o j, be the density of the k-th sampling
point of the view at camera pose C and time ¢. Since we use
uniform sampling for rendering, the coordinates of the sam-
pling points corresponding to ocg ¢, & and ooy ¢,k are
the same. Inspired by dice loss [15] for semantic segmenta-
tion, we propose 3D dice loss for measuring the geometric
similarity of two 3D scenes. Specifically, we compute dice
loss using the density of sampling points at the same loca-
tion in two adjacent frames:

2 % Mo L) xO )
Dt tisr) = it MOC ) L OCa ik g
Zk M(ch,ti,k) —+ Zk O0Cs,tit1,k

M(o) 0, o<a (11
o) =

1, 0>«
where M (o) is the density mask defined by thresholding c.
To avoid that 3D dice loss restricts the motion of the scene,
we further propose margined 3D dice loss Lp by setting a
margin f3 to allow for a small range of density variations:

Nt—2

> max(D(ti,tir1) — 8,0)  (12)

=0

1
T Np—1

Lp

We also use the density of neighbouring frames for su-
pervision to ensure its local temporal consistency

1 Npr—2
LN = v, L 20tk ~ 00tk

i=0 k
(13)
where Vj, is the number of sampling points.

To ensure the consistency between two frames without
affecting the magnitude of the motion, we impose semantic
consistency on images rendered from the same viewpoint
between consecutive frames by the similarity of CLIP [22]
features. The image I is fed into a pre-trained CLIP to
obtain the feature vector CL(I), and the semantic consis-
tency is computed by the L2 loss of features of consecutive
frames:

Npr—2
> L2(CL(Iy,05,i), CL(Ip,05,i+1))

Lejip = = o (14)

Finally, we sum Lp and L, to get the temporal con-
sistency loss L

Ly = Bp * Lp + By * Ln + Betip * Letip (15)

where Sp, Sn and By are the weights corresponding to
LD, LN and Lclip'

3.5. Training Strategy

In the first stage of training, we start with static scenes.
We use the Lgps proposed in [20] to supervise the random
viewpoint rendering of the image Iy ¢ o and use Lgps.c to
supervise the image Iy ¢ o rendered under the camera pose
C of sketch.

Ltager = asps * Lsps + asps.c * Lsps.c ~ (16)

where agps and agps.c are the weights. To reduce the com-
putational consumption, we do not apply Lsps.c for every
iteration and Iy ¢ o is rendered with some probability.

In the second stage of training, we introduce the Spatial
Consistency Module for static scenes to enhance the spatial
consistency of the scene. The reason why we do not ap-
ply the Spatial Consistency Module in the first stage is that
using the Spatial Consistency Module when the scene does
not have the initial contours will lead to unstable training.

Lgtage2 = ag * Lg + asps.c * Lsps-c a7

where ag is the weight of the loss Lg.

In the last stage we introduce temporal Score Distilla-
tion Sampling loss Lgps.t proposed by [27] and Temporal
Consistency Module L to train the complete 4D scene. In
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Figure 4. Comparison of the results with the baseline method.Top: Baseline-mask’s result. Middle: Baseline-image’s result. Bottom: our
result. The image in the red section of the figure is the image generated using ControlNet via sketch for the Baseline-image supervision.

order to maintain sketch control and spatial consistency we
still use Lgps.c and Lg

Lstages = as * Ls + asps.c * Lsps-c+ (18)
asps.t * Lsps.t + ar * Lt

where asps.t and agy are the weights of loss Lsps.t and
Lp. Similarly, to reduce the computational consumption,
we randomly apply Lg, Lsps.c and L in each iteration.
To enhance the overall temporal and spatial consistency of
the 4D scene, we supervise not only Cg and tg, but also
the Spatial Consistency Module and Temporal Consistency
Module at other camera positions and time steps.

4. Experiments
4.1. Implementation Details

We used pre-trained Stable Diffusion [28], Control-
Net [30], and a text-to-video model provided by VideoFu-
sion [13] at huggingface. We trained 5k iterations in the first
stage, 3k iterations in the second stage, and 10k to 20k it-
erations in the third stage (depending on whether the model

converged or not). Our batch size during training is 1. Im-
ages with a resolution of 64 x 64 pixels are rendered for the
first two stages of training and the first 3.5k iterations of the
third stage, and images with a resolution of 128 x 128 pixels
are used for the third stage after the 3.5k iterations. In the
latter two stages, we render 16 frames of video for training.
Fig. 6 shows the generation results of our method, and it can
be seen that our method is able to generate 4D scene results
that match sketch with high quality.

4.2. Baseline Comparison

We compared our mehtod with two baselines. Baseline-
mask uses Eq. 2 on top of the text-to-4D approach for mask
supervision. Baseline-image uses ControlNet generated im-
ages on top of the Baseline-mask to supervise the sketch
viewpoint with Eq. 3.

Fig. 4 shows the results of our method compared to
Baseline-mask and Baseline-image. In Fig. 4, ”A panda
dancing”, it can be seen that the Baseline-mask method gen-
erates the whole face in the place of head and body due to
the supervision of the mask only and no internal details. The
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Figure 5. Comparison of results between our method and the ablation method.

Method \ Quality \ Match
Baseline-mask 4.343 3.936
Baseline-image | 4.007 | 4.136
Ours 5.657 | 5.814

Table 1. Results of user ratings on the quality of our methods and
baseline methods and how well they match sketch.

Baseline-image method is able to generate the face in the
correct position because it introduces the supervision of the
image, but because the image is fixed and cannot be dynam-
ically adjusted during the 4D generation process, the result
of the 4D generation has strong 3D inconsistency in order
to adapt to the image. In the case of “superhero dog”, both
Baseline-mask and Baseline-image are not able to control
the content of the generated image effectively, which leads
to the result not conforming to the sketch. Compared with
the baseline method, our method achieve high-quality and
conforming to the sketch.

We compare the quality of our method with that of the
baseline methods by means of a user study. Users were
asked to watch the rendering results of different methods
given different prompts and different sketch inputs, and
score the generation quality and How well it matches the
sketches on a scale of 1 to 7, with higher scores indicating
higher generation quality or matching. Table 1 shows the
results of the user experiment, and it can be seen that our
method is significantly better than the baseline methods in
terms of both generation quality and match with sketch.

4.3. Ablation Study

We conducted ablation experiments on our proposed
Spatial Consistency Module (SCM) and Temporal Consis-
tency Module (TCM) to verify that they can enhance the
temporal consistency and spatial consistency of the gener-

Method Percentage
w/o SCM 20.71%
Ours 79.29%
w/o TCM 26.43%
Ours 73.57%

Table 2. Results of user experiments of our method with ablation
methods.

ated scenes.

Fig. 5 shows the comparison between our method and the
post-ablation method. It can be seen that the spatial con-
sistency of the generated scenes deteriorates significantly
when SCM is not used. As in the example of A panda
dancing” in Fig. 5, although the rendered image from the
sketch viewpoint matches the sketch, serious artifacts can
be seen when the camera is moved to a similar viewpoint.
When TCM is not used, although the first frame matches
the sketch, all the objects in the subsequent scenes will have
obvious inconsistency with the first frame. And our method
can effectively avoid the above problem.

We also conducted a user experiment to verify the effec-
tiveness of our method. We asked users to compare the 3D
consistency of our results with that of w/o SCM, and select
the results with better 3D consistency. We asked users to
compare the temporal consistency of our results with those
of w/o TCM, i.e., whether the overall generated 4D scene
is similar to that of the corresponding sketch frames, and
users are required to select the result with better temporal
consistency.

Table. 2 shows the results of the user study, which shows
that more than 70% of the users agree that our method has
better temporal consistency and better temporal consistency
than the ablation method.
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Figure 6. Results generated by our method. Our method generates rich and high quality 4D results based on sketch and text.

5. Conclusion

In this paper, we are the first to propose a sketch-driven
4D scene generation method, which performs sketch’s con-
straints on 4D scenes via SDS-C. At the same time, SCM
and TCM are proposed to solve the problem of spatial and
temporal inconsistency brought by too strong control of
sketch at a specific time and a specific viewpoint. Our ex-
periments have demonstrated the effectiveness of our ap-
proach and shown that, compared to baseline, our approach

can produce results in and of higher quality and more com-
patible with sketch.

The current state of 4D generation exhibits limitations,
such as small motion amplitudes in generated results and
slow generation speeds. The restricted motion range may
result from insufficiently diverse training data. To address
this, future work should focus on incorporating a more ex-
tensive dataset with larger motion amplitudes. In addi-
tion, the speed of generation may be improved by exploring



methods for direct 4D generation based on diffusion mod-
els, although this would require addressing the challenge of
scarcity of 4D data. Overcoming these limitations will en-
hance the realism and efficiency of 4D content generation.
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